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Editor's note: 

This publication embodies the invited reviews, national position papers and contrib
uted technical papers on various aspects of livestock biotechnology devleopment that have 
been presented in the workshop. It is hoped that the present collection will serve as an 
updated record and source of information pertaining to biotechnology in animal production 
and health in Asian and Latin American countries. The review papers portray the serendipi
tous development of topics covered. 

Editing the proceedings was not an easy task. The national position papers were too 
long and therefore had to be condensed before being sent for printing. Many of the technical 
papers did not conform to the norms of average publications. Preservation of these technical 
papers in their original form in this publication has been attempted after making minor 
changes. Since the editor was given the task of publishing the proceedings within three 
months, there was not enough time to interact with the authors to get their consent on the 
revised version of the papers. Hopefully the fellow scientists of the developing countries will 
forgive the editor for this. 

The Food and Agriculture Organization (F.A.0) of the United Nations deserve our 
thanks for consistently organizing workshops of this nature, which is of tremendous benefit 
to third world scientists. The recent establishment of the Asian Network on Biotechnology 
for Animal Production and Health (ANBAPH) with funds from UNDP is another milestone 
among FAQ's endeavours to assist some countries in Asia developing their potential for 
livestock biotechnology research. 
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I.FOREWORD 

There appear to be good prospects for the beneficial application of biotechnology to live
stock in Asia. A number of Asian countries already have a national capability including 
trained scientists and research facilities. In 1988 F AO initiated a regional review of these na
tional biotechnology resources for livestock which indicated eight counries with active or de
veloping programmes. 

As a result F AO then arranged for the creation of a regional network to link these national 
groups and thus increase the total impact of biotechnology in the region. The aim of the 
network is to strengthen national research and development, to enable common goals to be 
identified and work plans to be shared, to facilitate training, to develop common communi
cation systems for updating of staff in this rapidly developing field and to enable the results 
of research and development to be made available to all countries in the region for use in 
practice. 

A three year project "Biotechnology Development Network for Animal Production and 
Health in Asia" (RAS/89/001) funded by UNDP for US$1.2 million and operated by FAQ 
is starting in 1990. The participating countries are: India, Indonesia, Malaysia, Pakistan, 
People's Republic of China, Philippines, Republic of Korea, Thailand. The regional coordi
nation is located in China. 

A Workshop was held for participantsfrom all the Asian countries in Beijing in October 
1989 at which a workplan for the project was finalized. The Workshop also provided 
scientific updates on frontier topics. Representative scientists from a similar FAQ Network 
in the Latin America and Caribbean Region also attended the Workshop from the following 
countries: Argentina, Brazil, Columbia, Cuba, Chile, Mexico, Uruguay. Participants pre
sented national position papers on the state of biotechnology for livestock. 

These proceedings of the Workshop are being published by F AO to provide interested sci
entists in all the countries involved in Asia and Latin America with a record of this valuable 
meeting and also to share the scientific information with all who are concerned with this 
emerging field of activity in developing countries. 

Dr. John Hodges 
Senior Officer 
(Animal Breeding & Genetic Resources) 
FAO,Rome 
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II. INTRODUCTION TO THE REGIONAL 
WORKSHOP 

The workshop on biotechnology in ani
mal production and healthin Asia and Latin 
America was held from 9th to 13th October, 
1989 at the Chinese Academy of Agricul
tural Sciences, Beijing, China. It was organ
ized by UNDP /F AO in cooperation with 
Institute of Animal Sciences and Interna
tional Division of Chinese Academy of Ag
ricultural Sciences (CAAS). This is the first 
time that scientists from Latin America and 
Asia have joined together to consider prob
lems pertaining to animal production and 
health, which may be solved by modern 
biotechnological tools. 

Mr. Yan Jici, Vice Chairman of National 
People's Congress, China, in welcoming the 
participants of the Workshop, stressed the 
need for the development of livestock bio
technology in the regions and hoped that 
China could play an important role in the 
development of the Asian Network. 

Thereafter, Mr. Wang Lian Zheng, Vice 
Minister, Ministry of Agriculture, officially 
opened the Workshop. He emphasized the 
role of scientists in the region for the im
provement of livestock in general. He 
pointed out the disparity between the prog
ress of plant biotechnology research and 
animal biotechnology research in China. 
While significant progress has been made in 
plant biotechology research, animal biotech
nology is just emerging as a strong research 
component. He offered to host the regional 
coordinating centre (RCC) at Beijing, China. 

Dr. H.A. Jasiorowski, Director of FAQ 
Animal Production and Health Division, in 
his introductory speech, summarised FAQ's 

work to promote livestock biotechnology 
research and development in the Asian and 
Latin American regions. While describing 
the achievements of biotechnology in U.S.A., 
Europe and Japan, he pointed out that only 
a few countries in the world hadhigh invest
ment levels in biotechnology and that ad
vances in commercialisation and privatisa
tion of research only served to increase the 
pressure to patent new technological 
achievements. Dr. Jasiorowski advocated 
that the development of biotechnology in 
developing countries, especially Asia and 
Latin America is essential. He pointed out 
that F AO policy is to provide all possible 
support towards such development. F AO 
had started its livestock biotechnology pro
gramme in 1985. Three expert committee 
meetings have already been held and pro
ceedings of the meetings published. The 
livestock biotechnology bibliography is 
published regularly and the networks in 
Asia and La tin America were formed with 
modest financial support by FAQ. 

There were 26 invited experts from 8 
countries of Asia and 7 countries of Latin 
America who presented country reports and 
technical reports on the progress of biotech
nology in animal production and health. Six 
experts working in different fields of bio
technology outside the networks presented 
two papers each, one of which was a general 
paper reviewing the modern developments 
in their area of research, and another paper 
on their own research. In addition to these 
participants, there were observers and F AO 
staff attending the Workshop. The partici
pants together with members of the organ
izing committee are listed in Appendix 1. 
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Objective 

The main purpose of the Workshop was 
to enable selected experts to discuss prog
ress and current issues in their respective 
countries and to approve the project formu
lation framework (PFF) and project docu
ment(PD)oftheAsianNetworkforBiotech
nology in Animal Production and Health 
(ANBAPH) which is to be funded by UNDP 
and executed by FAO. 

Other important objectives of the Work
shop included: 

1. A review of national capabilities for 
biotechnology applied to animal produc
tion and health in the regions. 

2. The identification of special strengths 
of individual institutes engaged in biotech
nology research and assign them to run 
specific training courses for scientists and 
technicians within the Asian and Latin 
American networks. 

3. A discussion on the possibility of es
tablishing links between the Asian and La tin 
American networks. 

Papers presented: 

The Workshop discussed 23 technical pa
pers on the major areas of biotechnology 
including: 

1. Hormonal control of growth and 
lactation. 

2. Genetically engineered hormone 
production. 

3. Molecular characterization of virus, 
bacteria and fungi. 

4. Cloning and expression of GH gene 
in mice; gene probes. 

5. Embryo transfer, culture, bisection 
and sexing. 

6. Superovulation of embryos. 
7. In-vitro fertilization of gametes. 
8. Virus diseases and vaccine biotech-

nology. 
9. Monoclonal antibody production 

against diseases. 
10. Improvement of feed quality using 

biotechnology methods. 

The eight country reports from Asia and 
seven similar reports from Latin America 
reviewed the progress made and future 
potential of biotechnology in these two 
regions. 

III. RECOMMENDATIONS 

A. General Recommendations 
1. That in order to promote further devel

opment of biotechnology research and its 
application at farmers' level, UNDP 
should approve the proposed ANBAPH 
in January 1990. The Workshop recom
mended that a similar F AO network of 
collaborating centres in Animal Produc
tion and Health Biotechnology for Latin 
America be proposed again for UNDP 
fundings as per recommendations made 
by the Expert Consultation meeting held 
at Havana in 1988. This Latin American 
Network for Biotechnology in Animal 
Production and Health be named as 
LANBAPH. 

2. That the participants of the Workshop 
noted the UNDP reviewer's comment but 
whole-heartedly agreed with and sup
ported FAO's reply. The meeting fully 
supported the project formulation frame
work (PFF) and project document (PD). 

3. That the institutes listed on page 29 of the 
project document of proposed ANBAPH 
should continue as FAO Biotechnology 
Network in Asia. In time, new member 
countries of the Asian region may join the 
network. In such situations, some addi-



tional funds to support training and re
search programmes for those countries 
should be provided. 

4. That the ANBAPH establishes link with 
the LANBAPH, especially in the exchange 
of lectures in the training programmes, 
information and products. 

5. That there is willingness of member coun
tries to contribute to the development of 
the two networks, which include finan
cial, physical and personnel support. 

6. That efforts be made by FAO to contact 
other donor agencies to help in different 
programmes of the two networks. 

7. That FAO should continue and possibly 
increase the research contract agreements 
with the LANBAPH, according to the 
priorities established in the Expert Con
sultation meeting at Havana in 1988, until 
suitable funding for the project from other 
sources is obtained. In the eventof UNDP 
funds not being granted in 1990, similar 
support for ANBAPH be given. 

8. That FAO should sponsor a meeting of 
LANBAPH in 1990 to discuss the current 
status of projects and future programme 
for 1991. It was anticipated that UNDP 
project funds, if approved, would sup
port a meeting of ANBAPH in 1990. If 
this was not so, F AO should support such 
a meeting. 

9. That FAO should appoint an interna
tional advisory group made up of lead
ing scientists in specific areas of biotech
nology. Members of this group may be 
asked to advise PAO and UNDP, as and 
when necessary. 
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B. Specific Comments and Recommenda
tions 

MOET 

1. The Workshop noted that A.I. program
mes in the countries of the region are not 
backed up by performance recording sys
tems. The introduction of performance 
recording systems, besides being expen
sive, may well be difficult to operate due 
to large variations in the environmental 
circumstances in which the livestock has 
to perform. In this context, multiple 
ovulation and embryo transfer (MOET) 
in conjunction with an open nucleus 
breeding system may well emerge as the 
most efficient technique for livestock se
lection and improvement under the pre
vailing conditions. 

2. In order to expedite genetic improvement 
oflivestock species, it is desirable that the 
technique such as sex determination and 
in-vitro fertilization (IVF) be perfected in 
developing countries and employed in 
conjunction withE.T. to support the above 
programme. 

3. It was generally agreed that the augmen
tation of fertility through E.T. is vital for 
genetic improvement of buffaloes. Cur
rent results of E.T. in buffaloes indicate 
that superovulation in this species has 
not achieved sufficient success to make 
the E.T. technique economically viable. 
The problem of the small number of 
oocytes in buffalo ovaries and the large 

· numbers of atretic follicles indicates that 
probably an entirely different hormone 
regime is required and that further re
search is essential. 

4. It was noted that in the region IVF in 
buffaloes has shown considerable sue-
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cess up to 4-cell stage. Transfer of these 
embryos into rabbits/ sheep I goats for the 
development of these embryos to a trans
ferrable stage into the buffalo uteri is a 
distinct possibility. The problems con
nected with this need to be resolved in 
order to make this an economically viable 
technique. 

The meeting also noted that: 

5. IVF in cattle is rapidly progressing in 
some of the laboratories. This technique 
should be transferred to other laborato
ries in order to improve efficiency of 
embryo production. 

6. It was suggested that a data base on the 
best available buffalo and cattle embryos 
in the ANBAPH should be developed, 
and arrangements for inter-country trans
fer of these elite embryos be made pos
sible in future. 

7. It was proposed that the information on 
the production of hormones related to 
growth, reproduction and superovula
tion should be disseminated through 
ANBAPH and LANBAPH to those coun
tries not in possession of it. 

r-DNA technology. 
1. It was clearly recognised that health pro

tection in the Asian and Latin American 
regions needs to be improved and that 
this should be achieved using products 
which are safe, and where possible, of 
low cost- such products were likely to be 
developed using biotechology. 

2. Growth enhancement and increase in milk 
yield can be achieved through the use of 
somatotropins (as has been shown in 
experiments in Western countries as well 

as in the regions). It was considered that 
while this technique may have some 
potential in the regions further studies 
are required. In China, there is consider
able progress in fish and this should be 
tested in large scale in other countries. 

3. Itwasnoted that-a number of genes which 
characterize disease resistance and fertil
ity in domesticlivestock and birds (e.g. 
Javanese thin tail sheep in Indonesia) 
have been identified in Asia. In order to 
take ad vantage of these, it is necessary to 
establish their existence at DNA/RNA 
level. Restriction fragment length poly
morphism (RFLP) is a very powerful tool 
which should be used to try to identify 
such genes. 

It is therefore essential that a data base be 
builtupwithregard toRFLP and their resis
tance to various diseases and with fertility 
traits. 

4. Itwasreported that a few gene probes for 
detection of diseases have been prepared 
in Asian and Latin American regions, 
and a few more are in the process of 
preparation. It is recommended that in
formation on the preparation of these 
probes be disseminated to other coun
tries in the two networks. 

5. It was noted that once the restriction 
mapping techniques are fairly standard
ized, RFLP data can be used to character
ize various breeds of livestock in the two 
regions. 

Immunogens and Vaccines 
The meeting recognized that: 

1. Currently in both regions the competence 
exists to manufacture new diagnostic rea
gents (e.g. preparation of monoclonal anti
bodies and diagnostic probes). These 



need to be further strengthened and en
couraged to produce cheap diagnostic 
reagents for use in the two regions. 

2. Recombinant vaccines are under devel
opment in some of the laboratories of the 
regions. Vaccinia based rabies vaccine is 
undergoing field testing in India. Simi
larly E.Coli K88 pilli vaccines, developed 
in South Korea and China are ready for 
field testing. A number of other recombi
nant vaccines, developed in USA, Japan 
and European countries, are now avail
able for field testing. 

It is recommended that strict measures to 
protect the potential spread of the diseases 
through the vaccines be undertaken. How
ever, once the field tests are successful, it is 
recommended that cooperative efforts for 
production of these recombinant vaccines 
be made. 

Animal Feed Biotechnology 
In most of the countries in the Asian 

region, significant developments have been 
made for the utilization of fibrous crop resi
dues and agro-industrial by-products, us
ing biotechnological tools. In most cases, 
different types of microbes (e.g. fungi, bac
teria) are used for breaking the ligno-cellu
losic bonds, which in turn, increases the 
digestibility of the ligno-cellulosic materi
als. Most of these researches have reached a 
stage whereby an economic analysis of the 
systems should be made and where there is 
a favourable cost benefit analysis. This in
formation should be transmitted to farmers. 

C. Regional training courses in various 
countries under ANBAPH programme 

The following training programmes are 
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recommended within the proposed UNDP 
project. The Asian participants of the Work
shop suggested that US$120,000 from the 
proposed research allocation in the UNDP 
project be transferred to training in order to 
ensure the training aspect was comprehen
sive. 

1990:CHINA 
Embryo bisection and in-vitro fertili
zation in cattle and pigs. 

KOREA 
Monoclonal antibody production 
against infectious bovine rhinotrachei
tis (JSR) and bovine viral diarrhoea 
(BVD) in cattle. 

INDIA 
Genome mapping in viruses 

1991: PHILIPPINES 
Improvement of fibrous crop residues 
using biotechnological 
methods (for extension workers and 
educated farmers). 

MALAYSIA 
Manipulation of rumen microbes for 
higher digestibility of non-conven
tional feed stuff in animals. 

THAILAND 
Embryo transfer and culture in buffa
loes and cattle. 

1992: PAKISTAN 
In-vitro fertilization and embryo trans
fer in buffaloes. 

INDONESIA 
Fungal biotechnology in the improve
ment of by-product for animal feed 
(for extension workers and educated 
farmers). 
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D. UNDP Project: (RAS/89/001) 
Selection of regional coordinating 
centre 

1. The meeting unanimously selected the 
Institute of Animal Sciences, CAAS, China 
as the regional coordinating centre for 
the proposed UNDP project. 

2. The meeting unanimously selected Pro
fessor Chen Youchun of China as regional 
coordinator and Professor T.K. Mukher
jee of Malaysia as international coordina
tor for the proposed UNDP project. 

E. Publication of Animal Biotechnology 
Bulletins and Manuals 

1990: Publication of Bulletin: 
Vol.1 No.1 June 
Vol.1 No.2 December 

Publication of Manual: 
1. Embryo transfer technology for live

stock development 
2. Biotechnology and animal feed 

improvement 

1991: Publication of Bulletin: 
Vol.2 No.1 March 
Vol.2 No.2 June 
Vol.2 N o.3 September 
Vol.2 No.4 December 

Publication of Manual: 
1. Biotechnology and production re

lated hormones 
2. Biotechnology and modification of 

rumen microbial ecosystems 

1992: Publication of Bulletin: 
Vol.3 No.L March 
Vol.3 No.2 June 
Vol.3 No.3 September 

Vol.3 N o.4 December 

Publication of Manual 
1. Biotechnology and animal disease 

diagnosis 
2. Biotechnology and development of 

vaccines 
3. Useofrecombinant DNA techniques 

in animal improvement 

The Animal Biotechnology Bulletin 
should contain network activities, 2-3 very 
short research papers, abstracts of latest 
papers published in a language other than 
English and a list of references of latest 
animal biotech papers published in interna
tional journals by regional workers. A list of 
references on livestock biotechnology is 
published by FAO, Rome. Therefore, the 
bulletin does not need to contain those refer
ences. 

The regional coordinator in consultation 
with the international coordinator shall 
invite suitable scientists, within and outside 
the region, to contribute papers to the bulle
tin at least 6 months before the publication 
of a particular volume. 

The regional coordinator in consultation 
with the FAQ Senior Animal Production 
Officer (Animal Breeding and Genetic Re
sources) and the international coordinator 
shall invite contributors to each of the pro
posed manuals, well in advance of the pro
posed date of publication. Most of the con
tributors should be from the Asian and Latin 
American regions since there are many in
ternational au th ors' reviews on the proposed 
subjects already available. The contributors 
should stress the work already done by 
Asian and Latin American scientists, al
though a review based on global achieve
ments is desirable. 
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3668 
8316545 



Country: 
Name: 
Official Address: 

Tel.: 

Country: 
Name: 
Official Address: 

Tel.: 
Cable: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 
Cable: 
Fax: 

Country: 
Name: 
Ofgficial Address: 

Tel.: 

CHINA 
DR. ZENG YIXIANG 
Department of Veterinary Science 
Nanjing Agricultural University 
Nanjing, 210014 
P.R. China 

648150-2328 

CHINA 
PROF. LU JINGLIANG 
National Veterinary Biotechnological Laboratory 
Harbin Veterinary Research Institute 
Chinese Academy of Agricultural Science 
No.11: Maduan Street 
Herbin 150001 
P.R,China 

223901 
3833 

CHINA 
PROF. WANG RUIXIANG 
Institute of Animal Science, 
Chinese Academy of Agricultural Sciences 
Malianwa, Haldian 
Beijing 100094 
China 

2581177-452 
222720 CAAS CN 
3668 
8316545 

CHINA 
ZHUYUDING 
Institute of Animal Science, CAAS 
Mallanwa, Haldian 
Beijing 100094 
China 

2581177-452 
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Telex: 
Cable: 
Fax: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 
Cable: 
Fax: 

Country: 
Name: 
Official Address: 

Tel.: 

Country: 
Name: 
Official Address: 

Tel.: 

222720 CAAS CN 
3668 
8316545 

CHINA 
QI SHUNZHANG 
Beijing Agricultural University 
Beijing 
China 

2582244-386 (office), 2582224-0339 (home) 
222487 BAU CN 

CHINA 
LUO YINGRONG 
Institute of Animal Science, CAAS 
Beijing 100094 
P.R. China 

2581177-453 
222720 CAAS CN 
3668 
8316545 

CHINA 
CHENJINGBO 
Xinjiang Research Institute of Animal Sciences 
Est Friendship Road 
Urumgi, Xinjiang, 830000 
China 

41144 

INDIA 
DR. PUSHKAR NATH BHAT 
Director 
Indian Veterinary Research Institute 
Izatnagar 243122 UP 
India 

Office 78435 (BR) 



Res. 
74113 
Telex: 
Cable: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 
Cable: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex~ 

Cable: 

Country: 
Name: 
Official Address: 

Country: 
Name: 
Official Address: 

73308 

577-205 IVRI IN 
VETEXIZATNAGAR 

INDIA 
DR. C.R. BALAKRISHNAN 
Senior Scientist 
National Dairy Research Institute 
Karnal (Haryana) 
India 132001 

4293 
0396-204 NORI IN 
DAIRYSEARCH 

INDONESIA 
DR.B.GUNAWAN 
Director 
Research Institute for Animal Production 
P. 0. Box 123 
Bog or 
Indonesia 

(0251)25151,27157,27150 
48307BPTIA 
BALITANKBOGOR 

INDONESIA 
DR. THOMAS ADAT PERANGINANGIN 
Directorate General of Livestock Services 
Jalan Salemba Raya No.16 
Jakarta 
Indonesia 

MALAYSIA 
PROF. T.K. MUKHERJEE 
Deparment of Genetics and Cell Biology 
University of Malaya 
Kuala Lumpur 
Malaysia 

15 
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Tel.: 
Telex: 
Cable: 
Fax: 

Country: 
Name: 
Official Address: 

Tel.: 
Res. 
Telex: 
Cable: 
Fax: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 
Cable: 
Fax: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 

03-7565318 
UNIMAL MA39845 
UNIVSEL 
3-7573661 

MALAYSIA 
PROF. MOHAMED MAHYUDDIN DAHAN 
Dean, Faculty of Food Science and Biotechnology 
University Pertanian Malaysia 
Serdang, Selangor 
Malaysia 

Office 03-9486314 
03-7747819 
UNIPER MA 37454 
UNIPERIAMA, SERDANG MALAYSIA 
03-94825 

MALAYSIA 
PROF. ABDUL LATIF IBRAHIM 
Faculty of Vet. Med. and Animal Sc. 
University Pertanian Malaysia 
43,000, UPM Serdang 
Selangor Darul Ehsn 
Malaysia 

(03)9488317 
MA37454 
UNIPERTAMA, SERDANG, MALAYSIA 
03 9483247 
03 9482507 

PAKISTAN 
DR. MUHAMMAD ANWAR 
Director, Research Animal Regredution 
Pakistan Agricultural Reserch Council 
P. 0. Box 1031 
Islamabad 
Pakistan 

812758 
5604-PARC-PK 



Cable: 
Fax: 

Country: 
Name: 
Official Address: 

Tel.: 
Cable: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 
Cable: 

Country: 
Name: 
Official Address: 

Tel.: 

Country: 
Name: 
OFFcial Addres: 

Tel.: 

AGRESCOUNCIL 
812 

PAKISTAN 
DR. MUHAMMAD TAHIR 
Dep. of Animal Breeding and Genetics 
Faculty of Animal Husbandry 
University of Agriculture, Faisalabad 
Pakistan 

0411-25911 
AGRIV ARSITY 

PHILIPPINES 
DR. ARTURO S. ARGANOSA 
Livestock Research Division 
PCARRD, Los Banos, Laguna 4030 
Pakistan 

50015TO19 
40860 P ARRS PM 
AGRESPAIL 

PHILIPPINES 
DR. IDA F. DALMACIO 
National Institutes of Biotechnology and 
Applied Microbiology 
University of the Philippines at Los Banos 
College, Laguna, 4031 
Philippines 

2721, 2722, 3368 

SOUTH KOREA 
PROF. KYUNG SOON IM 
Department of Animal Science 
College of Agriculture, Seoul National University 
Suwon 440-744 
South Korea 

331-292-5520 
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Fax: 

Country: 
Name: 
Official Address: 

Tel.: 

Fax: 

Country: 
Name: 
Official Address: 

Tel.: 

Country: 
Name: 
Official Address: 

Tel.: 

Country: 
Name: 
Official Address: 

331-291-7722 

SOUTH KOREA 
DR. SOOHWAN AN. 
Virology Division 
Veterinary Research Institute R.D.A. 
Anyang 480 Korea 

0343-(49)-2151 (Office) 
02-(577)-7312 (Home) 
82-343-46-8511 

THAILAND 
DR. VANDAK. SUJARIT 
Faculty of Veterinary Medicine 
Kasetsart University 
Bangkok 10903 
Thailand 

66-02-579-7539 

THAILAND 
DR. URASRITANTASWASDI 
National Animal Health and Production Institute 
Dept. of Livestock Development 
Central kaset, Bangkhen, Bangkok 10900 
Thailand 

66-02-5798906-14 

LATIN AMERICA 

ARGENTINA 
DR.ALEJANDRO A. SCHUDEL 
Institute de Virologio 
CICV-INTA-CASTELAR 
CC 77-1708 Buenos Aires 
Argentina 



Tel.: 
Telex: 
Fax: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 

Country: 
Name: 
Official Address: 

Tel.: 

Telex: 
Fax: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 
Fax: 

621-1676/1447/1672 
18517 INTAAR 17518INTAAR 
54-111-1917 

BRAZIL 
DR. A. ROBERTO DEBEM 
EMBRAPA/CENARGEN 
Centro Nacional de Recursos 
Geneticos e Biotecnologia 
Rep rod ucao Animal 
SAI-Norte-Parque Rural 
Caixa Postal 10.2372 
70.770-Brasilia-DF-Brazil 

273-0100 RI 693 
(061) 1622 

BRAZIL 
DR. DIOGENES SANTIAGO SANTOS 
Centro de Biotecnologia do Estado do 
Rio Grande do Sul 
Universidade Federal do Rio Grande do Sul 
Govemo do Estado do Rio Grande do Sui 
Av. Bento Goncolves, 9500 
Caixa Postal 15,005 
91,500 Porto Alegre RS-Brasil 

(0512) 36.5056-36.3261 
36-2779 
520145UFRS BR 
(0512) 36.2779 BIOT /RS 

CHILE 
DR. JORGE E. CORREA 
Instituto de Reproducci_n Animal 
Universidad Austral de Chile 
Casilla 567, Valdivia 
Chile 

56 (63) 212681 ext. 418 
271035 UN AUS CL 
56(63)212589 

19 



20 

Country: 
Name: 
Official Address: 

Tel.: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 
Fax: 

Country: 
Name: 
Official Address: 

Resident Address: 

Tel.: 

Country: 
Name: 
Official Address: 

Tel.: 

COLUMBIA 
DR. 6LGA C. MARINO 
Laboratorio de Immunologia 
ICA-LIMV 
Apartado Aereo 29743 
Bogota, Columbia 

2688754 2686174 

CUBA 
DR. CARLOS M. MELLA, M.D., PH.D. 
Centro de Ingenieria Genetica Y Biotecnologia 
Apartado 6162 
LaHabana 
Cuba 

20-1402, 20-1089 
CUBACIB 511072 
21-8070 

MEXICO 
DR. EVERARDO GONZALEZ PADILLA 
Instituto Nacional de Investigaciones 
Forestales, Agicolas y Pecuaias 
INIF AP-SARH 
Insurgentes Sur 694 Col. Del Valle 
Mexico D.F. 
Mexico 

6877418 

URUGUAY 
DR. JULIA SAIZAR 
Departamento de Virologia 
Centro de Investiaciones Veterinarias 
'Miguel C. Rubino' 
A.P.6577 
Montevideo 
Uruguay 

(0392) 2101 



Fax: 

Name: 
Official Address: 

Tel.: 
Telex: 
Cable: 
Fax: 

Name: 
· Official Address: 

Tel.: 
Telex: 
Cable: 
Fax: 

Name: 
Official Address: 

Tel.: 
Telex: 
Cable: 

(0392) 5202 

F.A.O. 

DR. H.A. JASIOROWSKI 
Director, Animal Production & Health Division 
FAO 
Via della Terme di Caracalla 
OOlOORome 

(6) 57973371 
625852 or 625853 
FOODAGRI ROME 
(6) 5782610 I 57973152 

DR. JOHN HODGES 
Senior Officer (Animal Breeding and Genetic Resources) 
AGAP 
FAO 
Via della Terme di Caracalla 
00100Rome 

(6) 57973364 
625852 or 625853 
FOODAGRI ROME 
(6) 5782610 I 57973152 
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Note: Duetoothercommitments Dr. Hodges was unable to attend the 
Workshop. 

DR. DAVID EDWARD STEANE 
Animal Production Officer, AGAP 
FAO 
Via della Terme di Caracalla 
OOlOORome 

(6) 57974103 
625852 or 625853 
FOODAGRI ROME 
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Fax: 

Country: 
Name: 
Official Address: 

Tel.: 
Telex: 
Cable: 
Fax: 

(6) 5782610 I 57973152 

FAO/UNDP CONSULTANT 

MALAYSIA 
PROF. T.K. MUKHERJEE 
Deparment of Genetics and Cell Biology 
University of Malaya 
Kuala Lumpur 
Malaysia 

7565318 
UNIMAL MA39845 
UNIVSEL 
3-7573661 



Monday, 9 October 
08.00 Registration 

ANNEXC 

AGENDA OF WORKSHOP 

09.00 Opening ceremony (Chairman: Mr. Huang Yongning, Director, International 
Cooperation Department, Ministry of Agriculture) 

09.00 Opening address and official opening by Dr. Wang Lianzheng, Vice Minister, 
Ministry of Agriculture 

09.15 Welcome by Vice President, Chinese Academy of Agricutural Sciences 
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09.30 Introduction to Workshop by Dr. H.A. Jasiorowski, Director, Animal Production 
& Health Division, F AO 

10.00 Break 

Session 1: Animal Genetics and Hormonal Manipulation 
(Chairman: Dr. ChenYouchun, Director, Institute of Animal Science) 

10.30 Mukherjee: Biotechnological developments in animal production and health in 
Asia (Review of UNDP Project) . 

11.45 Meyer: Growth stimulators for farm animals: Mode of action, effects on meat 
quality and potential risks originating from residues 

12.30 Lunch 

Animal Genetics and Hormonal Manipulation 
(Chairman: Dr. Balakrishnan) 

13.15 Schams: Hormonal control of lactation and possibilities for its manipulation 
14.00 Qi Shunrnchang: Cloning and expression of porcine GH CCDNA 
14.45 Du Nianxing: genetically engineering hormone production in relation to improv

ing animal performance 
15.15 Break 

Session 2: Animal Reproduction (Chairman: Dr. Anwar) 
15.35 Chu pin: Embryo transfer review 
16.10 Fulka: In-vitro fertilization review 

Tuesday 10 October 
(Chairman: Dr. Peranginangin) 
08.00 Luo Yingrong, Zhu Yuding: ET and IVFin cattle 
08.45 Im: Culture and transfer of mouse embryo 

Session 3: Asian Country Reports (Chairman: Prof. T.K. Mukherjee) 
09.30 China (Dr. Wang) 
10.00 Break 
10.15 India (Dr. Bhat) 
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10.45 Indonesia (Dr. Gunawan) 
11.15 Malaysia (Prof. Latif) 
11.45 Pakistan (Dr. Anwar) 
12.15 Lunch 
13.00 Philippines (Dr. Dalmacio) 
13.30 S. Korea (Prof. Im) 
14.00 Thailand (Dr. Vanda Sujarit) 
14.30 Break 

Session 4: Animal Diseases (Chairman: Prof Latif) 
14.45 Barrett: Review of virus diseases 
15.30 Yilma: Review of vaccine biotechnology 
16.15 Yamanouchi: Virus vaccine 
16.45 Lu Jingliang: Monoclonal antibody production for diagnosis of equine infectious 

anaemia 
17 .15 An: Production of monoclonal antibodies for diagnosis of bacterial disease in Korea 

Wednesday 11 October 
07.45 Depart for Institute of Animal Science 
08.00 Visit Institute 
09.00 Depart for visit to: Great Wall, Ming Tombs,Tiananmen Square 

Thursday 12 October 
Session 5: Latin American Country Reports (Chairman: Dr. A. Schudel) 
08.30 Chile 
09 .00 Mexico 
09 .30 Brazil 
10.00 Break 

Chairman: Dr. Padilla 
10.15 Argentina 
10.45 Cuba 
11.15 Columbia 
11.45 Uruguay 
12.15 Lunch 

Session 6: Research and Technical Papers (Chairman: Dr. Sujarit) 
13.00 Chupin: Embryo Transfer 
13.30 Fulka: I.V. Fertilization 
14.00 Barrett: Paramyxoviruses 
14.30 Yilma: New Rinderpest Vaccine 
15.00 Break 
15.15 Im: Culture and Transfer of Mouse Embryo 
15.45 Dalmcio: Improvement of copra meal quality for use in animal feeds 
16.15 Balakrishnan: Cytogenetic implications of crossbreeding 
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swamp and river buffaloes 
16.30 Im: Country report for S. Korea 
17.30 Chen: Application of Biotechnology in China 

Friday 13 October 
Session 7: Asian Biotechnology Network (Chairman: Dr. Bhat) 
09 .00 Mukherjee: Presentation of project formulation framework and project document 
10.00 Discussion 
11.00 Break 
11.30 Continuation of discussion 
12.30 Lunch 
13.30 Continuation of work on project document and project formulation framework 
16.00 Closing ceremony 

Address by Prof. Liu Zhicheng, Standing Vice-President, CAAS 
Closing Address by Dr. H. Dall, FAO Representative, China 
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ANNEXD 

SUMM_ARY OF THE ASIAN NATIONAL POSITION 
PAPERS 

The national position papers highlighted 
the research and development activities in 
livestock in generaC and more specifically 
current achievements in livestock biotech
nology research and related future develop
ment plans. 

Embryo transfer and its allied techniques 
(culture and storage, in-vitro fertilization, 
embryo bisection) had been the subject of 
intensive study during the past 3 - 10 years 
in almost all the eight countries in the re
gion. Some developments have occurred in 
relation to in-vitro fertilisation of cattle and 
pig embryos in China. This coupled with 
successful embryo bisection technique has 
raised the number of transferable embryos. 
Similar developments have also been noted 
in Korea. Progress in the culture and stor
age techniques of embryos has been reported 
in most of the national papers. 

In the 8 countries approximately 1700 
embryos have been transferred in bovine, 
caprine and porcine species of which 60% 
embryos were frozen. Success rates ob
tained in different countries were not clearly 
indicated in the papers, but a general trend 
of higher success rates than the previous 
reports is noted. 

Itwas clearthatproblems withsuperovu
la ti on techniques, especially in buffaloes still 
remain. Therefore some countries, e.g. India, 
Malaysia, Thailand and Pakistan, have 
stressed the need for research with different 
types of hormone.regimes in buffaloes and 

cattle. The birth of E.T. calves in buffaloes 
have been simultaneously reported in Paki
stan, India and Thailand. 

On a small scale, some institutes are prac
tising MOET in Open Nucleus Breeding 
Schemes but with a very small number of 
animals in the nucleus herd. It is expected 
that these numbers will increase in future. 

Since the last FAO biotechnology work
shop at Bangkok from 17 -21October,1988, 
significant progress has been made by China, 
Korea, India and Malaysia in relation to 
research on r-DNA technology. A signifi
cant amount of antigen gene of equine infec
tious anemia has been successfully cloned 
in China. Molecular characterization of pox 
virus especially caprine virus and of differ
ent FMD virus types have been made in 
India. Korean researchers as well as those in 
China have produced genetically engineered 
bovine and porcine growth hormones, mi
croinjection of which in recipient animals 
resulted in relevant genetic expression. 
Molecular characterization of New Castle 
Disease (NCD) virus is in progress. 

Several papers indicated that much re
search appertaining to restriction fragment 
length polymorphism of bovine and chicken 
DNA, preparation of gene constructs and 
DNA hybridization and sequencing tech
niques is progressing well. Plans have been 
made for similar type of research in Paki
stan, Thailand, Philippines and Indonesia. 
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ANNEXE 

SUMMARY OF THE SCIENTIFIC SESSIONS 

In addition to the national position pa
pers a total of 23 scientific papers were pre
sented in 5 sessions during the workshop. 
11 papers were from contributors outside 
the region and 12 papers from within the re
gions. 

At the first session, Professor T.K. 
Mukherjee of Malaysia reviewed the prog
ress of biotechnology in Asia. Subsequently 
Professor Meyer from West Germany dis
cussed the mode of action of growth stimu
lation for farm animals, and their effects on 
meat quality and potential risks originating 
from residues. While expressing his views 
on the use of two groups of growth promot
ers - somatotropins and B-agonists, Prof. 
Meyer pointed out that limitations of use of 
growth promoters on myo-fibre size and 
type, intra-muscular fat and glycogen, and 
contents of vitamins and minerals. 

Professor Schams from West Germany 
critically reviewed the effect of hormonal 
coi;ttrol and manipulation oflacta ti on. While 
appreciating the fact that there is enormous 
potential of the use of hormones for in
creased lactating activity, he concluded that 
milk production still will be mainly deter
mined by feed supply and good manage
ment. 

Dr. Qi Shun Zhang of China presented 
his experimental results in a pa per on which 
porcine-CH cDN A was reverse transcripted 
from m-RNA and then expressed in E coli 
vector using TAC promoters. Rats injected 
withp-GHcDNAshowedhigherfibia width 
compared to control rats. In another paper 

from China, Drs. Zheng and Nianxing 
showed various possibiliies of genetically 
engineered hormone production in relation 
to improving animal performance and vac
cine production. 

The second session was mainly concerned 
with embryo transfer (ET) technology. Dr. 
Chupin from France in his general review 
on E.T. in domestic animals suggested that 
the main limitation of the use of E.T. in 
developing countries was in the number of 
ova shed and its variability. Therefore he 
suggested that more research on superovu
lation techniques and improved methods of 
culture are needed to obtain larger number 
of transferable embryos in order to maxi
mise the number of E.T. calves born per 
donor. 

Similarly, in a review, Dr. Fulka of Czecho
slovakia stressed the importance of in-vitro 
fertilisation (l.V.F) in order to increase the 
number of transferable embryos. While the 
success rate of I.V.F. is increasing in his 
laboratory, still there is concern about the 
low proportion of in-vitro developed blas
tocysts. Cellular and molecularinvestigtions 
to elucidate such problems should help in 
further standardization of bovine embryo 
transfer technology. Drs. Luo Yingrong and 
Zhu Yuding of China in their papers sup
ported this view. Dr. Luo in a second paper 
showed the application of a simple and easy 
freezing technique of embryos in which he 
used a self-manufactured, inexpensive but 
effective freezer operated by a battery cell. 
Dr. Im from Korea in his paper discussed a 
successful ultra-rapid freeezing of 3~day old 
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mouse embryos, particularly the effect of 
Trehalose as non permeating cryoprotectant. 
(This paper was presented in Session 5). 

In the third scientific session on animal 
diseases diagnostic and vaccine biotechnol
ogy, three reviews by Dr. Barrett from U.K., 
Dr. Yilma from U.S.A. and Dr. Yamanouchi 
from Japan, dealt with virus diseases, virus 
vaccines and virus vaccine biotechnbology. 
They discussed in detail their own work on 
therecombinantrinderpestvaccine biotech
nology. Dr. An from Korea and Dr. Lu 
Jingliang from China presented reviews of 
monoclonal antibody production in their 
own countries. 

Some of the papers presented in the sec
ond and third sessions were followed in 
Session 4 by more specific information based 

on the results of their own particular work 
presentations were given by Drs. Chupin, 
Fulka, Barrett and Yilma. 
In the fifth and final scientific session, Dr. 
Dalmacio from Philippines and Dr. Bala
krishnan from India presented two unre
lated papers. Dr. Dalmacio'spaperdescribed 
current results of trials involving biotech
nologically improved copra meal quality. 
Experiments in chickens showed that this 
improved copra meal could produce better 
growth rate in broiler chicks up to 5 weeks of 
age. Dr. Balakrishnan presented slides to 
show chromosomal polymorphism in 
swamp and river buffaloes and raised some 
pertinent questions based on this work. Prof. 
Chen provided a brief overall summary of 
the biotechnical developments taking place 
in China at present. 
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Introductory Address 

Biotechnology for Animal Production and 
Health in Developing Countries 

Dr. H.A. J asiorowski 
Director 

Animal Production and Health Division 
FAO,Rome 

On behalf of the Director-General of FAO 
I am pleased to welcome you here today as 
we start an intensive group activity for 5 
days. We are committed to ensure that the 
fruits of biotechnology now appearing in 
the laboratories of the developed world, are 
made available to the livestock farmers in 
developing countries as expeditiously as 
possible and applied to the topics most 
needed. It is a unique occasion, for we here 
represent the top expertise in biotechnology 
for animals from Asia, Latin America and 
the developed regions of Europe, North 
America and Japan. It is a feature of biotech
nology that it can bring together scientists 
working in diverse environments and tack
ling different problems at home, to focus 
their united efforts upon the unsolved and 
often intractable problems of livestock pro
duction and health in developing countries. 
Science has been applied steadily for dec
ades to raise the traditional low productiv
ity of animals in the tropics. A few percent
age point increments in output have been 
achieved. Now biotechnology appears to 
offer in some cases, quantum increases in 
productivity. Some feel it may even be able 
to solve certain problems which have to 
date yielded nothing to modern science. 

When future generations look back to 
this period of initiating biotechnology, which 

is really characterised by the advent of mo
lecular biology, they will, no doubt, see 
clearly that it was the beginning of a revolu
tion with far-reaching consequences for 
animal production and health. We, on the 
other hand, are involved in the process of 
evaluating the new techniques and of pre
dicting their likely effects, benefits and 
possible applications. It is a difficult task. It 
is however, a task to which we in PAO have 
committed ourselves during the last 4 years. 
We first carried out a suryey of the likely 
applications of biotechnology to animals in 
developing countries. Then we held a Global 
ExpertConsultationin Rome in 1986 to which 
outstanding scientists in the frontiers of 
molecular biology were invited. They iden
tified the broad areas of likely applications 
and urged us to begin more detailed studies 
of specific animal topics in developing coun
tries which might be susceptible tD biotech
nology solutions. We star•ed this by sending 
consultants to survey the existing work in 
progress, national research and develop
mentfacilitiesandhumanresourcesinLatin 
America and Asia. It is a pleasure for me to 
acknowledge the presence of both these 
colleagues here today; Dr. A. Schudal from 
Argel}tina and Professor T.K. Mukherjee 
from Malaysia. Their reports stand as valu
able contributions analysing the current 
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situation and potentials.Next we arranged 
two Workshops to bring together scientists 
in each region from key institutions. These 
were held, as many of you know having 
been present, in Havana, Cuba in Septem
ber and in Bangkok, Thailand in October 
already beingwidelyrecognised and quoted. 

We are grateful that following our pres
entations to UNDP, they responded posi
tively to the proposal that a Development 
Network should be established in Asia. They 
have approved a regional project for $1.2 
million for three years, and the 8 countries 
which we originally identified are included 
in this projet. It is gratifying to have had 
such positive receptions to this project from 
the participating governments who wHI be 
responsible for maintaining the Network 
after the project is complete. It is of course, 
an Institution Building project in the true 
sense. We in F AO are pleased and proud to 
be associated with the national scientists 
here in Asia at this time as you draw up 
work plans for this regional project. We also 
look forward to three years of fruitful coop
eration together in establishing the Network. 
Professor Mukherjee has played a special 
role in visiting all the countries again and in 
completing detailed discussions with scien
tists and government officers in each coun
try which have resulted in the Draft Project 
Document and Project Formulation Frame
work which will be finalized during this 
Workshop. 

We havemadesimilarproposals to UNDP 
for a comparable Regional project in Latin 
America. To date there has not been a posi
tive response, but we are hopeful that the 
success of the Asian project will engender 
further interest on the part of UNDP for 
Latin America. In anticipation of this we 
have asked our Latin American colleagues 
from the 8 countries to join us here in this 

Workshop. The benefits will hopefully ex
tend both to scientific exchanges and also to 
the methods of designing and operating a 
regional network project for biotechnology. 
I encourage them to participate in the dis
cussions with their insights as we deal with 
the agenda items which are specific to Asia 
at this stage. As I said earlier, biotechnology 
is bringing us all closer together and we 
shall value their views. In anticipation of a 
UNDP Regional Project for Latin America, 
we have asked the participants from that 
region each to bring a national position pa per 
with them. Whereas it will not be presented 
publicly here, like the national position 
papers from the Asian countries, which are 
an essential contribution to the Regional 
project, nevertheless we hope that they will 
be held in readiness and we intend to pres
ent them in consolidated form to UNDP 
with a further request for positive action for 
Latin America. 

We also have here a number of world 
class experts from developed countries who 
will share with us their perceptions of bio
technology and also up-date us on the fron
tiers of their own special research and devel
opment area. They come from Europe, 
America and Japan. We welcome you and 
trust that your interest in this Asian Project 
will extend beyond the Workshop and that 
when the occasion affords, you may be able 
to make further inputs and perhaps receive 
trainees from the project in your home labo
ratories. 

I have not given details of the technical 
areas which are to be covered in the Work
shop and in the Regional Project, for in my 
opening addresses in Havana and Bangkok 
last year, I covered these topics in detail. 
Nevertheless, it is appropriate for me to 
recognise that among us here are experts in 
both animal production and health, cover-



ing the different topics we earlier identified 
as important for developing countries. These 
are animal breeding and genetics, repro
duction, including embryo transfer rumi
nant digestion and use of animal feed, ma
nipulation of the life processes of growth 
and lactation, disease diagnosis and vaccine 
production. 

We trust that our discussions, decisions 
and the subsequent work of this project will 
result in the flow of benefits sooner or later 
to the livestock producers of the region. We 
must guard against the idea that this project 
is for scientists. It is not. It is for livestock 
producers. I urge that in drawing up 
workplans we be realistic about the prob
lems to be tackled. That does not that we 
should only work on those which may yield 
short term results, though one hopes there 
will be some of these. We should also realis
tically assess the topics which may take a 
longer time to resolve. Remember that it is 
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not the main aim of the project to produce 
technical results for application in the field 
within the lifetime of the project, though we 
all hope this may happen in some areas. The 
main aim of the project is Institution Build
ing, which means developing the capability 
of being self sustaining after the project is 
over. 

Before I declare the Workshop open, I 
would like to express the regrets of my 
colleague Dr. John Hodges who has been 
the responsible officer in F AO for organiz
ing this Workshop, and whom most of you 
know as he participated in the earlier Work
shops in Rome, Havana and Cuba. Unfortu
nately he is not able to be with us this week 
as he is required to undergo some minor 
surgery, which though not serious, is ur
gent. He sends his greetings and regrets. I 
have pleasure in declaringthis Workshop 
open. 
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Summary 

Biotechnology developments affecting 
livestock improvement during the last few 
years in North America and Europe have 
been marked by biological developments 
that are absolutely amazing. Against this 
background, development of this new tech
nology in Asia (excluding] a pan) is remarka
bly slow although recently Governments of 
Asian countries are building infra-structure 
for research and development activities 
pertaining to Biotechnology in Animal Pro
duction and Health. 

The present paper summarizes some of 
the above aspects and presents current status 
of biotechnological developments in 8 coun
tries of Asia (China, India, Indonesia, Ma
laysia, Pakistan, Philippines, South Korea 
and Thailand). Detail country reports have 
been presented in this workshop by respec
tive country representatives. 

Embryo transfer and its allied techniques 
had been the subject of intensive study in 
these countries during the past 3-10 years. In 
the most important area of biotechnology 
research i.e. molecular biology, sporadic 
attempts have been made by different insti
tutions within each country but these are 
not concerted efforts. Similarly research on 

production of immunogens and vaccines, 
using modern techniques and on biotech
nology for animal feed production in sev
eral ins ti tu tions has been successful, but co
operative efforts for large scale use of the 
products derived are yet to be seen. There
fore, F AO' s efforts to create a livestock bio
technology network require un-equivocal 
support. 

Introduction 

The development of biotechnology has 
opened up exciting possibilities for increas
ing animal productivity in developed coun
tries. Realising its tremendous potential in 
developing countries. Food and Agricul
ture Organization (PAO) of the United 
Nations convened a global meeting of inter
national experts in 1986 at Rome to discuss 
the role of biotechnology in livestock pro
duction and health in developing countries. 
Papers presented in that meeting have been 
documented in a monograph entitled "Bio
technology for Livestock Production" (F AO, 
1989). In one of the papers of this mono
graph, new developments of biotechnologi
cal tools in several Asian countries were 
traced (Mukherjee and Bhubanendran, 
1989). Subsequently further documentation 
of the serendipitous development of bio-
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technology in various areas of livestock and 
Veterinary Sciences, in selected Asian coun
tries have beenmade through: (i) a270-page 
technical report prepared by an F AO con
sultant, who visited several institutions in 8 
different countries of Asia in October-No
vember, 1987 and (ii) a Livestock biotech
nology workshop, held at Bangkok in Octo
ber, 1988 under the auspices of PAO and 
Kasetsart University, Bangkok. National 
papers presented in this workshop have 
been printed. 

The present paper on the same theme is 
based on the national position papers pre
pared by selected livestock biotechnologists 
from each of the eight following countries: 
China, India, Indonesia, Malaysia, Pakistan, 
Philippines, South Korea and Thailand. 
While requesting these writers, a format 
was presented to them with the hope that 
some meaningful comparisons could be 
made between the countries in regard to the• 
status of development in each subareas of 
livestock biotechnology, although not all 
the writers of the national position papers 
followed the format. While the readers could 
obtain details from the above national tech
nical reports, this paper presents in summa
rized form the development of Asian bio
technologyin animal health and production 
under the following headings: 

A. Nucleus herd improvement using mul
tiple ovulation and embryo transfer 
(MOET) in open nucleus breeding sys
tems (ONBS). 

B. Application of r-DNA technology for 
genetic improvement and genetic resis
tance to diseases in livestock/poultry. 

C. Immunodiagnostics and vaccines 
through biotechnological methods. 
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D. Biotechnology for enhancing animal feed 
production. 

A. Nucleus herd improvement using 
MOETinONBS 

Conventionally, most of the genetic 
improvement programmes in the above 
countries in Asia involve crossbreeding 
programmes in institutional herds and dis
tribution ofcrossbred progeny to smallhold
ers for genetic improvement of their cattle. 

Both natural matings and artificial in
semination are practised. Only in a few 
countries (China, Korea, India, and Paki
stan), large scale national or provincial de
velopment programmes are in progress in 
which progeny testing of sires and subse
quent selection of sires with higher genetic 
merit are the most important activities. 
Within breed selection e.g. in Korea for 
Korean Native Cattle, in China for special
ized pure lines of pigs for lean meat prod uc
tion, and in Pakistan for Nili-Ravi buffaloes 
has been practised for many years. Success 
of carabao breeding programme in Philip
pines, production of Thai-Danish cattle in 
Thailand, development of a new breed of 
cattle (Mafriwal) and a new breed of goat 
(Jermasia) in Malaysia, and genetic improve
ment programme for thin - tail sheep in 
Indonesia have been recorded. 

In spite of these developmental activities, 
genetic progress in each cla_ss of livestock in 
the region is considerably slow when com
pared to genetic gain recorded in livestock 
of N. America, Europe and Oceania. There
fore planners argue implementation of 
MOETin ONBS. Chengdu Fengherangshan 
dairy farm in China, Anand Dairy Coopera
tives in Gujrat, India and Livestock Station, 
Suweon,Korea are already practising MOET 
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in their nucleus herds. Similar operations in 
private dairy farms in Philippines, Thai
land, Pakistan and Indonesia were estab
lished but the progress of work is still slow. 
Malaysian Government's Central Animal 
Husbandary Institute at Kluang have re
cently undertaken large scale embryo trans
fer with a view to establish MOET in ONBS 
when the newly developed biotechnology 
centre at Jerantut, Pahang, is in operation. 

Embryo transfer (E.T.) technology and al
lied techniques 

Embryo transfer technology seemed to 
be the most investigated area in the above
mentioned Asian countries. As evidenced 
from Table 1,numberof embryo transferred 
in Asia is very low compared to Western 
nations. These figures may not be exact but 
an approximation has been made from the 
papers collected by the author in different 
countries and from the national position 
papers, some of which present meaningful 
statistics. 

From the survey of eight Asian countries, 
China, South Korea and India were found to 
have undertaking large srnle integrated 
plans for genetic improvement. Research in 
different institutions of these countries are 
centrally coordinated through the efforts of 
Central Academy of Agricultural Sciences, 
Beijing, Livestock Experiment Station, 
Suweon, and Department of Biotechnology, 
New Delhi respectively. Many institutions 
within each country are involved. 

Since early 1980's, private E.T. compa
nies are advocating the propagation of this 
technology. Amongstthemare ANSA farms, 
Magnolia Dairy Farm of San Miguel corpo
ration and Biogenetics (Phil) in Philippines. 
Similar private efforts for cattle E.T. have 
been seen in Indonesia, Thailand and Paki-

stan, but initial success in E.T. has not been 
vigorously pursued in later years. Embryo 
transfer research in swamp buffalo, cattle 
and goats are being conducted at Universiti 
Pertanian Malaysia and in Nili - Ravi buffa
loes and cattle at National Agriculture Re
search Council (NARC), Islamabad, Paki
stan. Successful transfer to a Nili - Ravi re
cipeint in Pakistan has resulted in the pro
duction of E.T. twins in buffaloes recently. 
Almost at the same time, production of 
buffalo calves through E.T. has been re
corded in India and Thailand. 

Embryo transfer in buffaloes is still a 
problem due to very poor recovery of em
bryo. While this point will be discussed at 
length in the Indian, Thai and Pakistani 
paper, a few observations on this problem 
are recorded here: 

i) Prasit (1987) suggested E.T. to be accept
able in buffaloes, more research concern
ing the recovery of embryo in proper de
velopmental stages, and a greater under
standing of the reproductive tract of 
swamp buffaloes are necessary. 

ii) Sharifuddin and Jainudin (1984) found 
neither the uterus, nor the uterine horn 
could be exteriorized for non-surgical 
collection of buffaloes. This view is also 
supported by Dr. Madan of Karnal, India. 

Therefore coordinated efforts in these 
areas are to be seen in order to create condi
tions for more success in E.T. of buffaloes. 
Basic research on various aspects of embryo 
transfer in laboratory animals (in-vitro fer
tilization, freezing, cryopreservation etc) 
have been attempted earlier by Im and his 
associates at Korea, Bhattacharya and 
Agrawal in India, and Chen Xiu and Luo in 
China. Some of these concepts have now 
been extended in the form of basic research 
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Table 1. Summary of survey of bovine, caprine and porcine embryo transfer in 8 Asian 
Countries. 

Country/ No. of embryos % collected % frozen % transferred surgical 
Region transfer in farm non-surgical 

China 607 90 50 Mostly surgical 
S. Korea 520 95 80 II 

India 428 60 50 II 

Malaysia 8 100 70 II 

Pakistan 62 40 30 50 50 
Philippines 58 100 60 60 40 
Indonesia 46 80 70 30 70 
Thailand 42 90 60 40 60 

Japan 1430 95 10 79 21 
Oceania 5399 73 6 13 87 
Europe 6293 63 4 23 67 
Canada 5262 76 1 25 75 
U.S. 1,21,855 18 57 20 80 

Records of Asian countries were obtained from a survey in 1987; records for Japan, Oceania, 
Europe and USA were supplied by Iritani (1984). A private company in India, Raymonds (P) 
Ltd is engaged presently in large scale ET in sheep. 

in small and large ruminants. There are now 
an abundance of literature in the area of 
preparation of donor, su perovulation using 
various hormone regimes or their combina
tions, collection and freezing techniques, 
and embryo transfer. 

Some salient feature are noted below: 

1. Surgical transfer yielded better results 
than that of non-surgical transfer. 
2. More than half the embryo recovered are 

transferable. Pregnancy with morula 
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stage embryos, is better than early blasto
cyst stage. 

3. There are no significant difference be
tween frozen and fresh embryos in terms 
of pregnancy. 

4. South Korean workers found no signifi
cant differences in pregnancy when trans
fer with 1 . e1Tibryo compared with 2 
embryos at Livestock Experiment Sta
tion, Suweon;Xorea (Table 2). 

5. Small ruminants' embryo transfer seem 
to be more successful compared to large 
ruminants, perhaps because of higher rate 
of superovulation. 

6. 1st to 3rd parity gives more usable em
bryos (Luo rong, 1989) (Table 3). Some 
authors suggested superovulation after 
90-150 days post partum oestrus gives 
more usable embryos. 

7. There are contradictory evidences regard-

ingthe superiority of PMSG or FSH as su
perovulating hormones. 

8. Except for China, where indigenous pro
duction of hormones are increaisng, other 
countries still depend on foreign supply 
of necessary hormones. 

9. Considerable progress have been made 
in China, Korea and India in research per
taining to in-vitro fertilisation, chimera 
production, cloning of embryos etc. 

B. r-DNATechnologyandltsApplications 

Recombinant DNA technology research 
in Asia is mainly confined to basic research 
in which molecular biologists are engaged 
in research involving prokaryotes. This in
volves discovery of suitable vectors (plas
mids and non plasmids) for propagation of 

Table 2. Pregnancy of embryo transfer by different methods at livestock experiment 
station, Suweon, Kore. 

Method of Embryo No. No. No. 
Transfer Recipient Pregnancy Abortion 

1 embryo Fresh 8 4 (50.0) 
Frozen-thawed 73 27 (40.0) 
Subtotal 81 31 (38.2) 

AI+ 1 embryo Fresh 12 8 (66.7) 
Frozen-thawed 10 5 (50.0) 2 twins 
Subtotal 22 13 (59.1) 

2embryos Fresh 5 2 (40.0) 

Total 108 46 (42.6) 
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Table 3. Effect of Parity on superovulation (Luo rong, 89) 

Parity No. 
Donors 

Heifer 21 
1 15 
2 14 
3 6 
4 12 
5 4 
6&more 10 

genes and expression of these genes in se
lected hosts. Some biological laboratories 
are also engaged in DNA fingerprinting or 
restriction fragment length polymorphism 
work. Most of these biological laboratories 
are adequately equipped to undertake ma
jor research and train scientists from agri
cultural disciplines. 

Only a few animal science/veterinary 
laboratories were found to be engaged in 
molecular biology research. There are very 
few publsihed reports on the work. done, 
hence most of the reports here is based on 
personal communication or country reports. 

China: Most of the work is being conducted 
by the National Laboratory of Agro-bio
technology, Beijing Agriculture University. 

a) Specific antigen gene of equine infectious 
anemia was successfully cloned. After its 
extraction from infected cells, DNA was 
cleaved and isolated with Barn Hl, then 
combined with gt DNA using T4 - DNA 
polymerase. The ligated DNA were trans
ferred intoE-coli Y 1090. Five significant 

Embryos J]sable 
collected Embryos 

114 75 
113 70 
138 84 
64 33 
95 57 
39 17 
47 36 

positive cloned strains were selected (Xu, 
1989). 

b) RFLP is used in recharacteriza ti on of some 
indigenous animal breeds and in classifi
ca tsion of some wild animals (Inst. Anim. 
Sci, CAAS). 

c) Gene mapping method is used to identify 
resistant genes in MHC B-L subregion of 
0 - type chicken, and to identify other 
related gene in the vicinity of GH gene in 
pig. 

d) DNA sequence is widely used at various 
institutions. 

e) Following gene constructs have been 
made: bovine genomic growth hormone 
gene, porcine genomic growth hormone 
gene, sheep genomic growth hormone 
gene and porcine growth hormone re
leasingfactor gene. Similar C-DNA genes 
have been produced. Genes for produc
tion related hormones (Calf renin, bovine 
pepsin and buffalo renin) have been 
constructed. 
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f) Routine DNA hybridization and some 
microinjections in laboratory animals are 
in progress. 

India: 
Major work has been undertkaen by 

Ind~an Veterinary Research Institute (IVRI), 
Izatnagar and Bangalore campus and Na
tional Institute of Immunology (NII), New 
delhi, in the following areas: 

a) Molecular characterization of pox virus 
especially caprine virus (both virulent 
and non virulent types) is in progress 
using gene sequencing techniques. Iden
tification of promoter region in the 
genome is being made in collaboration 
with virus research institute, Pirbright, 
U .K. (Mrs. P. Bhat- Personalcommunica
tion). 

b) Studies on moelcular cloning in clostrid
ial species for vaccine production have 
beeninitiated.Earlyworkinvolved DNA 
isolation of nonpathogenic Clostridial 
species (C. perfringenes, type C and type 
D), its characterization and isolation of 
plasmid DNA from host vector (Bhat et 
al, 1986). 

Another group of workers has been engaged 
in the characterization of gene sequences in 
clostridium welchi type D and location of 
gene blocks responsible for production of 
"alfa toxin" (Srivastava, Singh and Ashok 
Kumar, Annual Report of IVRI, 1986). 

c) Molecular characterization of FMD virus 
type 0, A and C has been attempted. 
(Suryanarayanaetal., 1986). Complimen
tary DNA's for viral RNA type A and 0 
were prepared. Ac-DNA probe has been 
successfully used for the identification of 
virus specific sequences (Rao et al., 1986). 

d) Coned-DNAforthemajorantigenofFMD 
disease has been shown to be expressed 
in E. coli (Surayanarayana -et al., 1986). 
The c-DNA has been cloned in the Barn 
Hl site and at the pst 1 site of expression 
vector, PBR 222. 

e) A partial library of Y. chromosome de
rived DNA sequence of bovine origin in 
E. coli has been constructed at N.I.I. 
(Khandekar et al., 1986). 

f) Characterization of extra chromosomal 
plasmids responsible for desired charac
ters of starter culture (Batish-personal 
communication) and identification of 
plasmids for lactose utilization in strains 
of streptococci (Dutta and Sinha -NDRI 
Annual Report). 

Malaysia: 

In Malaysia, genetic engineering research 
for animal production and health has been 
undertaken by the faculty of Biotechnology 
and Food Sciences and Veferinary Faculty 
of University Pertanian Malaysia (UPM) and 
two Departments of University Malaya (UM) 
- Department of Genetics and Cellular Biol
ogy and Institute for Advanced Studies. 
Research in progress includes: 

i) Molecular characterization of New 
Castle Disease (NCD) virus at U.P.M. 

ii) Collection of baseline data on diversity 
of rumen bacteria and fungsi has been 
completed (UPMmainly; bacterial work 
at U.M. also). At U.P.M., studies on 
genomic and plasmid DNA in selected 
microbes and fungi have begun. 

iii) Facilities for gene mapping and finger 
printing and recombinant DNA tech
niques for xylanase and other enzymes 



are available at U.P.M. One of the re
searchers at U.P .M.' s biotechnology 
group, Dr. Abdullah Sipat has cloned 
xylanase gene for Bacteroides succino
gens, using E.coli HB 101 as the host. 

iv) Mitochondrial and nuclear RFLP work 
as markers for the identification of dif
ferent breeds of buffaloes (at UPM) and 
chickens (at UM) is in progress. cloning 
of pituitary growth hormone gene us
ing retroviruses as a vector has been 
planned. 

v) A study has been completed at U.M. to 
relate the transformable antibiotic resis
tance traits in E. coli strains of bovine, 
avian and procine sources from slaugh
ter houses with the frequency of R plas
mids, which are extrachromosomal 
genetic markers, and are suspected to 
be responsible for drug resistance (Koh 
et al., 1988). 

vi) Integrated, well equipped laboratories 
had been set up for r-DNA technology 
work for research at UPM and UM. 
UPM's, B.Sc (Biotechnology) students 
and UM's, M.Sc (Biotechnology) stu
dents will use their respective laborato
ries for their practical work as well. 

Philippines: 
Basic work on several aspects of biotech

nology is being conducted at the National 
Institute of Applied Microbiology and Bio
technology, Los Banos, Philippines. The In
stitute uses protoplast fusion and recombi
nant DNA technology in the genetic im
provement of antibiotic producing micr<;>
bial strains. Research on local prqductiqn of 
tylosin and antibiotics for animal feed is also 
in progress. 

Thailand, Pakistan and Indonesia: 
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The Veterinary Faculty of Kasetsart Uni
versity, Thailand, Central Research Insti
tute for Animal Sciences, Bogor, Indonesia, 
and Department of Animal Sciences, Agri
culture University at Faisalabad have plans 
to start work on identification of genetic 
markers for production and disea.se traits in 
livestock. 

C. Biotechnology for enhancement of feed 
production 

Almost all the countries visited are in
volved in some kind of workpn biodegrada
tion of organic wastes for production of 
animal feed or biogas. Majority of these 
studies can not be categoricallycalled as 
biotechnological work siri¢e these involve 
known and old methods\->_(degrading lig
nocellulosic materials for improvement of 
nu tri ti ve value offeed. Therefore, only those 
projects/laboratory researches, which have 
either microbiological treatment for biode
gradation or deal with huge machineries/ 
ferrnenters/ power plants are recorded here: 

China: 

1. In most of the provinces and autonomous 
regions of China, microbial freatment of 
lignocellulosic low quality roughages is 
to some extent practised. 

2. Yeast factories located at Shanghai, Jilin 
• and Guang Dan, Nanjing Fermentation 

factory and Shunde Sugar Factory pro
duces single cell proteins containing 40-
85 protein. Production of SCP using pe
troleum hydrocarbon, natural gases al).d 

I 

methanol are also commonly practised. 

3. Enzyme ptoduct factories in Wuxi and 
Tianjing produce various types of en
zymes. Shanghai Biochemistry Institute 
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and Beijing Institute of Biochemistry 
produce enzyme through genetic engi
neering work. 

4. At least 18 amino acids are produced 
using fermentation technology. 

Philippines: 

1. National Biotechnology Institute, Los 
Banos: 

a) Production of tylosin and feed antibi
otics. 

b) Low cost biogas systems using crop 
residues. 

c) Production of genetically improved 
lignolytic microorganisms. 

d) Enzyme engineering techniques for 
synthesis of ligninases. 

e) A low technology tumbler process of 
producing microbial proteins using se
lected strains of fungi and yeast. This 
can be used as a feed ingredients in 
poultry and pigs. 

2. Maya Farms (near Manila): 
a) Production ofbiogas from farm wastes 

- this farm produces 94 tonnes of ma
nure and produces 7400 cubic meters 
ofbiogas thatgenerate 7,400 kw- hours 
a day, all of it are used to run electric 
generators. This farm is considered to 
be most efficient in biogas production 
in Asia. 

Malaysia: 

1. Universiti Pertanian Malaysia: 
a) Utilization of agro-industrial wastes 

as animal feed using biotechnological 
methodologies (Jalaludin, 1986). 

b) Role of rumen in the digestion of fibres 
in ruminants (Ho et al, 1987) with a 
view to develop in-vitro system of 
digestion of fibrous materials. 

2. Dunlop (Malaysia) Sdn. Bhd. 
a) Fermentation of POME using filamen

tous fungi and subsequent use of de
hydrated fermented slurry (45.6 per 
cent crude protein) as an ingredient of 
poultry /pigfeed. This industrial proc
ess was developed by Dunlop (Malay
sia) but subsequently stopped for not 
being cost effective. 

3. University of Malaya: 
a) Characterization of rumen bacteria 

with a view to genetic manipulation of 
bacteira in future for effective diges
tion of fibre materials (Shaiful, 1988). 

b) Production of protein biomass utiliz
ing palm oil mill effleunt as substrate 
for thermophilic and mesophilic fungi 
(Kuthubuteen, 1988). 

India: 

1. Indian Institute of Technology, New 
Delhi: 

a) Biochemical engineering research for 
development of single cell proteins 
from waste biomass (Drs. S.K. Mukho
padhaya and Dr. T.K. Ghosh at Indian 
Institute of Technology, New Delhi). 

2. N.D.R.I. Karnal: 
a) Enrichment of wheat straw using fun

gal (coprinus) and urea treatment (Dr. 
B.N. Gupta). 

Pakistan: 

1. N.A.R.C., Islamabad 
a) Fungal treatment of agricultural wastes 

(cereal straws and sugar cane bagasse) 
(Dr. Amana t Ali). 

2. Department of Animal Nutrition, Uni
versity of Faisalabad: 

a) Mycelial biomass protein production 



from rice husk, rice polish and rice 
straw using Trichoderma harzanum (Dr. 
Abu Saeed Hashmi, 1987). 

Indonesia: 

1. Central Research Institute for Animal 
Science, Bogor. 

a) Protein enrichment of cassava tuber 
using yeast inoculum (Candida ingenu
osa and Canandida utalis) (Dr. Jinadasa 
Darma). 

b) Protein enrichment of rice straw and 
wood chips using Pleurotus sp. (Dr. 
Jinadase Darma). 

2. National Centre for Research in Biotech
nology: 

a) Protein enrichment of rice straw using 
Coprinus sp. (Dr. Triadi Basuki). 

South Korea 
There are some Universities /Institutions 

engaged in work on single cell protein pro
duction, according to Director of Livestock 
Research Station, Suweon. Due to lack of 
time, visits were not possible to these insti
tutions. 

D. Production of monoclonal antibodies 
and vaccines 

Most of the Asian laboratories dealing 
with the diagnosis of viral and bacterial 
diseases, and production of vaccines have 
improved their techniques during the past 
few years. Use of immunoflorescence mi
croscope, radioimmunoassay, enzyme 
linked immunosorbent (Elisa) techniques 
are quite common in most of the laborato
ries visited. 

Work on production of monoclonal anti
bodies had been quite intensive in South 
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Korea and China. Hybridoma techniques 
are also being used in some laboratories of 
India, Malaysia and Philippines. Similar 
work are also in progress in Indonesia, 
Thailand and Pakistan. Table 4 shows a list 
of diseases forthe diagnosis of which mono
clonal antibody is used in different coun
tries. 

General Discussion 

Most of the scientists in animal produc
tion and heal th research in the region felt the 
need for a vigorous approach to undertake 
biotechnology based research because they 
felt keeping up with the modern techniques 
is vital for development. However, there are 
some scientists who argue for the necessity 
of consolidating the present work for ani
mal improvement through conventional 
means before undertaking very highly so
phisticated techniques. 

Of the areas of biotechnology discussed 
in this paper, embryo transfer seemed to be 
the most actively planned area in all the 
countries. Large scale Government funds 
are available in China, India, and Pakistan 
for development of E.T. China has devel
oped considerable indigenous technology 
e.g. production of hormones, embryo freez
ers and nitrogen tanks which could be suit
able for relatively poorer countries in Asia. 

South Korea's efforts were very practical 
which included a cooperative approach of 
Government, Research Institutions, Uni
versities and Veterinary clinics. Initial pri
vate initiatives to develop E.T. in Philip
pines, Thailand and Indonesia had been 
successful but not sustained. More recently, 
respective Governments are showing greater 
interest in E.T. Malaysia's programme is 
still in the research level. 
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Table 4. Monoclonal antibody (MAb) tests available for diagnosis of diseases 
in Asian Countries 

Country 

China 

S. Korea 

Thailand 

HVT, ILT 

Test/ genetically engineered 
Vaccine ( GEV) 

M Ab (Monoclonal antibody) 
Harbin Inst. Vet. Med., CAAS 
Lanchou Inst. Vet. Medicine 
Xinjiang Inst. Vet. Medicine 
Fujian Agriculture College 

M Ab (Monoclonal antibody) 
Veterinary Research 
Institute, Anyang 

Elisa 
(same institute) 

GEV (genetically engineered 
vaccine) (same institute) 

M Ab (Work in progress) 
at National Inst. of Animal 
health and production, Bangkok 

M Ab (Work in progress at 
the same institute) 

Viral or bacterial diseases 

Equine Infectious anemia 
Hog cholera 
NCD 
Ovine brucella 
0-typeFMD 
Pig E coli K88 
Pig treponema X23 

a) Infectious Bovine Rhinotracheitis 
virus (IBRV) 

b) Bovine Rota virus (BR) 
c) Transmissible Gastroenteritis 

Virus (TGEV) 
d) Japanese Encephalitis Virus (JEV) 
e) Porcine Parvovirus (PPV) 
f) Enterotmcigenic E. coli (ETEC) 
g) Pseudorabies Virus (PRV) 
h) New Castle Disease Virus 

(NCDV) 
i) Herpes Virus of Turkeys (HVT) 

BR, IBRV (Cattle) IB, NCD, HVT, ILT, 
IBD, (Chickens) Rabbies (Dogs). Hog 
cholera, Pseudorabies, japanese en-
cephalities, Porcine parvoirus (Pigs) 

Piglet Diarrhoea 

New Castle Disease 

pig pneumonia 
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M Ab (Work inprogress at Assay of progesterone 
Chulalongkorn U.) 

Philippines MAb & Elisa Pasturella haemolytica 
(Work in progress at 
Inst. biotech, Los Banos) 

Elisa New Castle Disease Virus 
(Work in progress at Bureau 
of Animal Industries, Manila) 

Indonesia Elisa and M Ab. IB, NC (Chickens), Brucella, Anthray, 
Veterinary Research, Babesiasia (Cattle), Anaplasmosis 
Institute, Bogor (Cattle & Buffalo) 

Malaysia Pelleted field vaccine 
(UPM - testing in different 
countries in progress) 

Elisa IB, NC (Chickens) HS, Brucella 
(Cattle). Detection of progesterone 
level under field conditions in 
bovines. 

M Ab (Work in progress) NCD (Chickens) 

India Elisa (IVRI) Sheep pox, Buffalo pox, FMD, NCD, 
Marek's disease 

M Ab (Work in progress at FMC (Type 0, A, Asia 1) 
IVRI) 

Elisa (N.I.I.) Leptospirosis (dogs) 
Detection of pregnancy 

M Ab (N.I.I. - Work in progress) Rabbi es 

Pakistan Elisa (NARC, Islamabad) Pasturella multicode 

Elisa (Univ. Agriculture, Pasturella multicode 
Faisalabad -workin,progress) 

M Ah(NARS, Islamabad Pasturella multicode 
work in progress) 
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Genetic engineering research in relation 
to domestic animals is just starting to de
velop in China, South Korea, India and 
Malaysia where substantial commitment has 
been made by the R & D funds of respective 
Governments. There are capable scientists 
in all 8 countries who could undertake 
molecular biology work but because of 
limited research funds, such work has not 
gained momentum yet bymanyinstitutions. 

It is strongly believed in Asian countries 
that biotechnology can utilize raw materials 
from various wastes to convert it to renew
able resources. Microbial digestion of such 
raw materials using fungi and bacteria had 
been the basis of research in many of the 
processes discovered as viable commercial 
processes will take time. Characterization of 
rumen microbes in relation to its digesting 
properties of various fibrous material in the 
feed will continue to be an important re
search in the animal biotechnology. 

The discovery of monoclonal antibodies 
for diagnosis of different disease in South 
Korea, China and other countries will lead 
to many industrial activities. Similar plans 
and continuous vigorous research is neces
sary in other countries to improve their own 
potential for various aspects of biotechnol
ogy, for example, to improve their own 
potentials for diagnostic facilities, and per
haps later, vaccine production against spe- · 
cific antigens. 

In general, one could conclude by saying 
that the interest for development of research 
potential for various aspects of biotechnol
ogy exist in all the countries but due to lack 
of funds and facilities, concrete cooperative 
efforts have not been made. In light of these 
facts, the creation of an Asian Biotechnology 
Network will stimulate biotechnology re
search and development in the region. 
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Introduction 

Several hormones are involved in endo
crine or paracrine regulation of growth 
which has been reviewed previously (Karg 
1989) and growth might be manipulated by 
all these hormones. However, only three 
groups have gained scientific or practical 
importance in the past and they will be 
described here. Porcine and bovine soma
totrokpin (pST and bST) were tested more 
intensively on a scientific base since larger 
quantities of these products are available; 
effects on feed efficiency and carcass com
position as well as the mode of action were 
of predominantinterest. Also B-agonist have 
been investigated quite intensively during 
the past decade for similar aspects. These 
compounds, however, have oral bioavaibil
ity and residues might present a risk for the 
consumer. Much more information in this 
respect is still needed. B-Agonists can be 
given to the animal very easily with con
stant dosage via food; some compounds 
have been used illegally and got practical 
importance by this way. Most investiga
tions were done with sex hormones (estro
gens and androgens), their effects on growth 
promotion and feed efficiency, p.re studied 
since almost 40 years and they have gain'ed 
tremendous practical importance. Their 

correct use seems to represent no risk to the 
consumer (WHO 1982; Lamminget al. 1987), 
but unfortunately there is illegal use in 
Central Europe and under latter conditions 
biologically active residues in meat can not 
be excluded. 

Somatotropin 

Biochemistry and physiology: Porcine 
and bovine somatotropin are 191 or 190 
amino acid proteins, they share a high de
gree of homology (90%) and they are pro
duced in the anterior pituitary; today both 
proteins can be synthesized by transformed 
bacteria (Seeburg et al. 1983). Liver, skele
ton, adipose tissue and muscle are the major 
target tissues. The receptor for bST has been 
cloned and the structures of the receptor are 
well known (Leung et al. 1987), but the 
mode of signal transduction into the cell is 
still not understood. However, there are 
clear metabolic effects of somatotropin 
(Figure 1) and the reduced glucose utiliza
tion by adipose tissue seems to be most 
important. After treatment with soma
totropin fatty acid synthesis is d~creased 
due to a reduced activity of the involved 
enzyme systems of the "Pentosephosphate 
Cycle" and the "fatty acid synthase" (Ether-
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Figure 1. Synopsis of CH-physiology 
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ton 1989). As a result glucose and insulin in 
blood are elevated, but somatotropin pre
vents glucose uptake by liver and adikpose 
tissue due to impaired insulin sensitivity. 
More glucose is available for the muscles 
and the skeleton; growth of these tissues is 
additionally stimulated directly by soma
totropin and by IGFI (insulin like growth 
factor I) originating from the liver after stimu
lation by somatotropin. Further data sup
port the idea that amino acid flux to the 
muscle is facilitated and hepatic amino acid 
degradationisreduced (Etherton 1989). The 
recent detection of somatotropin receptor 
mRNA in skeletal muscle indicates that 
somatotropinmay stimulate muscle growth 
directly (Baumbach et al. 1989), but also 
hepatic IGFI may be of major importance for 
musclegrowth(Guleretal.1989). Also bone 
growth seems to be stimulated directly by 
somatotropin (Hochberg et al. 1989) as well 
as indirectly via IGN I (Guler et al. 1989). 

Implications to animal production: Im
proved growth rates have been shown for 
veal calves given bST by daily injection 
(Kirchgessner et al. 1987) and many studies 
have been done with pigs given frequent 
injections of pST (van der Wal 1989). Also 
feed efficiency and N-retention is improved; 
carcasses become leaner and fat content is 
reduced. The efficiency of pST is depending 
on several factors like sex, age, breed and en
vironment. It has little effect in fast growing, 
lean animals (Huster et al. 1988), but the 
effect is more pronounced in chinese breeds 
with a higher fat content (McLaughlin et al. 
1989). The metabolic effects are also en
larged in females and in castrated males if 
compared to intact males with a faster 
growth rate, a lower daily fat deposition and 
a higher endogenous production of ana
bolic sex hormones (Campbell et al. 1989). In 
consequence to better N-retention the ex
creted N-amount and the load to our envi-



ronment is decreased (van Weerden and 
Verstegen 1989). Due to lower fat content 
the thermal isolation of the animals is re
duced, which restricts an useful application 
of pST to warmer ambient temperatures 
<Curtis 1989). However, pST has no practi
cal importance up to now, due to limited 
availability of slow release devices, and it is 
an open question whether pST or bST can be 
used economically with acceptance by farm
ers and consumers. 

Meat quality and residues: Due to the 
multiple metabolic effects of somatotropin 
meat quality is altered in several aspects. 
First, the overall fat content is strongly re
duced which is of predominant importance 
for the consumer. It has been reported that 
further aspects of meat quality are affected 
(Wassmuth and Reuter 1973, Demeyer et al. 
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1989): shear force of the muscle is elevated, 
flavour and colour may be reduced. In 
addition content of thiamin (vitamin B1) in 
muscle is lower after pST treatment (Prusa, 
1989), which points to an increased glyco
lyticATP-productionin the animal, because 
thhiamin is an essential cofactor for py
ruvate metabolism and oxidative ATP-pro
duction from carbohydrates.Residues of so
matotropin are of no importance to the 
consumer due to the protein nature of soma
totropin, its complete degradation during 
digestion and its species limitations. 

B-Agonists 

Biochemistry and physiology: The meta
bolic effects of B-agonists to the liver and fat 
cell is summarized in Figure 2 and is already 

Figure 2. Biochemistry of ~-Agonists in Fat and Liver Cell 
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well documented in text books (Lehninger 
1976). Glycogen and triacylglycerol degrad
ing enzymes are activated; as a result non 
esterified fatty acids and glucose are se
creted into the blood and their levels in 
blood increase initially. In addition more 
lactate and insulin is found in blood (Zim
merli and Blum 1989), but lipogenesis is 
impaired. After adaptation within oen week 
blood levels of the mentioned compounds 
return to normal and feed intake may be 
reduced, especially in ad libitum fed ani
mals. Hence more energy is available for th 
emuscle which facilitates muscle growth 
and protein accretion. Recent results indi
cate that B-agonists may stimulate the muscle 
also directly. Skeletal muscle of treated ani
mals contain es more mRNA for actin as well 
as myosin-light-chain (Smith et al. 1987) and 
in addition the activity of the proteolytic 
enzymes Cathepsin B, Cathepsin L plus 
Ca++ -dependant protease is reduced 
(Forsberg et al. 1987, Wang and Beermann 
1988, Morgan et al. 1989). 

B-Agonists may have numerous side ef
fects: vasodilatation, tokolysis, anthiasth
matic, muscle tremor, increased heart rate, 
increased respiratory rate and restiveness. 
However, these effects are not common for 
all B-agonists and the extend of side effects 
depends not only on the dose but also on the 
interaction of the used compound with dif
ferent B-receptors. 

Implications for animal production: 
Some B-agonists have good oral bioavaila
bility (clenbuterol, Salbutamol) and many 
compounds are sold on the pharmaceutical 
markets. Hence, the continuous application 
tot he animal is very easy and the two 
mentioned compounds have been applied 
illegally on the European continent within 
the recent two years. However, B-agonists 
have not yet been licensed as growth pro-

motors anywhere in the world. 

Improved growth rates, strongly reduced 
fat content of the carcass, better N-retention 
and better gain/ feed-ratio have been docu
mented for many different animals and 
breeds like sheep, pig, steer, bull, veal calf, 
chicken, rat and mouse (Hanrahan 1987, 
quirke and Schmidt 1988). There is no doubt 
that such compounds could be used very 
economically in animal production. 

Meat quality and residues: B-agonists 
are more or less bioavailable after oral con
sumption and therefore it is essential to do a 
careful toxicological evaluation of any 
compound to be registered. Adverse effects 
to the consumer will be generally related to 
those effects mentioned as side effects in the 
animal (see above). Many B-agonists have 
been tested in man and a lot of dosage 
depending effects are known, but there is 
very poor knowledge about residues of B
agonists in edible tissues after its applica
tion for growth promotion. Own results 
show (Rinke and Meyer 1989), that after 
feeding 10 ug Clenbuterol/kg bodyweight 
daily highest residue levels were found in 
lung and liver (40-100 ng/ g). The consump
tion of 200 g liver therefore provides and 
effective dose (about 10 ug) to the consumer. 

However, application of B-agonists in 
animal production could be of greatestinter
est also for the consumer, because overall fat 
content of the carcasses is very much re
duced. Alterations of further meat quality 
are studied intensively at present: glycolytic 
fibres seem to be stimulated, intramuscular 
glycogen plus fat is lower and protein com
position seems to be modified (Hanrahan 
1987). Prior to a final udnerstanding of all 
effects further studies are essential on locali
sation of different B-receptors in different 
organs, their selective stimulation by single 



B-agonists and the resulting specific effects. 

Anabolic Sex Hormones 

Biochemistry and physiology: Natural 
androgen sand estrogens - the anabolic sex 
hormones - are lipophilic steroids, but also 
some aromatic lactones like zeranol or still
bens like diethylstilbestrol express good 
estrogenic activity. Their biochemical mode 
of action is different from growth hormone 
and B-agonists. They can pass the cell 
membrane and there is a permanent equilib
rium between extracellular and intra-cellu
lar steroid concentration. In the cell steroid 
hormones bind to specific receptors, the 
conformation of the receptor is modified 
and this activated receptor binds to a "regu
latory element" on the DNA (Beato et al. 
1987). By this way selective genes are acti
vated and transcription rate is increased. 
The produced mRNA gives the matrix for a 
higher translation rate and more protein 
synthesis (Figure 3). Steroid receptors are 
present in most sexual organs, and these 
organs represent the predominant targetfor 
sex hormones. But also skeletal muscle 
contains androgen (Krieg 1976) and estro
gen receptors (Meyer and Rapp 1985) being 
essential for a direct stimulation of muscle 
growth. Receptor levels in different muscles 
are proportioal to the stimlation of the spe
cific muscle and its allometric growth (Sau
erwein and Meyer 1989). But anabolic sex 
hormones are also able to stimulate growth 
hormone (Davis 1984) and IGF-I production 
(Breier et al. 1988), which will contribute to 
the increased growth rate. The higher en
ergy requirement for taster growth of the 
skeletal muscle may induce indirectly, that 
fat deposition is impaired (Campbell et al. 
1989). 
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Figure 3. Schematic representation of the 
action of steroids in a skeletal muscle cell 
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Implication to animal production: Ana
bolic sex hormones have been used in ani
mal production since almost 40 years. Their 
practical application is almost limited to ru
minants and they are most effective in ani
mals with no or low endogenous sex 
hormone production (steers, veal calves, 
heifers). About 5-20% in growth rates and 
feed efficiency were obtained in many stud
ies. Optimal combinations of an estrogen 
plus trenbolone may also improve growth 
ratesofbulls(about+10%)withendogenous 
sex hormone production (Bouff ault and 
Willemart 1983). In addition feed efficiency 
and N-retention are improved (van der Wal 
and Berende 1983). Gradingofcarcass com-
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position is better, whereas meat quality 
seems to be rarely affected. Such effects 
have been observed inmost breedsd ofcattle 
and their seems to be no or little difference 
within differnt breeds (Meissonnier 1983, 
Roche an O'Callaghan 1984). This is in line 
with similar receptor levels in skeletal muscle 
of different breeds as observed in our labo
ratory. 

Preparations of anabolic sex hormones 
have been registered in about 50 countries 
and these anabolics represent a big value 
that allow a more economic animals pro
duction. In the EC the application of sex 
hormones for growth promotion is forbid
den since January 1988, but the application 
of unregistered hormone preparations has 
been observed very frequently (Jansen et al. 
1984, Moretti et al. 1985, Rapp and Meyer 
1987). 

Residues: After correct treatment with 
registered preparations of physiological 
steroids the hormone levels remain in the 
normal range of sex hormones of untreated 
animals. The endogenous human produc-

tion of sex hormones is always more than 
1000 times higher, if compared to the resi
dues ingested iwth meat (Table 1). In addi
tion a low oral bioavailability of physiologi
cal steroids has to be considered. Correct 
treatment assumes that the depot contain
ing among mg-amounts is removed from 
the carcass. Under these prerequisites 
physiological steroids were regarded as safe 
by several scientific committes (WHO 1982, 
EEC 1982). The xenobiotic compounds zera
nol and trenbolone have been investigated 
very itnensively and a careful risk assess
ment has been done by the Lamming-Com
mittee (Lamming et al. 1987). 

The illegal praxis is different from correct 
use of hormones in the following aspects: 
cocktails with unknown ingredients with
out any declaration or with wrong declara
tions are used; injection sites are often intra
muscular in edible tissue; mostly dosage is 
much to high. Only in the injection site 
hormone residues in mg-quantities can be 
found, that cause hormonal efects after 
consumption. After single oral intake of even 
higher hormone quantities only a depres-

Table 1: Amounts of physiological sex hormones in food compared to endogenous 
production in man (microgram) 

Maximal amount in 250 g meat 
veal calf or steer, untreated or correct treatment 
Bull untreated 

Endogenous daily production 
child 
woman, cyclic 
man 

Estrogen 

0.01 
0.01 

10 
200 
100 

Testosterone 

0.01 
0.1 

30 
200 

6000 
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Table 2. Residues after illegal hormone application and potential effects 

residues found in injections sites: 
0.2 - 20 mg of applied hormone 

effects of ethinylestradiol: 
child: 2 - 5 µg single dose 
child: 5 µg daily 
women: 50 µg daily 

relative oral bioavailability in man: 

gonadotropin depression 
breast stimulation 
withdrawal bleeding 

estradiol diethystilbestrol ethinylestradiol 
33 1 4.5 

sion of gonadotropin secretion is observed 
(Table 2). The risk that injection sites are 
consumed on several consecutive days is 
very low. However, also hormones with 
high oral bioavailability have been misused 
(ethinylestradiol, diethylstilbestrol, meth
yltestosteron), which have to be considered 
as somewhat more problematic (Karg et al. 
1989). 

Conclusions and Outlook 

Further investigations are essential espe
cially for the first two groups of growth pro
motors - somatotropin and B-agonists. The 
use of somatotropins is limited especially 
due to rare possibilities ofconstant paren
teral application. Concerning B-agonists the 
whole residue problem needs much more 
investigations. 

Risks will originate only from illegal use 
of growth promotors because the amount, 
the site and the type ofresidues is unknown. 
Analytical methods for its control have been 
developed and need permanent improve-

ment for the detection of new actual sub
stances. 

In addition more research on improve
ment of meat quality is needed: how do 
growth promotors influence myofiber type 
and size, intramuscular fat and glycogen, 
content of vitamines and minerals? Also 
cumulative effects of different growth pro
motors are rarely understood. Studies with 
combination might open new perspectives 
for minimal dosages, insignificant residues 
as well as optimal feed conversion, energy 
and N-retention. 
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Introduction 

Lactation is based on development and 
proliferation of glandular capacity for syn
thesis of milk (mammogenesis), resulting in 
onset (lactogenesis) and maintenance (ga
lactopoesis) of active secretion. The physio
logical involvement of hormones comes from 
the sexual as well as from the metabolic 
regulatory site. Components of these com
plexes were targets of numerous investiga
tions, also to elaborate potentials for ma
nipulations. 

Mammogenesis 

As any type of growth mammogenesis 
also depends on insulin, glucocorticoids and 
thyreoidea hormones. The rise of the sexual 
steroids traditionally has been connected 
with the stimulations occurring during 
puberty. 

The dominant development of the bo
vine mammary gland occurs during 
pregnancy. Experimental success to simulate 
this natural process by treatments (i.e. arti
ficial induction of glandular development 
and lactogenesis without pregnancy) in
volves mainly steroid hormones (in some 
recipes additionally agents with prolactin 
releasing properties), but this is rather of 

theoretical interest. Under practical condi
tions the milk yield achieved is beyond 
acceptable reproducibility compared to the 
level obtained by the natural way of induc
tion; perhaps pregnancy specific hormones 
(placentallactogen etc.) and peripartal shifts 
may play a rule for completion. 

LACTOGENESIS AND GALACTOPO
ESIS 

Hormonal ituation around parturition 

The key function for lactogenesis at term 
of pregnancy is the depletion of sexual ster
oids, especially progesterone, that dimin
ishes during luteolysis. The onset of lacta
tion is connected with parturition, a phase 
characterized in the bovine by accentuated 
elevations of prolactin and glucocorticoids 
during a period of decreasing insulin and 
increasing somatotropin levels. The essen
tiality of prolactin for lactogenesis is obvi
ous (Schams et al. 1972) since treatments 
with dopaminergic prolactin inhibitors 
around parturition results in almost com
plete suppression of milk production. This 
is not the case during established lactation 
(Karg et al. 1972), when in the bovine only a 
partial r.eduction (15%) can be achieved; 
hence prolactin must be considered as a 
minor component of the galactopoetic 
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hormone complex in this species. 

The lactation curve in regard to hormo
nal and 
metabolic changes 

The genetic progress for milk yield has 
focussed on the first period post partum. 
The requirement of nutrients in high yield
ing cows then usually exceeds the possibil
ity of feed intake, causing the negative en
ergy balance after the anabolic situatioon 
during pregnancy. The shift at parturition 
from the pregnant uterus to the mammary 
gland is concomitant for blood supply and 
the availability of the nutrients. The meta
bolic changes are reflected by the high level 
of growth hormone and the low levels of 
insulin and T3, respectively (Hart et al. 1978; 
Blum et al. 1983; Giesecke 1987). Low insu
lin concentrations on the one side express an 
antianabolic effect on muscle and fat tissue 
lowering the extra mammary glucose up
take (Brockman and Laarveld 1986) on the 
other side the conditioning effect of insulin 
required for growth hormone induced IGF-
1 synthesis in the liver is suppressed during 
this period. The direct growth hormone effect 
on body fat reserves with the increase of the 
free fatty acids becomes dominant. 

In Fig. 1 (Kart et al. 1988) the reciprocal 
course of the mean values of bST vs IGF-1 is 
evident, showing approach to 'normal' lev
els during recovery from the negative en
ergy balance. Also the difference between 
dairy and dual purpose catle with signifi
cant higher mobilization of growth hormone 
and lower levels of I GF-1 in the dairy breed 
is striking (Schams et al. 1989). 

We conclude that the main action of bST 
-also extra po lated to exogenous application 
-is the mobilization of energy from - prefer-
entially fat - reserves, that has been defined 

Figure 1. Lactation period of brown swiss 
cows and blood parameters (mean; n=9) 
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earlier as homeorhesis (partitioning effect) 
by Bauman et al. 1984 and has been con
firmed recently with respiration ch amber 
experiments (KirchgeBner et al. 1989). 
Additionally we understand the exogenous 
bST effect as a stimulation ofIGF-1 secretion 
(Fig. 2; Karg et al. 1988), which may also 
have a direct local effect at the mammary 
gland where evidences for the presence of 
growth hormone receptors are still missing. 



Figure 2. Changes of milk yield and 
concentrations of GH and IGF-1 in blood 

after provocative bST-treatment 
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PRACTICAL MANIPULATIONS 

Growth hormone 

The first extensive studies on the effect of 
growth hormone preparations (of pituitary 
sources) on milk yield have been published 
more than50years ago (Asimov and Krouze 
1937) in the Soviet Union, where now also 
the first registration of bovine growth 
hormone from gentechnological source to 
improve dairy production occurred. In re
cent years numerous investigations were 
focussed on following topics: 
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1. Efficiency; 2. Effect on animal health; 3. 
Risk evaluation for the consumers; 4. Possi
bilities of analytical control; 5. Interference 
with genetic testing; 6. Effect on economy 
and agriculture structure; 7. Ecological 
impact; 8. General questions of ethics and 
acceptance of manipulations. 

ad 1) Acompletesurveyonmilkyieldstud
ies is presented by Chilliard (1989); selected 
results are shown in Table 1. The tremen
dous increase of 41 %, a result of Bauman's 
first study using rbST (1985) with daily in
jections, excited the public butwasnotveri
fied in practicable studies using sustained 
release devices. Increases between 6 and 
20% under European conditions and some 
higher results (concentrate feeding) under 
oversea conditions seem to be realistic now. 
But further research work is demanded 
under more practical aspects, i.e. feeding 
under field conditions incl. malnutrition, 
for example reduced protein supply, differ
ent environemnts, individual and breed 
reactions etc .. Nevertheless the increase in 
milk yield is generally not questioned; also 
the milk composition and its processing 
properties seem not to be influenced signifi
cantly; some shifts concerning fat composi
tion (with characteristics of more body 
grown fatty acids) or lower protein content 
as occasionally reported seem to be within 
physiological ranges and reflect rather en
ergy deficiency. 

As shown in Table 2 several short and 
long term studies have now been carried out 
examinin gmilk production of bST treated 
animals in hot environemnts. These results 
are comparable to those reported from ther
moneutral environments. Heat tolerance as 
a possible problem in cows receiving bST 
was investigated by Collier and Johnson 
(1988); production of heat was increased in 
treated animals, however, respiratory heat 
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Table 1.BST: Effects of various treatments on milk production of dairy cows 

start durat. prep. applic. effect source 

wk.11 10d hbST daily + 15 Peel et al.; 1982 
wk.17 1Ld hbST daily + 22 Pocius & Herbein; 1986 
wk.35 10d hbST daily +34 Fronk et al.; 1982 

wk.12 27wk rbST daily +41 Bauman et al.; 1985 

wk.11 24wk rbST depot + 6 Profittlich; 1989 
wk.10 24wk rbST depot + 12 Rohr et al.; 1986 
wk.14 24wk rbST depot + 20 Oldenbroek et al.; 1987 
wk. 9 34wk rbST depot + 19 Rijpkema et al.; 1987 
wk. 8 36wk rbST depot + 11 Bauman et al.; 1989 

Table 2. Responses of Lactating Dairy Cows to bST in Warm Environments 

Treatment Dose Response 
Reference Length(Wk) mg/d kg/d Percent 

Elvinger et al., 1987 39 6.25 4.4 21 
12.5 5.4 26 
25 8.2 39 

Hutchinson et al., 1986 27 13.5 8 30 
27 7 27 
40 5 19 

Mollet et al., 1986 27 13.5 12.6 
27 2.2 
40 4.4 

Mboe et al., 1986 4 25 5.5 

Staples and Head, 1987 1.4 50 (IU) 8.5 

Mattos et al., 1989 12 500mg 2 11.5 



loss and skin vaporization heat loss was also 
.increased resulting in a similar rectal tem
perature as in controls. Assuming adequate 
feed, water and environmental management, 
there is no evidence that bST cannot be used 
in the tropical and subtropical regions. 

ad 2) The predicted negative effect on ani
mal health has not been confirmed in gen
eral. There are no evidence from evaluations 
of now up to 4 lactations concerning in
creased metabolic disorders or mastitis. 
Certainly further research must investigate 
long term effects on individuals and the 
conditions for management. 

The increase of somatic cell counts in 
milk as shown in few studies (Heeschen 
1988) should be followed up even there is 
evidence that there is no connection to pa
thological conditions. We assume that the 
(mitogenetic) effect of IGF-1 in general will 
open new fields of immunological and clini
cal research and may perhaps signalize cer
tain indications of bST to supporttherapeu
tic treatments as shown by Burvenich et al. 
1988 in connection with beneficial effects to 
overcome Escherichia coli mastitis. 

The real problem of the negative interfer
ence of bST treatmentwi th fertility is known 
also from the comparable genetic progress 
in milk yield. In practice this could be 
avoided by commencement of bST treat
ment after conception only. This would be 
in accordance with the 'late lactation effect' 
providing also the advantage of more 'per
sistency' of the lactation curve. 

ad 3 and 4) Generally bST is considered 
from any scientific points of view as orally 
not active in human due to the species speci
ficity and the protein structure of the 
hormone which does not allow an absorp
tion in the active form. Residue studies have 
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given further evidence that bST under nor
mal treatment conditions enhance only in
significantly within the very low natural 
cpncentrations in milk (Fig. 3) (Schams 1988; 
Schams 1989a and 1989b). Also tbe bST 
depending IGF-1 level may be enhanced 
within physiological ranges, this peptide 
(70 aminoacids) can not be considered as 
orally active; it is present naturally in much 
higher levels for instance in colostrum, in 
human milk or in toher animal products 
(Schams 1989a). Analytical significance -
except from provocative studies with over
dosage (again without biological relevance) 
- can not be expected from residue studies 
using milk or milk products. The only chance 
at the moment to get some monitoring ef
fects (up to 80% efficiency) are extensive in
vestigation susing blood samples from the 
animals in vivo and perhaps simultaneous 
measurement of bST and IGF-1 (Schams 
1989b). In summary, there is neither an 
obvious risk for the consumer, nor a realiz
able ,control method from products in case 
of treatment. 

ad 5) In regard to the interference of bST 
treatment with genetic evaluations actual 
estimates predict the loss of information as 
small (not exceeding 20%). Hence strategies 
to 'live with bSt' have been already worked 
out by geneticists (Simianer and Wollny 
1989). 

ad 6, 7 and 8) Economy and ecology 
could be considered to be influenced posi
tively under the aspect that more milk yield 
may be obtained with less animals, less feed 
and less waste. These positive aspects are 
apart from controversial prospects concern
ing results on farm structure and consumer 
acceptance. Since these preconditions are 
different in various areas general prognosis 
can not be given. Certainly countries with 
surplus production may have developed 
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Figure 3. BST and IGF-1 levels in blood and milk after normal bST-treatment 
(doses=640 mg) 
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other attitudes in perception as countries 
with increasing demand for human food 
supply. 

We have to respect that political deci
sions have to regard more factors than de
rivable out of natural science data. 

Appendix: 

pSTinsows 
Studies using porcine somatotropin (pi

tuitary derived or recombinant produced) 
in sows are limited and partial conflicting. 
In all six studies reported sows lost weight, 
back fat and consumed less feed. In two 
reports (Spence et al. 1984; Harkins et al. 
1989) an increase in milk yield (16 and 22%) 
and weight gain of piglets was reported. 

soc 

0 0 
I • o.o-", I . o, I \ 

·c.o I 0 o "'o Tr;ia~mi!nt 
Con ~r.il 

0 t.0 Dcys 

rbST rbST 

Four other studies (Baile et al. 1989; Cromwell 
et al. 1989a; Cromwell et al. 1989b; Cren
shaw et al. 1989) showed no difference. One 
of the reasons ~ould be the amount and time 
of pST application. The controversial and 
preliminary results indicate the need of 
further studies until final conclusions can be 
drawn. 

Releasing hormones 
There are currently attempts to investi

gate the potentials of the growth hormone 
releasing hormone (GHRH) in connection 
with influencing lactation performance 
(Pelletier et al. 1987; Enright et al. 1988; 
Lapierre et al. 1988). Also the inhibition of 
the inhibiting hormone for somatotropin 
release (somatostatin) mainly using immu
nological approaches, should be mentioned. 



No practical use has been obtained yet out of 
these studies. An interesting experiment 
(Wollny et al. 1987) showing a synergistic 
effect of TRH (the Thyreotropin Releasing 
Hormone) and GHRH treatment concern
ing the growth hormone release in cattle 
recalls an earlier pilot study of our group 
(Schams et al. 1974). The peripartal treat
ment of heifers with TRH resulted in in
creased milk yield for the total lactation 
period. The potential of the tripeptide TRH 
to release not only Thyreotropin but also 
prolactin and growth hormone may stimu
late again approaches to manipulate com
ponents responsible for lactation. 

Thyreoidea hormones 
Selection of high yielding dairy cattle 

was always concomitant with optimizing 
thyreoidea hormone output; the level of T3 

reflects rather the actual energy balance and 
may even be in negative correlation with the 
individual milk output (Blum 1983). The 
thyreoidea dependent turnover rate, ex
ogenously stimulated, may enhance the 
milk yield but - opposite to the mode of 
action of bST - also involves other parts of 
the body to an extent that it may interfere 
seriously with the body conditions of ani
mals. Former experiments with thyroxin 
injections or feeding of iodinated proteins 
are consequently only of theoretical interest 
anymore. 

In general - even appreciating potentials 
to apply hormonal preparations-we should 
not overlook that milk production still will 
remain in first order a matter of sufficient 
feed supply and good management. Im
provements in the range of the procedures 
discussed here are also approachable for ex
ample with 3 times (or more, as expected 
from the milking machine roboters) milking 
or just by simply optimizing prestimula ti on 
of the udder. 
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Introduction 

Thanks to considerable research efforts 
the world over the embryo transfer tech
nique and its use in practice have developed 
over the last 10 years. Because of its com
plexity and the technical and physiological 
limitations, embryo transfer cannot claim to 
replace artificial insemination. However, if 
properly used with selected animals, it can 
afford much progress in genetics and ani
mal breeding. 

Itis thought that little progress may come 
from improved collection and transfer pro
cedures as long as men and materials are 
adapted to each other. The main limitation 
here is clearly the mean number of ova shed 
and its variability. As international trade, 
deep freezing is the second important step 
that must be improved. More sophisticated 
techniques may bring improvements that 
will make ET more efficient; splitting to 
increase the number of usable embryos and 
sexing to get only the desirable gender. 

However ET is used in almost every 
countries and a survey of its use and devel
opment in Europe is presented. 

I -PRODUCTION OF EMBRYOS 

Leaving out the technique of embryo 
recovery (cervical in cow, surgical or lapa
roscopic in sheep and goat), two steps influ
ence the number of transferable embryos 
per donor: ovarian stimulation and ovula
tion (superovulation) and fertilization. 

A)SUPEROVULA TION 
The increase of number of follicles grow

ing to ovulation is obtained by gonadotro
phin injection during luteal phase of oe
strous cycle (return in oestrus induced by 
prostaglandin) in the cow or at the end of 
progestagen treatment in the ewe and goat. 

1) Type of treatment: 
Until 1979, the only hormone giving rise 

to superovulation available was PMSG. The 
average number of usable embryos per 
treated donor was 2 .5. As from 1980, further 
to comparative tests (ELSDEN et al. 1978) a 
preparation of pituitary extracts (FSH-P 
Bums-Biotec) replaced PMSG in most cases. 
Optimum conditions for use of this prepara
tion were defined: Total dose, number of 
injections per day, distribution of doses per 
injection (decreasing) (cow: CHUPIN & 
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PROCUREUR, 1983a; ewe: COGNIE et al. 
1985; goat: BARIL et al. 1988) giving on 
average 5 usable embryos per treated do
nor. However, the variability of ovarian re
sponse did not decrease: 30% of donors 
produced no usable embryo and only 45% 
produced at least 4 (extremes were 0-47). 

The causes of this variability were sought 
not only in the animal (differnces in follicu
lar stock, differences in sensitivity) but also 
in the variation in efficiency in the batches of 
hormone administered. 

Analysis of the FSH and LH content in 
different batches of FSH-p Burns-Biotec 
showed, alongside constant quantities of 
FSH, important and variable quantities of 
LH (from 1 to 3 times the quantity of FSH). 

The effect of the LH contamination on 
superovulation induced by a given dose of 
FSH (32 mg. Armour equivalent to 450 
micrograms pure FSH) was studied in the 
cow using pituitary extracts from pigs pre
pared at Nouzilly (CHUPIN et al. 1984-
1985). Both excessive and insufficient LH 
reduce superovulation. It is also possible to 
define an optimum level which differs for 
the breeds studied. A FSH/LH ratio of 3 
gives a maxim um response in Holsteins and 
Browns (7,5 usable embryos) whilst Charo
lais give a maximum response to a prepara
tion much richer in LH (FSH/LHratio0,5 to 
1 giving 6.5 usable embryos). The Montbe
liard breed shows no differences for FSH/ 
LH ratios ranging from 0.5 to 6. ( CHUPIN et 
al. 1987b). 

These studies have led to the emergence of 
a French hormone preparation in two sepa
rate vials to cater for the differing LH re
quirements, with dilution instructions 
adapted to the main breeds of donors. 
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This separate packing of the two 
hormones has become even more necessary 
since studies on ewes and goats have dem
onstrated that it is possible to improve treat
ment efficiency by giving successive injec
tions of decreasing dosages of FSH followed 
by increasing dosages of LH ( COGNIE et al. 
1986, BARIL et al. 1988). The development 
of similar treatment for cattle has yet to be 
worked on. 

The lower efficiency rate of treatment 
using PMSG is explained not by limited 
ovarian stimulation but by lower embryo 
quality. Since 1978 (SCHAMS et al.) it has 
been known that this is due to the long half
life of PMSG which, since it is present in the 
blood at high levels even after oestrus, leads 
to retarded growth of follicles which do not 
ovulate but which lead to hormonal imbal
ances hindering gamete transit. Counter
measures have been available since 1980 
(SAUMANDE et CHUPIN 1981, SAU
MANDE etal.1984). Theyincludetheinjec
tion during heat of an antibody against 
PMSG which suppresses any parasite post
oestrous follicle stimulation. 

The method is truly efficient since, with
out changing the number of ovulations, the 
number of usable embryos per donor cow is 
increased from 2.5 to 5. (a percentage in
crease of 45% to 70%). Difficulties in devel
oping a reliable product by vaccination (in 
goats or bulls) delayed the emergence of a 
commercially-viableanti-PMSG. Since 1987, 
INTERVET has been elaborating a mono
clonal anti-PMSG (AGUERetGIELEN 1987, 
GIELEN et AGUER, 1988). 

The efficiency of this PMSG-anti-PMSG 
treatment in ewe and goat has not been 
studied. 

2) Limits and prospects 
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Whatever the gonadotrophin used two 
features limit the efficiency of treatments: 
the relatively low mean and the high vari
ability. 

To increase the mean, it is tempting to use 
higher doses of hormones. With both FSH or 
PMSG this results rapidly in a limit in 
number of ovulations and a decrease in the 
quality of the embryos recovered (CHUPIN 
1988). With extreme doses (100 mg FSH or 
7500 iu PMSG) the high number of follicles 
stimulated cannot ovulate (SAUMANDE et 
CHUPIN, 1986) a phenomenon which can 
be explained by a lack of maturity of the 
oocytes (CHUPIN unpublished). 

The high variability originates both in the 
variability of the batches of hormones and 
in the variability of the ovarian status 
(SAUMANDE et al. 1978, MONNIAUX et 
al. 1983, SAUMANDE 1987). Studies on re
spective role of FSH and LH in pituitary 
extracts come to the appearances of several 
new preparations characterized by known 
and constant amounts stimufull of both 
hormones [OV ASET (Sanofi) ,FOLL TROPIN 
(Vetrapharm), STIMUFOLL (Merieux)]. This 
source of variability is now under control. 

As it is proved that the ovarian response 
relies on the number and respective sizes of 
follicles at the time of stimulation (SAU
MANDE et al. 1978), numerous attempts 
have tried to modify this parameter (see 
SAUMANDE 1987forreview). Theeffectof 
administration of limited amount of PMSG 
or FSH on day 2 or 3 of oestrous cycle is 
controversial: most reports concluded to a 
negative effect on ovulation rates ( CHUPIN 
et SAUMANDE 1979, LUSSIER et CAR
RUTHERS 1987) but some significantly 
positive effect has been observed in particu
lar situations where the response of the 
control group was abnormaly low (WARE 

etal.1987,RAJAMAHENDRAN etal.1987). 
This kind of pretreatment may prove useful 
in difficult situations: low nutritional level 
and postpartum period. 

In normal situations the decreased ovar
ian stimulation is explained by the presence 
on the ovaries at the time of superovulation 
of one or some large follicles (>10 mn). 
Similar alteration during non pretreated 
cycles leads to low stimulation (SAU
MANDE et al. 1978). Through long term (2-
3 weeks) administration of GnRH agonist it 
is possible to clean the ovaries of any large 
follicles. Atthe time of gonadotrophin treat
ment all the small follicles (3-5 mm) will be 
stimulated leading to an increased ovula
tion rate and a decreased variability. This 
has been verified in the ewe with BUSERE
LIN (BREBION et COGNIE 1989). 

The efficiency of embryo production 
would be increased if bad responders could 
be detected before treatment. Till now this 
has never been obtained by following of 
steroids or gonadotrophins, nor with 
echographic examination of the ovaries. The 
only possibility is to select treated animals 
before AI according to the evolution of ster
oid levels in milk or blood during treatment 
(SAUMANDE et al. 1985, TAMBOURA et 
al. 1985) or according to echographic diag
nosis at onset of oestrus (CHUPIN et PRO
CUREUR 1983b): the bad responders are 
not inseminated. 

Superovulation treatment can be repeated 
every 6 weeks (SAUMANDE et CHUPIN 
1977,CHUPIN etSAUMANDE 1979, BARIL 
et al 1988, TORRES et SEVELLEC 1987). 
Although some animals maintain their level 
ofresponse for up to 2 years (17 treatments), 
the mean ovulation rate decerases and 
reaches a minimum after 3 to 5 repetitions. 
In cow it has not been possible to detect 



antibody formation against either gona
dotrophins, but changing from PMSG to 
FSH in animals no responding after several 
treatments restores an ovarian response 
equal to the first one (CHUPIN et PRO
CUREUR 1983c). In goats, antibodies can be 
detected after repeated treatments with a 
good correlation between titers of antibod
ies and decrease in ovarian response (BARIL 
et BECKERS personal communication). 

Remark: Embryo recovery through the 
cervix in the cow can be repeated many 

· times. On the opposite surgical recovery in 
small ruminants produces adhesions which 
limit the possibility of repeated recoveries 
(TORRES and SEVELLEC 1987). With lapa
roscopic recovery the appearance of adhe
sions is limited and recovery can be re
peated more than 7 times (V ALLET et al. 
1987, BRAIL et al. 1988). 

B) FERTILIZATION 

After hormonal stimulation the ovula
tion are spread on a longer period than 
normal: 6 hours in the ewe, 12 hours in the 
goat and 24 hours in the cow. To obtain the 
highest fertilization rates it is necessary to 
know precisely this timing of ovulation for 
the whole population of donors or, more 
useful, for each donor individually. 

Onset of oestrus is not strictly related to 
timing of ovulation and oestrus detection 
cannot be used as the only criterium to choose 
AI schedule. 

Ovulation by itself can be detected by 
repeated observations through laparoscopy 
or echography. Difficult to use in practice, 
these methods have been used in research 
works to precise ovulation ranges in groups 
of ewes, goats and cows (BARIL et VAL LET 
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1989, THAYER et al. 1985). 

The interval between LH peak and ovula
tion being the less variable, knowledge of 
this peak gives a good estimate of timing of 
ovulations. With the next appearance of 
ELISA kits this assay will become feasible 
on farm and the optimum time for AI chosen 
for each donor. 

The highest fertilization rates are pro
duced by hand mating. With cervical de
posit of the semen (cervical AI) fertilization 
rates are lower and the selection of high 
fertility males must be severe. In cow, two 
cervical AI (deposit in the uterine body) 12 
and 24 hours after onset of oestrus with 
normal semen dosage (25 x 106 in France) is 
the common practice. One intervention at 
heat + 24 hours gives acceptable results 
(SCHIEWEetal.1987).Forsmallruminants, 
semen deposit through laparoscopy (uter
ine AI) allows, if timed properly, fertiliza
tion rates close to those got with hand mat
ing even with five times less spermatozoa 
than for cervical AI (ewe: BREBION et al. 
1988; goat: BARIL et al. 1988, BARIL et 
VALLET 1989 personal communication). 

Attempts to control by a injection of GnRH 
the timing of ovulation have failed since 
animals tend to have two LH peaks: one 
induced by GnRH, followed by the en
dogenous one which produces disturbances 
in final follicular growth and oocyte matu
ration (COGNIE et al. 1987, WALKER et al. 
1987). 

II-TRANSFER 

The choice and preparation of the recipi
ent are totally empirical today. No serious 
research on the preparation of the female 
animal for her role as a recipient has been 
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carried out: quantity and quality of feed
stuff, environment, importance of changes 
in surroundings or feed programme, adult 
cows or heifers ... At time of transfer, there is 
also the problem of synchrony (embryo/ 
recipient timing is crucial with a tolerance of 
+I -12 hours) and the presence and appear
ance of the corpus luteum. The latter is in 
itself an eminently subjective criterion since 
it is well known that quantities of progester
one secreted have no connection with the 
morphological appearance of the corpus 
luteum. 

In the cow cervical transfer became more 
widespread with the rise in success rates. 
From 20-30% at the end of the Seventies, 
today's rates hav risen to 50% on average 
and some teams regularly obtain over 60%. 
Variations are considerable from technician 
to technician. 

In these circumstances, the surgical trans
fer, which gives a 10-15 % fillip to the success 
rate, is only used for very high value trans
fers (genetically or financially speaking). 
The exact reasons for the difference between 
the two techniques are ill-known. 

In sheep and goat the cervical route can
not be used and the transfer must be done by 
surgery or laparoscopy. With improvements 
of skillness and of equipments, la paroscopic 
transfer becomes as efficient (if not more) as 
surgical transfer (VALLET et al., 1989). 

In any cases embryo(s) has to be depos
ited on the side where at least one functional 
corpus luteum is observed (or palpated). 

As regard the age of embryo the main 
limit is the technique of transfer. In the cow, 
using the cervical route, the deposit must be 
done in the uterus: the embryo must be 5 
day old or more. 

In small ruminant during surgery or la
paroscopy both uterus and oviducts can be 
reached easily. Embryos from pronuclear to 
blastocyststages(l to7 day old) are transfer
able with high success rates (V ALLET et al., 
1989a, 1989b). 

A future subject for research mainly in 
cows should be to explain why, when 100 
carefully-chosen embryos have been me
ticulously implanted in 100 strictly-selected 
recipients, 21 days later (i.e. 14 days after 
transfer) only 75 gestations are obtained 
(which means 55 calving, that is, neither 
more nor less than after normal AI despite 
the fact that all main causes of failure have 
been eliminated during this initial phase: 
non-fertilization, halted development at an 
early stage, non-ovulation, abnormal ovar
ian structure). Between 21 days and-calv
ing, the comparable level of losses after ET 
or Alleads us to think that no negative result 
can be attributed to the transfer, even at the 
moment of implantation. 

Till now nothing has been found to im
prove this efficiency (hormones or drugs) 
except the addition of trophoblastic vesicles 
at the time of transfer (HEYMAN et al., 
1987). 

III - STORAGE 

Between the uteri of donors and recipi
ents, embryos have to be handled and stored 
in vitro for various periods going from some 
minutes to several months or years. Opti
mal parameters must be defined to allow 
highest survival. 

Under routine optimized conditions 
embryos spend the shorter feasible time in 
vitro (i.e.1 to2hours). Thisisdoneinsimple 
solutions (P .B.S) enriched with BSA (2 to 4 



g/l) at room temperature ( + 20°C). 

For longer intervals (6to12 hours) condi
tions have to be improved = true culture 
Media (Menezo B2 or HAM FIO for in
stance) supplemented with 10% fetal calf 
serum, at+ 37-38°C under controlled atmos
phere (5-10% 02,5% C0

2
). Even then success 

rates after transfer are lowered (HEYMAN 
et al., 1984). 

When some more delays are needed be
tween recovery and transfer (24-48h) to 
permit transport, waiting for results of tests 
(i.e. sexing) or to make up for a lack of 
synchrony between donors and recipients, 
the storage at 0°C to + 4 °C can be used. In 
normal PBS+ BSA or 10%-20% featal calf 
serum, (but without any cryoprotectant) 
survival for 24h allows normal pregnancy 
rate after transfer, the stage of the recipient 
on the day of transfer being the same as the 
stage of the donor on the day of recovery (no 
evolution of the embryos during 24h) (ewe: 
Driancourt et al., 1988, cow: Nibard et al., 
1988-1989). If 48 hours are needed this 0°C 
storage can be used but with some lowering 
of success rates after transfer (BONDURANT 
et al., 1982, LINDNER et al., 1983). 

To store embryos for longer periods, 
suppression of enzymatic reactions is abso
lutely required and is obtained only at low 
sub-zero temperatures. For easiness, stor
age temperature is that of liquid nitrogen (-
1960C). Efficient techniques have emerged 
to bring embryos to this temperature with 
limited harmful effects, and they have be
come practicable, thanks to programmable 
equipment which minimizes the conse
quences of the variability of embryo pro
duction and also lays the foundations for 
embryo banks giving the maximum usage 
of a permanent donor and the opportunity 
to develop trade. (RENARD 1984). 
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Three stages are required in order to freeze 
embryos successfully: 

- the cells must be enriched in a non
toxic product replacing water, thus re
ducing the risk of ice crystal formation 
duringcoolingand thawing. Glycerol 
is usually used for cow embryo 
(BOUYSSOU et CHUPIN 1982). For 
sheep embryo ethylene glycol is more 
efficient (COCERO et al., 1988). For 
goat embryo glycerol (CHEMINEAU 
et al., 1986) or ethylene glycol (BARIL 
et al., 1988) have been used. 

- careful control of the phase change of 
water (from liquid to solid)= seeding 
1or2 degrees below the crystallization 
temperature to avoid excessive over
cooling. 

- dehydration of cells, obtained during 
the slow cooling stage (0.3°C per min
ute) between the change of phase (-
70C) and the final temperature (be
tween -30 and -35°C depending on the 
author). Progressive crystallization of 
the medium brings up the osmotic 
pressure of the remaining liquid phase 
and the embryo reads to this by con
tracting and expelling water. Then the 
embryos are plundged in liquid nitro
gen. 

This freezing technique is used by more 
or less all the embryo transfer teams through
out the world with minor variations: it en
ables 85% to 95% of embryos to survive de
pending how strict prefeezing selection was. 

After thawing, preferably rapid, in water 
at +20° or +35°C, the cryoprotectant agent 
should be removed from the cells. This is 
usually performed by 4 to 6 successive stages 
of decerasing concentration. During these 
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stages, the embryos are examined and only 
those which have survived are transferred. 
The transfer success rates are no different 
from those obtained by the same teams with 
fresh embryos (50 to 60%). 

This complex chain is efficient but costly 
in terms of time (2H30 to freeze) and equip
ment and complex to implement since it 
calls for a laboratory for the washing and 
examination of embryos. Part of the research 
effort over the last 10 years has concerned 
simplication of these various stages. 

The latter end of the chain (thawing
washing-transfer) must aim at an operation 
as simple and fast as that of a semen straw. 

The intiial development was a sucrose 
solution designed to draw the glycerol out 
of the embryo: this molecule does not pene
trate the cells, the embryo reacts to the rise in 
osmotic pressure by contracting which leads 
to the expelling of water and glycerol. When 
replaced in a medium where the osmotic 
pressure is the same as the culture medium 
or the uterime medium, the embryo swells 
slowly without any excessive mechanical 
stress on the membranes. (RENARD and 
HEYMAN 1983, CHUPIN 1984). 

J.P. RENARD et al (1982) in France and S. 
LEIBO (1982) in Texas had the idea of put
ting a volume of sucrose solution separated 
by an air bubble from the embryo in its glyc
erol solution in the straw itself before freez
ing. After thawing, the straw is simply 
shaken to mix the various environments 
and after about ten minutes, the straw is 
placed in the transfer gun and the transfer 
carried ou twithou tthe embryo ever leaving 
its straw or being examined. This means 
embryos which have not survived are not 
eliminated, which lowers the success rate by 
10%, but this figure can be kept down by 

having a stricter selection before embryos 
are frozen. (CHUPIN et al., 1984). 

By using the fact that one properties of 
sucrose is that it does notpenetrate cells, it is 
possible to simplify the freezing process 
itself. In fact, by using a glycerol+ sucrose 
solution, sufficient enrichment in cryopro
tectant medium and sufficient dehydration 
of cells is achieved to eliminate the need for 
a slow cooling phase. Careful control of the 
phase change suffices before dropping the 
embryos very quickly into liquid nitrogen. 
RENARD and HEYMAN (1984) suggest a 
pause of 30 to 60 minutes at-30"C which can 
be carried out in a domestic freezer. Or even 
more simply, the phase change can be ob
tained in the neck of the nitrogen flask. After 
5 minutes, the straws are dropped into liq
uid nitrogen. (CHUPIN 1986). True survival 
is confirmed by the birth of calves (DUMONT 
et al., 1988). 

Going still faster, preservation of em
bryos by vitrification has seen suggested 
(MASSIP 1986). Due to the need of high 
concentrations of cryoprotectants (glycerol 
and propylene glycol) the vitrification 
medium is far from innoxiousness and if 
birth of mouse pups is confirmed, very few 
calves have been produced by this way, and 
no goat embryos survived (CHUPIN un
published result). 

Extensive use of these techniques mean 
that survival rates are near to routine tech
niques (70% living embryos 24 hours after 
thawing in a culture medium at + 37°C). 
There is no doubt that after a number of 
improvements, they will replace current 
techniques or at least be used as a standby 
when sophisciated equipment fails. 

Whatever the technique (routine or fast) 
research is needed to improve media= buffer 



efficiency during freezing and effect of pro
tein source (BSA of serum) are not at their 
best. 

IV-SPLITTING 

The maximum number of transferable 
embryos per treated donor being limited, 
the possibility of dividing each embryo in 
several pieces can be a solution to increase 
the yield. The technique as well as the 
number of pieces depend on the stage of the 
embryos. 

Till now the classical technique is to cut 
mechanically at blastocyst stage. Starting 
with a lot of tools (until 6) monitored by 
pneumatic or mechanic micromanipulators 
the whole procedure has been simplified to 
two (a holding pipette and a knife) or even 
one, the knife, the embryos being hold by 
grooves at surface of the plastic petri dish. 
Results have been published with some tens 
of embryos for cow (OZIL 1983), ewe 
(CHESNEetal., 1987)andgoat(TSUNODA 
et al., 1985). 

Apart from being time consuming the 
first limit of this technique is that not all the 
embryos are "cu table"= only the excellent 
grade (top 70% of transferable embryos) can 
give pieces able to survive and produce 
living animals with pregnancy rates similar 
to whole embryos. The second limit is that 
convincing results have been presented only 
for two pieces. This allows for the birth of 
one calf per embryo. 

Splitting is not used widely on farm. The 
main uses are research (Monozygotic twins 
for less variable experimental groups), breed
ing (increase of the number of calves tested 
per selected animals or testing both animal 
on two different criteria) sexing one half or 
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increase of number of calves in poorly su
perovulated donors. 

Researches are still needed on the opti
mum use of this demi-embryos= transfer of 
one or two halves per recipient, with or 
without the zone pellucida, optimum stage 
of the embryonic development and, less 
successful, freezing. 

In small ruminants oviductal stages can 
be used as easily as uterine ones = this 
allows to manipulate embryos before com
paction. The separation ofblastomeres could 
be less harmfull than cutting. Birth of kids 
from 4 cell goat embryos separated in two 
sets of 2 cells have been presented 
(TSUNODA et al., 1984). The possibility to 
use the technique with 8or16 cells embryo 
to produce more than 2 identical embryos 
has not been extensively studied. This opens 
the way to cloning. 

V-SEXING 

An important part of the cost of ET made 
calves (or lambs or kids) is the production in 
half cases of the undesired gender. It is a 
general belief that control of sex either 
through selection of spermatozoa or by 
diagnosis of sex of the embryo will induce 
an increase in the use of ET. 

1) Treatment of sperm to predetermine sex. 
Almostinumerable attempts to select sex 

by acting on sperm have been published 
(see AMANN 1989 for review). Two differ
ent ways have been explored. 

- Separate semen in two populations 
according to differences in physical 
characteristics of X and Y bearing 
spermatozoa. weight, size, electric 
charges and motility. 
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- Inactivate the undesired sperm cells 
through modifications of the medium 
(extender or female genital tract): 
hormones, pH and antibodies. 

None of these methods is convincing nor 
repeatable. The main difficuty is that to 
measure efficiency of such traits the only 
criteria was sex ratio after birth, i.e. these ex
periments extend for a long time. Recently 
some other techniques have been devel
oped that will allow more rapid and system
atic check of the efficiency of selection: chro
mosomal examination after in vitro fertili
zation of Hamster oocytes or DNA probes. 

The second difficulty is that most of the 
published data refers to limited numbers of 
offsprings born and experimental bias are 
difficult to avoid. 

2) Diagnosis of sex of preimplantation 
embryos (see HARE 1986 for review). 

Chromosomal analysis. This is the basic 
technique. Some tens of cells (biopsy) 
are cultivated with a mitostatic agent, 
spread on a slide and stained before 
examination for meta phases and chro
mosomes count. When one good meta
phase is seen the accuracy of this diag
nosis is 100% but for one third of the 
biopsies nothing can be analyzed, at 
leastwitholdembryos(day13incow), 
which are not routinely used due to 
freezing difficulties and sanitary regu
lations (post hatching). When applied 
on younger embryos (day 7 or 8 in 
cow) this test has to be performed on 
fewer cells and as much as 2/3 of the 
embryos cannot be sexed (TORRES et 
POPESCU 1980) 

- HY antibody. This male specific anti
gene can be detected on the cell surface 
of the embryos. By immunofluores-

cence, positively fluorescing (male) 
embryos can be separated from nega
tively fluorescing (female) embryos. 
The survival of the embryos is not 
greatly modified and an accuracy of 79 
to 89% has been claimed by WHITE et 
al. (1987a, 1987b) for cow and sheep 
embryos. Other authors have not been 
able to repeat these experiments, and, 
although announced in 1983, no com
mercial kit is available. 

The HY antibody can also be associated 
with cytolytic reaction that will kill all (or 
most of) the male embryos. 

- DNA probe. A DNA probe specific of 
bovine Y chromosome has been elabo
rated in an INRA-Pasteur Institute
CEA joint program (V AIMAN et al. 
1988). This probe hybridizes with the 
denaturedDNAofkilledcells,andhas 
to be used with half embryos or biop
sies of 10-15 cells. To reach the same 
accuracy as with more than 1000 cells 
(close to 100%), the amount of DNA of 
the 10-15 cells is amplified before hy
bridization. The reading (gold-silver 
precipitation or radioactive) occurs 24h 
later. During this delay the biopsied 
embryo is stored at 0°C without any 
decrease of viability (NIBARD et al. 
1988-1989). 

- Metabolic test. During the first stages 
of embryonic development, females 
have two times more X-linked enzymes 
than males (for instance glucose 6-
phosphate dehydrogenase). A colori
metric assay of the level of such en
zyme in the cells or better in the me
dium could give a very simple diagno
sis. This seems feasible in the mouse 
(WILLIAMS 1986). 



Whatever the technique the feasibility of 
embryo sexing will reduce the need for re
cipient (half) but more than double the cost 
of each eligible embryos since all the cost 
(plus the cost of sexing) will be supported by 
half the number of embryos. 

VI - ET ACTIVITY FOR CATTLE IN 
EUROPE 

Not withstanding the limits enumerated 
in this report ET is used on farm for 10 years 
and this activity is increasing (AETE statis
tics). In Europe in 1988 (western Europe 
without England and some countries of 
eastemEuropeie. Poland, DDR and Czecho
slovakia) 19956 donors have been treated 
yielding 92884 transferable embryos-56288 
have been transferred fresh, 19396afterfreez
ing-thawing and the remaining are stored 
frozen for future use on farm or for trade. 

In France ET activity increases regularly 
year after year= 1986: 2840 donors - 1987: 
4852 donors - 1988: 5974 donors. 11722 
embryos have been transferred fresh in 1988 
and 8190 embryos after freezing. 1653 have 
been imported (living animals cannot be 
imported from outside EEC). 70% of trans
fers are made in dairy breeds (mainly hol
stein but also Normande and Montbeliard). 
In these breeds 80% is for on farms retrans
fer of embryos and 20% for collective breed
ing schemes (Bull mothers or breeding 
nuclei). 

In beef breed (mainly Charolais) the fig
ures are 50% for on farm re transfer and 50% 
for trade. 

Splitting has only limited use and is 
quoted in the AETE survey for 1988 in Po
land (18 embryos) and Czechoslovakia (545 
embryos). 
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Sanitary regulation have been legaly es
tablished in France to prevent any spread
ing of viruses or bacteria through embryo 
transfer: buildings, equipments, men train
ing, handling of embryos and media, stor
age. Legal agreement has to be obtained and 
reexamined each year. 

CONCLUSIONS 

At top efficiency levels, embryo transfer 
can result in the birth of 2 to 3.5 offsprings 
per collected donor. This can be repeated 6 
times a year to obtain on average 12or15 off
spring per yearlong donor. This may be the 
startingpointforeconomically-viablebreed
ing from the genetic, husbandry or specula
tive point of view. However, the high level 
of variability at each stage and therefore in 
the final result should not be underesti
mated: for example, an annual production 
of 12 offsprings can mask variations be
tween 0 and 60 or more. Another point is 
that programmes, if they are to be opti
mized, must be structured around donors 
sufficiently different from the rest of the 
animal population. Lastly, success depends 
on the human protagonistshavingthemeans 
to acquire and maintain a high-level of tech
nical efficiency. 
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Introduction 

The production of mammalian embryos 
in vitro has been a dream of several scientific 
groups workingindifferntcountriesfor last 
few decades. At the beginning laboratory 
animals were used as a model and mainly 
scientific aspects were followed in these 
studies. After slow accumulation of basic 
knowledge and many negative results it 
was finally revealed that this idea can be 
under certain realistic conditions. Among 
many scientists working in this field two 
pioneers, Dr. Chang and Dr. Austin, should 
be mentioned. Both described independ
ently in the year 1951 a final process of 
sperm maturation, called capacitation, as a 
prerequisite for its penetration throughzona 
pellucida and vitelline membrane. On the 
basis of their observation successful fertili
zation was realized in the rabbit and later in 
the mouse, hamster and some other labora
tory mammals. 

The application of these procedures to 
farm animals was for long time accompa
nied with disappointing observations. The 
penetration of sperms into the cytoplasm of 
bovine, ovine and porcine oocytes occurred 
onlyveryexceptionallywithanypossibility 
to control this process. According to the 

present knowledge these random findings 
can be considered rather as artefacts. 

Gradually, however, with the introduc
tion of embryo transfer technology in cattle 
breeding, the production of embryos started 
to be crucial problem. The conventional 
method based on the stimulation of follicu
lar growth by exogenous gonadotropins 
does not offer satisfactory answer. In spite 
of many experiments leading to variouis 
modifications of the gonadotropin applica
tion the crop of embryos in caftle remains 
unpredictable. In average it does not exceed 
the level 6-8. Only exceptionally in well 
managed herds under strick selection of 
donors with more than 10-12 transferable 
embryos can be calculated. Therefore, it is 
not surprising that the price of bovine 
embryos remains relatively high and from 
economical aspects acts as serious barrier. 
Moreover, the regulation of foijicular growth 
is at present far from clear and the radical 
improvement can't be expected in near fu
ture. 

For this reason the attention was paid 
again to original idea - to the production of 
bovine embryos under controlled environ
mentin vitro. The realization was,however, 
accompanied by several basic problems. First 
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of all, how to secure sufficient amount of 
bovine oocytes, to find effective treatment 
of spermatozoa to be able to fertilize the 
oocytes and to create the conditions for fur
ther development after fertilization. 

OOCYTES 

Maturation in vivo 

As a source of female gametes two cate
gories of them can be used. Into first cate
gory oocytes matured in the ovary should 
be included. Such oocytes are aspirated from 
the prevolatoryfollicles by means oflaparo
scopy or flushed from the oviducts shortly 
after ovulation. In both cases the amount of 
oocytes correlates with response of selected 
donors on previous hormonal stimulation. 
It means that the animal factor plays again 
important role. Moreover, laparoscopy re
quires the experience and the procedure is 
time consuming. The same animal can be 
used repeatedly. 

To obtain oocytes after ovulation is even 
more difficult. The oocytes are situated in 
the oviducts and their flushing can be car
ried out only after surgical access to the 
genital tract. In some cases such oocytes 
were flushed from slaughtered animals. For 
practical aims both, aspiration and flushing 
of oviducts, have strong limitations and 
served mainly for experimental purposes. It 
should be noticed that first calf born as a 
result ofin vitro fertilization originated from 
the oocytes obtained by this way (Brackett et 
al., 1982). 

Maturation in vitro 

Since 1935 (Pincus and Enzman) it is 
known that mammalian oocytes liberated 
from their follicles mature in suitable cul-

ture conditions spontaneously. The sequence 
of events as well as conditions required for 
resumption and completion of nuclear 
changes are species specific. In detail stud
ies it was also found that such oocytes are 
morphologically indistinguishable from 
oocytes matured in the ovary after LH peak. 
This basic observations led to formulate the 
conception about the exploi ta ti on of oocytes 
present in the ovary. The amount of the 
oocytes is high and under natural condi
tions only very small proportion of them can 
be fertilized during female reproductive life. 
The other are lost due to follicular atresia. 

These simple facts were strong motiva
tion for extensive studies focussed to the 
exploitation of the supplies of oocytes and 
production of germ cells which would be 
able to secure after fertilization normal 
development to the term. The results car
ried out during last few years have been 
evaluated from various aspects and sum
marized in several comprehensive reviews 
(Thibault et al., 1987; First et al., 1988; 
Leibfried-rutledge et al., 1989). The basic 
knowledge which is for disposal was ob
tained with maturation of mouse oocytes. It 
is true, however, that not all of them can be 
totally generalized and species specificity 
must be taken into consideration. For this 
reason we want to briefly mention here some 
points which are typical for bovine oocytes. 

On the bovine ovaries at any stage of 
estrous cycle different classes of follicles are 
present. According to the literature and own 
experience as a best material for cultivation 
serve the oocytes aspirated from follicles of 
3-5 mm diameter. In this developmental 
stage the oocytes attained their final size 
and are fully equipped for the resumption 
of nuclear maturation in culture. Oocytes 
from smaller follicular classes (0.5-1.6 mm 
diameter) are still very active in their RNA 



synthesis and after isolation not all of them 
start nuclear maturation called germinal 
vesicle breakdown (GVBD). Some propor
tion remains in germinal vesicle (GV) stage 
or progresses to metaphase I (MI) without 
continuation to metaphase II (MII). In con
trast, the oocytes aspirated from follicles 
close to 3 mm or bigger mature in culture in 
very high proportion and more than 80% 
complete nuclear maturation to MIL 

The time sequence of nuclear changes 
leading to the formation of chromosomes 
arranged in MII is strictly species specific. 
The cow belongs to the group with the matu
ration interval about 20-22 hrs. This interval 
corresponds closely with that observed in 
oocytes matured in preovulatory follicles 
after endogenous LH surge. Only for inter
est in the rabbit maturation is completed 
already after 10 hrs in culture, whereas in 
the pig it takes 36-38 hrs. 

At the beginning of cultivation, immedi
ately after isolation of oocyte-cumulus 
complex, nucleus GV has typical configura
tion. Finely granulted nucleoplasm with few 
chromocentres is separated with well vis
ible nuclear membrane. The presence of 
nucleolus typical for some other species is 
rarely detectable in bovine oocytes. In cul
ture nuclear changes proceed very rapidly. 

In details the time sequence was described 
by Motlik et al. (1978). From this study it is 
obvious that already after 4 hrs chromatin 
forms fine network localized in whole nu
clear volume. Within further 2 hrs chromo
somes are arranged as late diakinesis and at 
10-12 hrs after beginning of culture MI can 
be seen. Completely mature bovine oocyte 
can be found in culture after 20-22 hrs. At 
this time chromosomes form MII and first 
polar body is extruded. The speed of matu
ration does not proceed quite uniformly due 
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to the heterogeneity of oocytes used for 
culture. 

The culture conditions differ in details 
from laboratory to laboratory. In most of 
them for this purpose serves modified 
Parker's medium (TC 199) which is supple
mented with 2.92 mmol/l Ca-lactate, 2 
mmol/l Na-pyruvate, 33.9 mmol Na-bicar
bonate,4.43 mmol/Hepes buffer,50i.u./ml 
penicillin, 50 ug/ml streptomycin sulphate 
and 20% of bovine inactivated serum. This 
medium in amount of 150 ul is placed on 
watch glass under the paraffin oil and 
equilibrated in a temperature of 38.5°C in 
gas mixture composed of 4% C02, 10% 0

2 
and 86% N

2 
for 2 hrs. In each droplet 20-30 

oocytes are placed and after 24 hrs the ma tu
ration should becompletedinmostofthem. 
According to our experience the oocytes 
mature without any hormonal support in 
high proportion (80-90%). To improve con
ditions various modifications of culture 
medium were suggested including addition 
of follicle - stimulating hormone (FSH), 
Luteinizing hormone (LH) and estradiol-
17B. Also cow sera obtained from animals of 
selected days of estrous cycle were tested 
(Younis et al., 1989). The effect of hormones 
seems to be difficult to evaluate, because 
some other authors obtained promising 
results without any hormonal support. 

However, the succes of cultivation de
pends not only on culture conditions, but 
also on the treatment of ovaries and oocytes 
before and during isolation. The ovaries 
should be removed from the abdomen cav
ity as soon as possible, not later than 30 min 
after the death of donor. Also during trans
port and isolation the temperature should 
be about 20-30°C. 

The attention should be paid als9 to the 
selection of oocytes after their aspiration 
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from follicles. In spite that the oocytes are 
aspirated from healthy looking follicles the 
population of oocytes differs profoundly. 
According to the experimental results the 
best source for cultivation are oocytes with 
compact cumulus oophorus. Such oocytes 
are surrounded by 3-4 layers of well organ
ized cumulus cells with the rest of parietal 
granulosa cells. The oocytes with expanded 
cumulus or devoid of follicular cells com
pletely should be excluded from further 
procedures. The expansion of cumulus 
characterized only oocytes after proper 
maturation. Cumulus cells are in this case 
more or less dispersed, but corona radiata 
remains well organized. 

The presence of follicular cells and their 
organizationseemtobeimportantformatu
ration process. These cells provide the 
oocytes with instructions responsible for 
the synthesis of substances playing their 
roles at fertilization and further develop
mentof embryos. Premature interruption of 
these cell to cell communication influences 
negatively the quality of cytoplasm leading 
to the fertilization or postfertilization ab
normalities. More frequent among them are 
arrested development of male pronucleus 
(Thibault and Gerard, 1970- rabbit, Fulka et 
al., 1982 - cattle) and polyspermy. While 
nuclear maturation can be effectively con
trolled under light microscope after fixation 
and staining of the oocytes, cytoplasmic 
maturation can be evaluated only on the 
ground of developmental ability after fer
tilization. It was found that the quality of 
cytoplasm can be substantially improved by 
the supplementation of additional granulosa 
cells to culture medium. By this way the 
reduction of mentioned abnormalities was 
very significant. This system suggested origi
nally for rabbit oocytes (Fulka and Motlik, 
1980; Motlik and Fulka, 1981) and sheep 
oocytes (Staigmiller and Moor, 1984) has 

been gradually introduced also for cultiva
tion of bovine oocytes. 

It can be concluded that the experience 
accumulated during last few years has 
helped to create in vitro conditions conven
ient to certain extent for production of 
physiologically competent oocytes. This 
possibility looks optimistic particularly in 
connection with the unlimited source of 
immature oocytes which can be easily ob
tained from slaughtered animals. 

Fertilization in vitro 

For successful fertilization not only 
oocytes, but also spermatozoa require spe
cial treatment necessary for the induction of 
terminal events. These events, capacitation 
and acrosome reaction, occur in natural situ
ation in female reproductive tract and form 
spermatozoa competent forfertiliza ti on. The 
definable changes take place on surface 
sperm membrane and lead to the fusion 
between outer acrosome membrane and 
plasma membrane. In the past induction of 
processes responsible for these events in 
farm animals was simulated according to 
the procedures effective in laboratory ani
mals. These techniques rely upon long incu
bation with albumin to modify cholesterol 
content of sperm membranes, upon action 
of high salt concentration to remove deca
pacitation factors or to incubate spermato
zoa in alkaline pH to change intracellular 
pH. All these treatments were strongly arti
ficial without effective control and results of 
fertilization enormously fluctuated. 

To find more physiological approach First 
and Parish (1988) and their collaborators 
collected oviductal fluid during estrous 
cycles and observed the capacitation activ
ity which appears atestrual but not at luteal 
phase of cycle. The experiments aimed for 



the identification of effective substance 
revealed its heat stability. The isolation of 
different fractions after various treatments 
led to the conclusion that the activity of 
oviductal fluid resides in heparin or hep
aransulphate. Later, studies with both these 
compounds specified heparin as an active 
capacitating agent in bovine. 

This discovery can be considered as a 
milestone in the field of cattle oocytes f ertili
zation in vitro. In very short time the proce
dures were stabilized and reproducible re
sults are at present recorded in most labora
tories. In detailed studies in was found that 
heparin inducescapacitation of bovine sper
matozoa in dose and time dependent man
ner. The dose of 7.5 ug/ ml in Tyrode buffer 
exerts maximal effect after 4 hrs incubation. 
However, satisfactory capacitation can be 
reached withinmuchshorterinterval. Pav lok 
et al. (1988) incubated bovine spermatozoa 
with 200 i.u./ml heparin only 15 min and 
described more than 70% of penetrated 
oocytes. Other laboratories use for the treat
ment of spermatozoa various modifications 
with similar effectivity, but heparin plays 
substantial role in all of them. 

The molecular aspects leading to mem
brane changes remain unknown. Itis known, 
however, that 3H heparin binds to the sur
faceduringincubationand its removal does 
not prevent capacitation. Treatment with 
heparin has similar effect on epididymal, 
ejaculated and deep frozen spermatozoa. 
Only slight differences between these three 
classes exist and all can be used for fertiliza
tion. Polyspermy occurs more frequently 
after application of epididymal spermato
zoa. From practical aspects deep - frozen 
spermatozoa are most suitable, they are for 
disposal at any time in sufficient quantity 
and known quality. Also ejaculates from 
most fertile bulls can be chosen. 
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Cultivation of bovine embryos 

The technology of bovine embryos pro
duction in vitro can be effective only, if such 
embryos reach the stages of late morulae or 
blastocysts. At these stages embryos can be 
transferred unsurgically or be frozen in liq
uid nitrogen. Unfortunately, bovine embryos 
develop in culture maximally to 8 cell stage 
and then stop further division. This crucial 
problem was studied extensively in recent 
period. To overcome the arrest, two systems 
were suggested. 

1. The transfer of early cleavage stages to 
the oviducts of alien species. For this pur
pose mainly sheep as a transient recipient 
was recommended. The ligated oviducts of 
cycle - synchronized animals with the stage 
of embryos development provide adequate 
environment for further growth of bovine 
embryos to morula or blastocyst within 6-7 
days after deposition. The speed of cell 
division in this environment closely corre
lates with that occurring in natural condi
tions. Moreover, very high number of bo
vine embryos (up to 200) can be introduced 
to sheep oviduct. However, in many cases 
not all of them are obtained back after flush
ing. Their losses can be as high as 30%. From 
flushed ones about 30% develop to morula 
or blastocyst. 

Also ligated rabbit oviduct supports 
embryonic development. According to our 
experience very high pregnancy rate can be 
achieved after transfer of embryos culti
vated for 3 days in the rabbit. During this 
interval the differentiation of embryos was 
remarkable and less viable, and remained 
more or less arrested in their development. 
As in the sheep also in the rabbit recovery 
rate reaches about 70 M. It can be admitted 
that the use of alien oviducts means very 
effective approach in the cultivation of 
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bovine embryos. On the other hand this 
approach requires extra time and additional 
animals. also the losses of embryos are rele
vant point in this part of technology. 

2. Another approach also frequently 
studied involve the supplementation of 
culture media with oviductal or follicular 
cells and by this way it creates better envi
ronment. This idea arises from the hypothe
sis that embryonic development does not 
exist as autonomous process and that so
matic elements interact with cleaving em
bryos. Positive effect of such media was 
proved by gandolfi and Moor (1988) in the 
experiments with ovine embryos. Also in 
bovine embryos in media enriched with 
somatic elements a 8 cell block can be more 
or less suppressed. The composition of such 
media differs according to the laboratories, 
the beneficial effect was observed every
where. However, it should be stressed that 
the proportion of embryos cleaving to mo
rulae or blastocysts is lower than in alien 
oviducts. In spite of partial improvement 
the conditions suboptimal for in vitro culti
vation remain. 

As exception can be the results of Pavlok 
et al. (1989). These authors produce bovine 
embryos in culture without any additional 
somatic cells. Basic culture medium TC 199 
used for cultivation of oocytes supplemented 
with 20% of bovine inactivated serum sup
ports the development to rhorula (32 cells) 
or blastocyst (64 cells). During the 6 or 7 
days cultivation, medium is changed only 
once, approximately after 90 hrs. The pro
portion of embryos which attain progres
sive stage reaches 30-40%, i.e. very similar 
value as the other authors describe after 
cultivation in the oviducts. It should be 
added that some other laboratories in 
Czechoslovakia under apparently identical 
conditions were not able to offer compa-

rable results. From some aspects the pro
duction of bovine embryos in vitro can be 
considered rather as art than science. 

All these experiments should be regarded 
only as a means to the production of normal 
calves. In this respect the figures are only 
fragmentary. From the literature source it 
seems evidentthatthe group working atthe 
University of Dublin under the leadership 
of Prof. Gordon accumulates most practical 
results. The continuous embryo production 
allows to use them in field condition in a 
large scale. According to the reports pub
lished in journals also the pregnancy rate is 
satisfactory. Much fundamental knowledge 
was obtained during recent years at the 
University of Madison. Also there some 
calves were born. In Denmark at the 
Veteirnary and Agricultural University this 
project was developed, too. Old and suc
cessful tradition continues also in France 
(INRA-Jouy-en-Josas) and AFR (in Cambr
idge) supplies the projects with theoretical 
ideas.Inauthor'slaboratoryalsoveryprom
ising results were obtained, including estab
lishment of pregnancies after transfer of 
embryos produced completely in vitro and 
transferred as morulae or blastocysts. Simi
lar results were obtained in Japan (National 
Inst. of Anim. Industry - Tsukuba, Nor
indanchi), where for transfers fresh and also 
deep-frozen embryos were used. The preg
nancy rate recorded after transfer of both 
classes of embryos seems to be very hopeful. 
Furthermore in Germany (Munich) some 
pregnancies were established. 

It must be admitted that the progress in 
the technology of embryo production was 
surprisingly high. The experimental activ
ity, however, continues further, because 
some questions remain to be answered. One 
of them concerns low proportion of in vitro 
developed blastocysts. It would be useful to 



know if this development insufficiently was 
either predetermined already before the time 
of oocytes maturation or affected later by 
thein vitro cultivation techniques of oocytes 
and early embryos, respectively. The eluci
dation of such problems could help in fur
ther stabilization of bovine embryo produc
tion technology. 
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1. Introduction 

Recent advances in the field of immunol
ogy and molecular biology have revolu
tionised our approach to the detection and 
prevention of virus diseases of human and 
veterinary importance. These range from 
the simplified ELISA detection techniques 
using purified virus proteins or genetically 
engineered virus proteins to highly sophis
ticated recombinant DNA techniques used 
to generate disease resistant plants and ani
mals. In addition new ways to produce 
cheaper and safer vaccines are being vigor
ously investigated. These techniques may in 
the near future help to eradicate many other 
virus diseases as was smallpox in the 1970' s. 

This paper does not aim at a comrpehen
sive review of all that has been achieved in 
the last 10 years or so in the field of molecu
lar biology and virus disease but at a general 
overview of the techniques and how they 
have been applied to the solution of some 
specific problems in virology. Reference will 
mainly be to virus diseases being studied at 
the Institute for Animal Health, Pirbright 
and to the techniques being used to study 
these viruses. The talk will focus on two 
areas; virus diagnosis and recombinant 
vaccines. 

2. New Techniques for the Diagno
sis of Virus Disease 

In the last twenty years techniques for the 
diagnosis of virus disease have improved 
beyond all expectations. What was impos
sible or extremely difficult and time con
suming twenty years ago is now a simple 
laboratory procedure and as a result labora
tory confirmation and characterisation of 
the causative virus is now routine in many 
cases. This has been largely due to advances 
in immunology particularly the develop
ment of monoclonal antibodies and the en
zyme-linked immunsorbent assay (ELISA). 

2.1 Enzyme-linked immunsorbent 
assay (ELISA) 

The development of enzyme-linked im
munosorbent assays in the early 1970srevo
lu tionised virus disease diagnosis (Engvall 
and Perlmann, 1971). One of the standard 
methods for detecting virus antibodies is 
the virus neutralisation test which can be 
carried out relatively simply on a micro 
scale using mictotitre plates. There are sev
eral disadvantages associated with this tech
nique, however, themostimportantofwhich 
is the necessity to have good tissue culture 
facilities. Even if these are available bacte-
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rial or fungal contamination may make di
agnosis impossible. In addition, non-spe
cific cytotoxicity factors present in some 
serum samples may give false results. The 
use of ELISA eliminates the need for tissue 
culture. It also allows the supply of standard 
reagents which can be distributed to central 
laboratories and stored ready for use in field 
stations where only minimal laboratory 
facilities are available (Ferris et al., 1988). 
Such an ELISA "kit" for the detection of 
rinderpest antibodies is produced at Pir
bright and is in routine use in Africa. This is 
an indirect ELISA where sonicated, clarified 
rinderpest infected tissue culture cells are 
used as the ELISA antigen to bind virus 
specific antibodies which are then detected 
by rabbit antibovine IgG conjugated to horse
radish peroxidase. The use of such rela
tively simple technology has been an essen
tial element in the seromonitoring for the 
recent Pan Afircan rinderpest campaign 
(PARC). It is used to monitor the immune 
response to vaccination and indirectly as a 
management tool for the evaluation of vac
cination team performance and cold-chain 
integrit)r(Andersonetal., 1989). Thetesthas 
also been adapted to detect other morbil
livirus antibodies e.g. antibodies to the re
cently discovered seal morbillivirus have 
been detected using the rinderpest antigen 
plates and the seal antibody detected by 
peroxidase conjugated protein A (Bostock et 
al., 1989). 

The ELISA has been frther modified by 
the development of "blocking" or "competi
tive" ELISA. The advantage of this system is 
that sera from different types of animal can 
be analysed without the need for species
specific antibody conjugates. The virus
specific antibody,eithermonoclonal orpoly
clonal, can be produced in any suitable ani
mal species (eg mouse, rabbit, guinea pig). 
A pre-titrated standard amount of these anti-

bodies is mixed with the test serum which 
competes or blocks the reaction of antibod
ies in the test serum to the antigen coated 
plate. The amount of the standard antigen 
bound is inversely proportional to the con
centration of competing antibody in the test 
serum. 

Variations of ELISA using competitive 
methods employing either virus specific 
polyclonal or monoclonal antibodies are 
available for FMDV, swine vesicular dis
ease, African horse sickness and bluetongue 
viruses (Anderson, 1984; Armstrong and 
Barnett, 1989; Afshar et al., 1989; Hamblin et 
al., 9186; Hamblin et al., 1989, in prepara
tion). 

Another development has been the 
double antibody sandwich ELISA for the 
detection of virus antigen (Crowther & Abu 
Elzein, 1979). In this testthe microtitre plate 
is coated with a high titre virus specific 
antibody, usually rabbit antibody, which is 
used to "trap" the virus antigen. The trapped 
antigen is then detected using a second anti
body, usually derived from guinea pig, and 
an enzyme conjugated an ti guinea pig an ti
bod y. This improves the sensitivity and 
specificity of the test Using an antigen trap
ping sandwich ELISA and high titre, type
specific guinea pig antisera, the task of typ
ing FMDV has been greatly simplified again 
with increased sensitivity over complement 
fixation tests (Roeder and Le Blanc Smith, 
1988). 

ELISA systems have also been used to 
detect virus from clinical samples; for ex
ample a double antibody sandwich ELISA 
system to detect coronaviruses and rota
viruses in faecal samples is available 
(Reynolds et al., 1984). 

New biotechnology techniques involv-



ing recombinant DNA technology can be 
used to produce pure, highly specific anti
gensfor such ELISA systems and so increase 
the specificity of the technique and elimi
nate the need to grow large amounts of a 
potentially dangerous virus in special con
tainment laboratories (see section 2.3). 

2.2 Use of monoclonal antibodies 
for characterisation and diagno
sis of virus disease 

One of the most improtant advances in 
the field of immunology in the last two 
decades was the development of monoclo
nal antibodies (Kohler and Millstein, 1975). 
These are poweful tools which can be used 
in the diagnosis of virus disease and for 
analysis of immunologically important re
gions (epitopes) of virus proteins. They can 
also be used to aid epidemiologists in their 
task of differentiating virus strains and trac
ing the source of virus outbreaks with greater 
certainty. This is illustrated by the use of 
monoclonal antibodies to differentiate 
strains of bovine viral diarrhoea (BVD) from 
other closely related pestiviruses (McHugh 
et al., 1988) and rinderpest from peste des 
petits ruminants virus (Libeau Lefevre, 
1989). By studying the reactivity of a new 
virus can be obtained. Depending on the 
specific reactions with monoclonal an ti bod
ies serologically closely related viruses can 
be rapidly classified, for example, as either 
BVD or classical swine fever. The test can 
also determine which previous virus isolate 
it most closely resembles. 

At the Institute for Animal Health, Pir
bright monoclonal antibodies are used to 
characteirse field strains of FMDV. A panel 
of about 100 monoclonal antibodies are 
available against reference strains of four of 
the seven serotypes of FMDV. Some of these 
were produced at Pirbright and others were 
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obtained from collaborating European labo
ratories. These are in routine use for profil
ing new isolates prior to selection of repre
sentative strains for more detailed analysis, 
e.g. sequence analysis (section 2.3.2). In 
addition monoclonal antibodies are being 
used to map the positions and examine the 
antigenic importance of epitopes on the vi
rus using a combination of monoclonal anti
body escape mutants (i.e. viruses selected 
for resistance to a particular monoclonal 
antibody) and direct RNA sequencing 
(Bolwell et al., 1989; Xie et al., 1987 and see 
section 2.3.2). 

The use of monoclonal antibodies as tools 
for differentiating viruses can also be ex
ploited in a more general way to diagnose 
the presence of a virus in a particular group 
which may have many serotypes using a 
monoclonal antibody made to a common 
determinant. For example, a specific mono
clonal antibody which reacts with all sero
types ofbluetongue virus, but not other or
biviruses, is being used in sensitive blocking 
ELIS As for the detection of antibodies against 
all serotypes of bluetongue virus antibodies 
(Afshar et al., 1989). 

2.3. Recombinant DNA technology 
By far the greatest advance in our under

stsanding of virus disease has come from 
the ability to clone specific virus genes to de
termine their exact sequence and to study 
their structure and function. In this way a 
whole range of virus isolates and their rela
tionships can be examined in great detail, 
jmmunologically important proteins can be 
expressed in large amounts for structural/ 
functional studies and recombinant viruses 
can be developed which are safe and effec
tive for vaccination against the disease (see 
section 3). In addition specific nucleic acid 
probes are then available which can be used 
for the detection of minute quantities of 
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virus which may remain latent in some tis
sues and be responsible for chronic diseases 
in the affected host (see section 2.3.3). 

A recent example of the use of recombi
nant DNA technology for virus diagnosis is 
the production of the hepatitis B surface 
antigen from the cloned cDNA in mouse L 
cells. The cells secrete the antigen which is 
indistinguishable from conventionally pro
duced antigen and has the advantage of 
being non-infectious thus eliminating the 
need for elaborate biosafety containment 
facilities for its production. (Mimms et al., 
1989) The most successful application to 
date has been the use of recombinant bacu
loviruses containing the gene for the re
quired virus protein under the control of the 
-highly efficient polyhedrin gene promoter 
to produce large amounts of pure virus 
protein. The baculovirus system has been 
used to produce pure virus antigens both 
for ELISA detection systems and for use as 
vaccines. 

2.3.lBaculovirus expression of for
eign genes 

The insect baculovirus autographica 
californica nuclear polyhedrosis virus has 
been widely used to express large amounts 
of foreign proteins, including many virus 
proteins, in recombinant baculoviruses 
under the control of the powerful polyhedrin 
gene promoter (Matsura et al., 1987). The 
polyhedrin gene codes for the very abun
dant polyhedrin protein which surrounds 
and protects the large crystalline arrays of 
virus that are produced by infection with 
these agents. Recombinant viruses lacking 
the polyhedrin protein gene which has been 
replaced by the foreign gene can be easily 
identified and these instead produce large 
amounts of the foreign protein. One advan
tage of this system for the production of 
large amounts of foreign an ti gens is the ease 

of handling the Spodoptera frugiperda cells 
(Sf9) used to grow the virus. Their optimum 
growth temperature is 28"C and they do not 
require a C02 atmosphere. Milligram quan
tities of the expressed protein can be pro
duced and the viruses are stable for long 
periods at 4"C (Luckow and Summers, 1988). 

Since the production of the protein in 
large amounts only involves the use of the 
safe recombinant baculovirus and insect 
tissue culture cells, the hazards associated 
with the growth of large amounts of danger
ous virus are avoided. The system has been 
used to produce a variety of antigens from 
many viruses e.g. Hantaan virus 
(Schmaljohn et al., 1988), rabies virus (Reid
Sanden et al., 1988) and bluetongue virus 
(Inumaru et al., 1987). More recently the 
complete polyprotein of polio virus has been 
expressed in this system, resulting in the 
formation of structurally recognisable empty 
poliovirus particles (Urawaka et al., 1989). 
This technique has great potential for the 
production of safe vaccines for other dan
gerous viruses such as FMDV for which safe 
live virus vaccines have been impossible to 
develop and whose large scale production 
for inactivated vaccines is hazardous and 
requires expensive isolation facilities. 

2.3.2 Direct RNA sequencing 
In the case of several RNA virus diseases, 

which vary more than DNA viruses in their 
antigenic makeup, direct sequencing of the 
genome RNA has been employed to study 
the antigenically variable parts of the virus. 
This enables the most detailed comparisons 
to be made between different virus isolates. 
Specific oligonucleotide primers are first 
made to the more consrved regions of the 
genes being studied and these are used with 
revrse transcriptase to sequence the RNA 
from new isolates using the dideoxy chain 
termination method (Sanger et al., 1977; 



Zimmem and Kaesberg, 1978). This tech
nique is now used routinely to characterise 
new FMDV isolates at Pirbright. Direct RN A 
sequencing has proved to be a very power
ful epidemiological tool which has been used 
to show that many outbreaks of FMDV sero
types 0 and A in Western Europe were 
probably due to incomplete inactivation of 
vaccine virus or laboratory escapes (Becke 
& Strohmaier, 1987; Knowles et al., 1988). 
Using biochemical and sequencing analyses 
of FMDV strains recently isolated in the 
Middle East, Samuel et al., 1988 were able to 
show that two distinct type A variants were 
co-circulating in that region, both of which 
differed from the classical A22 subtype. 
Direct RNA sequencing can also be used to 
study the genetics of picoma viruses (King, 
1988) and other RNA viruses such as infec
tious bronchitis virus (Cavanagh & Davies, 
1988) and the variability of the infleunza 
haemagglutinin molecule as it passes 
through human populations. 

2.3.3 Nucleic acid hybridisation 
Nucleic acid hybridisation is the process 

whereby a labelled DNA or RNA from a 
known source is used as a probe to search 
for its complementary sequence. !twill then 
hydrogen bond to its complement to form a 
stable double-stranded structure which 
remains bound even under stringent wash
ing conditions. If the nculeic acid species are 
related, but not identical, hybridisation can 
also occur but the stringency of the washing 
conditions (salt concentration and tempera
ture) must be reduced to allow the hybrids 
to remain double-stranded. The relatedness 
of nculeic acids can be determined by alter
ing the stimgency of the washing proce
dure. Nucleic acid hybridisation has been in 
use for years but the recent advances in 
DNA cloning technology has greatly in
creased the usefulenss of this technique in 
the detection of virus diseases. DNA and 
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RNA probes of high specific activity can 
now be made to individual genes or parts of 
these genes. There are many examples where 
virus infections have been diagnosed using 
thistechnique.AtPirbrightwehavedR@vel
oped specific cDNA probes derived from 
the nucleocapsid (N) protein genes of differ
ent morbillivirus infections without the need 
for virus isolation. In this way using tissue 
from post-mortem samples it is possibel to 
identify the virus (Diallo et al., 1989). The 
technique is most useful for differentiating 
peste des petits ruminants virus (PPRV), a 
virus disease of sheep and other small rumi
nants, from the closely related rinderpest 
virus which causes disease in large rumi
nants. These two disease co-circulate in many 
parts of Africa and the importance of small 
ruminants as asymptomatic carriers of rin
derpest is being investigated. In addition 
we have been able to show using cDNA 
probes specific for all four morbilliviruses 
that the recent seal morbilivirus isolated 
from diseased European seals was not id~n
tical to CDV or any of the other known 
morbilliviruses but is a genetically distinct 
virus (Mahy et al., 1988; Bostock et al., 1989). 
The use of non-radioactive labelling meth
ods for the cDNA probes means that the 
techniques can be adapted for use in field 
situations (Barrett et al., 1989b). In the case 6f 
bluetongue virus a cDNA probe derived 
from segment 3 RNA can cross-hybridise 
with all serotypes and is a useful probe for 
the detection of bluetongue virus in the 
blood of infected animals (Roy et al., 1985). 
DNA probes have also been used to detect 
FMDV nucleic acid sequences persisting in 
bovine oesophageal-pharyngeal fluids after 
infectious virus could no longer be isolated 
(Rossi et al., 1988). This method could be 
used to screen animals for persistent virus 
infections undetectable by other means. 
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2.3.4 Restriction enzyme analysis 
The discovery of restriction endonu

cleases in theearly1970'srevolutionised the 
study of large DNA molecules and was 
particularlyusefulin thestudyoflarge DNA 
viurses. Restirction endonucleases cut DNA 
at specific sequences to produce a rep rod uc
ible number of fragments for each DNA 
genome. The pattern of these fragments can 
be then resolved by electrophoresis on aga
rose gels. This allows variants of the virus to 
be distinguished and is a very useful tool 
both for the study of the epidemiology of 
large DNA viruses and for differentiating 
related but distinct viruses such as herpes 
virus types 1 and 2. At Pirbright this tech
nique is being used to study the epidemiol
ogy of African swine fever and capripox 
viruses (Dixion and Wilkinson, 1988; 
Kitchingetal., 1987;Gershon& Black, 1988a). 

2.3.5 Polymerase chain reaction 
This technique has proved to be the most 

sensitive yet developed for the detction of 
minute amounts of nucleic acids, either of 
viral or cellular origin. As with direct se
quence analysis of RN A this technique re
quires a knowledge of the sequence of the 
nucleic acid species which is to be detected 
e.g. a paritcular virus nucleic acid. Once this 
is known a set of two synthetic oligonucleo
tide primers are produced complementary 
to both the plus and minus sense of the 
nucleic acid and separated on the nucleic 
acid sequence a convenient distance, usu
ally 200-500 bases. These primers are then 
used to produce copies of the nucleic acid 
being detected by a series of cyclical or chain 
reactions to amplify the particular region of 
the nucleic acid between the two primers. 
The cycles include a denaturing step carried 
out at high temperature (about 96°) whereby 
the newly synthesised double strand DNA 
is dissociated~ an annealing step at lower 
temperature (about 45°) whereby the prim-

ers are allowed to annal with the new DNA 
again. This is repeated 25 to 30 times dou
bling the amount of DNA produced each 
time. The cycles can be carried out automati
cally and theuseoftheheat-stableTaqpolym
erase, derived from Therm us aquaticus, elimi
nates the need for the addition of new en
zyme after each denaturing step. This re
sults in the amplification of the nucleic acid 
more than 10 7-fold. The resulting DNA frag
ment can be identified by its size (corre
sponding to the distance apart of the prim
ers on the nucleic acid) ort agarose gels. If the 
nucleic acid species to be detected is RNA it 
must first be copied into DNA by an initial 
reverse transcription step. It was first shown 
to be a useful way of diagnosing sickle cell 
anaemia by Saiki et al. in 1985 and the tech
nique is now being used to diagnose many 
improtant human virus infections which 
otherwise would be undetectable until the 
disease had become evident e.g. CMV in the 
blood of carrier patients and the AIDS virus 
before any immune response can be de
tected (Clewley, 1989; Boerman et al., 1989; 
Ouetal., 1988). With chemotherapy for some 
virus diseases, in particlar for he.rpes and 
AIDS viruses, now available early diagnosis 
is of great medical importance. The tech
nique can also be used to sequence relevant 
parts of any nculeic acid without the need to 
first clone the DNA in bacteria since the 
amplified DNA is produced in sufficient 
quantities to sequence directly. In this way 
functionally and immunologically impro
tant parts of a range of viurs isolates can be 
sequenced once the sequence of the type 
virus has been determined. 

3. Recombinant Virus Vaccines 

Many DNA viruses have been used as 
vectors to express a protein gene from an
other virus to produce recombinant viruses 
which can be used to vaccinate animals 



against the disease from which the foreign 
gene was obtained. In this way multivalent 
recombinant vaccines could be produced. 
The most commonly used vector virus is 
vaccinia but other viruses including fow lpox, 
adenovirus, retrovirus and herpes virus have 
also been used successfully to obtain recom
binant viruses (see Bostock, 1989 for re
view). At Pirbright the capripox virus is 
being investigated as a possible delivery 
system for foreign antigens (Gerhson & 
Black, 1988b).Itishoped to produce a multi
valent vaccine which could protect cattle, 
sheep and goats from capripoxvirus infec
tions and also from some other relevant 
diseases such as rinderpest or peste des 
petits ruminants virus. The advantages of 
recombiannt poxvirus vaccines are their 
relative heat stability and the safety of their 
non-poxvirus component since only the 
antigenic components of the other virus are 
present. 

However, most recombinant vaccines to 
date have been based on the vaccinia vector 
system or the avipox vector system (Mack
ett and Smith, 1986; Taylor et al., 1988). Re
combinant vaccinia viruses have been pro
duced whichcontian antigenic determinants 
from many human and veterinary patho
gens and many diseases of veterinary im
portance have been shown to be prevented 
by vaccination with such recombinants. 
Recombinant RN A viruses, usually referred 
to as chimeric viruses, are also being inves
tigated as potential vaccines (see section 
3.2). 

3.1 Recombinant vaccinia virus vac
cines 

Recombination of transfected DNA with 
vaccinia virus was first shown by Sam and 
Dumbell, 1981 and the potential of this tech
nique for the production of multivalent 
vaccines based on vaccinia as a vector to 
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introduce protein genes from other viruses 
was quickly realised. A multitude of vac
cinia recombinants have been produced 
carrying foreign genes derived from organ
isms ranging from E. coli to man (see Mack
ett and smith, 1986 for review). Many im
munologically relevant genes from veteri
nary pa tho gens have been incorporated in to 
vaccinia recombinants. In general the genes 
for the surface gl ycoproteins of viruses have 
been introduced but in some cases internal 
virus protein genes have been introduced 
and these have also been shown to be effec
tive in producing a protective cell-mediated 
immune response. 

In the case of rabies vaccinia recombi
nants the work has progressed to the stage 
of limited field trials in Belgium (Pastoret et 
al., 9189). The vaccinia-rabies recombinant, 
which is relatively heat-stable, is concealed 
in a capsule in a suitable bait which is pref
erentially eaten by the target vaccinee. In 
this case, the target is the fox which is the 
principal carrier of rabies in Europe. At Pir
bright one of the most important virus dis
eases of cattle and other ruminants in the 
third world, rinderpest, is being studied in 
great detail at the molecular level and vac
cinia recombinants carrying the fusion pro
tein gene of rinderpst have been developed. 

Antibodies to this protein are important 
both in neutralisation and prevention of the 
spread of the virus in the infected animal. 
We have shown that the recombinant vac
cines produce authentic rinderpest fusion 
protein and protect cattle from lethal chal
lenge with the virus using only a single-shot 
vaccination (Barrett et al., 1989a; Belsham et 
al., 1989). Similar results have been reported 
by Yilma et al., 1988. Research on other 
poxvirus vectors is not so advanced but 
shows greast promise and these may prove 
to be acceptable as vaccines since vaccinia 
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virus is a potential human pathogen. 

3.2 Recombinant RNA viruses 
Small RNA viruses (picoma viruses) such 

as polio, which has a positive sense RNA 
genome of approximately 7,000 bases, can 
be copied in to DNA (cDNA) which can then 
be used to transfect susceptible host cells 
and produce new infectious RNA contain
ing virus. As the cDNA can be manipulated 
to produce insertions or deletions at any 
point, changes can be made in the DNA 
which can then be used to produce new 
viruses. This technique can be used to study 
the function of any region of the virus 
genome and, in addition, can be used to 
produce hybrid (chimeric) viruses. Chim
eric viruses are those in which part of a 
natural virusproteinhasbeenreplaced with 
a small part of a protein derived from an
other viurs which is known to be highly 
antigenic for that virus. The resulting virus 
should then have characteristics of both the 
parent virus and the donor virus and induce 
antibodies to both. This technique is being 
used to create chimeric viruses containing 
immunologically relevant epitopes from 
dangerous human pathogens such as the 
AIDS virus using the extremely attenuated 
polio Sabin type 1 vaccine (Evans et al., 
1989). This technology does not then require 
the handling of the dangerous pathogen 
once the genome sequence is known since 
the desired DNA sequence can be chemi
cally synthesised. The effectiveness of such 
chimeric viruses using both polio and other 
non-virulententeroviruses as hosts and parts 
of foot and mouth disease virus as epitope 
donors is being evaluated at the Pirbright 
laboratory. 

3.3 Deletion mutant vaccines 
It is desirable to be abfe to distinguish a 

vaccination from a natural infection with a 
virus. This is usually not possible using a 

live-attenuated vaccine but in the case of 
Aujesky' s disease, caused by a herpes virus, 
certain genes coding for non-essential 
glycoproteins have been deleted from the 
virus vaccine and so infection with the de
leted virus vaccine can be readily distin
guished from a naturally acquired infection 
(Kit, 1987). 

4. Synthetic Peptide Vaccines 

Although not used commercially as yet 
the potential of peptide vaccines toFMDV is 
being investigated at Pirbright. Peptides 
against the 140-160 region of VP of FMDV 
produce a high humoral response and show 
protection both in guinea pig model sys
tems and in cattle (Dimarchi et al., 1986; Doel 
et al., 1988). 

Conclusions 

Advances in the techniques for detection 
of virus diseases are rapidly being applied 
to field situations and combined with effi
cient zoosanitary measures can help in the 
control and elimination of disease. At Pir
bright there is continous contact with field 
veterinarians and training is provided in 
many of these techniques. As researchers 
continue to develop and improve virus 
detection methods and to develop safer and 
more effective vaccines there will be a need 
for more training to develop the skilsl needed 
to use these techniques to their full advan
tage in developing countries. There is also a 
need to evaluate the effects on the environ
ment of the release of any new vaccines. 
Small scale, controlled field trials need to be 
carried out to determine the safety for man 
and animals of any new genetically engi
neered vaccines. Itis important for develop
ing countries to acquire the skills needed for 



dealing with such vaccines so that their sci
entists can critically evaluate the risks and 
the benefits associated with them. The most 
productive way this can be achieved is by 
setting up close collaborations with scien
tists in the countries where these vaccines 
will be of most benefit so that a proper 
collaborative progrmamecan be established 
which will be mutually beneficial to the 
laboratories concerned. 
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Introduction 

The invention of vaccine is one of the 
most significant developments in the effort 
to control human and animal diseases. Re
cently, a remarkable new generation of 
vaccines has been developed, namely, 
subunit, synthetic peptide, and virus vector 
vaccine. One of these recombinant vaccines 
uses vaccinia virus as a vector. When the 
vaccinia vector is inoculated into an animal, 
the virus replicates in the host's cells, and 
both vaccinia virus and the foreign genes 
are expressed. If the foreign gene is for an 
immunogenic protein of an infectious agent, 
the animal becomes immune both to vac
cinia virus and to the agent from which the 
foreign gene was taken. 

Vaccination has been practised by tradi
tional peoples of China, Turkey, and Africa 
for hundreds, if not thousands, of years. 
Modern vaccination began in 1796 when 
Edward Jenner noticed that milkmaids who 
had been infected with cowpox did not 
subsequently develop smallpox. He began 
to vaccinate people against smallpox by 
scratching them with scabs from cowpox 
lesions. The exact origin of vaccinia virus is 
unknown; the virus used for small pox vac
cination does not exist in nature and is dis
tinct from cowpox virus and the variola 
virus of smallpox. Vaccinia virus may have 
originated from horsepox. What is clear, 

however, is that the vaccinia virus vaccina
tion procedure has protected hundreds of 
millions of people worldwide from small
pox, with minimal side effects and with no 
adverse environmental impacts, despite 
release of the vaccinia virus on thousands of 
occasions under poor hygienic conditions. 

Because animals vaccinated with living 
or killed whole organisms can develop a full 
range of immune responses, serologic tests 
may not differentiate vaccinates from car
rier animals that have recovered from natu
ral infection. This inability to differentiate 
vaccinates from naturally infected animals 
causes problems in disease diagnosis and 
control, as well as causing significant eco
nomic losses due to bans on importation of 
infected livestock and their products. Fi
nally, many live vaccine are unstable and 
must be refrigerated; this requirement 
complicates their use in developing coun
tries. 

The nature of the host's immune response 
to an injected antigen is critical in vaccina
tion. Inactivated vaccines commonly em
ploy an adjuvant of some type to boost the 
immune response. Live vaccines cannot use 
adjuvants because they inactivate the im
munizing agent; on the other hand, live 
agents generally do not need additional help 
to induce immunity. 
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Live (attenuated) vaccines have advan
tage over inactivated, subunit, and synthetic 
peptide vaccines, because they replicate in 
the host to simplify the antigen. But they 
also have the following drawbacks: (1) often 
one cannot distinguish vaccinates from those 
recovered from infection; (2) attenuated 
strains might revert to virulence in the ver
tebrate host or arthropod vector; (3) new 
strains of the agent may arise from the vac
cine strain; and (4) the vaccine may induce 
disease in pregnant or debilitated animals. 
Many of these disadvantages could be over
come by the use of subunit or synthetic 
peptide vaccines, which also are advanta
geous because the immune system of the 
animal is stimulated with only the relevant 
antigens. The major problem with subunit 
and synthetic peptide vaccines, including 
inactivated vaccines, is that the antigenic 
mass cannot be greater than the amount of 
protein injected; there is no amplification of 
the antigen, for example, as in an attenuated 
live virus vaccine. 

Recombinant DNA Technology 

Recombinant DNA technology has made 
it possible to insert and express heterolo
gous genes in a variety of different viruses. 
Thus far, simian virus 40, bovine papilloma
virus, adenovirus, and members of the retro
virus family have been used most exten
sively as expression vectors. Although the 
relatively small size of these viruses facili
tates gnetic engineering, this property also 
restricts the amount of DNA that can be 
inserted into the virus particle. In addition, 
virus vectors usually have a limited host 
range and are defective, requirin,,g either 
helper-virus or special cell lines for replica
tion. Furthermore, many of these vectors are 
oncogenic and therefore may be unsuitable 
for use as vaccines in humans and domestic 
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animals. Disadvantages of these viral vector 
systems can be overcome by inserting and 
expressing foreign DNA in vaccinia virus. 

Vaccinia virus is a large, double-stranded 
DNA virus that packages a complete tran
scription system and replicators in the cyto
plasm of infected cells1• The virus has a wide 
host range including humans, cattle, horses, 
swine, sheep, goats, mice, and monkeys, 
and a large genome which can accept 
heterologous genes. Recombinant DNA 
technology has developed convenientrnrker 
rescue techniques and plasmid sequences 
homologous to the virus DNA, allowing re
combination within infected cells2• 

There are a number of advantages to the 
vaccinia virus vector system. Like subunit 
vaccines, this system permits expression of 
single genes coding for immunogenic pro
teins. There is also amplification of the anti
gen, as for live virus vaccines, through DNA 
replication and transcription. It is possible 
to make a polyvalent vaccine expressing 
several genes representing various serotypes 
of the same agent or a number of unrelated 
agents. Rapid diagnostic kits can be devel
oped to distinguish vaccinated animals from 
those exposed to the whole agent by infec
tion or immunization as for example, kits 
we have developed for vesicular stomatitis 
and foot and mouth disease'. Finally, unlike 
many live vaccines, the lyophilized form of 
vaccina virus is heat stable. This is a major 
advantage in carrying out a successful vac
cination program in developing countries. 

The strategy for using vaccinia virus as a 
vector first involves the creation that con
sists of a v~ccinia virus promoter fused to a 
foreign protein binding sequence, flanked 
by DNA from a nonessential region of the 
vaccinia virus genome. The chimeric gene 
then is incorporated into the vaccinia virus 
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genome by homologous recombination in 
tissue culture cells that have transfected with 
the plasmid and infected with wild type 
vaccinia virus. 

Although any nonessential region of the 
vaccinia virus genome can be used as the 
site of gene insertion, the thyamidine kinase 
(TK) gene locus provides some advantages, 
recombinants are then TK, which distin
guishes them from wild type TK +virus. The 
TK phenotype provides a simple method of 
selection and also serves to attenute viral 
pathogenecity4. Alternatively, recombina
tion may be observed by the expression of 
the inserted foreign gene. 

Another selection marker that we use in 
our laboratory for rapid screening of recom
binant sof interest is the co-expression of the 
E.coli B-galactosidase (Lac Z) gene with the 
foreign gene of interest. Expression of the 
Lac Z gene leads to the development of blue 
plaques in the presence of XCol (5-brom-4-
chloro-3-indolyl-1-D galactopyrenoside). 
One is thereby able to distinguish TK re
combinants from spontaneous TK mutants5

• 

Development of Rinderpest Vac
cine 

To illustrate the potential for infectious 
vaccinia virus recombinant vaccines, we 
describe here one that we have just devel
oped for rinderpest. This disease is not only 
the single most important disease of live
stock in developing countries, bu tit also has 
played a crucial role in the development of 
the veterinary profession. Rinderpest is an 
acute, febrile, highly contagious viral dis
ease of ruminants, particularly cattle and 
buffalo, manifested by a rapid course and 
high mortality. The disease is characterized 
by inflammation, hemorrhaging, necrosis, 

and erosion of the gastrointestinal tract 
accompanied by bloody diarrhea, wasting 
and death6

• 

The Plowright tissue culture vaccine 
(PTVC) is widely used for vaccination 
against rinderpest, but there have been dif
ficulties in sustaining the manufacture of 
the vaccine, delivery to the field, the need 
for skilled personnel, a lack of refrigeration, 
and vaccine instability. In contrast, the lyo
philized form of vaccinia virus is heat stable, 
easily produced and transported, and ad
ministered by scarification. 

The rinderpest virus (RPV), is enveloped 
and has a single-stranded RNA genome with 
a minus polarity. The virus is in the family 
Paramyxoviridae and is a member of the 
morbillivirus group, along with measles 
virus of humans, distemper virus of dogs, 
and peste-des-petits-ruminants virus 
(PPRV) of goats and sheep. In para
myxoviruses, the hemagglutinin (HA) and 
fusion (F) surface protein have been shown 
toprovideprotectiveimmunity. We propa
gated the highly virulent Kabeta "0" strain 
of RPV in primary bovine kidney cells and 
characterized eight viral proteins7• We made 
cDNA copies of the HA and F mRNAs, and 
determined the complete nucleotide se
quence of both the HA and F genes8

,9• Stan
dard procedures were used to construct 
vaccinia virus recombinants expressing the 
HA gene (vRVH) and the F gene (vRVF) of 
RPV10• 

Protective immune response studies in 
cattle were conducted in the high contain
ment facility at the Plum Island Animal 
Disease Laboratory according to proper in
stitutional guidelines. Humoral responses 
of cattle were assessed by serum neutralisa
tion (SN) assay. Two separate studies were 
conducted in animals that were shown to be 



seronegative to RPV prior to vaccination. In 
the first study, two animals each were vacci
nated with either recombinant (vRVH or 
vRVF), a cocktail of both recombinants 
(vRVH+vRVF), or PTCV as a positive con
trol (Table 1). An additional two were left 
unvaccinated for a negative control. Vac
cinia virus recombinantswere administered 
by intradermal inoculation and scarifica
tion with 4 x 108 PFU or virus, and one ml of 
PTCV (106 TCID

50
) was administered sub

cutaneously. Four weeks after the primary 
vaccination, a second dose of recombinant 
vaccine was administered.Positive.controls 
were not revaccinated with PTCV. 

In the second study, only a single vacci
nation was administered (Table 2). Five 
animals were used per group for either re
combinant (vRVH or vRVF)-0r a cocktail of 
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both recombinant s(vRVH=vRVF). Two 
animals were vaccinated with PTCV for a 
positive control, and two were left unvacci
nated for a negative control. For a vaccinia 
virus control, two were vaccinated with vc50, 
a vaccinia virusrecombinantexpressingthe 
G gene of vesicular stomatitis virus2

• 

Pock lesions developed as early as four 
days in all animals vaccinated with the re
combinants, but were limited to the site of 
inoculation and were healed completely by 
two weeks. All animals vaccinated with the 
recombinants or PTCV produced SN anti
bodies to RPV. As expected, control animals 
had no detectable antibody titer (Tables 1 
and 2). 

To evaluate protection, all animals were 
challenged with a heavy dose (103 TCID

50
) of 

Table 1. SN titers of cattle and response to challenge with RPV. 

Average Post-
Pre-challenge Challenge 

Titres Titres 

Day Day Day Day Day Day Day Day 
Vaccine 0 7 14 21 28 35 42 63 

none 0 0 0 0 0 0 0 Dead 
PTCV 0 130 374 760 640 640 384 768 
vRVH 0 48 443 704 389 1280 1786 1792 
vRVH+vRVF 0 16 256 261 384 1152 1408 896 
vRVF 0 2 8 12 12 56 96 160 

Footnote: Cows were vaccinated intradermally with 108 PFU of vaccinia virus recombinants 
on day 0 and day 28. As a positive control, two cows were vaccinated once with PTCV. They 
were challenged 42 days after the primary vaccination with 1x1000 lethal dose of RPV. SN 
titers are expressed as the reciprocal of the dilution of serum that gave complete protection 
against cytopathic effect of 550 TCID

50 
of RPV. 



108 

Table 2. SN titers of cattle after a single vaccination and challenge with RPV. 

Average Post-
Pre-challenge Challenge 

Titres Titres 

Day Day Day Day Day Day Day Day 
Vaccine 0 7 14 21 28 35 42 63 

none Dead Dead 
v50 0 0 0 0 0 0 Dead Dead 
PTCV D 11 896 576 1152 384 448 640 
vRVH 0 22 154 269 378 106 198 538 
vRVH+vRVF 0 10 157 158 333 147 243 301 
vRVF 0 2 6 8 6 10 72 1347 

Footnote: Cows were vaccinated intradermally with 108 PFU of vaccina virus recombinants 
on day 0. As a positive control, two cows were vaccinated with PTCV; for vaccinia virus 
control two cows were vaccinated with v50; two unvaccinated controls were also included. 
They were all challenged 35 days after vaccination with 1x1000 lethal dose of RPV. Titers 
are expressed as the reciprocal of the dilution of serum that gave complete protection against 
cytopathic effects of 125 TCID50 of RPV. 

RPV subcutaneously in the prescapaular 
lymph node region. As low as one TCID50 

induced clinical rinderpest with 100% mor
tality (data not shown). In the first study 
animals were challenged on day 42, and in 
the second study on day 35, following pri
mary immunization. 

The animals vaccinated with the recom
binants or PTCV were completely protected 
from rinderpest, exhibiting no detectable 
illness and a normal temperature of 101°F. 
All controls developed high fever (l08°F) by 
day two after challenge and died by day 6. 

They also developed lesions typical of 
severe rinderpest, characterized by slough
ing and erosion of the epithelial lining of the 

gastrointestinal tract and bloody diarrhoea. 
After daily monitoring for two weeks and a 
lack of clinical disease in vaccinated ani
mals, the experiment was terminated. 

Rinderpest is. a potential candidate for 
eradication using the vaccinia virus recom
binant vaccine. There is only one serotype of 
RPV, although there are different strains 
manifesting different degrees of pathogen
icityin the field. A vaccine against one strain 
will immunize against all, including PPRV 
of sheep and goats. Because of the close an ti
genic relationships of the morbilliviruses, 
the recombinant vaccine for rinderpestmay 
well have protective activity against dis
temper in dogs and measles in humans 
(Plowright, 1968). The use of vaccinia virus 



as a vector which can express heterologous 
viral antigens allows its use as a live virus 
vaccine for rinderpest, combining the safety 
advantages of a subunit vaccine with the 
antigen amplification and native presenta
tion given by a live attenuated virus vaccine. 

Thus we have clearly demonstrated, at 
least for rinderpest, the potential of vaccinia 
virus recombinant vaccines to protect against 
a massive challenge dose of virus. It is im
portant, however, that safety considerations 
be addressed before introducing Ii ve recom
binant viruses into the-environment. With 
this in mind, we constructed the recombi
nant vaccines with the attenuated strain 
(Wyeth) used worldwide in successful 
smallpox eradication. It has been demon
strated that insertional inactivation of the 
TK gene further attenuates this virus4• We 
are also investigating the use oflymphokine 
genes such as interferon-gamma or inter
leukin-2 to enhance the immune response 
and to further attenuate vaccinia virus re
combinant vaccines12

'
13

• It was recently 
demonstrated that expression of interleukin-
2 prevented disseminated vaccinia virus 
infection in immunodeficient mice14

• 

Delivery Procedure 

In the World Health Organization small
pox eradication campaign, vaccine was 
produced by extensively scarifying the skin 
of a calf and seeding the wounds with vac
cinia virus. The scabs from the calf were 
collected after 7 days, ground in saline, 
filtred, and the filtrate used for vaccination 
of humans after testing for pyrogenicity. 
One calf would yield over 250,000 doses or 
vaccine. Once lyophilized, smallpox vac
cine is very stable for several years. Small
pox vacdne was administered by scarifying 
the skin using a bifurcated needle or an air-
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gun injector. Similar production and deliv
ery procedures could be used for a vaccinia 
virus recombiannt vaccine, or it could be 
propagated in tissue culture where faciliteis 
are available. Nothing needs to be invented 
or re-invented for developing countries to 
be able to cheaply produce large quantities 
of vaccine. Once the recombinant is avail
able, nomadic herdsmen and other livestock 
owners could independently conduct both 
the production and vaccination phases of 
the program. Alternatively, the governments 
of developing countries could centrally 
produce the vaccine for distribution, as in 
the campaign to eradicate smallpox. In ei
ther case, i tis not necessary to import manu
factured vaccine nor syringes and needles. 

Conclusion 

We have developed an effective vac
cinia virus recombinant vaccine for one of 
the most devastating livestock diseases in 
Africa and Asia, which eliminates many of 
the economic and logistical problems of 
vaccine production, distribution, and ad
ministration in these areas. This gives us en
couragement to pursue similar strategies in 
developing vaccines for other livestock dis
eases. 
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Introduction 

Outbreak of rinderpestis still continuing 
in Africa. Near East and South Asia, and is 
causing enormous damages on cattle ind us-
try. 

Since current live vaccine is an excellent 
vaccine with high immunogenicity, eradi
cation of rinderpest by this vaccine appears 
to be theoretically possible. However, the 
current vaccine has a drawback, e.g. heat 
fragility, in the field use in the developing 
countries above-mentioned. The establish
ment of "cold chain" system to deliver the 
vaccine safety seems to be remote goal. 

In this aspect, the strategy used for the 
global eradication of smallpox: is considered 
to be an ideal approach for the eradication of 
rinderpest. The smallpox eradication was 
successfully accomplished by the develop
ment of highly heat-stable dried smallpox 
vaccine which enable to deliver the vaccine 
without cold chain system. By considering 
this, we attempted to develop recombinant 
rinderpest vaccine using vaccinia virus 
which consists of smallpox vaccine, as a 
vector. 

Rinderpest Virus 

Rinderpest virus (RV) is a member of 
morbillivirus subgroup of family para-

myxoviridae, and contains 6 structural pro
teins, i.e. hemagglutinin (H), fusion (F) 
protein, matrix (M) protein, nucleoprotein 
(NP), phospho (P) protein and large (L) 
protein. Among them, H protein serves as 
the receptor-binding protein and is respon
sible for virus neutralization, so that it is 
considered to be the most important protec
tive antigen. Therefore, we first isolated the 
H gene of RV. As the vaccinia virus, we 
selected the LC16m0 strain. This particular 
strain was derived from the Lister vaccine, 
whichwasmostwidelyusedinglobaleradi
cation of smallpox. The LC16m0 strain had 
been shown to be remarkably attenuated for 
humans compared with its parent Lister 
vaccine.Oneofthederivativeofthe LC16m0, 
the LC16m8, was licensed in Japan in 1975. 
Since the LC16m8 shows lower replication 
capacityinrabbits than the LC16m8 although 
both strains are of attenuated nature, we 
selected the LC16m0 as a vector for our 
vaccinia rinderpestrecombinant(VRR). The 
H gene of RV was inserted within the HA 
region of the LC16m0 strain. 

Recombinant Vaccine 

In constructing VRR, we had compared 
two promoters, A type inclusion body of 
cowpox virus (ATI) promoter and P7.5k 
promoter of vaccinia virus. We had also 
attempted to modify the H gene of RV by 
deleting the extra sequences containing 
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additional ATG sequence in the outframe of 
coding region. By comparing the in vitro 
expression of H protein and immunogen
icity inrabbits, we chose the VRRcontaining 
the modified H gene withP7.5k promoter as 
a candidate vaccine. 

Thus constructed recombinant vaccine 
was examined for heat stability as well as for 
immunogenicity in rabbits. 

The lyophylized recombinant vaccine was 
shown to be as stable as the smallpox vac
cine to heat; the decrease in virus titer being 
less than 1/10 of the untreated one after 
heating at 37°C for one month or at 45°C for 
one month. Thus the insertional inactiva
tion of the HA region of vaccinia virus did 
not affect the heat stability. 

Immunogenicity 

Immunogenicity of the recombinant 
vaccine was evaluated in rabbit system in 
detail. Previously we had shown that the 
intravenous inoculation of the lapinized (L) 
strain of RV into rabbits produces acute 
clinical signs consisting of high fever and 
diarrhea. Marked immunosuppression as 
demonstrated by decreased lymphoprolif
erative response to mitogenic stimulus and 
delayed type skin reaction to tuberculin, is 
also induced. Moreover, the production of 
antinuclear antibody is also observed. These 
findings indicate that RV infection causes 

disturbance in immune regulation mecha
nisms. Based on these findings, we employed 
the clinical signs, immunosuppression and 
autoimmunity as indicators of virus infec
tion in challenge test. 

Rabbits were immunized with 108 PFU of 
the recombinant vaccine intradermally. All 
the rabbits produced anti H antibody as 
demonstratedbyimmunoprecipitationand 
virus neutralizing antibody from one week 
after immunization. Four weeks later, the 
rabbits were challenged with 1()3 ID

50 
of the 

L strain of RV. None of the vaccinated rab
bits developed clinical signs. Immune dis
turbance in terms of immunosuppression 
and autoimmunity induction was not ob
served. Recovery of challenge virus from 
the lymphoid tissues or the histological le
sion of the lymphoid necrosis characteristic 
to the L strain of R\i' was not found. In con
trast, all the control rabbits, either inocu
lated with the parental vaccinia virus or 
uninoculated, showed the above-mentioned 
indicators of RV infection. Thus, the recom
binant vaccine was found to be highly im
munogenic in rabbits. 

Duration of immunity in rabbits is being 
pursued. Thus far, high antibody level has 
been maintained for more than 13 months. 

Confirmation of the immunogenicity of 
the recombinant vaccine in cattle is in prog
ress. 



Proc. FAO/CAAS Workshop on Biotechnology in Animal Production 
and Health in Asia and Latin America, Beijing, Oct 9 -13, 1989, pp 113 -124 

The Molecular Biology of the Paramyxoviruses 

T. Barrett 
AFRC Institute for Animal Health, 

Pirbright Laboratory, Ash Road, 
Pirbright, Woking, Surrey GU24 ONF, UK. 

Introduction 

The paramyxoviruses are a group oflarge 
enveloped viruses of about 200nm diameter 
which contain an unsegmented RNA 
genome of negative polarity. They gener
ally have a wide geographic distribution 
and include many important human and 
animal respiratory viruses, some of which 
are extremely pathogenic and cause high 
morbidity and mortality in the infected host 
species. In recent years a great deal of effort 
has been put into studying these viruses at 
the molecular level in an attempt to under
stand the virus genome structure, replica
tion strategy and the molecular basis of 
pathogenicity. The complete genome se
quence of several of these viruses has not 
been established and we are beginning to 
understand something of about the deter
minants of pathogenicity at the molecular 
level. The family Paramyxoviridae contains 
three genera: the paramyxoviruses, which in
clude human and animal parainfluenza 
viruses, mumps virus, simian virus 5 (SV5) 
and Newcastle disease virus (NDV); the 
morbilliviruses, which include measles (MV), 
canine distemper (CDV) and rinderpest 
(RPV); the pneumoviruses, which include 
hguman and bovine respiratory syncytial 
viruses pneumonia-virus of mice and turkey 
rhinotrachaeitis virus. The latter group is 
sufficiently different from the first two 
groups to justify separate classification, but 

for the present they remain in the family 
Paramyxoviridae. The classification is given 
in Figure 1. 

Genome Structure 

The genome of all paramyxoviruses con
sists of a single strand of negative sense 
RNA of approximately 15 kb. The para
myxoviruses and morbilliviruses have a 
similar genome organisation with a 3' leader 
RNA followed by the structural protein 
genes in the following order 3'-N-P-M-F-G
K-5.' Itis assumed thatthe3'leaderRNAon 
the virus genome contains the promoter 
sequences for RNA transcription, replica
tion and encapsidation. The L gene is fol
lowed by the 3' antigenome RNA leader se
quence which presumably contains the 
promoter sequences for the syn thesis of new 
genome RNA from the full-length anti
genome RNA template. The intergenic re
gions (i.e. sequences net t\anscribed into 
mRN As) are generally conserved within and 
among virus groups in theparamyxoviruses 
and morbilliviruses but the intergenic re
gions are neither conserved in sequence nor 
in legnth in the pneumoviruses (Crowley et 
al., 1989; Collins et al., 1987). In some para
myxoviruses (SV5 and mumps) there is, in 
addition, a small hydrophobic membrane 
bound protein (SH) gene located between 
the F and HN genes (Hiebert et al., 1985; 
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FIGUREl: 
Classification of viruses in the family Paramyxoviridae. 

PARAMYXOVIRIDAE 

Genus 
Paramyxovirus 

Morbillivirus 

Pneumovirus 

Elliott et al., 1989). 

Human Pathogens 
parainfluenza 1-4 
mumps 

measles 

respiratory 
syncytial virus 

The nucleocapsid (N) protein is closely 
associated with the genome RNA which it 
encloses and protects. It is the most abun
dant protein in the infected cell. The P pro
tein is a phosphorylated polymerase-associ
ated protein which functions to mediate the 
binding of the polymerase, or L protein, to 
the nucleocapsid RNA. It may also function 
in transcription and replication. The haem
agglutinin protein is the virus cell receptor 
binding protein and is the protein against 
which most neutralising antibodies are di
rected. It also has neuraminidase activity 
(HN) in the paramyxoviruses, but not in the 
morbilliviruses (H), and this activity sug
gests that the paramyxoviruses bind to a 
sialic acid containing cell receptor protein 
while the morbilliviruses may not. How-

Animal Pathogens 
parainfluenza of cattle and birds 
Newcastle disease 
Sendai virus 

canine distemper 
rinderpest 
peste des petits 
ruminants 
phocine distemper 

bovine RSV 
pneumonia virus of 
mice 
turkey 
rhinotracheitis 

ever, the nature of the cell receptor protein is 
unknown for all paramyxoviruses. The fu
sion or F protein is responsible for the fusion 
of the virus membrane with the host cell 
membrane and also allows the viruses to 
spread from cell to cell without first having 
to be released from the cell. 

There are also two non-structural pro
teins encoded in the P gene region of the 
genome. The first to be discovered was the C 
protein which is encoded in the same mRNA 
as the P gene but in an alternative reading 
frame. The second non-structural protein is 
called protein V and is encoded in a differ
ent mRNA transcribed from the P gene 
region of the genome but is edited during 
transcription in a novel way by the addition 
of non-temp lated G residues. This results in 
a mRNA which produces a prot~in with the 



same N-terrninal sequence as the P protein 
but which has a new cysteine-rich C termi
nus derived from a different reading frame. 
The phenomenon was first described for 
SV5 virus where the genome sequence en
codes the C and V protein mRNA and the P 
gene is produced from a mRNA which has 
two extra G residues added during tran
scription (Thomas et al., 1988). Cattaneo et 
al., 1989 then discovered the same editing in 
MV and the authors pointed outthat a pos
sible consensus sequence for the addition of 
extra G residues was present in the P gene 
sequence of all paramyxoviruses for which 
sequence data were available, with the ex
ception of the pneumoviruses. We have seen 
this variation in P gene transcripts in cDNA 
clones derived from the RPV P gene mRNA 
and others have observed this variation in 
mumps P gene cDNA clones, so the phe
nomenon is likely to be a general one among 
the paramyxoviruses and morbilliviruses 

The pneumoviruses have a completely 
different genome organisation with the genes 
arranged in the following order in respira
tory syncytial virus (Collins et al., 1987): 3'-
1B-1C-N-P-M-1A-G-F-22K-L-5'. In contrast 
the non-structural proteins are encoded in 
separate region ofthe genome and not over
lapping the P gene, indicating a different 
origin for these viruses. In addition the G 
protein which is the virus cell attachment 
protein is located 3' to the F protein and it is 
heavily glycosylated with both N- and 0-
linked sugar residues. The pneumoviruses, 
unlike the other paramyxoviruses which 
are genetically stable, vary antigenicallyeven 
w ithin strains of one serotype (Garcia
Barrenoetal., 1989). TheHN orHproteinsof 
the other viruses in the paramyxovirus group 
only contain N-linked sugar residues. The 
lA protein is a small, membrane bound 
protein equivalent to the SH protein of other 
paramyxoviruses (Olmsted and Collins, 
1989). 
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As in all other paramyxoviruses and rhab
doviruses, the L gene is located at the 5' end 
of the genome and its position probably 
reflects the catalytic amounts of the polym
erase protein required for efficient virus 
replication (Meier et al., 1987). The L protein 
gene of RSV overlaps the 22K gene; the 
termination/ polyadenylation signal for the 
22K gene is located at nucleotides 56-68 
within the L gene. In consequence, L gene 
transcription yields two mRNAs, and abun
dant truncated mRNA and has less abun
dant L protein mRNA (Collins et al., 1987). 
The genome organisation of the 
Paramyxoviridae is shown in Figure 2. 

Replication Strategy 

Since the genome RNA is of negative 
polarity it is not itself infectious, unlike the 
RNA of positive stranded RNA viruses such 
as polio of FMDV. Once the virus particle 
has bound to the cell receptor and fused 
with the cell memrbane the released ribonu
cleoprotein complex must first be transcribed 
using its own transcriptase enzymes to pro
duce mRN A's for each of the virus-specified 
proteins. There is a transcription promoter 
located atthe 3' end of the genome RN A and 
all transcription starts at this site; there is no 
evidence that initiation of.transcription can 
occur internally and UV mapping data 
support the proposal that all transcription 
must begin at the 3' end of the genome. 
Between each gene there are semi-conserved 
stop and start signals in the RNA sequence 
which signal the addition of polyadenyl
ated tails to the end of the completed mes
sage and the start of the next messenger 
RNA. At each intergenic junction the tran
scriptase has a possibility of detaching from 
the template or continuing to synthesise the 
next mRN A. In this way, since transcription 
must begin again at the 3' end if the tran-
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FIGURE2: 
Organisation of genes on the genome RNAs in the difference genera of the 

Paramyxoviridae. 
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scriptase detaches, a gradient of mRNA 
concentration is produced with progres
sively less mRNA produced from the genes 
more distant from the 3' promoter (Cattaneo 
et al., 1987).In thiswaythecorrectamountof · 
each protein required for replication is pro
duced. Alterations in the amounts of these 
proteins can disrupt transcription since low 
levels of L protein expressed in cell trans
fected with the L gene of the rhabdovirus 
VSV can complement is mutants of the L 
gene whereas cells expressing large amount 
sof L protein do not complement is mutants 
and, in addition, also prevent replication of 
wild-type virus in these cells (Meier et al., 
1987). In some cases the transcriptase may 
not recognise the polyadenylation signal at 
the end of one gene and so continue to 
transcribe the next gene. This leads to the 
production of bicistronic and tricistronic 
mRNAs. These have been found in all para
myxoviruses but their function, if any, is 
unknown. 

CLI 
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For genome replication to occur the stop
start signals at the intergenic regions which 
control mRNA transcription must first be 
overriden. It is though that this is accom
plished by the binding of the nucleocapsid 
protein to the neacent RNA and that this 
occurs late in infection when sufficient 
amounts of N protein have accummulated. 
Unlike transcription in their other group of 
single-stranded negative RNA viruses, the 
Rhabdoviridae, a free leader RNA is not 
synthesised during transcription. This RN A 
is thought to contain the RNA encapsida
tion signals and is produced in large amounts 
during transcription of these viruses. Very 
little is known about .the replication mecha
nism of the paramyxoviruses but in the case 
of MV no free leader RNA has been detected 
in infected cells. Instead leader containing 
and leader-free transcripts of the N gene as 
well as leader containing antigenome RNA 
have been shown to be produced late in 
infection and that synthesis of the leader-



containing RNA is sensitive to inhibition by 
cyclohexirnide (Castenada and Wong, 1989). 
It thus appears that there are two possible 
RNA transcription initiation sites at the 3' 
end of the MV genome RNA, one at the be
ginning of the N gene to produce N mRNA 
and one at the extreme 3' end to produce 
antigenome template RNA for the produc
tion of new virion RNA. Initiation at the 3' 
end to produce antigenome RNA depends 
on a sufficient buildup of N protein and the 
leader-containing mRNAs may represent 
abortive attempts to produce antigenome 
RNA in the presence of insufficient N pro
tein. 

Function of Non-Coding Regions 

There is no known function of the 5' and 
3' untranslated regions of virus mRNAs, 
other than to act as signals for the attach
ment of ribosomes and to provide stop sig
nals at the end of each message. They are 
generally short, usually less than 100 nu
cleotides at either end. However, in the 
morbilli viruses there are two exceptions to 
this rule. The 3' untranslated region of the M 
gene mRNA has an untranslated region of 
some 430 nucleotide residues and the 5' 
untranslated region of the mRNA of the F 
gene, which is the next gene along the 
genome, is 574 residues in measles virus 
(Bellini et al., 1986; Richardson et al., 1986). 
This leaves a region of nearly 1000 nucleo
tides between the end of the M gene coding 
sequence and the start of the F gene coding 
sequence which has no known function in 
MV. 

The organisation of the 5' untranslated 
region varies in different members of the 
morbillivirus group with several possible 
initiation codons in frame in the analogous 
region of CDV (Barrett et al., 1987) and a 
short upstream open reading frame in this 

117 

region of RPV (Tsukiyama-et al., 1988; Hsu et 
al., 1988). The structure of the 5' region of the 
morbilli virus F mRN As is shown in Figure 
3. 

Between different members of the group 
sequence homology is strong in the coding 
region of the gene but no homology can be 
seen in the 5' untranslated"region. By mak
ing vaccinia virus constructs of the RPV F 
gene either with or without this 5' region we 
were able to show that this region is impor
tant forthe efficient translation of the F gene 
(Barrett et al., 1989). In another series of 
experiments, by making sequential deletion 
of the upsteram AUG condons in the 5' 
region of the CDV F gene, we were also able 
to demonstrate that the fourth AUG, in an 
analogous position to the start codons of the 
other morbillivirus F genes, was the only 
one necessary for production of the F pro
tein but that deletion of the other 5' nucleo
tide sequences progressively reduced the 
efficiency of translation of the F protein 
(Evans et al., manuscript in preparation). 
These experiments were carried out using 
the T7 promoter on the "Bluescript" plas
mid to drive the synthesis of F gene mRNA 
in cells expressing the T7 polymerase from a 
vaccinia-T7 polymerase recombinant virus 
(Fuerst ef al., 1986). The mRNA produced 
then directed the translation of CDV F pro
tein which was analysed by immunepre
cipitation and polyacrylamide gel electro
phoresis. The long intervening region be
tween the coding sequences of the Mand F 
genes in the morbilliviruses, which is not 
found in other paramyxoviruses, may have 
some important structural role in determin
ing the folding of the genome RNA and/ or 
it may have a role in directing more efficient 
translation of the F protein mRNA, as is evi
denced by the experiments just described. 
InotherRNA viruses,e.g. thepicomaviroses 
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FIGURE3: 
Diagrammatic representation of the mRNAs for the F proteins of the morbilliviruses. 

The positions of the possible AUG initiation codons in the 5' region of the mRNAs are 
shown. The hatched aeras denote open reading frames. Stop codons are indicated by*. 
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and retroviruses, long untranslated regions 
which often contain unused AUG start 
codons are found. Again these have been 
shown to increase the efficiency of ribosome 
binding and are referred to as "ribosome 

21116 

3' 

landing pads" or more precisely internal 
ribosome attachment sites (IRAS) (Pelletier 
and Sonnenberg 1988;Jang et al., 1989; Katz 
et al., 1986). 



Persistent Infection 

Paramyxoviruses readily form persistent 
infections in tissue culture cells, often 
through the generation of defective interfer
ing particles on ts mutants. In the case of MV 
and CDV persistant infections with the vi
ruses can be established in the infected host 
and are associated with chronic demyeli
nating neural diseases. In the case of MV the 
fatal chronic disease is subacute sclerosing 
panencephalitis (SSPE) and in the case of 
CDV old dog encephalitis (ODE) or chronic 
distemper encephalitis (CDE). An intensive 
study of the moelcular biology of SSPE has 
been carried out over the past fifteen years, 
ever since chronic MV infection was estab
lished as the cause of the disease. There 
appears to be a block in the production of 
one or other of the virus envelope proteins 
in the brain and nervous tissue allowing 
mutations to accumulate in these genes. In 
addition, since no virus proteins are ex
pressed at the cell surface, they remain in
visible to the host's immune surveillance 
system. In this way a persistent non-pro
ducti ve infection is established and the vi
rus nucleocapsids slowly accumulate in the 
brain tissue and spread from cell to cell. A 
chronic inflammatory disease of the CNS 
develops and is characterised by a strong 
humoural immune response to MV in the 
absence of infectious virus, although virus 
nucleocapsids can be demonstrated in the 
affected brain tissues (see ter Meulen et al., 
1982 and 1983 for reviews). In a rat model 
system it was shown that host tissue factors 
in brain tissue can restrict the expression of 
MV envelope proteins specifically. The 
gradient n mRNA concentra\:ion from the N 
to the L gene mRNA noted in section 3 is 
more exagerrated in brain tissue extracted 
from experimentally infected rats and it is 
mainly specifically the mRNAs for surface 
glycoproteins that are reduced. In contrast, 
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in persisently infected tissue culture cells 
the gradiant in mRNA is similar to that 
found in lyticallyinfected cells bu tthe cncen
tra tions are much lower in the case of tissue 
culture persistence (Schneider-Schaulies et 
al., 1988 and 1989). This phenomenon of 
greatly reduced transcription of the virus 
envelope protein genes had already been 
noted in RNA extracted from the brains of 
patients with SSPE (Cattaneo et al., 1987 a 
and b). It is possible that brain tissue con
tains some inhibitory factors or lacks spe
cific stimulatory factors required for virus 
transcription. 

Once persistence is established in the brain 
tissue only functional N, P and L proteins 
are required for nucleocapsid replication. 
The genes required for virus assembly, the 
M, H and F genes are not required for nu
cleocapsid synthesis and so mutatiosn can 
accumulate and further inactivate these 
genes which explains why it is very rare that 
infectious virus can be isolated from the 
brains of SSPE patients and sequence data 
suggests that at least one SSPE isolate (Halle) 
is a laboratory contaminant since the se
quence of several envelope genes of this 
isolate are almost identical to the laboratory 
Edmonston strain (Buckland et al., 1987). 
This conservation in sequence would not be 
possible in the persistent state. In one un
usual case of measles inclusion body en
cephalitis (MIBE) recently studied, an un
usually high rate of mutation of C residues 
to U residues was noted in the Mand F genes 
of the causative virus (Cattan~o et al., 1988). 
In addjtion the strong cell-mediated im
mune response which is engendered may 
contribute significantly to the disease proc
ess (Billeter et al., 1989). In the rat model 
system T4 lymphocytes which recognise 
basic myelin protein (MBP) have been iso
lated and adoptive transfer of these cells to 
naive syngeneic rats has been shown to 
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induce allergic encephalomyelitis (Liebert 
et al., 1988). 

Genetic homology within the group 

Based on the limited sequence data avail
able for the paramyxoviruses, Rima (1989) 
has suggested that three subgroups of the 
paramyxoviruses can be recognised. This 
grouping does not include the pneu
moviruses since as indicated in section 2 
these probably should form a distinct family 
of viruses. Group 1 would include the hu
man and bovine parainfluenzas and Sendai 
viruses; group 2 the morbnilliviruses; group 
3 newcastle disease, SYS and mumps vi
ruses. Of the virus structural proteins the L 
protein is the most conserved and the P 
protein the least conserved in overall se
quence. Within the morbillivirus group, the 
members of which show closer antigenic 
and sequence conservation than do the para
myxoviruse group, it is seen MV and RPV 
are more closely related than is either to 
CDV. Sheshberaderan et al., (1986) have 
suggested, based on data derived from 
monoclonal antibody analysis, that RPV is 
the progenitor of the group. In the case of the 
pneumoviruses, only the F protein around 
the highly conserved F/F2 fusion site shows 
any conservation of amino acid sequence 
when compared with the other para
myxoviruses (Rima, 1989; Morrison, 1988). 
This lack of protein sequence conservation, 
in addition to their different genome organ
isation, suggests that these viruses should 
be classified as a separate family. 

Surface glycoprotein variation and 
pathogenicity 

Muchworkhasbeendoneatthemolecu
lar level to establish the basis of pathogen-

icity in Newcastle disease virus. This virus 
exists in various pathogenic and non-pa
thogenic forms and changes in the two sur
face glycoproteins have been correlated with 
pathogenicity. In the case of the fusion pro
tein the ability of the precursor F

0
protein to 

be cleaved to the active disulphide linked 
F/F2 dimer by cellular proteases has been 
shown to vary. The F protein of a pathogenic 
Newcastle disease viruses have an altered 
amino acid sequence around the cleavage 
site; in these viruses the sequence of two 
double basic amino acids found at the cleav
age site of pathogenic forms is altered to one 
basic amino acid and this makes the protein 
less susceptible to cleavage by cellular tryp
sin-linke proteases (see Figure 4). This re
sults in reduced spread of the virus in in
fected animals Gotoh et al., 1987; Toyoda et 
al., 198 7). An analogous situation is found in 
the avian infleunza viruses where the HA 
protein also has fusion activity and must be 
cleaved to the active HA/HA

2 
disulphide

linked dimer for fusion activity to occur. 
Again alterations in the HA nucleotide se
quence around the cleavage site have been 
correlated with pathogenicity of the strain 
(McCauley, 1987; Bosch et al., 1979). How
ever, this is not the reason for the reduced 
pathogenicity of vaccine strains since all 
have easily cleavable Fproteins. These virus 
strains are selected for their ability to grow 
readily in tissue culture cells or in other host 
species and it is probable that a multitude of 
mutations accumulate which contribute to 
the stability of the attenuated phenotype. In 
field viruses this would not be the case and 
it is possible that simple switch mechanisms 
i.e., mutation in the sequence around the F

1 
I 

F2 cleavage site, could alter the pathogen
icity of the virus. 

Another determinant of pathogenicity is 
the nature of the haemagglutinin/neuram
inidase molecule which in some apatho-
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FIGURE4: 
Amino acid sequence (single letter code) around the F/F2 cleavage site of pathogenic 

and apathogenic NDV s. Basic amino acids 
(R =arginine; K =lysine) are indicated by a(+) (from Toyoda et al., 1987). 
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genie forms of NDV have a C-terminal amino 
acid extension due to alteration of the nor
mal stop codon. The HN protein of para
myxoviruses, like the neuraminidase pro
tein of infleunza virus (Fields et al., 1981), is 
anchored atthe N terminus. The C terminus 
is, therefore, exposed at the surface of the 
virus and contains the virus receptor bind
ing site and so the HN is unable to bind to 
the receptor until the C-terminal extension 
is cleaved from the molceule (Sato et al., 
1987). At present we are investigating this 
possibility by sequence analysis of strains of 
RPV with different pathogenicities. 

Summary 

The paramyxoviruses include many 
important human and animal pathogens. 
The structure of their genomes and the types 
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of proteins they encode have been exten
sively studies in recent years but their mecha
nism of replication is, as yet, poorly under
stood. The study of these viruses has con
tributed greatly to our understanding of 
novel virus transcription mechanisms, i.e., 
RNA editing during transcription; the 
mechanisms underlying persistence of vi
ruses in the host in the face of a strong anti
viral humoural immune response; and to 
our understanding of the determinants of 
virus pathogenicity. 
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Introduction 

In recent years, namely from 1973 the 
research in the Institute of Physiology and 
Genetics of Farm Animals was focussed on 
embryo transferin cattle. During this period 
all procedures, as superovulation, estrus 
synchronization, embryo flushing and tran
scervical transfer were studied. Some meth
odologies were adopted from literature 
source, while the other were partofresearch 
program. During the last 4 years all experi
mental results were summarized and of
fered to the Breeding organization for the 
application in field condition.Within a short 
period of time several special groups were 
established and embryo transfer introduced 
in praxis. All steps are carried out on the 
farms without transprot of donors or recipi
ents to other place. The number of transfers 
increases from year~ to year and in 1988 
about 20,000 transfers were performed. The 
pregnancy rate gradually increases, too. At 
the beginning about 40% of recipients be
came pregnant and now this figure reaches 
more than 60%. 

At present two aims are followed: 

1. To produce male progeny from the 
best cows for A.I. service. 
2. To establish the pregnancies with 

twins to increase the population of calves 
for meat production. To reach this aim, 
additional embryos are transferred to 
previously inseminated recipients to 
contralateral uterine horns. 

Frozen Embryos 

In most cases fresh embryos are used, 
however, in particular instances deep fro
zen embryos are transferred. Unfortunately 
the pregnancy rate decreases to less than 
50%. The research at present is focussed on 
the simplification of freezing procedures 
without equipment which is necessary for 
traditional methods. The r~sults obtained 
until now fluctuate and do not exceed those 
gained by classical appraoc;h. 

Embryo Bisection 

The splitting of blastocysts to produce 
identical twins was also introduced into 
praxis. For the di vision differen ttools can be 
used and experienced worker is able to 
perform splitting under stereomicroscope 
with home-made instruments. By this way 
100 pregnancies from 100 embryos can be 
established. 

However, it should be added that ET has 
strong limitations in high economical 
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demands due to price of embryos. The rea
son can be seen in low average superovtila
tion response after application of exogenous 
gonadotropins. Only 5-6 healthy looking 
embryos are in our conditions obtained from 
ilushed donor. Exceptionally the crop can 
be higher, after strict selection of donors 
reaches 10-12 good embryos. High price is 
acceptable in embryos from genetically valu
able animals used for breeding purposes. 
For production of calves, single or twins, 
this price can be considered as a strong 
di sad vantage. 

lJ.t-vitro Fertilization 

For this reason we were forced to loo~ for 
a cheaper source of bovine embryos. Such 
source can be found in exploitation of ovar
ian oocytes, their fertilization in vitro and 
cultivation to the stage convenient for un
surgical transfer for freezing. This project 
has been followed for several years, at the 
beginning in laboratory animals and later, 
from the year 1985 also in farm animals, 
particularly in cattle. Due to the experience 
gained during the experimentation with 
laboratory mammals the positive results 
were obtained relatively early and first calf 
was born 2 years ago. From this time the 
attention was paid to the stabilization of 
penetration rate and to the depression of 
fertilization anomalies, such as polyspetmy 
and arrested development of male pronu
clei. The frequency of both of them was 
substantially depressed to reasonable level, 
not exceeding 5 % . Present projects are aimed 
to elucidate detials connected with the de
velopment of bovine embryos originated in 
vitro and to compare them with parameters 
of naturally developed embryos. As meth
ods, electron microscopic evaluation of se
lected structures and autoradiographic de
termination of metabolic activity, particu
larlyofRNAand proteinsynthesis,areused. 

Preliminary observation revealed in healthy 
looking blastocysts small proportion of cells 
containing additional secretion vacuoles 
with lipid material. In blastocysts with re
tarded development such cells are most 
frequent and signalize degenerative changes, 
which lead probably to the death of embryo. 

Nuclear Transfer 

Very recently efforts are concentrated to 
the nuclear transfer in mammals with the 
aim to produce multiple identicalindividu
als. For this purpos~ single blastomere was 
fused with enucleated oocyte and the divi
sion evaluated in vitro and in vivo. It was re
vealed that in vitro most embryos con
structed by this way divide to eight cell 
stage and in vivo, after transfer to rabbit 
oviduct, the division of embryonic cells 
proceeds very intensively, however, the 
organization typical for normal embryo does 
not occur. After cytological evaluation, it 
was found that all cellular organelles are 
well conserved in eight cell embryos with
out any degenerative changes. Also embry
onic RNA synthesis, which starts in cattle at 
eight cell stage, after fusion with cytoplasm 
is totally supressed and begins again when 
the embryo reaches eight cell stage. Further 
experiments are in progress at present. 

Oocyte Maturation 

Very extensive studies were carried out 
in the area of ovarian oocytes maturation. 
The results were published in many papers 
and help significantly in the program of 
embryoproductionin vitro. The description 
of sequence of nuclear changes, called ger
minal vesicle breakdown (GVBD), has 
helped to compare maturation in vivo with 
the maturation in vitro in pig and cattle. In 
appropriate conditions the sequence of these 
events is indistinguishable. However, as it 



was observed later, in the cytoplasm of most 
oocytes the development of male pronu
cleus is deeply influenced. The sperm head 
does not transform to the male pronucleus. 
Important contribution increasing quality 
of cytoplasm was the supplementation of 
culture media with additional granulosa 
cells. Original results obtained in the rabbit, 
were valid also for pig and bovine oocytes. 

At present basic processes responsible 
for chromatin condensation and nuclear 
membrane dissolution are studied. The 
cytoplasm activity called maturation pro
moting factor /MPF/ plays key role in nu
clear changes. The synthesis of this activity 
starts in fully grown oocytes immediately 
after isolation of fully grown oocytes from 
antral follicles and reaches its maximal level 
at metaphase II. For the study of MPF, the 
method of cell fusion was applied and by 
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this way species nonspecificity of MPF was 
demonstrated. After fusion of rabbit MI 
oocyte to pig oocyte with intact GV1 chro
matin condensation occurs immediately 
instead during 16-20 hrs in naturally matur
ing pig oocytes. 

On the contrary, growing oocytes iso
lated from preantral follicles are not able to 
synthesize active MPF and to mature in 
vitro. Moreover, such oocytes fused with 
fully grown oocytes in GV, prevent the 
maturation and in giant cell two intact GVs 
are present. Many detials connected with 
this activity were described in special jour
nals and the experience from these studies is 
valuable in the experiments concerning 
nuclear transplantation. The relation be
tween cytoplasm and nucleus seems to be 
very important for further fate of recon
structed embryo. 
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Introduction 

New technology revolution in the World 
is changing social mode of production and 
industrial structure. !tis expected to lead us 
to another great leap of social productive 
forces. Biotechnology in its modern sense is 
one of the signs of this new technology revo
lution. Its abruptrising is not an accidental 
phenomenon, but an inevitable outcome of 
tremendous development of the science of 
biology. Because biotechnology shows broad 
prospect for overcoming many problems 
(e.g. because it has limitless economical 
potentials), finding new areas for ind us trial 
structure and reformation in agriculture, 
medicine and industry, the biotechnology 
a tracts great attention in China, as well as in 
manyocuntriesin the World. With improve
ment ofliving standard in China more milk, 
meat and eggs etc. and animal products are 
needed.Biotechnology applied to animal 
production and health is one of the very 
important ways of increasing animal pro
ductivity. 

The high technology research and devel
opment programme has been formulated in 
China in 1986. Biotechnology is one of the 7 
key areas identified in this strategic pro
gramme. According to the national policy
limited in targets and focus on key projects, 
there are 3 major subejcts identified in bio
technology area, namely: 

- Research and devleopmentof new plant/ 
animal varieties with high yield/ perform
ance, high quality and resistance to ad
versity. Here genetic engineering breed
ing of lean meat pigs and chicken resisted 
to Marek' s disease and MOET with asso
ciated techniques are included. 

- Research and development of new me
dicaments, vaccines, monoclonal anti
body production, immunodiagnostic and 
basic research on biotechnology as new 
expression vector preparation and DNA 
recombination both in human and veteri
nary medicine are included. 

- Protein engineering. 

To obtain themain target products (e.g. new 
animal varieties, genetic improvement in 
livestock, vaccines, ELISA kits etc) and to 
catch with the world trend in biotechnologi
cal advancements are the general objectives 
of Chinese biotechnology programme. 
However there are speific objectives in bio
technology applied to animal production 
and health. The final aim is to resolve the 
problems in agriculture, medicine and in
dustry. Meanwhile, it is hoped that with 
development of biotechnology, the levels of 
science and technology as a whole would be 
promoted. 

In order to fulfill above mentioned objec-



tives, the National Committee of Science 
and Technology has appointed an Expert 
Committee for various biotechnological 
areas and Expert Groups for each subject, 
which are responsible for putting the pro
gramme into effect. The Expert Committee 
is responsible for development of strategy 
and overall arrangement. The Expert Groups 
are responsible for resolution of subjects 
into projects and topics and recommenda
tion of personnel to be in-charge of the proj
ects and topics. Under National committee 
of Science and Technology the National 
Bioengineering Development Centre, 
agency for administrating and coordinating 
work in biotechnology, has been established. 
There are also a Biotechnology Leadership 
Group, an Expert Consultative Group and 
Office in the Ministry of Agriculture. Be
sides National and local institutions tradi
tionally committed to livestock research have 
started specialist departments of biotech
nology.New institutes and laboratories have 
been established, for example Biotechnol
ogy Research and Development Centre, 
CAAS; Biotechnology Research Centre and 
Embryo Engineering DepartmentofJiangsu 
Academy of Agricultural Sciences, etc. 

Present Status or Future Plans 

A. NucleusherdimprovementusingMOET 
inONBS. 

1. Present genetic improvement program
mes in livestock. 
During 1950s and 1960s in order to put an 

end to the backwardness of animal hus
bandry, genetic improvement in cattle, 
sheep, horses and pigs was carried on as 
before in USSR. For selection of breeding 
stock the comprehensive test including 
pedigree test, individual selection accord
ing to its constitution, judging, growth and 
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development and performance, and prog
eny test, was used. 

The selected breeding stock then mated 
like to like to produce better offsprings. 
Within a breed several lines were devel
oped. In new breed development crossbreed
ing for formation of a new breed was mainly 
used. As a result, several new breeds have 
been developed in cattle, sheep, horses and 
pigs. Since 1970s, some principles of popu
lation and quantitative genetics have been 
applied to livestock genetic improvement. 
For example, systematic breeding method is 
being used to develop specialized pig lines 
of lean meat type. BLUP method is being 
used for evaluation of breeding bulls and 
rams. 

In poultry, the situation is different. Be
cause poultry industry in China has been 
developed quite later, at the beginning, 
modern breeding methods were practised. 
Family selection, family selection combined 
with individual selection and reciprocal 
recurrent selection (RRS) are used in egg 
chicken, meat duck and Shaoxin Duck breed
ing respectively. The Shaoxin Ducks are 
noted for their high egg production. 

To increase effects of animal breeding 
and hybrid vigor in a whole region, the 
breeding and multiplication systems are 
being established for each class of livestock. 
For example, in Heilongjiang Province1

, it is 
planned that at provincial level there will be 
3 breeding farms for Harbin White Pigs, 1 
farm for Sanjiang White Pigs and 1 farm for 
Min Pigs (these breeds are used as female 
lines), and 2 breeding farms for Landrace, 
Duroc and Large White as male lines. In 
these farms, pure breeding is carried out to 
provide breeding stocks of high quality for 
pig multiplication farms, which are built at 
city and country level. In commercial farms 



130 

hybrids of 2 or 3 breed crossing are pro
duced for commercial use. 

2. Embryo transfer technology for genetic 
improvement 
Research and development of embryo 

transfer in China have been started since 
1975. After nonsurgical collection and trans
fer of cattle embryos were successful in 1978, 
the first successful deep-frozen sheep em
bryo transfer was made in 1980. Pregnant 
rate was 17.3% (4/23) and 6 lambs were 
born. Afterwards, the first and the second 
calves from frozen embryo transfer were 
born in 1982and1983respectively. Transfer 
of fresh and frozen embryos imported from 
West Germany was also successful. The 
pregnancy rate of frozen Holstein-Friesian 
embryos imported from West Germany was 
40% (4/10). During 1983-1984, in 11 institu
tions and organizations of embryo transfer, 
a total of 329 donor cows were superovu
lated. 

The number of collected, transferable and 

transferred embryos per donor were 952, 
484, and 1.5 respectively. Successful rate of 
fresh and frozen embryo transfer in average 
was23.8% (38/160)and20% (5/25), the best 
result of a small experiment was 46.6% (7 I 
17) and 33.3% (2/6) for fresh and frozen 
embryos respectively2

• The level of su
perovulation and transfer was quite low at 
the beginning, but with improved tech
niques, results were getting better since 1985. 

a) Donor selection 
Donor cows should be selected from 

nucleus herd, should be in good health and 
good body condition with normal oestrus 
cycles and normal uteri, their ovaries are 
well developed, without any diseases af
fecting the sexual organs. It is desirable to 
select donor cows from 1st to 5th parity, at 
90-150 days postpartum; 14-16 month old 
heifers from genetically superior cows and 
sires also can be used as donors. Effects of 
different parity and days after partum on 
results of superovulation were shown in 
Table 1 and 2. 

Table 1. Effect of parity on superovulation. 

Parity 

Heifer 
1 
2 
3 
4 
5 
6&more 

No. 
donors 

21 
15 
14 
6 

12 
4 

10 

(Luo Rong, 1989). 

No. 
collect. 

17 
13 
11 
5 

11 
3 
9 

No. 
collect. 

16 
13 
10 
5 

11 
3 
9 

Embr. collected 
T X 

144 8.47 
133 8.69 
138 12.50 
64 12.80 
95 8.64 
39 13.00 
47 5.22 

Usable embryos 
T X 

75 4.40 
70 5.38 
84 7.63 
33 6.60 
57 5.18 
17 5.66 
36 4.00 
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Table 2. Effect of days postpartum when superovulation was carried out on result of 
superovulation. 

Days No. No. No. sue. Embr. collected Usable embryos 
postp. donors coll. 

within 90 days 8 8 
90-150 9 8 
151-300 17 15 
Over 300 days 4 4 

(Luo Rong, 1989). 

b) Superovulation 
Before 1983, hormones used for superovu

lation were mainly FSH and PMSG bought 
from overseas. Since 1984, hormones for 
superovulation were mainly made in China. 
FSH is made inNingpuo Hormone Factory, 
Jiangsu Province. PMSG is produced in 
Changchun Bioproduct Factory, Jiling Prov
ince. 15-methyl-PGF is produced in Shang
hai Wuzhou Pharmaceutical factory. LH is 
made in Wuhang Biochemistry Pharmaceu
tical Factory. Some time FSH with higher 
potency prepared in the Institute of Zool
ogy, Chinese Academy of Science, is used 
for superovulation. 

Several superovulation methods exist in 
China. 

Cattle: 

Superovulation treatment is carried out 
at day 9-12 of oestrus cycle with FSH. 
FSH is injected for 4 days in decreasing 
doses, twice a day. Total dose of FSH is 
440IU. At the lastday3 of superovulation 
treatment 4mg of 15-methyl-PGF is in
jected. (All these hormones used aremade 
in China). 

coll. x T x T 

8 
8 

15 
4 

77 9.62 46 5.73 
85 10.63 52 6.63 

133 8.87 65 4.33 
45 11.25 18 4.50 

A total of 98 donor cows were superovu
lated with this method. 82 (83.7%) of them 
were successful. Total of 710 embryos were 
collected from 78 donor cows. The number 
of·embryos collected per donor and usable 
embryos/ donor was 9 .1and5.4 respectively. 
Superovulation treatment with FSH inejcted 
in decreasing doses was compared with that 
ofincreasingorder. Usable embryos/ donor 
was 5.3 for decreasing doses and 1.0 for 
increasing doses. The cost of superovula
tion treatment with hormones in China was 
RMB 30-40/ donor, only 1/10th the cost of 
imported hormones. 

- At 9-12 days of oestrus cycle (0 day is the 
1st day of standard oestrous) FSH plus 
LH (4:1) is injected for 4 days in decreas
ing doses at the ratio: 8, 6, 6 and 5 or 5, 4, 
3and2. ThetotaldoseofFSHir 500RU.At 
the 3rd day of treatment 4-6mg of 15-
methyl-PGF is given into uteri of donor. 

During 1986-1988, a total of 21 donor cow 
were superovulated and 169 embryos were 
collected from them (8.1 embryos/ donor). 
Usable embryos per donor was 6.7. In 1987, 
from 2 donors, 21 and 53 were colelcted 
resp. and all of them were usable. 
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- 12 and 6 donor cows from Black & White 
dairy cattle were superovulated with 
PMSG + PGF + HCG and FSH + GHF + 
LH respectively. Results obtained were 
compared. Th~re were 106 matured fol
licles (8.8/ donor),85 (7.1/ donor) corpora 
lutiin lstgroupand 107maturedfollicles 
and 103 (17.2/ donor) in 2nd group5• 

- In 1985 and 1987, 13 donor cows were 
superovulated with PMSG and FSH. 
Twelve of them were successful (92.3%) 
and 23 (3.3/donor) embryos were col
lected. 2.8 usable embryos per donor was 
obtained6

• 

- 49, 44 and 6 Japanese Brown Cattle were 
superovulated with FSH in decreasing 

doses, FSH + LH and PMSG respectively. 
The number of embryos/donor and us
able embryos/ donor in these 3 groups 
were 11.58 and 7.73, 11.79 and 7.24 and 
6.6 and 2.8 respectiv~ly. 

The results showed that treatment with 
FSH was better than that with FSH + LH and 
the later was better than treatment with 
PMSG. During superovulation 3 injections 
was better than 1 injection of PGF. The us
able embryos could be increased by 3.8%.7 

In sheep and goats: 

6 goats and 8 sheep were superovulated 
with FSH as shown in Table 3. 8 

Table 3. Hormone treatment. 

Day Time Hormones 300U 340U 

1 am FSH 50 60 70 70 
pm FSH 50 60 70 70 

2 am FSH 50 50 50 60 
PGF 0.9mg 

pm ffiH 50 50 50 60 
PGF 0.9mg 0.9mg 0.6mg 0.6mg 

3 am FSH 50 40 30 40 
PGF 0.6mg 0.6mg 0.6mg 

pm FSH 50 40 30 40 



At the same time of insemination 120-
lSOD of LH was injected. The results of 
treatment are given in Tables 4 and S. 

Better results were obtained in Group 2 
and 4, but the factors affecting the results 
could not be defined. 

Atday12or13donorewesaresuperovu
lated with FSH for 3 days, lOOD per day. At 
the same day when ewes come to oestrus 
lSOD of FSH in one dose is injected intrave
nously .9 

From 44 superovulated donor ewes a total 
of 230 (S.2/ donor) were collected. 129 of 
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them were fertilized embryos. The fertility 
rate of ova was S6.1 %. 

- Donor gilts 8-9 month old, body weight 
80-lOS kg are superovulated with 1) PMSG 
2000D, 2) PMSG 400D - HCG 200D, 6) 
PMSG 300D - HCG 160D. At the time of 
lstinseminationHCG SOOD is injected, in 
groups 4 and S HCG SOOD, in group 6 
300D is additionally injected after 1st HCG 
injection S7h later. 

The results of superovl!lation revealed 
that percentage of gilts not reacted to su
perovulation treatment in groups 1-6 was 0. 
14.3, 60.0, 33.3, 22.2 and 0. Over 1/2 of gilts 

Table 4. Results of superovulation. 

Groups No.donor No.in Time of LH No. corp 
oestrus oestrus (days) luti 

1 2 2 2.7S 120 6.0 
2 7 7 3.07 120 10.1 
3 1 1 3.00 120 12.0 
4 4 4 3.2S lSO 13.5 

Total 14 14 3.02 10.6 

Table 5. Results of superovulation (continued). 

Groups Eggs Eggs oll. Normal embryos 
shed T % T % 

1 12 8 66.7 7 87.S 
2 S2 39 7S.O 36 '92.3 
3 12 s 41.7 1 20.0 
4 S4 47 87.0 24 Sl.l 

Total 130 99 76.1 68 68.7 
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in group 3 only shed 5 eggs. The average 
number of eggs shed and collected were 36.0 
and27.3ingroup 1,27.5and 15.7ingroup2, 
16.0 and 12.0 in group 3, 25.2 and 13.0 in 
group 4, 25.0 and 14.4 in group 5, and 29.0 
and 23.0 in group 6. Fertility rate of eggs 
shed was 27.4%, 56.4%, 100%, 78.2%, 4.7.4% 
and 41.3% in groups 1-6 respectively. With 
PMSG doses decreased, the fertility rate was 
increased (P<0.01).10 

- Superovulationinrabbitsisinduced with 
FSH and HCG (made in China). FSH is 
injected subcutaneously twice a day for 3 
days. To induce ovulation lOOU of HCG 
is injected intravenously at the 4th day of 
treatment. The optimum dose of FSH if 
30-60U. Rabbits are inseminated with 0 .8-
1. 0ml of semen containing 1.0-2.5 x 108 
sperms. 

Results showed that more than 60 em
bryos could be collected from one donor. 1, 
2 and 4 cell embryos were collected from 
oviducts 24-30h after insemination, 8-16 cell 
embryos - from oviducts and uteri 48-54h 
after insemination and morula and early 
blastocysts - from uteri 68-80h insemian
tion.11 

- Superovulationinrabbitsisinduced with 
PMSGindifferentdoses:50, 100, 150,200 
and 250U. lOOU of HCG is injected when 
rabbits come to oestrus. Donros treated 
with 100 and 150U gave better results. 
78% and 88% of superovulated donors 
came to oestrus, 24.4 and 28.1 eggs in 
average were shed and 17.0 and 17.3 
embryos were collected. 

- Donor rabbits are treated with FSH and 
HCG to induce superovulation. Rabbits 
are injected 5-6, 7-8 and 9-lOU of FSH re
spectively. At the time as oestrus occurred 
lOOU of HCG is injected. 

Better results were obtained from donor 
rabbits treted with 5-6 and 7-8U of FSH. 
Number of eggs shed in average was 20.0 
and 22.5; embryos collected was 16.2 and 
16.0 respectively.12 

Effect of repeated superovulation on 
oestrous cycle was studied in Shanghai No. 
7 Farm using Black & White dairy cows as 
donors. Donor cows were 3-14 year old, 
2nd-10th parity, more than 50 days post
partum, 1-2 normal oestrous cycles was 
observed. Superovulation was induced 
mainly with FSH (mad(( in Wuhan Biochem
istry Pharmaceutical Factory). 

For some of donors (in 1st superovula
tion there were 2 and in the second ovula
tion, 4 cows) PMSG (produced in Inner 
Mongolia Biochemical Pharmaceutical Fac
tory) was used. Atday12-16of cycle LH was 
injected twice a day for 3-4 days. Total dose 
was 300-400U. PMSG 2240-3360 was injected 
at day 16 of cycle. After 48h of hormonal 
treatment 2-4mg of 15-methyl-PGF or 250-
500U of ICI 80996 was injected intramuscu
larly. At the time when oestrus occurred LH 
or LHR was given. 22 donor cows of 65 
superovulated cows were repeatedly su
perovulated 126.9 days (62-289) after 1st 
treatment, 5 cows were treated 3rd time 
155.4 (110-221) days after 2nd superovula
tion. The results revealed that percentage of 
successful superovulation and usable em
bryos per donor of these 3 treaments re
peated were89.28%,81.80% and 100.0% and 
3.5, 3.6 and 4.8 embryos respectively. Dura
tion of oestrous cycle after each repeated 
su perovula ti on was 28 .5 (14-48), 29 .2 (21-38) 
and 27.2 (20-41) days respectively. The nor
mal oestrous cycle in this farm was 21 days. 
It was concluded that repeated superovula
tion at interval of 4-5 months did not effect 
reproductive performance.13 



In sheep study repeated superovulation 
was carried out in 1979. 14 donor ewes from 
23 superovula ted were repeatedly treated, 6 
and 1 of them were superovulated 3 and 4 
times respectively. Ovulation and fertility 
rate in 1st and 2nd to 4th repeated su perovu
lation were 11.8 and 40.3%, 8.8 and 87.3%, 
7.0 and 79.2%, and 4.0 and 100.0%. No sig
nificant difference was observed between 
treatments. The oestrous cycle after su
perovulation was prolonged, averaging 19 .6 
days.9 

c) Mating 
12, 24 and 36h after stable standing oe

strus donor cows were inseminated with 2X 
dose of semen with motility more than 30%.3 

48-56h after oestrus occured donor cows 
were inseminated 3 times with interval of 
12h.4 Zhong et. al. (1987)14 reported that 
with increased dose (20-30 millions of 
sperms), times of insemination (2-3 times) 
and shortened interval between insemina
tion (10-12h), fertility rate of eggs could be 
91.4 % (32/35) and normal embryos could be 
75% (24/32). In case of pigs, sheep and rab
bits both natural mating and artificial mat
ing are used. 

d) Collection of ova: procedures and com
parative efficiency 
In cattle, embryos are recovered at 7.5 

days after oestrus (lstdayis day 0) or at6.5-
7 days after insemination nonsurgically. 
Donor is deprived of water and feed for 24h. 
The donoris led into stock, tail head clipped, 
washed with disinfectant solution and a 
epidural injection of 4ml 2% procaine is 
given. The vulva area is washed and disin
fected, and the technician inserts one arm 
into rectum to estimate number of corpora 
lutea and follicles and zie of ovaries. 

The vulva lips are parted and cerival 
expander is introduced in to vagina and then 
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placed in lumen of the cervix, which facili
tates passage of the catheter. A sterile two 
way catheter with a stiffening stainless steel 
rod is inserted gently into the vagina on the 
expanded cervix lumen. The catheter then is 
manipulated into the selected horn so that 
the inflatable ballon is situated at the pal
pable bifurcation of the two horns. The 
balloon is inflated with 10-15ml of air, de
pending on the type of catheter, additional 
2-6ml of air is added as required. The horns 
are flushed with approximately 450-500ml 
of medium (a modified Dulbecco' s PBS 
containing 1-2% calf serum) warmed to 37"C. 
The medium with ova is flowed out through 
drainage tube and embryo filter appratus. 
After the donor has been flushed, antiseptic 
solution containing 2-3 million U of penicil
lin and streptomycin is given into uterine 
horns. 

During 1979-1981 in Beijing Western 
Suburb Farm 60 donor cows were superovu
la ted. Ovulationrateinaveragewas 12.5,5.4 
ova Id on or was collected. The recovery rate 
was 43.2%. In Shanghai No. 7 Dairy Farm, 
the recovery rate of ova shed from 65 donor 
cows was 62.2%. In Shanghai Institute of 
Dairy Cattle, the recovery rate was 59.7% 
(884/1481). The better recovery rate from 5 
superovulated cows was 83.3% (75/90).13 

In the sheep 230 ova were collected from 
440 ova shed, the recovery rate was 52.3% 
(1979, Institute of Animal Science, CAAS).9 

e) Examination and evaluation of ova and 
embryos 
Isolated embryos are kept viable in 

modified Dulbecco's PBS, PH 7.2-7.6, com
plemented with 20% calf serum in covered 
petri dish at room temperature 15-25°C. As 
soon as possible the embryos are located 
under a dissecting microscope, embryos are 
washed 3 times or more with sterile buffer 
and then evaluated. Embryos are evaluated 



136 

mainly morphologically according to: 
- comapctness of the cells in embryo 

regularity of the shape of embryos 
variation in cell size 
colour and texture of the cytoplasm 
presence of large vesicles 
presence of extruded cells 
diameter 
regularity of the zona pellucida 
presence of cellular debris 

Embryos are classified into A, B and C 
classes. Ideal embryos are compact and 
spherical. The blastomeres are of similar 
size with even colour and texture, neither 
very light nor very dark. The cytoplasm is 
not granular or unevenly distributed and 
contains some moderate-sized vesicles. The 
perivitellien space is empty and of regular 
diameter, and the zona pellucida is even 
and neither wrinkled nor collapsed. No 
cellular debris should exist. 

f) Transfer and/ or freezing of embryos 
- In 1980(Yaoetal.)156-7 day old embryos 

were frozen according to method of Wil
ladson (1978). DMSO was used as cry
oprotectant. Before freezing, embryos 
were passed through 0.25M, O.SM, 0.75M, 
l.OM, l.25M and l.5M DMSO-PBS con
taining0.4% BSAatroom temperature, in 
each solution for 5 min. In 1.SM D AMSO
PBS embryos were equilibrated for 10-20 
min. Embryos were sealed in ampules 
with buffer, 1 embryo in 1 ampule. In a 
freezing device ampules were cooled from 
room temperature to -7°C at rate of lC/ 
min. ampules were seeded at-7°C. ampu
les were cooled to -6D°C at 0.3 C/min. 
When ampules reached -60°C, they were 
plunged into liquid nitrogen. 

For thawing, ampules were transferred 
to a -50°C alcohol bath, they were warmed to 
-l0°C at 4 C/min, then transferred to 20°C 

water bath. 

There were 40 embryos frozen with this 
method. After 2-375 days storage in liquid 
nitrogen, they were thawed. 17 of them was 
normal. 20 embryos were transferred to 13 
recipients, 2 of them became pregnant. 3 
calves were born. 

- Rapidfreezing-thawingmethod (Bilton, 
1980; Lehn - Jenson, 1980). At room tem
perature embryos were transferred 
through 0.17M, 0.33M, O.SOM, 0.67M, 
0.83M and l .OOM glycerol - PBS contain
ing 0.4% calf serum albumin, in each so
lution for 5 min. 

Embryo was sealed in ampule with 0.25M 
buffer. Ampules were cooled to -7C from 
temperature at a rate 1 C/min, seeded and 
then they were cooled to-36Cat0.3°C/min. 
Embryos were plunged into liquid nitrogen. 
To thaw ampules, they were transferred to a 
35°C water bath for 1-2 min. Cryoprotectant 
was removed by passing embryos through 
glycerol - PBS in contrary order of concen
tration, in each solution for 10 min. 

63 embryos were frozen and stored in 
liquid nitrogen for 1-297 days. 30 (52.6%) 
were found to be normal in 57 recovered 
embryos. 29 embryos were transferred to 22 
recipients, but none of them was pregnant. 

- Recently, in Institute of Animal Science, 
CAAS, cattle, sheep and mouse embryos 
were deep-frozen (Luo et al, 1989). Freez
ing buffer was PBS + 20% calf serum + 
1.4M glycerol. Glycerol frozen was added 
in 3 steps, each step for 7-10 min. Em
bryos were frozen in straws. Straws were 
cooled to-7C at a rate of 1°C/min, equili
brated for 5 min, seeded, cooled to-8kC at 
0.1, deep into liquid nitrogen. To thaw 
straws, transfer them to a 30°C water 



bath. Glycerol was removed in 3 steps, 
each step for 5-7 min. Place embryos into 
1.4M glycerol+ 1.0M saccharose in ratio 
of 2:1 (first step), then place them into 
1.4M glycerol + 1.0M saccharose + PBS 
with 20% CS (1:1:1), finally into 1.0M 
saccharose + PBS with 20% CS (1:2). 
Embryos were washed 2-3 times with 
'PBS containing 20% CS. 

A total of 899 mouse embryos were fro
zen-thawed and cultured in co2 incubator 
at 37C for 72h. 81.9% (736/899) of them 
developed further. In sheep, there were 103 
embryos of Hu sheep and 40 embryos of 
Han sheep frozen and thawed. According to 
morphological evaluation, 62.2% (90/143) 
of them were of A and B classes and 11.8 % 
(19 /143) in C class. In 1988, 40 recipient 
ewes were transferred and 20 became preg
nant. 27 lambs were born. In cattle 108 
embryos frozen using simple freezing de
vise devloped in Institute of Animal Sci
ence. 62 embryos were thawed, 43 of them 
were usable. Success rate of frozen embryos 
was 24.2% (8/33).16 

In the rabbits, 84 embryos were frozen 
using rapid freezing and thawing method. 
35 of them were morphologically normal 
(41.7%).112embryos were frozen using slow 
freezing and thawing method. After thaw
ing 72 were normal (64.3%). 84 (not all nor
mal) frozen-thawed embryos were trans
ferred to 15 recipients and 2 became preg
nant. 5 baby rabbits were born in 1982.Chen 
Xiu (1987) reported that survival rate of 
frozen-thawed rabbit morula was higher 
than that of 8-16 cell emrbyos. They were 
66.2% and 58.2% respecitvely. Pregnancy 
rate of transfer was 66.7%.12 

Embryo Transfer: 

The recipients should be large, healthy, 
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mature heifers or young cows. At least one 
normal estrous cycle should be established 
before use, whether recipients are going to 
be syncrhonized or are selected because they 
were in estrus on the same day as the donor. 
Transferring embryos in cattle is mainly 
nonsurgical. 

Stimulating results have been achieved 
in MOET of dairy cattle during last 5 years. 
In 1984-1986 a total of 97 donor cows were 
superovulated in Chengdu Fenghuangshan 
Dairy Farm.18 470 (5.7 I donor) embryos were 
collected from 82 cows. 278 (3.4/ donor) were 
usable. 159 embryos were transferred to 109 
recipients and 44 of them became pregnant. 
Pregnancy rate was 40.4%. 44 calves were 
born (4 cows gave twin). Number of em
bryos collected per donor cows increased 
from 2.9 in 1983 to 8.9 in 1986, usable em
bryos/ donor - from 0.8 to 5.1 and the preg
nancy rate-from 17.7% (3/17) to55.1 % (27 I 
49) in Hebei Provincial Centre for Embryo 
Transfer.19 in the last 5 years 65 calves were 
born. 

In Jilin Provincial Academy of Agricul
tural Science 485 embryos were recovered 
from 70 superovulated cows in 1986. Usable 
embryos/ donor was 3.8. 197 recipients of 
yellow cattle were transferred. Success rate 
was 50.3%, 93 calves were born. As Jin 
(1989)20 reported that from 12 superovu
lated cows 137embryoswerecollected, 11.4 
embryos per donor and 118 (9.8/ donor) of 
them were usable. 16 calves were born from 
32 recipients transferred using frozen em
bryos in the Institute of Animal Science, 
CAAS in 1986 (Zhu et al, 1986). 

In Institute of Animal Science, JAAS 352 
embryos were collected from 50 donor cows, 
5 usable embryos/ donor and 200 embryos 
were transferred to recipients (one embryos 
toeach),and pregnancyratewas40% (1987). 
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In the pigs, in the Institute of Animal Sci
ence, CAAS, 5 recipient sows were trans
ferred surgically (10615 embryos to each), 2 
of them were pregnant and 16 piglets were 
born in 1988. In lutai Farm, Hebei Province, 
35 donor gilts and sows were superovulated 
with PMSG _HCG. 30 (85.7%) of them were 
successfullysuperovulated.212(63.9%,212/ 
332) embryos were collected surgically from 
14 donors, 15.1/ donor. 201 of them were 
usable(14.4/ donor). lOrecipientswereused. 

In the sheep, Australian Merino ewes 
were used as donors, 49 recipient ewes of 
Kazakh Sheep were transferred in Xinjang 
Tacheng Farm. 83 lambs were born and 46 of 
them survived (Farm Daily, 11th July, 1988). 

g) In-vitro capacitation and in-vitro fertili
zation 
In-vitro fertilization system for the mice 

was established and 11 test tube mice were 
obtained.21 

In the rabbits, 72 oocytes were recovered 
from oviducts of superovulated rabbits. 
Matured oocytes were inseminated in-vitro 
with sperm capacitated in rabbit genital 
tracts. After incubation, 56 eggs developed 
into 2-8 cell stage. Fertilityrate was 77.8%.22 

In 1986, the first in China, 5 test tube rabbits 
were born from 2 fost mother rabbits. This 
work has been done by Embryo Engineer
ing Lab, Jiangsu Pronvincial Academy of 
Agricultural Science, cooperating with Sci
entists from overseas. Oocytes collected from 
rabbit oviducts were in-vitro fertilizated with 
sperm capacitated in-vivo. 

The culture development rate of eggs 
fertilized in-vitro and in-vivo was 76.8 (43 I 
56%) and 82.3 (14/17%) respectively. 5 (5/ 
27) and 2 (2/14) baby rabbits were obtained 
from in-vitro and in-vivo fertilization re
spectively in 1987.23 

In pigs, preliminary experiment indicated 
that oocytes collected from follicles and 
matured in-vitro were insemianted with 
spermcapacitated in-vitro. Fertility rate was 
20% (3/15).FengZiyun(1989)reported that 
the extension rate of the cumulus of oocytes 
collected from porcine ovaries in slaughter 
house and cultured in-vitro for 18 h was 
95.6% (216/226). After 44h culture the first 
polar body appeared in 46.5% (105 I 226) of 
oocytes. Fertility rate ofoocytes inseminated 
with sperm capacitated in-vitro was 41.7% 
(5/12).24 

The first Chinese test tube lamb was born 
in Inner Mongolian University on 10th 
March, 1989 and there are still 9 pregnant 
ewes with in-vitro fertilized embryos. Dr. 
Xu Rigan is in charge of this research project. 
The first World test tube goat born on 9th 
March, 1984 in Japan was obtained by Japa
nese scientists in cooperation with Dr. Xu. 
(People's Daily, 3 November, 1989).25 

In cattle, Lu Kehuan (1988) reported that 
oocytes collected from cattle ovaries in 
slaughter house were matured and insemi
nated in-vitro and transferred into sheep 
oviducts for 6 days. Embryos were recov
ered from oviducts. 17 recipient cows were 
transferred with 2 embryos to each and 2 
cows - 1 embryo/recipeint. 13/19 (68.4%) 
became pregnant (7 of them with twin). 
From 13 pregnant cows (1-for autopsy, 1-
aborted) 16 calves were born (10 of them 
were twins). In 1987, 2 oocytes, were ma
tured and inseminated in-vitro and then 
were transferred to red pient cow nonsurgi
cally. Twin calves were born. In 1988,81.7% 
of 536 oocytes cultured in-vitro were ma
tured. The matured oocytes were insemi
nated with sperm capacitated in-vitro. 270 
fertilized ova were transferred into sheep 
oviducts for future development. After six 
days, 116 embryos were collected and 2 of 



them being in late morula stage could be 
used for transfer (Zhu et al., 1989) .26 Experi
mental Animal Research Centre (Inner 
Mongolia) reported that in-vitro fertiliza
tion of ovarian oocytescollected from sla ugh
tered cows was successful. 70-80%. 30-40% 
of fertilized eggs were able to develop fur
ther (Science & Technology Daily, 1st July, 
1988). 

Recently, Laboratory of Animal Repro
duction, Nanjing Agricultural University in 
cooperation with Experimental Farm 
achieved considerable progres in in-vitro 
fertilization. Oocytes collected from ovaries 
of Holstein-Friesian cows in slaughter house 
were cultured in culture medium in co2 
incubator for maturation. The mature 
oocytes were inseminated with sperm ca
pacitated in-vitro, then they were devel
oped in-vitro. The well developed embryos 
were transferred to synchronized cows.27 

55.5% of oocytes collected from cattle ova
ries in slaughter house, matured and in
seminated in-vitro were able to cleavage. 
64 % of them developed to morula and blas
tocyte stage and they (fresh or frozen
thawed) were transferred to recipient cows.28 

Fan Biqin (1985)29 reported that cattle ovar
ian oocytes could be stored frozen for long 
time. 1407 oocytes collected from ovaries of 
slaughtered cattle were frozen in 4 different 
freezing buffers and stored. After thawing 
morphologically normal rate of thawed 
oocytes was 88.1%and86.5%. 

The survival rate of oocytes thawed slowly 
was insignificantly higher than that of rap
idly thawed oocytes. In-vitro cultured 
oocytes, in which the first polar body was 
appeared, were 15.1 %. 

h) Embryo bisecting/ cloning 
Studies on production of monozygotic 
twins, triplets and multiplets in China 
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started only a couple of years ago. 

In the cattle, 8 late morula and blastocytes 
previously softened in PBS + 0.5% pronase 
were bisected with micrograss needles with 
the aid of micromanipulator under stere
omicroscope. 14 (6 monozygotic pairs) demi
embryos without zona pellucida were trans
ferred to 7 dairy heifers (one pair into each 
recipient), 2 transferred to 7 dairy heifers 
(one pair into each recipient), 2 of them 
became pregnant. Male monozygotic twins 
were born at full term; another female twins 
aborted at 5 months of pregnancy.30 39 
embryos of dairy cattle were bisected under 
stereomicroscope with microglass needles 
by hand. 74 demi-embryos were obtained 
(successful rate was 94.9%, 74/78). After 2h 
culture in PBS complemented with 20% CS 
at 37c (Table 6) they were transferred to 
recipients of Yellow Cattle. Pregnancy rate 
was 17.1 % (6/35).31 

Simpleandrapidmethodofembryosplit
tingwas developed in the Instiute of Animal 
Science, CAAS. Using this method in 1988, 
201 fresh cattle embryos were bisected and 
402 demi-embryos were obtained. 206 re
cipients were transferred. 38 frozen-thawed 
embryos were bisected and transferred to 38 
cows. Each of 15 embryos was splitted into 
4 parts and 25 recipients were transferred 
(Zhu et al., 1988). 

In sheep and goats, 17 previously sof
tened embryos were bisected with micro
glass needles under stereomicroscope by 
hand. 10 pairs of demi-embryos without 
zona pellucid a were transferred to 10 recipi
ent ewes, 4 of them became pregnant and 5 
lambs were born, including 1 pair of female 
monozygotic twins (Jiang et al, 1987). 19 
goat embryos were biseced in Northestern 
Agricultural University. 19 pairs of demi
embryos were transferred to 18 recipients. 
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Table 6. Results of bisecting cattle embryos. 

Stage No. Demi-
embryos embryos 

Morula 10 20 
Blastocyte 21 40 
Late blastocyte 8 14 
Total 39 74 

(Jia Fude et al., 1989). 

12 became pregnant and 9 of them went to 
term producing 11 half embryo kdis (Zhang 
et al., 1988). 

The first two pairs of monozygotic kids in 
China were obtained using simple method 
of embryo bisection. 6-8 days old embryos 
were recovered from donor does. The inner
cell mass, trophoblast and zona pellucida of 
embryos werecutinto two equal parts under 
stereomicroscope with a piece of razor blade 
by hand. 11.5 pairs of good demi-embryos 
were obtained from blastocytes and they 
were transferred to 5 recipient does.32 

i) Chimera production 
Up to now there was only one case of 
chimera production in China. The first 
chimera rabbits were produced in the 
Institute of Developemnt Biology, Chi
nese Academy of Science in 1988. Gray 
rabbit embryos were splitted into single 
cells, which were injected into embryos 
of New Zealand White Rabbits. These 
combined embryos were transferred into 
uteri of gray rabbits. 9 baby rabbits were 
born. 3 of them have gray and white hair 
(Jiangsu Agriculture Daily, 29 March, 
1988). 

Success 
rate% 

100 
95.2 
87.5 
94.8 

Survival 
after 
cul. 

12/16 
21/30 
7/12 

40/58 

Success 
rate% 

75.0 
70.0 
58.3 
68.9 

j) Sexing garnets-monoclonal or polyclonal 
H-Yantigen 
The mammalian Y chromosome codes 

for at least one gene product not encoded by 
other chromosomes. The first such product 
discovered was H-Y natigen. Male mam
malian embryos express a cell surface mo
elcule not found in female embryos from 8-
cell through blastocyst stages. 

This malspecific factor has become the 
basis for sexing embryos by immunological 
approaches. Study on male-specific antigen 
has been carried out since 1986 in the In
stiute of Animal Science, CAAS. H-Y antise
rum was developed and tested. Appropri
ate antiserum was applied to sexing mouse 
embryos by immunofluoresence test. The 
ratio of H-Y positive and negative mouse 
embryos was 13:14. Preimplantation em
bryos were also sexed. 

Study on sexing mammalian embryos 
before transfer using male-specific DNA 
probes was carried out in Beijing Agricul
tural College. Human Y-specific DNA probe 
and Expert 87-15 probe were used in screen
ing male-specific fragments in the horses, 
cattle, sheep, pigs, rabbits, monkey, ducks 



artd chicken as in human Y chromosomes. 

B.Application of r-DNA technol
ogy for genetic improvement and 
genetic resistance to diseases in 
livestock/poultry. 

1. Gene mapping/DNA polymorphisms: 
a) Restriction fragment length polymor

phism 

RFLP are used in recharacterization of 
some indigenous animal breeds and in clas
sification of some wild animals. 
b) Hyperbolic region probes: No work done 

yet. 
c) Oligonucleotide probes: No work done 

yet. 
d) Gene mapping. 

Gene mapping method is used to identify 
resistant genes in MHC B-L subregion of 0 
type chicken, and to identify other related 
genes in the vicinity of GH gene in pig. 

e) DNA sequencing. 

DNA sequencing techniques are widely 
used to characterise cloned genes, to search 
for control (regulation) sequences and to 
identify new open reading frame DNA 
sequences. 

2. Gene cloning (Progress in the following 
areas has been made) 

a) Vector used 
Plasmids: p8R322, pucl8/19 
Lambda vector: Charon 28, 1059, EMBL 
3/4, gtl0/11 
Cosmids: p 81110, pLAB-i 
Others: Vaccinia, SV40, adenovirus and 
pliovirus derived vectors. 
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b) Gene constructs made: 
Bovine genomic growth hormone gene 
Procine genomic growth hormone gene 
Sheep genomic grwoth hormone gene 
Porcine growth hormone releasing factor 
gene 

c) Genes for production related hormone 
Bovine growth hormone cDNA gene 
Porcine growth hormone cDNA gene 
Sheep growth hormone cDNA gene. 

d) Genes for production related enzymes 
Calf rennin gene 
Bovine pepsin geRe 
Buffalo rennin gene 

e) Genes for immune response 
E.coli antigenic factor K88 and K99 
Chicken MD virus coating protein gene 
Swine cholera virus antigen factor gene 

f) Genes for resistance to diseases 
0-type chcken MHC B21 gene. 

3. DNA hybridization techniques 

a) Southern blotting/ western blotting/Dot 
blotting etc. 
DNA hybrid techniques are used in many 
institutes and laboratories for detecting 
gene integration and exprssion. 

b) Radio active probes 
Radio-active probes can be synthesised 
and labelled locally. 

c) Non isotopic DNA detection. 
Biotin labelled probes are used for DNA 
detection. 

4. Gene transfer 

a) Methods used 
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Microinjections are used to transfer genes 
into mice, rabbits and pigs. CaP04 medi
ated transfer and Electroporation are used 
to transfer genes into cultured cells. 

b) Efficacy of the methods used: 
Gene integration and expression have 
been detected, indicating that the meth
ods used for gene transfer are effective. 
Effect of genes used on production/health 
traits has not been observed. 

C.IMMUNODIAGNOSTICS AND 
VACCINES 

1. ELISA tests for diagnostic purpose 
A monoclonal ELISA reagent was devel

oped. Mcab released by ovine brucella resis
tant M

28
• 1°

2
• c-1 hybridoma and purified 

with Sephadex G-200, DEAE-DE52cellulose 
and Protein A - Sepharose CL-4B was la
belled with horseradish peroxidase. A total 
of 603 cattle serum samples were tested for 
brucellosis by dot blot (DB) and compared 
with agglutination test (AT) and comple
ment fixation test ( CFT). The results revealed 
that DB was more sensitive and specific than 
ATandCFT. 

Recently, a monoclonal antibody specific 
to equine infectious anemia (EIA) was de
veloped in Harbin Institute of Veterinary 
Medicine, CAAS. This Mcab was labelled 
with HRP and was used in DB test. Vacci
nated horses appeared positive in DB test, 
while EIA horses were positive in ID test 
and healthy ones without vaccination were 
negative in both DB and ID test. Total of 
33,900 horses in 5 provinces were tested 
(Zhou, 1989).33 

Diagnostic kits for rapid diagnosis of 
newcastle disease were developed in Fujian 
Agricultural College (Cheng, 1988). Subse-

quently, specific Mcab against newcastle 
disease was obtained. Two highly sensitive 
and specific diagnostic reagents: fluores
cent and eymze conjugated antibodies were 
also developed. 

2. Monoclonal antibody production 
Since the end of 1983, the cell fusion tech

nique has been mastered in succession in 
National Supervisory Institute of Veterinary 
medicaments, Harbin Instiute of Vet. Medi
cine, Lanchou Instiute of Vet. Medicine, 
Central China Agricultural College, Xinji
ang Institute of Vet. Medicine and other 
institutes. Monoclonal antibodies against 
hog cholera virus, equine infectous anemia 
weak cytotoxin, ovine brucella, 0-type foot 
and mouth disease, new castle disease virus, 
pgi E. Coli K88 antigen and pig treponema 
~3 were developed. Monoclonal antibodies 
lA, 4D

4
, 2A

5
, 2D

4
, 1A

9
, 2A

2 
and lD

16
against 

anthrax, and Mcab AG24-1, AG90-5, BGl-8, 
BG17-12, BG66-10, BG78-15 and EG19-11 
were developed. BG78-15 was specific to 0

12 

factor and other 6 were specific 0 4 factor. 
These monoclonal antibodies could be used 
for diagnostic purpose and vaccine produ
tion. 

3. Genetically engineered vaccines 
Specific antigen gene of equine infectous 

anemia was successfully cloned. Extracted 
from infected cells, DNA was cleaved and 
isolated with BamHI then combined with 
gtDNA using T4-DNA polymerase. The li
gated DNA were transferred into E. Coli 
Yl 090. Five significantposi tive cloned strians 
were selected (Xu, 1989). 

D. Biotechnology for enhancing 
animal feed production 

1. Genetically enginered froage crops pro
duction. 



2. Bioconversi9n of idnustrial, agricultural 
and animal wastes as animal feed. 

a) Microbial treatment of ligno-cellulosic 
low quality roughages, crop residues, in
dustrial wastes (oil mill effluents, rubber 
factory wastes, brewery wastes etc.) 

In 1970s, research on resolution of agro
cellulose by microorganisms was carried 
out in some of the Provinces and Autono
mous Regions. Because of many difficulties, 
it has not resulted in any break-through yet. 

b) Development of single cell protein. 
Single cell protein being dry cells of yeast, 

algae, mould and bacteria contains 40-85% 
protein. To develop SCP resources is one of 
the importanttasks of agrobiotechnology. It 
is considered that development of SCP is a 
important way for resolving protein defi
ciency. Development of SCP in Chianmainly 
focusses on yeast production. There are 32 
yeast factories located in Shanghai, Jilin and 
Guang dun etc. Yield is about 10000 m.t. a 
year. In Jilin Province paper pulp wastes 
were used to produce candida tropicalis 
berkhout Ck 4. In Nanjing Fermentation 
Factory waste water of bean products is 
used to produce geotrichus Candid um Link. 
Yield is more than 240 t a year. In Shunde 
Suger Factory, Guangdu Province, brewery 
waste is used for producing forage yeast 
and yield 100 ta year. 

In the Institute of Environment Chemis
try, CAAS paper pulp is used to culture 
Actinomyces. Recovery rate of products is 
43-63%. Protein content is 42-55%. 

In the end ofl 950s, production ofchlorella 
and geotrichus candidum link was very 
popular, because chlorella was difficult to 
harvest and due to high cost, its production 
has been stopped. Now only Yanzhou Mill 
and Nanjing Fermentation Factory etc con-
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.tinue to produce Geotrichus Candid um Link. 
Maximum yield per year is 700t. 

Later many institutions have been en
gaged in research on developemnt of SCP 
usingpetroleumhydrocarbon, natural gases 
and methanol. Production tehcnology with 
conversion rate 90% and 2.5gyeast/litter /h 
was established usingparaffin wax as a raw 
material in Shanghai Organic Institute. In 
Sichuan Institute of Biology pseudomono
spore bacteria were cultured in natural gas. 
Production rate was lg/L/h. Saccharomy
cete and bacteria with high assimilation 
ability of methanol have been selected in 
Institute of Microbiology, CAAS and Bei
jing Forage Institute. 

Pig blood was treated with enzyme to 
convert difficult digested red blood cell 
protein into small soluble protein. Its di
gestibility was greatly increased (China Food 
Daily, 19 May, 1989). 

e) Enzyme and protein engineering to en
hance feed and dairy products quality. 

Enzyme engineeringin biotechnology has 
an important place. Now here are about 20 
enzyme preparations commercially avail
able. 

Enzyme engineering in China has been 
developed quite later. There are only a few 
enzyme product factories in Wuxi and 
'Fianjing. Furthermore, the enzyme prod
ucts do not meet the need of industry and 
people. Some enzymes for genetic engineer
ing work have been produced in Shanghai 
Biochemistry Ins ti tu te and Beijing Institute. 

f) Fermentation technology 
After glutamic acid fermentation went 

into production, lysine and aspartic acid 
were put into production one after another. 
Among 18 amino acids produced the tech-
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nology of production of 8-9 amino acids 
(lysine, glycine, glutamic acid, isolecucine, 
cystine, arginine, aspartic acid, alanine and 
cysteine) have been well developed. Pro
duction of phenylalanine, .threonine, histid
ine, tryptophan, methionine, tyrosine is still 
in small scale. Production technique ofleuc
ine, proline, valine and serine is needed to 
develop. 

In amino acid production by enzymatic 
method, it is important to improve the cul
ture condition of bacteria. Recently, in Xinji
ang Fancaohu Pharmaceutical Factory the 
1-glutamic acid production rate and conver
sion rate have been incrased to 7.65% and 
63.4% respectively by changing additive 
qu_sintity of biotic. 
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APPENDIX A 

HUMAN RESOURCES 

National Laboratory of Agro-Biotechnology 
Dr. Chen Yong Fu 
Beijing Agricultural University, Beijing 

Research Title 
1. Production of transgenic pigs for high performance and for 

disease resistance; 
2. Cloning & expression of calf rennin gene in E. Coli & in B. 

subtilis; 
3. Developemnt of quicker methods for construction of gene 

library for conservation of animal genetic resources. 

Cloning and expression of porcine GH cDNA gene 

Cloning and characterisation fo pig genes expressed 
In-vivo in pituitary 

Cloning and characterization of cattle genes expressed 
In-vivo in pituitary 

Molecular Biology of swine cholera virus 

Sex Control "in Farm Animals 

Institute of Animal Science, CAAS 
Prof. Chen Youchun 
Malianwa,Haidian, Beijing 100094 

Research Title 
1. Embryo transfer and manipulation in the pigs 
2. In-vitro fertilization in the pigs 

Embryo transfer in cattle and sheep and embryo 
cryopreserva ti on 

Embryo transfer and in-vitro fertilization in the pigs 



Zhu Yuding 
Prof. 

Zhou Dingnian 
Prof. Assoc. 

Chen Yuanmin 
Prof. Assoc. 

JiangShie 
Prof. Assoc. 

Institution: 
Head of Institution: 
Address of Institution: 

Researcher. 
ZhengYihui 
Prof. Assoc. 

Niu Shuli 
Lecturer 

Du Chengping 
Prof. Assoc. 

ChenFuyian 
Prof. Assoc. 

DuNianxing 
Prof. Assoc. 

Zheng Yixiang 

Han Zhengkang 
Prof. 

Embryo transfer and embryo bisection/ cloning in cattle 

Sexing embryos using H-Y antigen 

Sexing sperm using Percoll gradient centrifugation 

In-vitro fertilization in cattle 

Nanjing Agricultural University 

Weigang, Nanjing 

Research Title 
Embryo bisecting 

Embryo transfer and in-vitro fertilization in the pigs 

Monoclonal antibodies production and application 

The same_as_above 

Genetically engineered hormone vaccine production 
applied to improving animal performance 

The same as above 

The same as above 
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Head of Institute: 
Address of Institute: 

Researcher 
Lu Jingliang 
Prof. 

NingXide 
Lecturer 

LiuXinghan 
Lecturer 

Institution: 
Head of Institution: 
Address of Institution: 

Researcher 
GuoZhiqin 
Prof. 

Institution: 
Head of Institution: 
Address of Institution: 

Researcher 
Fan Biqin 

Institution: 
Head of Institution: 
Address of Institution: 

Researcher 
Wang Jianchen 
Prof. 

Dou Zhongying 
Prof. Assoc. 

Harbin Institute of Veterinary Medicine, CAAS 

Harbin 

Research Title 
Monoclonal antibody for diagnosis of equine infectious 
anemia 

The same as above 

Polyvalent vaccine for piglet E. Coli diarrheal disease 

Xinjiang Academy of Animal Science 
Prof. Guo Zhiqin 
Wulumuqi, Xinjiang autonomous Region 

Research Title 
Embryo transfer and bisecting 

Embryo Engineering Laboratory, J AAS 
Prof. Fan Biqin 
Jiangsu Academy of Agricultural Science, Nanjing. 

Research Title 
Embryo transfer and in-vitro fertilization in rabbits 

North-west Agricultural University 

Yanglin Zhen, Shanxi Province 

Research Title 
Embryo transfer and bisecting in sheep and goats 

In-vitro fertilization and embryo bisecting in cattle 
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Head of Institution: 
Address of Institution: North-east Agricultural college, Harbin, Heilongjiang Province 

Researcher ·Research Title 
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Prof. 

Institution: Heilongjiang Institute of Animal Science 
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Zhong Shifan 
Prof. Assoc. 

Research Title 
Embryo transfer in cattle 
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Introduction 

1. India is the seventh largest country in the 
world with an area of 32,87,263 sq km. The 
mainlandlyingentirelyinthenorthernhemi
sphere extends, between latitude 8° 4' and 
37°6' north and longitude 68° 7' east, and has 
been categorised into four well defined 
regions as, the great mountain zone, plains 
of the Ganges and the Indus, the desert 
region and the southern Peninsula. The cli
mate is broadly tropical monsoon type. The 
rainfall is ill-distributed and varies from 
place to place and year to year. The total 
cropped area is 175 million hectares out of 
which only 38 million hectares is under irri
gation. Around 70% oflndian population is 
dependent on income from agriculture. 
Thirty percent of total land holdings are 
held by 70% of small and marginal farmers 
who hold 80% of the total livestock in the 
country. Most of the land is used for cereal 
production and a small part is under perma
nent pastures and grazing land. Crop agri
culture in India depends on bullocks and 
male buffalo to meet its requirement of 
motive power. Bullocks supply motive 
power for ploughing, water lifting, trans
port and other agriculture operations and 
contribute approximately 40,000 MgW. of 
power to agriculture operations. 

2. There are 182 million cattle, 64.5 million 
buffalo,81.5 million goat,41.3 million sheep, 
8.8 million chicken in India (PAO, 1985). 

These produce a total of 41 million tonnes of 
milk, 1.04 million tones of meat, 40,000 
megawatts of power, 38.0 and 25.4 million 
tonnes of greasy and scoured wool and 812 
million metric tonnes of eggs to meet the 
requirement of human population of 759 
million. Per capita availability of milk (148g), 
meat (3.7g) and eggs is far below the recom
mended levels. 

3. The reasons for low productivity in our 
Livestock are: 

1) Large losses from diseases and para-
sites 

2) Heat stress 
3) Shortage of feeds and fodders 
4) Poor management 
5) Lower reproduction 
6) Lower genetic potential for rapid 

growth and large milk yield 

4. India would need around 125 million 
bullocks to provide animal power to obtain 
a food production target of 250 MMT at the 
turn of century. The available feed and fod
der situation, however, demands that we 
reduce the numbers. This paradox needs to 
be resolved. With the diminishing land re
sources for agriculture due to urbanisation 
and fast increasing human population, the 
total cropped area is likely to be further 
reduced. The National objectives for live
stock production, therefore, are (1) to im
prove prod ucti vi typer animal, (ii) to reduce 
livestock numbers to match the existing feed 



resources, (iii) to increase animal power to 
support higher food production, (iv) to 
provide sufficient and cheaper nutrients and 
(v) to provide cheap health care to sustain 
higher levels of productivity. 

5. Health care is vital for the success of any 
animal improvement programme. Making 
available suitable vaccines and drugs at 
economical prices within the reach of the 
small and marginal farmer is one of the 
biggest challenges to veterinary scientists. 

Three major problems, as far as animal 
production is concerned are: 

(a) Howtomakehealthprotectioncheap, 
efficient and long lasting. 

(b) Augumentation of fertility of farm 
livestock so as to improve produc
tion of meat, milk, wool and pelt. 

(c) Augumentation of feed resources by 
converting available straws to pro
tein and energy rich feeds. 

All these problems can be solved only 
through use of biotechnological tools now 
becoming available. 

6. Biotechnology has emerged as a frontier 
area of science as it has opened up possibili
ties of development of a variety of useful 
products to combat the above mentioned 
problems. The current developments in 
biotechnology, particularly in genetic engi
neering, are being directed towards produc
ing safe and cheap health products for 
humans and animals. 

7. TheGovernmentoflndiaiscommitted to 
the development of better livestock wealth 
to provide high quality animal products for 
human consumption. This involves the 
production of livestock with better produc
tivity and their maintenance through effec
tive disease control. 
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8. Programmes in biotechnology applica
tions in agriculture and allied sciences are 
funded by Department of Biotechnology 
(DBT) and Indian Council of Agricultural 
Research (ICAR) within its own Institute 
and agricultural universities. 

Present Status and Further Plans 

Present Genetic Improvement 
Programmes: 

Cattle & Buffaloes: The current breeding 
plan for cattle involves cross breeding of 
non-descript indigenous Zebu cows with 
Holstein and Jersey breeds of cattle or their 
frozen semen to produce cross-breds. The 
programme is spread over all the districts of 
the country. Currently 8 milion cross-bred 
breedable females are available and another 
8 million are in the pipe line. It is proposed 
to raise this number to about 25 million 
breedable cows, which will produce 70 
million tonnes of milk annually. In the breed
ing tracts of well-defined breeds, breeding 
is restricted to recognised native draft and 
milk breeds in order to produce animal 
power which supports agriculture. With the 
growth of mechanised agriculture it is 
planned to reduce the numbe of animals 
contributing to power progressively. At the 
present rate of reductionitwill take about 50 
years. In the case of buffaloes improvemen 
is being accelerated through use of progeny 
tested bull semen for milk, meat and draft 
power. The buffalo cows are likely to add 30 
million tonnes to the total milk production 
of the country a year, raising the total pro
duction of milk to 100 million tonnes a year. 

Sheep & Goats: There is progressive em
phasis on introduction of better quality rams 
for cross-breeding in major breeds of sheep 
for improvement of carpet wool and meat. 
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Similarly, in goats, cross-breeding for milk 
and meat is the major emphasis. There, 
however, is a feeling that the number of 
goats should progressively be reduced, since 
they cause ecological imbalance. The breed
ing of native breeds of sheep and goats is, 
however, to continue. 

Poul try: The present emphasis in poultry 
is to develop superior genotypes of broiler 
and layers as an industrial proposition with 
eventual aim of totally replacing the present 
indigenous stock by beter developed breeds. 
This has been obtained to a large extent. 
Some well adopted local breeds and new 
syntheses are however, being encouraged 
as an interim measure. 

Embryo Transfer Technology for 
Genetic Improvement 

Cattle Herd Improvement for Increased 
Productivity Using Embryo Transfer Tech
nology-Mission Mode. 

The conventional methods of cattle and 
buffalo herd improvement through corss 
breeding and artificial insemination are slow 
in yielding desired results because of low 
female reproductive rates and the conse
quent low seleetion intensities. This prob
lem can be obviated by the use of Multiple 
Ovulation and Embryo Transfer (MOET). 
By the judicious application fo this tech
nique, it is possible to enhance cattle and 
buffalo producti vitywithoutund ulyincreas
ing the existing population. With this in 
view the S&T project on Embryo Transfer 
has been launched in 1986-87. 

Project Structure: The project has focussed 
on establishing a multi-agency mission with 
clear targets, time frame and specifically 
indentified and measurable roles for each 
agency coordinated by the Department of 
Biotechnology with the National Dairy 

Development Board as the lead implement
ing agency. The collaborating agencies are 
the Indian Veterinary Research Institute, 
the National Dairy Development Institute, 
the National Institute of Immunology and 
the Central Frozen Semen Production and 
Training Institute closely linked with the 
existing animal breeding infrastructure of 
the Ministry of Agriculture and NDDB. 

Project Objects: The major objectives of 
the project are to create (i) a skilled pool of 
scientists, technicians and practitioners in 
embryo transfer (ii) institutional infrastruc
ture for research, development and practice 
of embryo transfer and (iii) a 'nucleus' herd 
of superior bulls and bull mothers for pro
ducing elite stock. 

Role of different agencies: The lead im
plementing agency aims to produce a seed 
stock of 2500 bulls and bull mothers and an 
embryo bank of 10 ,000 embryos by 1992 
through a network of one main laboratory, 
four Regional Centres and twenty five State 
Centres. 

The collaborating agencies support the 
lead implementing agency through R&D in 
the areas of su perovula ti on, oocyte 
maturation, in vitro fertilization, embryo 
splitting, cloning and sexing of embryos 
and related areas. They also marginally assist 
in adding to the embryo bank and the seed 
stock. 

Project Progress 

Lead Implementing Agency 
The project has so far achieved establish

ment of the main laboratory at Bidaj and 
three Regional Centres located at Nasik in 
Maharashtra, Rae Bareli in Uttar Pradesh 
and Nekarikallu in Andhra Pradesh. The 



Centre at Nasik is fully operational with 
nearly 100 donors and 300 recipients. 

Twelve of the proposed 25 State Centres 
to be located all over the country have been 
identified and training of scientists for six of 
them has been completed. The first centre at 
Erode has already become operational and 
six more centres will become operational by 
March, 1989. 

The major accomplishments of the proj
ect include successful birth of 10 superior 
buffalo calves using both surgical and non
surgical embryo transfer techniques.Nearly 
6000 buffaloes with yield above 3000 kg/ 
lactation have been identified for selection 
of donor animals. Out of 783 embryos of 
cows and buffaloes harvested, 354 embryos 
have been transferred and 78 pregnancies 
established. 

Indo-US Project: The Indo-US Project No. 
386-0470, entitled "Studies on Embryo Trans
fer Technology and Bioengineering in Live
stock Species and their Patho-biological 
Implications" focuses on the development 
of technology of embryo transfer as a mecha
nism for enhancing the genetic manipula
tion of specific animal production traits. It 
involves studies on embryo transfer tech
nology, genetic engineering and and trans
mission of infectious diseases with particu
lar reference to the buffaloes and cattle, 
however, small ruminants and possibly 
laboratory animals can be used for either 
their practical application or their useful
ness in elucidating basic mechanisms asso
ciated with reproductive function. Empha
sis is given on mutual collaborative research 
between Indian and United States (US) sci
entists and, where applicable, Indian scien
tists are receiving short-term trainingin iden
tified US institutions. 
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Six Indian institutions, are responsible 
for specific research areas within the project. 
The Indian Council of Agricultural Research 
(ICAR) is responsible for the coordination 
and management of the project. USAID I 
New Delhi upon ICAR request is sreving as 
agent to arrange training of Indian scien
tists, acquisition of US consultants and 
purchase of specified scientific equipment. 
All are concentrating on the following main 
objectives: 

a) Superovulationandsynchronization 
of donor and recipient animals for 
ova/ embryos transfer. 

b) Collection of ova (surgical and non
surgical) for in vitro fertilization, 
embryo culture, cryopreservation, 
sexing, cloning, engineering, embryo 
environmental interactions and 
embryo uterine secretory proteinin
teractions. 

c) Field application of embryo transfer 
technology. 

Research achievements in India and else
where have been described in the paper 
presented at the Beijing Workshop but due 
to space shortage, the detaildescriptions are 
omitted here. 

Application of r-DNA Technology 
for genetic improvement 

One major focus is the study ofresistance 
to diseases in livestock and poultry. The 
approach taken up by the Indian Veterinary 
Research Institute is primarily to follow 
restriction fragment length polymorphism 
for gene mapping and DNA polymorphism. 
So far in the livestock sector this work has 
been initiated only at the Indian Veterinary 
Research Instiutte and concentration is pri
marily on the native breeds, their crossbreds 
and buffaloes to begin with. The techniques 
of extraction of genomic and mitochondrial 
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DNA from lymphocytes have been standar
dised, in respect to cattle and buffaloes. A 
large number of probes primarily related to 
histocompatibility locus have been procured 
from abroad. The present work is analysing 
polymorphism both in mitochondrial DNA 
as well as in genomic DNA and will be 
progressing in the direction of identifying 
genes for disease resistance and to map them 
if possible. 

The work in respect to gene cloning util
izing some of the constructs already devel
oped is also being planned at a number of 
centers. Presently the work is being taken 
up on cloning of FSH and the LH genes in 
the case of cattle and buffaloes at National 
Institute of Immunology. The FSH gene has 
been cloned and alpha & beta sub-units of 
ovine leutinizing hormones and folicle 
stimulating hormone have been cloned. 
Restriction analysis of ovine FSH and ovin 
LH, c-DNAs clones has also been done. 

A male specific probe has also been de
veloped by NII. Most of the radio active 
probes are now locally prepared. India has 
the capability to produce most of the radio 
chemicals. 

Immuno diagnostics 

ELISA tests for diagnostics pur
poses 

Research work carried at central foot and 
mouth typing laboratory at Mukteswar and 
foot and mouth laboratory at Bangalore 
campus of IVRI has successfully launched a 
new sand witch Elisa for sub-typing of FMD 
virus. They are in a process of launching a 
strain comparison test within the sub-types 
based one-DNA fingerprinting and sequenc
ing techniques. 

Monoclonal antibody production 
A number of laboratories are concentrat

ing their efforts on monoclonal antibody 
production. These are primarily used for 
diagnostic purposes. So far monoclonal 
antibodies are locally produced against 
Rinderpest, Foot and Mouth Disease, Bru
cellosis and Tuberclosis. A battery of four 
monoconals for Rinderpest and eight for 
Foot and Mouth Disease have been devel
oped. 

Vaccines 

A genetically engineered vaccines 
So far one genetically engineered vaccine 

for rabies engineered into vaccinia virus has 
been prepared by National Instiutte of 
Immunology. It has proved to be very effec
tive on mice tests. Attempts are under way 
at IVRI for developing an engineered vac
cine for sheep pox and Rinderpest. 

Biotechnology for enhancing ani
mal feed production 

So far not much work hs been done in 
India. IVRI is launching a project on bicon
version of Agricultural Wastes primarily 
straws using genetic engineered bacteria or 
fungus. The microbial treatment of lignin in 
low quality roughages has been going on for 
several years with very indifferent results. 
Work on manipulation of rumen environ
ment has yielded exciting results. 

Resources Available 

Institutions involved 
1. IVRI - National Biotechnology Centre 

(NBC) (IVRI) 
2. National Dairy Research Instiutte 



(NDRI) 
3. National Institute of Immunology (NII) 
4. Tamil Nadu Agricultural University -

Madras Veterinary College (TNA U) 
5. Haryana Agricultural University- Col

lege of Vety. Medicine (HAU) 
6. Central Institute for Research On Buf

falo(eIRB) 
7. Central Institute for Research on Goats 

(CIRG) 
8. GB Pant University of Agriculture & 

Technology (GBPUAT) 
9. Punjab Agricultural University (PAU) 

10. National Dairy Development Board 
(NDDB) 

11. Andhra Pradesh Agricultural Univer
sity (APAU) 

Research Areas 

National Biotechnology Centre 
(IVRI) 
1. Recombinant DNA Unit (Genetic Engi

neering of Bacteria, Viruses, Eukaryo
tes and parasites). 

2. Hybridoma technology and immuno-
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diagnostics. 
3. Embryo Transfer Technology and Engi-

neering. 
4. Immunobiology of reproduction. 
5. Oncology of Birds and animals. 
6. Post-graduate programme leading to 

Masters and Doctorate Degree in Bio
technology. 

National Dairy Research Institute 
(NDRI) 
1. RecombinantDNAworkleadingtofer

mentation systems and biodegradation 
of feeds. 

2. Embryo transfer and associated tech
nologies. 

3. Reproductive biology. 

These topics are also covered by other Uni
versities and Institutions. 

Budget- 5 Years (1985-1990) 
IVRI US$ 11 Million 
NDRI US$ 8 Million 
NDDB US$ 15 Million 
Others US$ 5 Million 

Personnel with numbers of each category of staff and training: 

No. Researchers 
20 
10 
5 

20 
5 
5 

15 
2 
5 
5 
2 
4 
2 

Name of Institution 
IVRI 
NDRI 
NII 
NDDB 
GBP University 
APAU 
IVRI 
NDRI 
NII 
IVRI 
IVRI 
IVRI 
NDRI 

Subject 
ETT and associated technologies 
-do-
-do-
-do-
-do-
-do-

.· Genetic Engineering 
-do-
-do-
Vaccinology 
Cancer Biology 
(Biodegradation of lignin in 
straws). 
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International cooperation 
A number of International agencies are 

helping in development of biotechnology in 
the country. These are UNDP, FAO, Over
seas Agency of Great Britain, Indo-US Sub
commissionon Science, Indo-Soviet Inte
grated long term protocol. These collabora
tions are between Institutions and Govern
ments and expatriate staff through TOKTEN 
Programme of UNDP. 

National Contribution to Network 
-Funds 

All funds available for National Research 
effort will also become available to the Net
work for purposes of continuing coopera
tive programmes of research and training. 
The present staff and equipment can be 
utilized for the Network. The National train
ing courses can be hooked to the Network, 
so that training slots for each training course 
are made available to the Network. The 
senior staff can be drafted as consultants 
and experts within the Network. Equip
ment available within the Institutes will be 
used for cooperative research programmes. 

National Expectations from Net
work 
1. The expectations from the Network is 
primarily in relation to trainings available at 
various institutions within the Network 
which could be availed off by the national 
staff. 

2. It could also take advantage of research 
planning meetings in which scientists from 
developed countries will interact with na
tional research staff and help in developing 
effective programmes of experiments which 
will be required for development of live
stock resources within the country. 

3. Equipment: It is expected that cost of 
specialised equipment and their mainte
nance will be provided by the Network. 
Disposables will be the first charge on the 
contingent grant of the Network for the 
purpose of training and cooperative re
search. It would be of interest to have a Net
work publication system which could be 
taken advantage by the participating Insti
tutes. 

Topics on which cooperative 
research and development 1s 
required: 

1. Genetic engineering of bacteria, vi
ruses, yeasts and parasites of animal 
health importance in order to develop 
vaccines and diagnostic reagents for 
animal diseases. 

2. Immunodiagnostic kits using hybr
idoma technology. 

3. Embryo transfer and associated tech
nologies of in vitro fertilization and 
embryo culture, embryo splitting, 
cloning and sexing. 

4. Multipleovulationandembryotrans
fer for ONBS. 

5. Cancer Research using animal mod
els. 

6. Use of Restriction fragment length 
polymorphism (RFLP) as gene mark
ers to developb effective selection 
scheme for improvement of animals 
for disease resistance and high pro
ductivity. 

7. Biodegradationofindustrial,agricul
tural and other wastes using rDNA 
technology to convert them into high 



value Protein and energy rich feed 
for livestock and poultry. 

Activities in the Private Sector in 
the Country 

The private and public sector organiza
tions are progressively taking interest in 
products developed through Biotechnology. 
Currently a small beginning has been made 
in the production of bio-chemicals anden
zymes. Scale is not of high order. Some 
vaccine production units are interested in 
developing diagnostic kits. At the present 
time, they have not shown much interest in 
contributing or participating in the pro-
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gramme of Network. But they may take up 
this work at a later date. 

Special considerations 
In the general area of Biotechnology, the 

joining of India in the Network is subject to 
consideration ,that all products which are 
developed as a result of national effort will 
remain a property of the Government of 
India/ICAR/DBT the funding agencies. Any 
cooperation within the network will not 
automatically give any right to either the 
cooperating network or to any other agency 
of the United Nations for s:ommercial ex
ploitationoftheproductsdevelopedinindia. 

ANNEXUREl 
TRAINING COURSES BEING OFFERED 

No. Title of the Course Frequency No. of seats 

1. Master Course in Veterinary Annual 15 
Biotechnology 

2. Ph.D. Course in Biotechnology Annual 05 
3. Animal Cell Culture Quarterly 05 
3. Animal Cell Culture Quarterly 10 
4. B-Cell Biology Annual 05 
5. Development & Handling of Molecular Annual 05 

Probes in diagnosis of Animal diseases 
6. Application of Monoclonal antibodies Quarterly 05 

in early diagnosis 
7. Cloning, Sequencing and chromosomal Annual 10 

localization of animal genes 
8. ELISA in Medicines Annual 10 
9. Genome analysis of viruses Annual 10 

10. Genetic Engineering of RP viruses Annual 10 
11. Embryo Transfer technique in Quarterly 05 

Cattle and Buffaloes 
12. Genetic Engineering of bacteria Annual 10 
13. Genetic Engineering of Eucaryotes Annual 05 
14. M 13 cloning and DNA sequencing Annual 05 
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APPENDIX A 
AN UPDATE ON THE CURRENT RE

SEARCH WORK GOING 
ON IN NATIONAL BIOTECHNOLOGY 

CENTRE AT INDIAN VETERINARY 
RESEARCH INSTITUTE, 

IZATNAGAR (UP) 

1. Genetic Engineering of Virus 
1.1 During the period under report capri
poxvirus DNAs from virulent field isolates 
were analysed by restriction enzyme (Hin
dlll, Haelll, EcoRI, BamHI, Pstl, Sall and 
A val). Based on the Hind III profiles all the 
virus isolates could be identified on the basis 
of their HindIII 'C', 'D', 'E' and 'F' pattern 
only. The EcoRI and Sall restriction enzyme 
profiles for Jaipur isolate was diffemt from 
Roumanian and Ranipet. The enzyme pro,. 
file of Jaipur isolate had an additional Eco RI 
site. The estimates of molecular weights (143 
Kbp to 147 Kbp) generated by differnt en
zymes are similar to the other capripoxvirus 
DNA. There is positive homology of Hin
dIII-'S' fragment (across the capripox 
genomes) with KSG, HindIII-'S' fragment. 
Based on the results, one research article has 
been sent for publication. 

1.2 Molecular characterization of 
field isolates of rinderpest viurs 

A highly virulent (field isolate used as 
challenge virus for vaccine testing) rinder
pestvirus strain was attempted to be adapted 
in verocells by following the 3 methodolo
gies i.e. Adsorption, fusion and co-culture. 
The virus was adapted by co-culture method 
only. Following radio-immunopreci pi ta ti on 
assay the virus specific proteins bands were 
precipitated by using hyper immune serum 
as well as monoclonal antibody (N specific 
antibody} against rinderpest virus.No vari
ation in protein profile was observed be
tween RBOK strain and virulen tfield isolate 

at this stage. 

2. Genetic Engineering of Eukaryo-
tes 

2.1 In continuation to our earlier work 
concerning the genes coding for gonadotro
phins; isolation of total RNA and fractiona
tion in to Poly A+ and Poly A-RNA was 
carried out from buffalo pituitary. Total 
cellular RNA was isolated usingguanidium 
thiocyanate procedure under colder condi
tions from freshly collected buffalo ade
nohyprophysis. RN A was precipitated with 
isopropanol left overnight at -20"C and then 
RNA pellet was resuspended in 70% etha
nol, centrifuged, dried· under vaccum and 
dissolved in sterile water for further frac
tionation into m-RNA using oligo-dt cellu
lose column. Fractions of poly A.,. and poly 
A-RNA were precipitated with ethanol and 
stored at-70°C under 70% ethanol. In order 
to confirm the integrity, the RNA was char
acterized by denaturing agarose gel electro
phoresis using formaldehyde formamide fol
lowed by staining with ethidium bromide. 
Visualization of gels under U.V. transillu
minator showed streaks of distinct bands of 
RNA at 289, 185 and 45 regions. Suggesting 
a good yield of RNA fractionation of poly+ 
and poly A- was confirmed by agarose gel 
electrophoresis under denaturing condi
tions. 

3. Studies on molecular cloning in 
Clostridial species 

3.1 Eight different strains (four 
C.perfringens type A and four C.perfringens 
type D) collected were tested for mouse 
pathogenecity test. Two strains were found 
non-pathogenic. 

3.2 Two protocols were attempted to 
screen the eight different strains of 
C.perfringens isolated from animal :sources. 
Different plasmid profiles were observed. 



3.3 Attempts are being mde to cure bacte
rial cells plasmid (s) for tetracyclin resistant 
in one isolate of C.perfringens. 

3.4 To minimize the DNaseactivity, DNase 
inhibitors such as DEP and higher concen
tration of EDTA were used but no signifi
cant improvement was observed. 

3.5 GenomicDNAfromC.perfringenstype 
D was isolated. The size was resolved in gel 
electrophoresis. It was found the most of the 
DNA population was above lambda DNA. 
It was also digested with restriction enzymes 
such as EcoRI, Hind III, Sal I, BamHI, BgI II. 

3.6 The UV Spectra, of the epsilon toxin 
purified to homogenity from Clostridium 
perfringens type D, in near ~ regio~ ~t 
different time intervals of toxm storage 1m
tially showed a garssion shaped band which 
gradually turned to a shoulder as a function 
of time. The maxima initially centered 
around 280nm showed a gradual blue shift 
to270nm. 

3.7 The CNBr treated toxin and pure toxin 
were subjected to high performance gel 
permeation liquid chromat?graphy. The 
pure toxin, was selected as a smgle homoge
nous peak and CNBr treated toxin resulted 
in three fragments of comparatively low 
molecular weight. 

3 .8 The epsilon toxin has been purified by 
HPLC using Semi-preparative gel permea
tion column for raising the antibodies. 

3.9 Isolation of total genomic DNA from 
Clostridium perfringens type D has been at
tempted. 
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4. Molecular Biology of Clostrid-
ium chauvoei 

4.1 For large scale isolation of plasmid 
DNA from Cl.chauvoei, bacterial strain No. 
49, (IVRI, Izatnagar) was cultured in modi
fied anaerobic medium after revival in RCM 
broth. During study, this anaerobe was 
found to be resistant for another aminogly
cosidic antibiotic - Kanamycin also in addi
tion to four antibiotics - gentamycin, neo~ 
mycin, amikacin and streptomycin. , Gen
tamycin (5 ug/ ml)- subinhibitory dose, was 
invariably added to the culture media to 
induce the replication of plasmids so as to 
scale up the final DNA yield. Plasmid DNA 
was isolated by modified procedure of SDS 
lysis and alkaline lysis methods and s~owed 
very little chromosomal DNA smeanng on 
agarose gel under UV-light. Plasmid DNA 
preparations were further purified of RNA 
and proteins contaminations by RNase and 
proteinase K treatments. Purity of plasmid 
DNA preparations was checked by absor
bance at 260 and 280 nanometer. Two plas
mids of ca 5Kb and 7Kb were isolated from 
gentamycin R Cl.chauvoei. 

5. Research on Haemoprotista 
5.1 During the period under review, cell 
lines of macroschizont-infected lymphob
lasts for Theileria annulata were maintained 
by serial passage in cell culture and by.clJ'.'
opreservation. The vaccine doses (Theilena 
vaccine) were prepared and the cattle were 
vaccinated in the Jersey Breeding Farm, 
Bhopal (Pure bred Bos taurus) and Military 
Farm, Agra (Cross-breds).Noadvers~ fe~~
back information was received. The M11I:. 
tary Farm Agra were advised to continue 
vaccination of all new-borns added to the 
herd. This recommendation was accepted 
and we implemented this by supply and 
vaccination of another 100 new-born ~C!l ves. 
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5.2 We made exhaustive studies on the 
protective role of cell-mediated immune 
response (CMIR). The details of this study 
shall form part of a Ph.D. thesis. 

5.3 An SDS-PAGE analysis was made of 
cell surface proteins derived from macro
schizont infected lymphoblasts. Immunisa
tion of calves was attempted with cell 
membrane protein. If such proteins origi
nated from infected cells harbouring an 
isolate (strain) of T. annulata whose viable 
sporozoites were used for determining 
immunogenecity then there was evidence 
of protection. The result indicated parasite
strain specific proteins providing for a prim
ing of protective CMIR. The results were 
very exciting. Further work is needed to 

confirm these studies in in vitro experiments 
and by biochemical and immunochemical 
characterisation. Possibilities exist for de
veloping sub-cellular vaccines with immense 
potential in safety and efficacy. 

6. Peptide Laboratory 

6.1 Preparative Reverse Phase 
HPLC Purification of Peptides 

A number of biopeptides were prepared 
subjected to the purification by reverse phase 
high performance liquid chromatography 
(RP-HPLC) at analytical as well as prepara
tive scales. Different solvent systems with 
different composition were tried using lin
ear as well as step gradients to have true 

S.No. Biopeptide Column Solvent System 

1. Leu-Enkphalin 250/1"20 0-330% of B for 5 min & 
Nucleosil 30-40% of B for 30 min 
7C1s 40-100% of B for 20 min 

2. Met-Enkphalin -do- -do-

3. Tuftsin -do- 0-5% of B for 20 min. 
5-100% of B for 30 min. 

4. TRH -do- 0-5% of B for 20 min. 
5-100% of B for 30 min. 

5. Interleukin I-B 0-5% of B for 20 min. 
Peptide (163-171) -do- 5-30% of B for 30 min. 

30-100% of B for 20 min. 

6. Z-LHRH -do- 0-100% of Bin 40 min. 

B = 0.05% TFA in 80% AcCN in water. 



separation of peptides. For different bio
peptides different solvent gradients of wa
ter, acetonitrile contamining0.05% TFA were 
adopted and the systems which suited best 
for separation are listed in Table (1). 

6.2 In all, the separation at preparative 
scale were carried out at a flow rate of 3 ml/ 
min and detection was performed at 220 
mm using variable wave length UV detec
tor. The peptide containing aromatic amino 
acids were also monitored at wavelength 
280nm. 

6.3 Chemical Characterization 
TheHPLC purified peptide were chekced 

for their amino acids by two methods: 
a) On two dimensional thin layer chro

matography (2D-TLC). 
b) AsPITCAminoacidderivativeanaly

sis using reverse phase HPLC. 
The method (b) was also used to deter

mine the end amino acids of these known 
peptides. Peptide was first derivatized with 
PITC and then hydrolysed. The end amino 
acid PITC derivative was identified from its 
retention time comparison with standard 
PITC derivative. This methodology will be 
extended to unknown protein sample as 
well as sequence determination of small 
peptide fragments. 

SI.No. 
1. 

Test 
L+Mab+AMGC 
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6.4 Biophysical Characterization 
Biophysical characterization of biopep

tides as well as some model peptides were 
performed using circular dichroism (CD) 
spectroscopy. CD spectra were recorded in 
water at different pH and also in 
trifluoroethanaol (TFE). Trifluoroethanol 
concentration was also varied to study the 
effect of polarity on the ordered conforma
tion acquired by these peptides in TFE. 
Further characterization in detail using other 
biophysical methods like IR, NMR, fluores
cence and difference UV will be undertaken 
in the next phase. 

7. Immunology of Avian Tumors 

7.1 Background: 
Marek' s disease, a herpes virus infection 

of chickens is widespread in India. This is 
the only cancer against which a potent vac
cine is available. Inspi te of vaccination, some 
birds develop cancer as a result of emer
gence of virulent MD viruses. In the recent 
years newer approaches on immunization 
against cancer using tu:mor antigen have 
been attempted. Recovery of a tumor anti
gen in pure form and its large scale produc
tion for immunization are difficult. The pos
sibility of using surrogate tumor antigen in 
the form of anti-idiotype antibody to the 

% MATSACell 
17 

2. L + Ab2 (purified) + ARGC 0.0 
3. 
4. 
5. 
6. 
7. 

Note: L 
Mab 

L + Ab2 (Fl) purified + AGGC 
[Mab+ Ab21gG purified]+ L + AMGC 
[Ab

1 
(Fl) + Ab

2 
(1) purified] + L + ARGC 

[Mab+ Ab2 (Fl) purified] + L + AMGC 
[Ab

1 
(Fl) + Ab

2 
purified] + L + ARGC. 

0.0 
1.0 
0.0 
1.0 
13 

= peripheral blood lymphocytes from MDV infected bird. 
= Monoclonal antibody to MA TSA. 
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Ab2 = Anti-idiotype antibody to MATSA raised by injection of Mab to 
MATSA in rabbits. 

Ab2 (Fl) 
AMGC 

= 
= 

Anti-ideiotype antibody to Fl fraction to MATSA. 
Anti-mouse globulin conjugate. 

ARGC = Anti-rabbit globulin conjugate. 
AGGC = Anti-goat globulin conjugate. 
[ ] = Incubated at 37°C for 45 minutes. 

tumor antigen (MATSA) has been explored 
as an alternate to the viral vaccine. 

7.2 During the period under report, em
phasis was given for characterisation of anti
ideiotype antibody to Marek's disease tu
mor associated surface antigen (MATS A) by 
competitive binding assay. The tests carried 
out were as under:-

8. F&M Disease 
8.1 Immunization of the mice is in prog
ress for the production of monoclonals 
against FMD virus. 

8.2 Procurement of consumbales etc., are 
in progress for the monoclonal programme. 

8.3 A course of ELISA co-sponsored by 
the Government of India and APHCA was 
organised from 24th April to 4th May, 1989 
where six participants participated (India-2, 
Nepal-1, Bangladesh-2, Sri Lanka-1). The 
APHCA Secretariat representative Dr. C.H. 
Giam delivered the vale@ictory address. The 
course covered the following areas through 
lab lecture and hands in training. 

a) Processing and purification of FMD 
virus particle. 

b) Preparation of regents for ELISA test. 
c) ELISA test for detection of the antigen 

and typing strain differentiation and 
antibody assay. 

8.4 The evaluation of the course was done 

by the participants and was graded as excel
lent excepting that the duration of the course 
could have been 15 days. 

8.5 Moelcular characterization of Asia-1 
and A-22 was done and a sub-unit vaccine 
for Asia-1 has been prepared which is cur
rently under test in cattle. 

9. Oocyte culture, in vitro fertiliza-
tion and ova culture in livestock 

9.1 During the period under report, pilot 
study was conducted on oocyte maturation 
by bringing the ovaries in cold PBS instead 
of 35oC after the slaughter. Most of the oocyte 
cultured showed abnormal nuclear matura
tion when incubated with ca paci ta ted sper
matozoa some of them fertilized but clear 
cleavage did not occur. Further work will be 
done on this experiment during next winter. 

9.2 Experiment to capacitate ejaculated 
buffalo semen modifying the procedure 
adopted in cattle was repeated. Live sper
matozoa were separated by swim up method 
using seprm TL. They were then centri
fuged at 5000 rpm and resuspended after 
washing in the same media were incubated 
at 37°C in a C02 incubator at 5% C0

2 
level 

after addition of heparin. The morpholocial 
changes observed in cattle spermatozoa 
during capacitation were noted during 3 hr 
of incubation. More trials will be done dur
ing the next few months. 



9.3 Studies were repeated on maturation 
of oocytes in TC-199 media supplemented 
with oestrus buffalo semen. The nuclear 
maturation and release of polar body was 
better than that of FCS. The polar body 
release was found to occur mainly 24-36 hr. 
A group of oocytes matured for 24 hr were 
then taken in a new fertilization media and 
incubated with heparinized epididymal 
spermatozoa. Some oocytes showed release 
of second polar body, showing fertilization 
but no proper cleavage was noted. Studies 
are being conducted to get better fertiliza
tion and cleavage rate in buffalo slaughter 
house ovarian oocytes. 

10. Studies on hormanal profile of 
desi, crossbred cows and buffa: 
loes with special reference to 
ovarian steroids and gonadotro
phins. 

10.1 The blood samples of six buffaloes su
perovulated as per the standard techniques 
of superovulation collected during and fol
lowing the treatment were analyzed for 
oestradiol 17Band progesterone concentra
tion. Progesterone concentration in two 
buffaloes did not rise significantly after 
induced oestrus. On the day of flushing, the 
mean concentration· of progesterone was 
420-440 pg/ml in comparison to 2200-5800 
pg/ml in the remaining four buffaloes. 

10.2 Results indicated thatFSH-P treatment 
had successfully induced formation of func
tional corpus luteum in four out of the six 
treated animals. This was confirmed by the 
progesterone profile and presence of aver
age number of 3 CL. The progesterone pro
file of the rest of the two treated animals, 
however, reflected absence of any functional 
CL. The palpation examination revealed 
further absence of any structural CL in these 
animals. 
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10.3 Oestradiol 17B levels during the treat
ment period in all the buffaloes did not 
reveal any superovulatory response of the 
treatment. 

10.4 Further during this period arrange
ments were made for the procurement of 
chemicals and radio-isotopes. Efforts are 
being made for the standardization of RIA 
of LH assay. 

11. Isolation, purification and evalu
ation of follicle stimulating 
hormone from the pituitaries of 
buffaloes 

11.1 Pituitaries collected from the local 
slaughter house were subjected to process
ing and bu FSH and bu LH from the buffalo 
pituitaries were prepared from the common 
lot of pituitaries. Ten doses of bu FSH were 
actually administered for trial to one group 
of buffaloes. FSH-P was concurrently ad
ministered to yet another group of buffaloes 
for comparison and evaluation of the bio
logical effect of the bu FSH prepared in this 
laboratory. 

Further, procedure for the bioassay of the 
LH was also standardized during the period 
under report, to evaluate the bu LH pre
pared as stated. 

12. Preparation of pregnant mare's 
serum gonadotrophin 

The third batch of serum brought over 
from IVRI, Mukteswar during December 
and the fourth batch of serum brought over 
on 6.1.88 were processed with various 
modifications in the purification protocol. 
Partially purified PMSG was dispensed as 
100 IU I vial. 
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13. Training course on Embryo 
Transfer Technology 

The 6th training course on embryo trans
fer technology was organized at the Insti
tute during 10th May to 29th May, 1989. A 
total of 6 veterinarians/ scientists were 
trained during this course including 2 from 
China and one from France. So far 6 training 
courses have been conducted and a total of 
63 veterinarians/ scientists have been trained 
in the techniques of embryo transfer. 

APPENDIXB 
BIOTECHNOLOGY ACTIVITY 

REPORT OF 
NATIONAL DAIRY RESEARCH INSTI

TUTE, KARN AL, HARYANA 
(Prepared by Dr. C.R. Balakrishnan) 

I. The Institute 

National Dairy Research Institute (NDRI) 
is a premier Centre in Dairying dedicated to 
the cause of dairy development in India 
through research, teaching, training and 
extension. Close interaction between scien
tists, students, farmers and dairy industry 
constitute the basic tenet. The Institute has 
two regional stations one in the South at 
Bangalore and the other in the East at Kaly
ani near Calcutta. Besides B.Tech. (Dairy
ing) (a four year Graduate course) the Insti
tute also offers M.Sc. and Ph.D. program
mes through Disciplines of Dairy Microbi
ology, Dairy Chemistry, Dairy Technology, 
Dairy Engineering, Animal Biochemistry, 
Dairy Cattle Breeding, Dairy Cattle Nutri
tion, Dairy Cattle Physiology, Dairy 
Extension,a nd Dairy Economics, Statistics 
& Management. Thus the Institute has all 
the infrastructure and trained manpower to 
undertake research/ teaching in the unique 
multidisciplinary area such as Biotechnol
ogy. 

IL Centre of Excellence in Animal 
Biotechnology 

Keeping in view the following thee fac
tors viz. (1) the Mandate (to increase milk 
producing capacity of dairy animals and to 
provide innovative dairy products to con
sumers), (2) the Capability (highly trained 
scientists and availability of animals, milk 
and equipments for research and teaching) 
and (3) the Need (to make a quantum leap in 
making available required amount of milk 
and milk products to the leap-frogging 
population), the United Nations Develop
ment Programme in Collaboration with the 
Indian Council of Agricultural Research 
decided to establish a Centre of Excellence 
in Animal Biotechnology at NDRI in 1986. 
The Centre will be provided with most 
modem equipments required for biotech
nology research and training. Selected sci
entists will be trained in specialised areas in 
advanced centres of the world. 

The centre will also have the advantage 
ofreceiving eminent scientists from around 
the world as consultants. In return, the centre 
is to initiate research in adopting biotech
nological tools for improving the quality of 
dairy animals, and to multiply them in large 
numbers in a shorter time; to improve nutri
ent utilisation capacity of ex is ting feeds and 
fodders; to make innovative dairy processes 
and products etc. The centre will also gener
ate a breed of specially trained animal bio
technologists through Post Graduate pro
grammes. 

III. Progress todate in the Establish
ment of the Centre 

The centre initiated its activities in 1986. 
Out of total 99 manmonths provided for 
training Indian scientists in foreign coun-



tries 51.0 manmonths have been utilised. 
Equipments worth $0.4 million have been 
imported and laboratories are being set up. 
A separate Molecular biology laboratory 
complex is being developed for providing 
centralised comprehensive facility for stu
dents and researchers. An M.Sc. in Animal 
Biotechnology programme was started in 
1989with 11 students. Several major areas of 
biotechnological research have been identi
fied and proejcts initiated. Special funds are 
made available to the coordinating unit 
which channelises it for biotechnology ac
tivities in the various Divisions to supple
ment their regular budget provisions. Most 
equipments are installed in functionally 
centralised laboratories and made available 
to any student/researcher in the Institute. 

IV. Highlights of Research Activi
ties 

a) Embryo technology: 
The need to adopt embryo technology 

(ET) in developing countries is still under 
debate.However,IndiaingeneralandNDRI 
in particular have come to the conclusion 
that if adopted and executed scientifically 
and rationally the ET is the only means of 
making available a very large number of 
animals with superior milk producing abil
ity within a short span of time. Traditional 
genetic improvement programmes will take 
too long. Thus NDRI has joined the "Science 
and Technology Project on Cattle Herd Im
provement for increased prod ucti vi ty using 
Embryo Transfer Technology". This is a 
National Technology Mission Project. 

A total of 154 animals have been inducted 
as nucleus stock for this programme. Over 
315 embryos were flushed from 65 donor 
cows, out of which 8 were frozen and 107 
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transferred. This resulte din 34 prgnancies 
leading to 20 calves born. The first buffalo 
calf thorughETwas born on 13th May, 1989. 
Bisection of buffalo embryo was attempted 
and pregnancies resulted from transfer of 
bisected embryos. 

b)Improvement of lactic cultures 
through genetic manipulation 
The quality of fermented milk products 

depend upon the ability of starter cultures 
to produce desirable changes such as acid
ity, flavour, aroma etc. Plasmid DNA plays 
significant role in these, thus making ge
netic manipulation possible. Several strains 
of lactic cultures were isolated and their 
plasmid profile worked out. The number of 
plasmids ranged between 0 and 12. Conju
gation studies were carried out which 
showed that lactase and proteinase activity 
were plasmid mediated. 

Seven wild Lactobacilli isolates, exhibit
ing strong antibacterial activity against 
potential pathogens harboured 1-6 plasmids. 
Lac plasmid was largest and a small plasmid 
encoded Prt+ phenotype. antibacterial activ
ity from L. casei could be co-transferred with 
Lac+ phenotype to S. lactis through conjuga
tion. Some of the transconjugants exhibited 
greater inhibition activity against Salmonella 
typhimurium as compared to the donors. 
Attempts to produce actobacilli protoplasts 
and their regeneration were successful. 

c) Plasmid linked nisin production 
Nisin, an antibiotic, is produced by cer

tain strains of lactic streptococci. Nisin is 
useful in manufacture of milk products such 
as cheese. Eight strains have already been 
isolated which produce large quantities of 
nisin. Further work is in progress. 
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d) Plasmid linked lactose utilisation 
Attempts are being made to determine 

whether lactose utilisation in lactic strepto
cocci in plasmid linked. 
e) Purification of enzymes by using 

monoclonal antibodies 
Monoclonal antibodies are being devel

oped for large scale purification of enzymes 
through affinity chromatography. 

f) Biotechnology of cellulases 
Cellulases are essential for obtaining 

useful biomass from wood and other poor 
quality roughages. Attempts are beingmade 
to isolate, purify and immobilise cellulases. 

g) Inhibition of spermatogenesis 
Attempts are being made to create teaser 

bulls through non-surgical methods. A ste
rility inducing drug prepared by National 
Instituteoflmmunology,New Delhi is under 
trial for this purpose. 

h) Genetic improvement of ligno
cellylolytic organisms 
In a country like India major source of 

feed for majority of dairy animals ar rough
ages like paddy or wheat straw which con
tain large proportion oflignocellulose which 
is not available to the animals. If this can be 
bioconverted to cellulose, the nutrient qual
ity of roughages can be improved tremen
dously. Attempts are being made to create 
fungi which will break down ligno-cellu
lose and utilise lignin for energy, leaving the 
cellulose for the rumen microflora. 

i) Bioconversion of ligno-cel· 
lylolytic waste 
Attempts are being made (through Indo

Du tch Collaboration) for treating poor qual
ity roughages with fungi to increase their 
nutrient availability. 
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Summary 

In Indonesia's 5th five years Develop
ment Plan, the national policy has reached a 
stage where advanced biotechnology is re
quired to support and maintain its national 
grwoth. The Agency for Agricultural Re-. 
search and Development (AARD) in the 
Department of Agriculture will play the 
major role in developing a biotechnological 
competence in Indoensia and in applying 
these new research tools to agricultural sci
ences. The main objectives are to increase 
the food production for the increasing de
mand of the expanding human population 
and to expand exportation of agricultural 
products. To optimise accelerated effective
ness in using biotechnology, it is very im
portant to have the network of biotechnol
ogy, relating various national agencies and 
scientists, nationally as well as internation
ally such as with FAO, CSIRO - Australia, 
ACIAR-Australia, CRSP - USA and others. 
The national contributions to the .network 
could possibly be in terms of offering train
ing, consultants and experts on certain fields 
of biotechnology. On the other hand our 
expectation from the network is to be able to 
send staff for further training in the areas of 
advanced embryo transfer technology, gene 
maping, fingerprint probes, genetic engi..: 

neering etc; to attend research planning 
meetings, to receive publications or certain 
equipment and to be able to discuss topics 
on which cooperative research and devel
opment is required. Some of our current 
research program in agricultural biotech
nology and the experimental results are 
presented in the paper. 

Introduction 

In Indonesia's 5th five years Develop
ment Plan, the national policy has reached a 
stage where advanced technology is required 
to support and maintain its national grwoth. 
Biotechnology as a breakthrough of ad
vanced technology, offers many possibili
ties in speeding up the development in in
dustry, agriculture, animal production and 
human health. Efforts to implement the use 
of the technology is underway. The agency 
for Agricultural Research and Development 
(AARD) in the Department of Agriculture 
will play the major role in developing a 
biotechnological competence in Indoensia 
and in applying these new research tools to 
agricultural science. The main objectives are 
to increase the food production for the in
creasing demand of the expanding human 
population and to expand the exportation of 
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agricultural products. The research objec
tives to increase the production and quality 
of potato, cassava, coconut, rice, beans and 
fish will be carried out by the research insti
tutes for food crop, holticulture, industrial 
crops and fisheries while the objective of the 
Research Institute for Animal Production is 
to increase livestock production through 
the use of biotechnology by using MOET in 
the genetic improvement of livestock and 
the technology of bioconversion of indus-

trial, agricultural and animal wastes for 
enhancing animal feed production (Table 
1). The role of biotechnology applied to 
agriculture in general has been discussed by 
Gunawan (1988) and more specifically its 
appliction to animal production and health 
was reported by Gunawan (1989c). Some of 
the current research program in biotechnol
ogy and the results will be presented in the 
present paper. 

Table 1. Examples of the application of biotechnology in agriculture in Indonesia 
(Chase, 1987). 

Commodity Research Keybiotech Time 
Objective intervention required 

Chickens Control of Newcastle 1) Hybridization mono- 2-3 years 
disease clonal antibody (to produce 

technology effective 
vaccine) 

Cattle Serological tests for 1) Hybridoma-monoclonal 1-2 years 
Brucellosis antibody technology 

Bali cattle Immunization (vaccine) 1) Hybridoma-monoclonal 3-6years 
against J embrana disease technology 

Cattle Genetic improvement of Embryo transfer technology 10years 
native cattle 

Sheep Genetic improvement of Embryo transfer technology 5 years 
native sheep 

Sheep The use of DNA technology 1) Fingerprint probes 5 years 
in native JTT population 2) Diagnostic test for 

linked marker 



Present Status and Future Plans 

A. Nucleus herd improvement 

1. Present genetic improvementprogrames 
in each class of livestock using conven
tional quantitative genetic method. 
In dairy cattle and buffalo, efforts have 

been stressed mainly to improve reproduc
tive efficiency. The results indicate that in 
buffaloes the precentage of heat has been 
increased from 50% to about 70% with the 
treatment of hormone PG2a 2 cc. However 
the percentage of pregnancy using the AI 
technique is still very low, less than 30%. 
Further research efforts are being pursued 
to overcome the problem of low fertility in 
buffaloes. The technique of frozen semen 
for cattle and buffaloes has been developed 
at RIAP and has been used by Artificial 
Insemination Centers and farmers. A cross
breeding program between Swamp and 
Murrah buffaloes has been carried out since 
the last three years to improve growth rate 
and reproductive traits. The crossbred buf
faloes have about 30% higher body weight 
at 2 years of age over the purebreeds. The 
data on the reproduction traits are being 
collected. 

A long term sheep breeding program 
was started in 1980 in collaboration with 
"Small Ruminant Research Support Program 
(SR-CRSP)" from the USA. The breeding 
objective is to increase the reproductive 
performance(littersize)oftheJavaneseThin 
Tail sheep (JTT). Ovulation rate has been 
used as the selection criteria by countirg the 
"Corpora Lutea" in the ovary of the female 
sheep by using "laporoscopy". The experi
ment was outlined by Gunawan (1988a). Re
search is still in progress and the current 
results show that the multiple births is sus
pected to be controlled by a few genes of 
large effect ("major genes"). The segrega-
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tion of the litter size from dams of high and 
low litter size is presented in Table 2. Re
search is still in progress to progeny testing 
of the carrier rams. 

A long term breeding program to pro
duce a new breed of Indonesian egg laying 
ducks is also investigated at the Research 
Institute for Animal Production. The experi
ment was outlined by Gunawan (1988b). 

2. The use of embryo transfer technology 
for genetic improvement. 
In Indonesia, the use of embryo transfer 

(ET) technique to increase livestock prod uc
tion has just reached the embryonic stage. 
The technique just introduced in 1984 when 
a governmental company imported both 
frozen embryos and expertise from the USA. 
Some of the results of the use of embryo 
transfer technique carried out at various 
research Institutes are presented in Table 3. 
We have not yet started to use ET technol
ogy in the genetic improvementoflocal live
stock, but a research proposal and the budget 
plan has been submitted to the USDA and 
government of Indoneisa to get approval to 
apply the technique in the genetic improve
ment of local sheep and cattle. Meanwhile, 
our current activities at RIAP is trying to 
improve the egg recovery rate and success 
rate of embryo transfer in cattle, to use the 
technique in buff aloes and to study the tech
nique of in vitro maturation and fertilizc.
tion. 

B. Application of r-DNA technology for 
genetic improvement and genetic resis
tance to diseases in livestock/poultry 

We are now in the stage of preparation 
to use the DNA technology in the improve
ment of livestock production. The project 
will be carried out in collaboration with the 
Australian Centre for International Agricul-
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Table 2. Segregation of litter size in Javanese sheep. 

High dams Low dams 
(1 or more records ~ 3) (all records= 1 or 2) 

No. No. ofrecords X No. No. of records x 

Dams 23 74 2.74 37 103 1.48 
All daughters 39 95 1.85 42 86 1.38 
High daughters 18 48 2.31 2 6 2.83 
Low daughters 21 47 1.38 40 60 1.28 

Source: Bradford et al. (1986). 

Table 3. Some results of the use of Embryo Transfer Technology in livestock at various 
institutes 

Institute/ 
industry 

P.T. Ber-
dikari 

Com
modity 

Cattle 

Donors Embryo No. of 
reci
pients 
& breed 

234 168FH 
imported and 54 
FH Ongole 
embryos cows 

243 im- 146 
ported Ongole 
Brahman cows 

Method Hormone 
used used 

FSHfor 
super 
ovulation 

Sur- andPG2 
gical a for syn-

chronisa-
ti on 

Sur- FSHfor 
gical super 

ovulation 

Rejec- Preg-
tion nancy 
after rate 
thawing (%) 
(%) 

10% 35% 

24% 12% 
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embryos andPG2 
afor 
synchroni-
sation 

P.T. Ber- Bali 24 average 216 Bali Non- FSHfor 62.5% 
dikari Cattle embryo cattle sur- super ovu-

recovery: gical lationand 
12 average PG2 a for 
number of synchroni-
transfer- sation 
able per 
donor: 8.9 

RIAP Java- 4 20 6ewes Sur- PMSGfor 83% 
nese em- gical super ovu-
Thin bryos lation and 
Tail intra vaginal 
sheep sponges (re-

promap-Up 
John) for 
synchroni-
sation 

RIAP Ongole 3 7 5 Non- FSH& 25% 
cattle em- Ongole Sur- PG2afor 

bryos cattle gical superovu-
lation and 
PG2 afor 
synchroni-
sation 

IPB sheep 3 average 5 Non- PMSG& 50% 
embryo Sur- HCGfor 
recovery: gical super ovula-
6 tionand PG2 

a for synchro-
nisation 

dairy 1 8 5 Non- FSH& 40% 
cows/ embryos Sur- HCGfor 
PH gical super ovu-

lationPG2 
afor syn-
chronisation 



172 

ture Research. For a start, we are going to 
use our genetic materials from a selection 
line of JTT sheep. It is mentioned in the 
previous paragraph that there is a single 
gene responsible for ovulation rate/ lam
bing rate segregating in the Priangan QTT) 
sheep. Pure bred or crossbred family mate
rials (2 or 3 generations) will be collected as 
long as normal, carrier or doble homozygo
tes can be distinguished. Some large half sib 
families e.g. 25-50 (female) genotyped prog
eny would be sufficient. A test will be con
ducted for linkage between RFLP (Restric
tion Fragment Length Polymorphism), de
fined by a number of candidate genes e.g. 
FSH, inhibin, gonadotrophins as well as use 
fingerprint probes to detect closedly linked 
VNTR markers. This approach was used in 
Booroola study in Australia (Hetzel, per
sonal communication). A program would 
be as follows: 

Year 1 - Post-doc from RIAPB to work at 
CSIRO Rockhampton. 

- Equip lab at RIAP. 
- Start collecting family materials 

from JTT sheep population 
(blood to be frozen). 

Year 2 - Post-doc returns and starts a lab 
(with assistance from CSIRO 
staff). 

- Continue to collect family mate
rials. 

- Test candidate genes ( 6) on 
family materials. 

- Set up fingerprinting methods. 
Year 3 - Test fingerprint (VNTR) mark

ers on family materials plus any 
new candidate genes. 

- Design simple diagnostic test for 
linked marker. 

In a poultry breeding farm, they have 
begun a program of blood typing from the 
B-complextobeabletoselectbreedingstocks 

with known disease resistant, characteris
tics. They can therefore design matings to 
results in the healthiest progeny possible. 
Theyarealsocurrentlytestingabloodanaly
sis procedure that will permit to monitor for 
elevated stress levels in the breeders. By 
detecting and controlling unacceptable lev
els of stress in chickens, it is possible to 
protect the immunity to disease that they 
possess. They have also started to develop 
and to use biotechnology for improved 
diagnosis and immune monitoring to be 
able to evaluate and monitor the chickens 
with a greater sensitivity than was previ
ously possible. 

C. Immunodiagnostics and vaccines 

Using conventional biotechnology, the 
Research Institute for Veterinary Science 
has already produced a range of experimen
tal vaccines and diagnostic reagents. The 
products currently available are: (i) diag
nostic reagents such as Ros Bengal antigen, 
Milk Ring test antigen, Salmonella pullo
rum antigen, Mycoplasma gallisepticum 
antigen, Haemophilus paragallinarum anti
gen, Salmonella typing antisera (group and 
type), Clostridial an tisera (FITC conjugated) 
and Brucella abortus ELISA diagnostic rea
gents. (ii) Vaccines such as Neonatal coliba
cillosis, Swine brucellosis (Brucella swins), 
Fowl cholera (Pasteurella multocide) and 
New Castle Diseases vaccines. They have 
also started to use modern biotechnology to 
employ methods in immuno chemistry and 
molecular biology to produce a range of 
products such as monoclonal antibodies to 
provide highly specific diagnostic reagents 
and conjugates, DNA probes, protein gene 
products and recombinant vaccines. They 
are also trying to introduce genes into the 
germ cells of fish or animals to promote 
growth rates or enhance disease resistance. 



D. Biotechnology for enhancing animal 
feed production 

An investigation was conducted on the 
bioconversion of starchy materials into 
protein rich products by using amylolytic 
yeast in a solid fermentation system. Yeasts 
used were Candida ingeniosa, Candida 
ingenoisa plus Candida utilis and E ndomycosis 
plus Candida utilis. The highest protein con
tentin the final product is 35 % which is com
parable to that of soybean. During the fer
mentation process, 85% of starch in the cas
sava tuber was consumed by yeasts and the 
yield coefficient product/substract (Yp/s) 
is 0.37 (Darma, unpublished). A feeding 
trial is being carried out to use the products 
in poultry diets. An experiment was also 
carried out to investigate the ability of oys
ter mushroom (Pleurotus sp) to degrade lig
nin~ as well as to produce edible mushrooms 
for a dual purpose pretreatment of rice straw. 
Mushrooms yield (Yp/s) is 0.94 and the 
residual substrate contained 5%, 22%, 4% 
and 4% hemicellulose, cellulose, lignin and 
protein respectively. Digestibility of rice 
straw increased from 39 to 45% and 39 to 
54% for IDMD (In vitro Dry Matter Digesti
bility) and IOMD (In vitro Organic Matter 
Digestibility) respectively (Darma, unpub
lished). 

A technology is being developed to use 
microorganism/ yeast to produce single cell 
protein (SCP) from cheap raw materials (ag
ricultural by-products) such as molasses, 
rice straw, palm meal by products or others. 
It is latter that can be used in poultry diets to 
replace soybean meal up to 7.5%. It will be 
economical and will save importation of 
soybean meal as long as the cost of SCP is 
less than the price of soybean meal. If 6 litres 
of molasses is needed to produce 1 kg of SCP 
then the minimal cost of molasses should be 
determined in order to be competitive with 
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the price of imported soybean meal. A pro
posal has also been submitted to use fil
amentous fungi (Aspergillus niger and 
Trichoderma reesei) for the fermentation of 
cassava waste. It is expected that the cellu
lolytic activity of the enzymes produced by 
the fungi will increase the digestibility of the 
substrate, while the cell will increase the 
protein concentration, thus could be further 
used for the supplementation of protein for 
animal feeds. 

Financial sources of present project 

A. National sources 
A proposal of the amount of $1, 126 ,500 is 

submitted to the government for the con
tinuation of the curentembryo transfer tech
nology project. 

B. Outside donor 
An amount of US$5 ,000 is expected to be 

granted from FAO in Rome to carry out the 
project on the "Fermentation of cassava 
waste by cellulolytic microbes for animal" 
feeds. 

Cooperative effrots 

A. Cooperation between institutes within 
the country 

To optimise accelerated effectiveness in 
using biotechnology as an accelerator for 
the National Development as has been stated 
by the National policy on the Development 
of Biotechnology, it is very important to 
have the network of biotechnology, relating 
various national agencies and scientists, 
nationally as well as internationally. Thus, 
biotechnology center at RIAP should forsee 
linkages, cooperations and coordinations 
with the other agencies in the country as 
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well as abroad. The essential cooperation 
should be effected with: 
• The Indonesian Institute for Sciences 

(LIP). 
CD Inter University Center of Biotechnology 

of Institute Technology Bandung (ITB). 
CD Inter University Center of Biotechnology 

of Institute for Agriculture Bogor (IPB). 
• Inter University Center of Biotechnology 

of The University Gadjahmada 
Yogyakarta (UGM). 

CD Biotrop of SEAMEO, Bogor. 
• etc. 

B. International cooperation 
CD Australian Centre for International 

Agricultural Research (ACIAR), Aus
tralia. 

•PAO. 
111 CRSP(CollaborativeResearchSupport 

Program), USA. 
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Introduction 

In Malaysia there are at least 3 major 
areas of research for future scientific explo
ration as to the role of biotechnology in 
animal health and production. These are 
genetics and reproduction, nutrition and 
animal health and disease control. 

Reproduction and Genetics. One of the 
most serious problems in ruminant prod uc
tion is low reproductive efficiency or loss 
which occur between conception and wean
ing. Detailed studies on infertility and steril
ity in ruminants are being conducted. In
creased fertility has been achieved through 
the application of embryo transfer (ET) tech
nique. This technique when combined with 
recombinant DNA, would enhance the 
genetic ability and adaptation of the em
bryo. For example with adaptation, the in
troduction of desirable genes would permit 
animals to resist certain environemntal 
challenges such as specific diseases or to be 
tolerant of harsher climatic factors. Addi
tions of recombinant DNA to ET technique 
would yield many dairy bulls of higher 
breeding value for milk. Adequate mapping 
of the genome of domestic animals remains 
a necessary first step before certain inherent 
problem of animal production can be tack
led by recombinant DNA. Recombinant 
DNA is only fruitful if complete informa-

tion on the manipulated genome is avail
able. 

Monoclonal antibody technology also 
provides a much needed mechanism for im
proving methods of selective breeding. 
Monoclonal antibody technology has shown 
that the potential is much larger and that it 
can serve as a mechanism for identifying not 
only gene system that influence susceptibil
ity to infectious disease but also those that 
control the whereabouts of desirable per
formance traits. 

Nutrition. Most feeding systems in Ma
laysia incorporate a larger proportion of 
fibrous material and by products from the 
agricultural industry. Unfortunately the 
feeding value of agrobased byproducts are 
relatively low and as such large amount of 
thebyproductarelefttowaste. Theinability 
of the ruminant to utilize the agro bypro
q ucts is primarily a problem of communica
tion and solubilization by the rumen organ
ism of the cell wall components of padi 
sfraw, palm pressed fibre etc. If rumen or
ganism can be modified to increase cellulase 
production and/ or increase ligno-cellulose 
breakdown, then both the extent and rate of 
digestion in the rumen would be stimu
lated. This would allow higher feed intake 
and therefore higher animal production. 
Recombinant DNA has been ~pplied to 
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produce bacteria with altered abilities to 
carry a number of functions. It is possible to 
use such a technique to modify the rumen 
organism to increase digestibility and the 
rate of digestion of agro by-products. A 
small increase ofdigestibility of agro by
products through the introduction of organ
ism altered by these technique will have 
enormous benefit for the Ii vestock industry. 

Health. Biotechnology has already made 
some contribution in the field of animal 
health and this is in the areas of vaccine 
production and diagnostic methods. The 
introduction of genetic engineering will open 
the possibilities of producing effective vac
cine against livestock diseases. Attempts 
are now being made to develop new vac
cines for diseases such as Newcastle dis
ease, fowlpox, 'infectious bronchitis and 
haemorrhagic septicemia by the applicationi 
of genetic engineering techniques. The 
development of hybridoma technique has 
also increased the possibility of defining the 
antigenic determination on the surface of 
the virus which are of primary importance 
for the induction of immunity against dis
ease. Monoclonal antibodies will be used for 
the purification of viral vaccine by the 
immune adsorption technique. The applica
tion of monoclonal antibodies has provided 
means to detect antigenic difference masked 
or undetectable with polyclonal antisera. 
Other biotechnological techniques that can 
be applied to differentiate virus isolates 
include comparison of viral structural pro
tein by polyacryalmide gel electrophoresis 
and comparing viral nucleic acid by electro
phoresis after endonucelase digestion of 
genome. We can also expect ~ethods s~ch 
as sequencing the base of nucleic and ammo 
acids that will be applied in the future for 
diagnostic works. 

Major Research Areas for the pres
ent and future 
1. Animal Reproduction 

i. Embryo transfer for increased female 
reproductive rates. 

ii. Embryo manipulation including 
preservation, sexing and splitting. 

iii. Genetic modification of embryo 
through embryo fusions, nuclear 
transfer and direct gene transfer. 

iv. Gemate manipulation including ge
mate preservation, sexing and in vitro 
fertilization. 

2. Animal genetics 
i. Establishment of genomic library of 

local farm animals through chromo
somes and gene mapping. 

ii. Identification and transfer of germ 
plasma associated with resistance to 
disease and health problem. 

iii. Identification of genetics factors re
lated to reproduction. 

iv. Determination of genetic markers for 
identification of different breeds of 
farm animals. 

3. Nutrition 
i. Screening and characterization of 

rumen microbes for cellulolytic ac
tivities. 

ii. Genetic modification of rumen mi
crobes for enhanced lignocellulose 
utilization. 

4. Animal Health and Disease Control 
i. Vaccinedevelopmentthroughmodi

fied pathogen or clones immunizing 
antigen. 

ii. Hybridoma derived monoclonal anti
bodies for application in diagnostics, 
vaccination and separation technol
ogy. 

iii. Nucleic acid probes for use in diag
nosis of infectous diseases. 



iv. Genomic analysis of animal viruses. 

A. Nucleus Herd Improvement 
Using ET Technology 

1. Present genetic improvement program
mes 
. In the large ruminant sector, few genetic 
improvement programmes are in existence. 
Some effort has been made during the past 
30years through a national artificial insemi
nation scheme to improve the productivity 
of the local dairy cows. Progeny. testing 
programmes of selected bulls have been 
undertaken by Central Animal Husbandry 
Research Station, Kluang. Large scale small 
ruminant breeding and selection program
mes have been undertaken by Rubber Re
search Institute of Malaysia (sheep) and 
University of Malaya (goats). In the sheep 
programme, crossbred progeny of various 
grades (Local x Dorset Horn) are distributed 
as multipliers to small sheep programmes; 
crossbreeding of local does with German 
Fawn males have produced Fl offspring. 
Subsequent production of F2, F3 and F4 
offspring with selection for body weight in 
males and litter size in females has resulted 
in the formation of a new breed - Jermasia. 
Crossbred progeny have been distributed to 
small holders during last 8 years (Mukher
jee-personal communication). 

~· Embryo transfer technology for genetic 
improvement 

There are at leasttwo major constraints to 
the. application of embryo transfer for ge
~ehc improvement in Malaysia. Firstly there 
1s no scheme to identify superior genetic 
females (cattle, goats, buffalo and sheep). 
Secondly, Malaysia has yet to utilise artifi
cial insemination technology effectively for 
genetic improvement of livestock. Thus the 
prospects for embryo transfer for genetic 
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improvement of livestock in Malaysia is far 
from encouraging. 

Presently, scientists in the Division of 
Veterinary Services (D VS), Malaysian Agri
culture Research and Development Insti
tute and Universiti Pertanian Malaysia are 
ad~pting the embryo transfer technology to 
smt the temperate x indigenous crosses. 

a. Donor Selection 
Since the emphasis on embryo transfer is 

experimental, the necessity for genetic se
lection of the donor does not exist. At the 
DVS, Sahiwal-Friesian cows are superovu
lated in order to increase the number of 
these crsosbreds whereas at UPM, the 
emphasis is on conservation of indigenous 
cattle (Kedah-Kelantan and Local Indian 
Dairy) through the development of an 
embryo bank. 

i. Superovulation 
Both Pregnant Mare Serum Gonadotropin 

(PMSG) and FollicularStimulating Hormone 
(FSH-Porcine) have been employed for 
superovulatingcattle, buffalo (Sharifuddin, 
Wand Jainuden, M.R. [1988]. Embryo Col
lection in the Swamp Buffalo. Proc. 11th Int. 
Congr. Anim. Reprod. of AI, Dublin, Ire
land) goats and sheep (Rosnina Yusoff [1989]. 
Superovulation and egg recovery in goats. 
M.S. Thesis, UPM, Serdang.) Besides being 
expensive, response in terms of ova shed 
with either preparation has been highly 
variable. 

ii. Methods used: 
In all species gonadotropins are admini

stered between Day 10to12 of the oestrous 
cycle and followed by a luteal dose of 
Prostaglandin F2 alpha 48 hours later. 

iii. Local Production of Hormones 
Production of hormones for superovula-
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tion at the present state of development 
would be too costly. 

iv. Purification of hormones 
No effort has been made to produce 
gonadotropins in Malaysia. 

v. Effect of Repeated Superovulation 
The effects of repeated gonadotropin 
therapy on the ovulatory response has 
not been investigated. 

b. Mating 
Both artificial insemination and natural 
mating are employed in cattle and buf
falo whereas only natural mating has been 
practised in goat and sheep. 

c. Collection of Ova 
The nonsurgical technique of collecting 
ova in cattle and buffalo involves flush
ing of the uterine horns on day 5-7 of the 
cycle with a 2- or 3-way Foley catheter 
inserted through the cervix. In goat and 
sheep, ova are collected by surgical tech
niques. 

The efficiency of ova collection with the 
nonsurgical technique has ranged from 0-
75% for cattle and 0-5% in the buffalo. With 
surgical technique, collection efficiency in 
goat and sheep has ranged from 25 to 95%. 

d. Examination and evaluation of ova and 
embryos 

Immediately following collection, the 
flushings are examined under a stere
omicroscope. Ova are examined for cleav
age and the embryos are evaluated for 
stage of development in relation to the 
day of the cycle and morphology of the 
blastomeres. 

e. Transfer and/ or freezing of embryos 
A few calves and goats have been born 

following transfer of fresh as well as fro
zen embryos to synchronized recipients. 
The transfer of embryos in cattle has been 
similar to the artificial insemination tech
nique whereas in goats it has been by 
surgery or by laparoscopy. 

In all institutions, facilities are available 
for freezing embryos. At UPM, embryos of 
indigenous cattle and goat are being frozen 
as part of a long-term plan to conserve the 
gene pool which is rapidly being depleted 
through crossbreeding. 

Future Research Programme 
The major thrust in Malaysia would be to 

utilise embryo transfer technology in se
lected herds in the ruminant sector. Because 
the technology should not only be economi
cal but also should be realistic, there is a 
growing interest in the technology associ
ated with manipulation of oocytes for in 
vitro maturation and fertilization of oocytes. 
Current techniques using hormone stimula
tion and embryo collection are more 
expensive. The in vitro fertilization (IVF) 
technique could provide a cheap source of 
embryos for commercial transfer in the fu
ture particularly because the vast number of 
oocytes present in the ovaries could be 
tapped from slaughtered animals or by 
laparoscopy of the live animal. Further re
finement of this technique will provide a 
more acceptable method for mass produc
tion of embryos in the future. The IVF tech
nique would be studied in cattle and buffalo 
as the current methods of embryo collection 
are not only expensive but also impractical. 

While embryo transfer technology is being 
exploited in genetic improvement of cattle, 
its value in tropical countries would be to 
conserve valuable gene pools of tropically 
adapted cattle for future genetic programs. 
This is possible through long term preserva-



tion of embryos in liquid nitrogen. Such 
embryo banks could serve for the exchange 
of genetic resources in Asia. Cryopreserva
tion of embryos of indigenous and exotic 
breeds of livestock would be undertaken to 
develop a national gene bank of frozen 
embryos. These embryos will be utilised to 
study disease resistance of offspring born 
from the development of exotic embryos in 
indigenous breeds of cattle, sheep and goats. 

Studies will also be undertaken to bisect 
embryos for the induction of twins and chi
meras for research in genetics. 

B. Application of RDNA Technol
ogy for Genetic Improvement 
And Genetic Resistance to Dis
ease in Livestock/Poultry 

i) Gene mapping/DNA polymorphism 

a) RFLP of water buffaloes 
It is our aim to utilise the DNA restriction 

fragment length polymorphism (RFLP) and 
the biochemical isoenzyme polymorphisms 
to study the genetic similarities and differ
ences in buffaloes. Motochondrial DNA was 
chosen instead of the nuclear genome be
cause of the following reasons: i) Itis a much 
smaller moelcule (16 kile bp) than nuclear 
genome. ii) The rate of mutation was esti
mated to be 7-10 times faster than nuclear 
genome, iii) It is maternally inhrited and 
hence it is not reshuffled during fertilisa
tion, making it an ideal tool for the study of 
phylogeny and evolution. 

Biochemical polymorphism of buffaloes 
was studied using polyacrylamide gel elec
trophoresis. Serum proteins were analysed 
using gradient gel andalso SDS-P AGE. Se
rum leucine aminopeptidase (LAP) and 
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amylase will be analysed. Attempts have 
been made to find the optimal electrophoretic 
sy'stems for the LAP and amylase. The LAP 
system has been successfully obtained but 
the amylase did not stain up satisfactorily. 
Other Red Blood cell enzymes screened 
including the following: GLO I, PGP, IMP, 
pyrophosphatase,redcellacid phosphatase, 
catalase ceruloplasmin, peptidase D, ITP 
and peroxidase. Prelimary results showed 
that the transferring in the serum protein 
has shown different patterns between the 
river and the swamp buffaloes. The genetic 
basis and the number of alleles /loci involved 
in each enzymes system will be analysed 
and mapped. 

Samples were also planned to be col
lected from a controlled family used for 
breeding experiments. 

There were altogether 109 blood samples 
collected from various places in South East 
Asia. All blood samples were processed 
through a tedious procedure carried out at 
4"C. Blood was separated into different frac
tions. The red cell and the serum were used 
forisoenzyme analysis. The white cells were 

. stored at -50°C for the analysis of nuclear 
DNA in the future. Mitochondrial DNA was 
e~tracted from the mitochondrial fraction 
separated from the serum. 

For the DNA restriction fragment length 
polymorphism analysis, 22 blood samples 
from the river buffaloes, 30 blood samples 
from the swamp buffaloes, 20 blood samples 
from the Fl hybrids, 25 blood samples from 
the F2 progenies, 28 blood samples from the 
backcross3 I 4 swamp buffaloes and 13 blood 
samples collected from the swamp buffa
loes in Trengganu were extracted according 
to the Hirt Extraction method. Proteinase K, 
SDS, RNAase, salmon sperm DNA were 
used during the DNA extraction. Agarose 
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electrophoresis were performed using 
Lamda DNA Hindlll digest as standard 
markers. After electrophoresis, the gels were 
stained in ethidium bromide solution. It 
was then Southern transferred to a S&S nylon 
membrane, baked at 80°C for three hours 
and kept at room temperature. At this stage 
it can be kept for long period. Plans have 
been made to collect the fresh liver from the 
swamp buffaloes slaughtered in the Depart
ment of Animal Sciences, Universiti Per
tanian Malaysia, to be used as the DNA 
probes. 

Most empahsis will be placed on gene 
mapping. It is now accepted that the most 
efficient way to obtain the information on 
the number and distribution of polymor
phic marker genes is to make use of DNA 
restricted fragment length polymorphisms 
(RFLP). These have been detected at high 
frequencies in man. A linkage map of the 
human genome, based on the pattern of 
inheritance of about 400 marker loci, mostly 
RFLPs has recently been established (Donis
Kaller et al., 1987). 

A special type of RFLP, which is termed 
variable number of tandem repat polymor
phisms or VNTR can be detected when 
repeated motifs of hypervariable minisatel
lite sequences (Jeffrey et al., 1985)areused to 
probe genome DNA. Because of the great 
value of VNTR for genetic analysis and 
manipulation of polygemic traits, it is de
sired that a major effect be made to produce 
a buffalo chromosome map based on VNTR 
markers. Since these restriction patterns are 
specific for an individual they are called 
'DNA fingerprinting or DNA bar codes'. 

. , ?pp;i;a.tic cell genetic approach (In situ 
hybfjqi,~a,pon) by use of inactivated sendai 
v!rt;t~, ~r. polychleneglycol will also apply. · 
Tµis technique is. a straightforward rnap:c. 

ping technique involving the hybridization 
of radiolabelled DNA probes to fix meta
phase chromosomes and the subsequent 
visualization of the signal as silver grain 
after auto radiography. 

Thus, using RFLP or VNTR and In situ 
cell hybridization, we will achieve the goal 
to make up a detailed buffalo gene map 
consisting of a few highly informative 
marker loci per chromosome. 

Once this goal is achieved, cloning of a 
particular gene will be made for various 
DNA fragments which suppose to be re
sponsible to disease resistance or composi
tion of milk. Before insertion of these probes, 
the function of isolated genes will be stud
ied. MHC (major histocompatibility com
plex) and resistance to some disease and 
parasites will be given priority. Perform
ance of those transgenic buffaloes will also 
be investigated. 

RFLP work in chickens is also in progress 
at the University of Malaya in order toge
netically distinguish various lines of egg 
type chickens in which major genes have 
been incorporated (sex-linked dwarf, au
tosomal naked neck, frizzle and curly). IGF 
probes are being used for DNA hybridiza
tion with the southern blots of restricted 
fragments of DNA. Similar work has been 
planned in future for goats and fish (M ukher
jee-personal communication). 

C. Immunodiagnostics and Vac
cines 

1. Eli~a Test for Diagnostic Purpose 

1~)', Laboratory test 
The enzyme linked irnmunosorbent as
say (ELISA) has been developed to detect 



both antibodies and antigen for a number 
of diseases. An ELISA is also being devel
oped for rapidly screening for the bind
ing of a bank of monoclonal antibodies to 
a range of Newcastle disease virus iso
lates. 

i). Newcastle Disease 
In 1986, a joint research project on the 

establishment of improved methods for the 
diagnosis and control of Ii vestock disease in 
South East Asia using Enzyme Linked 
Immunosorbent Assay (ELISA) was under
taken by the Regional Veterinary Labora
tory Benalla, Australia, Research Institute 
for Animal Diseases, Bogor, Indonesia and 
Universiti Pertanian Malaysia, Serdang, 
Malaysia. The project is supported by a 
grant from the Australian Centre for Inter
national Agriculture Research (ACIAR). The 
objectives of the projects are: 

i. to initiate and carry out research for the 
development of ELISA system application 
to a number of production limiting livestock 
diseases in Malaysia and Indonesia. The 
disease for which ELISA are being devel
oped are: 

a) brucellosis in cattle, sheep, goat and 
pigs 

b) anthrax in cattle, buffalo, sheep and 
goats 

c) leptospirosis in cattle, buffalo and pigs 
d) haemorrhagic septicemia in cattle and 

buffalo 
e) Newcastle disease in poultry 

ii. to provide a collaborative framework for 
research and development of ELISA for the 
control of diseases affecting animal prod uc
tion in Malaysia, Indonesia and other coun
tries in South East Asia. 

For Malaysia, indirect ELISA technique 
for detecting IgG class specific antibodies to 
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Newcastle disease virus (NDV) in chickens 
was developed using purified antigen. The 
optimal conditions of antigen concentra
tion, conjugate dilution, substrate concen
tration, reaction times and sera dilutions 
were established using the signal/ noise (SI 
N) ratio as the determining criterion. Using 
regression analysis, a standard curve was 
constructed from the transformed values of 
absorbances and the corresponding titres. 
The titres of all test sera at a single working 
dilution were predicted using the standard 
curve. The immune response of chickens 
following vaccination with NDV were 
monitored using ELISA and the haemag
glutination inhibition (HI) test. There was 
close correlation between the HI and the 
ELISA titres, but ELISA titres were consid
erably higher. 

ii. Trypanosomiasis in Malaysia 
Trypanosoma evansi, causative organism 

of the disease known as "surra" was first 
reported in Malaysia in 1903. The disease is 
of major importance in Indonesia; Thailand, 
Vietnam and China but there is little recent 
information on its incidence and economic 
importanceinMalaysia.Althoughoutbreaks 
of disease have been reported in horses apd 
buffalo, detection of the parasite is difficult 
and it is possible that its presence often goes 
undetected. Trypanosomiasis cause infer
tility and abortion and sometimes death. 
L0sses in productivity due to trypanosomia
sis could therefore affect the income of small 
holder farmers. It is therefore essential that 
more sensitive diagnostic techniques are 
employed to determine the extent of effect 
of this parasite in livestock in Malaysia. 

Currently, a survey of trypanosomiasis is 
being conducted to determine the preva
lence of trypanosomal antibodies and circu
lating antigen in serum from buffalo and 
cattle from different areas in Malaysia. The 



182 

test employed is the ELISA (enzyme-linked 
immunosorbent assay) and information 
obtained from the survey should identify a) 
the prevalence of infection b) areas in which 
trypanosomiasis occurred and c) the species 
of animal most affected. 

iii) Canine Dirofilariasis 
Dirofilaria immitis is a filarial parasite 

which has been reported to infect a wide 
range of mammalian hosts. The dog acts as 
a main reservoir of infection as well as being 
the main host. The canine host can develop 
polysystemic disorders with cardiopulmon
ary signs occurring most frequently. Con
gestive heart failure eventually develops. 
The diagnostic tests for canine dirofilariasis 
rely upon the detection of circulating mi
crofilariae. Thus, infected dogs without cir
culating microfilariae are a problem for 
diagnosis. In a survey of 200 urban stray 
dogs, the period prevalence was 42% based 
on necropsy. 

· . An ELISA using antigen prepared from 
live adult worms was attempted to detect 
antibodies against D. immitis in sera of these 
dogs. The accuracy of the assay was only 
53%. However in a commercial kit for the 
detection of antigens of D. immitis, using the 
same sera samples the accuracy was also 
quite low, 56%. 

lb) Field Test 

(l)The use of ELISA technique for diagnosis 
and seroepidemiological studies on bovine 
brucellosis 

Since brucellosis was first recognised in 
Malaysia in 1950, numerous serological 
surveys have been conducted to determine 
the prevalence rate of the disease. An aver
age Qf 32% reactor are for government cattle 
~rrmsrand 16% reactor rate:for smc,lllholqer 
herq§ Ji;t, ·the state of Perak has1 been re-

corded. The prevalence rates in other states 
of Peninsular Malaysia are yet to be deter
mined. 

(2)Monoclonal Antibody Production 
Realising the importance of monoclonal 

antibodies, the National Biotechnology 
Programme has provided funds to research 
institutes to acquire the capability to pre
pare and use monoclonal antibodies as di
agnostic reagents. 

i) Applications of monoclonals for 
differentiation of Newcastle Disease virus 
strains. 

In this study a panel of 39 mabs to the 
NDV-V 4 strain were tested using ELISA to 
investigate the reactivity of these mabs with 
seven reference strains and a local field iso
late. 

ii) Production of monoclonal antibodies 
agaisnt virulent markers of Pseudomonas 
Pseudomallei 

Objective: Prevention and control of 
melioidosis in domestic animals through 
the development of a rapid sensitive and 
accurate diagnostic technique. 

Aim: To produce monoclonal antibodies 
agaisnt known yirulent factors of P. 
pseudomallei particularly the lethal exotoxin, 
hemolysin and pili and to develope an en
zyme .linked immunoabsorbent assay 
(ELISA) for diagnosis. 

Pseudomonas pseudomallei is the causative 
organism of m~lioidosis an usually lethal 
disease of man and animals in S.KA and 
tropical Australia. In Malaysia, meliodosis 
is endemic amongst pigs, goats and sheep. 
This disease if unchecked will hinder the 
current effort to expand sheep and goat 
husbandry in this country. P. pseudomallei is 
known toinyade various organs in the host 



mimicking a wide spectrum of disease, thus 
hindering accurate diagnosis of melioido
sis. Currently diagnosis for P. pseudomallei 
infection is dependent on bacteriological 
methods. The serum agglutination test(SAT) 
is frequently used to detect melioidosis but 
its reliability has been questioned. In view of 
this there is an urgent need to introduce an 
accurate and sensitive test for diagnosis of 
melioidosis. 

2. Ongoing Research 

Studies carried out in our laboratories 
have identified a number of factors, pro
duced by this pathogen which contribute to 
its virulence. The lethal exotoxin produced 
by this organism is believed to be important 
in the pathogenesis of melioidosis. The 
exotoxin has been shown to lethal to ani
mals and toxic to cells in culture. Animals 
immunized against the exotoxin were pro
tection in experimented animals when chal
lenged either with Ii ve P. pseudomallei or the 
exotoxin itself. This has prompted several 
studies in our laboratories to develop an 
efficacious toxoid vaccine for melioidosis. 
The exotoxin has been successfully purified 
in our laboratory and shown to consist of 
two subunits MW 37000 and 16000 dalton. 
We have also been able to prepare homoge
nous preparations of the heat-stable hemo
lysin of P. pseudomallei. Studies have been 
extended to produce monoclonal antibod
ies against the purified lethal exotoxin and 
the hemolysin of P. pseudomallei. Positive 
hybridomas to the exotoxin did not show 
reactivity with hemolysin or the cell wall 
fraction of the pathogen. 

The monoclonals showed specificity 
towards the minor subunit of the exotoxin. 
Our results also demonstrate that exotoxins 
purified from isolates of P. pseudomallei from 
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human, goats and deer are antigenically 
similar. The monoclonal antibody against 
the exotoxin thus obtained will be useful in 
the detection of the presence of exotoxin and 
provides a means towards diagnosis of 
melioidosis. Current efforts involving large 
scale production of the monoclonals in as
cites fluid is in progress. In addition to the 
above the availability of purified exotoxin 
has enable us to screen serum samples from 
sheep for the presence of antitoxin antibody 
using the ELISA. Results obtained so far has 
shown that there is positive correlation with 
the serumagglutination test for melioidosis. 
In fact the ELISA appears to be more sensi
tive than the SAT since antitoxin antibodies 
could be detected in many samples found to 
be negative by the SAT. We are currently 
actively calloborating with the Veterinary 
Research Institute of Malaysia to screen more 
serum samples from melioidosis infected 
stock to ascertain the validity of the ELISA. 

3. Vaccine 
Newcastle Disease 
Poultry have a unique role in the live

stock sector of the countries of the Asia
Pacific region. Itis the only livestock species 
that is widely accepted by people from a 
wide variety of cul tu res and background. It 
is estimated that 35% of the world poultry 
population comes from the Asia Pacific 
region. Three systems of poultry produc
tion are usually being practised, the intensi
fied commercial system, the smallholder 
'rural' system which normally require small 
capital inputs and the village or backyard 
system. 

In many developing countries the village 
chicken is sometimes the dominant form of 
poultry raising. The rural households keep 
a few chickens of local breeds that survive 
by scavangingforfood and water. They are 
sometimes supplied with simple housing 
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and provided with supplemental food. The 
poultry are maintained virtually without 
cost, and they return some meat and eggs 
and some income because of the good prices 
paid for village chickens and eggs in the 
market place. The village poultry have at
tracted the attention of many who are con
cerned with rural welfare in developing 
countries. The chickens are poorly produc
tive mainly because diseases ca use enormous 
losses. One of the most important disease is 
Newcastle disease. The disease in commer
cial poultry is usually adequately controlled 
by vaccination. However, the use of conti
nental Newcastle disease vaccination in 
village poultry has been an unsatisfactory 
process. 

The resources of the village chicken will 
be fully utilized until Newcastle disease is 
controlled. Vaccination is the only safeguard 
agaisnt endemic Newcastle but the present 
system of using commercial vaccine to vac
cinate the chickens is not practicable. The 
chicken which are multi age is scattered 
over the villages. The birds are difficult to 
catch for formal vaccination. Moreover, the 
vaccine is heat-stable and complex cold 
chains are required to link the vaccine pro
ducers and users. A new approach is re
quired to control Newcastle disease in the 
village poultry. 

A research project was then undertaken 
to develop a new simple, cheap and effec
tive Newcastle disease vaccine for the vil
lage chicken. The main objective of the proj
ect was to produce an oral vaccine which 
seemed the only feasible way of delivering 
the vaccine virus onto the village chicken. 
Our hypothesis was to isolate an immuno
genic and heat tolerant Newcastle disease 
virus. The virus would then be incorporated 
into chicken feed which would be given to 
the village chicken. It was assumed that 

chicken fed with the vaccine would be pro
tected against Newcastle disease. 

The virus selected for the project was the 
a virulent Australian V 4 strain of Newcastle 
disease virus. Early work with the V 4-
Newcastle disease virus have demonstrated 
that the V4-NDV induces an adequate anti
body response in chickens and spreads read
ily by contact and that naturally infected 
chicken and V4 vaccinated chicken resist 
challenge with the virulent Newcastle dis
ease. 

A heat tolerant variant of the V4-
Newcastle disease virus was isolated and 
used as vaccine. The vaccine was prepared 
by coating the V4 vaccine virus onto food 
pellets in a laboratory model Uni-Glatt Flu
idised Bed Granulator. A nominal dose of 
vaccine was 10gm of pellets containing 106 

fifty percent egg infectious dose (EIDSO) of 
vaccine virus. Experiments were then un
dertaken totes t the efficacy of the food pellet 
vaccine. Studies on broiler chickens raised 
under laboratory condition showed that two 
doses of the vaccine were sufficient to pro
tect against the virulent challenge virus 
which killed all controlled chicken even by 
contact spread. The experiments were ex
tended to village chicken kept under simu
lated village conditions at the University. 
These chickens had housing at night, access 
of enclosed grassed area during the day and 
fed scraps with grain supplements. After 
two exposures to the oral vaccine, they are 
substantially resistant to challenge. Field 
trials were then undertaken in 15 villages 
which were supplied with the vaccine once 
each month. Some 60% of the village birds 
resisted artificial challenge and outbreaks of 
Newcastle disease were not recorded in the 
villages. 

A notable feature of the project in Malay-
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technology before and during the field trials. 
We realise that the mostimportantphase on 
the application of any new technology is the 
successful introduction of result in practise. 
Results of research conducted at universi
ties and in research institutes generally found 
their way to the user group through some 
type of extension education. The transfer of 
technology was undertaken with the Uni
versity Centre for Extension and Continu
ing Education which developed an excel
lent working relation with the farmers. The 
programmes were explained carefully in 
the villages and field days were arranged on 
campus where farmers oculd vaccinate the 
chicken. There was an early appreciation of 
the simplicity of the technology. Villages 
were then asking to be included in the scheme 
and some individual owners indicated 
willingness to pay for the vaccine. 

A large scale control programme involv
ing studies on the economic impact of the 
disease and the benefit of the new technol
ogy is in progress in Malaysia. 

Vaccination has played a major role in the 
control of poultry diseases in Malaysia. It is 
important that the development of veteri
nary vaccine keeps pace with changing cir
cumstances. Improvement of vaccine can be 
achieved through the application of our 
knowledge of immunological functions and 
molecular biological methods. Recent work 
on the molecular cloning and nucleotide 
sequencing of ND virus strains has pro
vided a great understanding of the molecu
lar pathogenecity of NDV strains. 

Since 1985 a Malaysian research scientist 
(Yu so ff et al) has been working on a research 
project on the molecular biology of NDV. 
The research involved cloning and sequenc
ing of the L gene of NDV which comprises 
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approximately half of the viral genome and 
mapping of the antigenic sites of the HN and 
F glycoproteins which are immunogenic and 
antibodies to the two proteins have been 
shown to provide protection against the 
disease. 

The following techniques have been used 
in the studies: 

- cDNA cloning. 
DNA and RNA sequencing using the 
Sanger method using 32P and 35S 
isotopes. 
colony hybridisations including nick 
translation of nucleic acid probes us
ing 32P; and dot blots. 
extraction of DNA and RNA from 
bacteria and virus. 
use of computer programs eg. Staden 
ad Microgenie to analyse nucleic acid 
and protein sequences. 
nuclease mapping. 
end-labelling. 
restriction enzyme mapping. 
tissue culture technique involving 
virus. 

- construction of hybridomas for pro
duction of monoclonal antibodies. 

- purification of monoclonal antibodies 
and peroxidase labelling. 

- competitive binding assays 
- Western blotting. 
- ELISA 

We are now constructing a genomic li
brary of a local Malaysian velogenic isolate 
strain VRI with the aim of cloning and se
quencing its entire genome. Initially, only 
the HN gene will be sequenced and com
pared to the HN gene sequence of the pub
lished Texas strain, theonlyvelogenicstrain 
to be sequenced so far. The vaccine strains S 
and F will also be studied in this manner, the 
ultimate goal would be to construct a subunit 
vaccine against NDV as well as to improve 
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the current diagnostic methods. 

4. Technology Development in Animal 
Health 

i) Restriction endonuclease technique of 
DNA of infectious 

bovine rhinotracheitis virus 
Bovine Herpes Virus I (BHV-1), some

times commonly known as Infectious Bo
vine Rhinotrachietis virus (IBRv), is a double
stranded (DS) DNA-containing virus be
longing to the herpesvirus group. It is asso
ciated with a variety of clinical syndromes 
in cattle but the two major syndromes asso
ciated with it are respiratory disease (IBR) 
and genital disease (infectious pustular 
vulvo-vaginitis) (IPV). Its occurrence in 
various clinical forms suggests that strains 
with differing tissue affinities may exist in 
the field. 

In 1983, IBRv was isolated for the first 
time from water buffaloes and cattle at the 
Universiti Pertanian Malaysia (UPM) farm. 
Following this, comparative studies on the 
serological and cytopathological properties 
of buffalo and cattle strains of BHV-1 and 
respiratory and genital strains of BHV-11 
within the two species, were carried out. 
The initial objective of this project is to 
compare the DNA fingerprints of Malay
sian cattle isolates of IBRv with that of a 
reference IBRv strain. 

ii) DNA extraction and gene cloning-Haemo
philus 
paragallinarum 
Haemophilus paragallinarum is the causa

tive agent of infectious coryza in chicken. In 
Malaysia, the disease occurs widely and it 
has a substantial economic impact on the 
poultry industry. It causes air sac lesions, 
morbidity, mortality and drop in egg pro
duction. Past research on infectious coryza 

has been concentrated on defining the dy
namics of the disease and characterizing the 
clinical and pathological features of the 
disease. At present, there is very little infor
mation on antigenic make-up, biological, 
biochemical and immunological properties 
of Haemophilus paragallinarum. Thus, studies 
concerning the antigenic make-up of the 
bacteria at molecular level will facilitate the 
selection of strains for vaccines as well as for 
diagnostic reagent. In our study, we pro
pose to extract the DNA from Haemophilus 
paragallinarum and clone the Haemophilus 
paragallinarum DNA into Escherichia coli in 
order to construct a genomic library for 
detailed molecular analysis. 

At present, we have been able to extract 
the DN As from all the three reference strains 
and endonuclease digestion using Hind III. 
The restriction fragments were run on aga
rose gel electrophoresis. We hope to ligate 
the sized selected restricted fragments into 
cloning vector (puC 18) digested with Hind 
III and use the ligated mixtures to trans
formed competent JM 101 E.coli. 

5. Future Research Programme 

1. Monoclonal antibody: 
a) To establish storage protocal for my

eloma NSl, SP0/2 and 3T3. 
b) To study physical parameters for cul

turing myelomas and hybridomas in 
fermenter. 

2. Cloning of poultry viruses for vaccines. 

3. Diagnostics: 
a) Preparation of nucleic acid probes for 

use in diagnosis of infectious disease. 



D. Biotechnology for Enhancing 
Animal Feed Production 
Bioconversion of Indutrial, Ag
ricultural and Animal Wastes as 
Animal Feed 

Manipulation of rumen microbes 

Introduction 

Livestock production in Malaysia is char
acterized by low input levels and low pro
ductivity where the major constraint is the 
shortage of suitable feed materials. Pasture 
production is not economically competitive 
compared to rubber, oil palm and cocoa 
cultivation. As land owners are not keen to 
convert their land from crops to pastures, 
other feed sources have to be utilized to 
support and improve livestock production. 
The utilization of locally-available agricul
tural byproducts (such as those from the 
palm oil and rice milling industries) repre
sents a vast potential resource which offers 
a good opportunity for increasing livestock 
production in the country. 

The various feed materials ingested by 
the ruminant animal are fermented by the 
rumen microbes prior to digestion by the 
host animal itself. This fermentation results 
in the formation of volatile fatty acids and 
microbial cells that constitute the major 
energy and nitrogen sources respectively 
made available for the animal's metabolism. 
The rumen houses a diverse population of 
microorganisms including bacteria, fungi 
and protozoa whose roles are intimately 
related to the nutrition of the ruminant ani
mal, as they all contribute to the overall 
fermentation process. Therefore, there is a 
need to acquire baseline data on the diver
sity and perforamnce of the rumen microbes 
and to recognize and establish the dynamic 
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interactions by the ruminant livestock be
tween the microbes, feedstuffs and the host 
animal. 

Byproducts from the palm oil industry 
such as the palm press fibre (PPP) has great 
potential as a fibre source but contains very 
high levels of lignin which restrict cellulose 
availability, and palm kernel cake contains 
high levels of fat which may be toxic to the 
rumen microbes. These factors will limit the 
extent and rate of fermentation in the ru
men. There is a need to study the density, 
characterization and dynamics of the ru
men microbes so that the knowledge ac
quired can be used in the manipulation of 
the rumen microorganisms in Malaysian 
livestock to improve the utilization of the 
agricultural byproducts and other feed 
sources. 

Current Progress 

Ruminant Ecology and Metabolism 

Bacteria 

A total of 90 bacterial colonies were iso
lated from the rumen of .buffalo fed ad lib. 
with PPP and supplements. Of these, 36 
colonies were found to be cellulolytic. 
Twenty-nine were identified as Bacteriodes 
succinogenes, 6 were Ruminococcus fiavefaciens 
and one was a mixed culture of Butyrivibrio 
sp. and B. succinogenes. No R. albus was 
isolated. Pure cultures of B. succinogenes 
fermented acetate and succinate from 
cellulose. R. fiavefaciens fermented acetate, 
lactate and succinate but in slightly lower 
amounts compared to B. succinogenes. 

The Butyrivibrio sp. was found to be not 
cellulolytic but produced large amounts of 
butyrate and some lactate from cellobiose. 
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Direct examination of electron microgra phs 
of partially digested filter paper and PPP 
revealed that they were heavily colonised 
primarily by a polymorphic gram-negative 
rod-shaped bacteria resembling B. 
succinogenes and a slightly elongated gram
variable coccoid resembling R. fiavdfaciens. 
In lesser numbrs as a secondary colonizer 
were rod-shaped bacteria resembling Trepo
nema. bryantii. They probably siphon fer
mentation products from the cellulolytic 
bacteria. Ratio and types of cellulolytic bac
teria isolated agree well with the data gener
ated by direct morphological examination. 
It also attests to a general similarity between 
the cellulolytic bacterial populations of the 
buffalo and the cattle. Fibrous, crystalline 
forms of feed select for B. succinogenes as an 
adaptation, which was found to be the case 
for buffalo fed PPP. Buffalo B. succinogenes 
may well be more cellylolytic than those of 
cattle as they are more primitive on the 
evolutionary scale. 

Fungi 

Studies on rumen fungi colonizing vari
ous cellulosic feed materials as PPP, rice 
straw and guinea grass in local K-K cattle 
and swamp buffalo showed that the rumen 
fungi were well-equipped both morphologi
cally and enzymatically (Ho, Abdullah & 
Jalaludin, unpublished data) to contribute 
to fibre digestion and rumen fermentation. 
All rumen fungi were found to be cellu
lolytic. They grew well on filter paper and 
could degrade cellulose in agar roll-tubes 
forming clearing zones around the colonies. 
Most fungi produced extensive rhizoidal 
systems which ramified and penetrated 
deeply into the tissues of the fibrous materi
als, degrading the plant cell walls and loos
ening the plant tissues. Some fungi devel
oped specialized appressorium-like struc-

tures for penetration of the plant Gell wall. 
The development of" a ppressoria" for pene
tration of cell walls probably enhance the 
spread of the rhizoids from cell to cell ena
bling maximum colonization of plant tis
sues within a short time. Warty spores of the 
rumen fungi resembling the resting spores 
of aerobic chytrids were observed. If these 
warty spores represent a form of resting 
spore, they may play a part in the transmis
sion of the fungi between animals, as they 
are better equipped to survive the unfa
vourable environment outside the rumen 
than the thin-walled zoospors. 

Rumen Metabolism 

Studies in rumen metabolism in all cattle 
and swamp buffaloes fed straw-based diets 
include rumen liquor characteristics (pH, 
NH3 and UFA concentrations). Bacterial 
urease activity was only slightly higher in 
cattle. Urea transferred into the rumen was 
not influenced by molosses supplementa
tion, but buffaloes transferred twice as much 
urea into the rumen than cattle. 

Future Research Programme 

1. The effects of various feed materials on 
the density, characterization and dy
namic/interactions of the rumen mi
crobes. 

2. Screening and characterization of rumen 
microbes for cellulolytic utilization. 

3. Manipulation of rumen microbes and 
their application to biologically treat feed
stuffs to improve their utilization. 
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APPENDIX 

RESOURCES AVAILABLE 

Human resources 
No detailed figure available 

Institutions Head Address 
Malaysian Agriculture Director General P.O. Box 12301, Pejabat Besar 
Pos, 
Research and 50774 Kuala Lumpur. 
Development Institute 

Division of Director General Block A, 8 & 9th Floor, 
Exchange Square, 
Veterinary Services Bukit Damansara, 50630 
Kuala Lumpur. 

Universiti Pertanian Vice Chancello:r 43400 Serdang, Selangor 
Darul Ehsan. 
Malaysia 

Universiti Kebangsaan Vice Chancellor 43600 Bangi, Selangor Darul 
Ehsan. 
Malaysia 

Universiti Malaya Vice Chancellor 59100 Kuala Lumpur. 

Guthries (M' sia) Sdn Bhd Chief Executive Jalan Sungei Ujong, 70200 
Seremban. 
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Introduction 

Livestock population in Pakistan was 
estimated in 1986 to include 17.65 million 
cattle, 15.76 million buffaloes, 30.3 million 
goats, 23.52 million sheep and 137.00 mil
lion poultry birds. Livestock holders tend to 
emphasize numbers rather than higher 
productivity which can be obtained only 
when animals get optimum rations over 
and above their maintenance needs. The ag
gregate availability of animal feeds from 
fodders, crop residues, range, and concen
trates relative to total livestock units is about 
70 percent of the optimum requirements. 

Meat supply has to expand at the rate of 
about 6.5 percent per annum to meet domes
tic demand. The target for meat (other than 
poultry) production has been fixed as 2.19 
million tons in 1999/00 as against 1.1 mil
lion tons produced in 1987 /88. 

Pakistan is currently producing about 13 
million tons of fresh milk and improting 
380,000 tons of fresh milk equivalent in the 
form of dried powdered milk. The projected 
requirement in 1999 I 00 is 23 million tons 
and it is hoped that this can be met entirely 
fromdomesticproductioniflivestocksector 
is given due priority. The target growth rate 
in milk production would be5.2 percent per 
annum. 

To achieve these ambitions but entirely 
achievable targets of production of animal 
products, following strategy is proposed: 
- Promote productivity per animal rather 

than increase numbers, 
- encourage livestock holders to adopt 

improved methods of animal husbandry, 
- increase the quantity and nutritional 

quality of animal feeds, 
- develop biotechnology techniques e.g. 

embryo transfer etc., 
- strengthing of research and teaching in

stitutes in the country. 

National Plans 

In Pakistan, development of biotechnol
ogy in the country, especially in relation to 
animal production has been given due con
sideration. Very recently, National Com
mission on Agriculture (NCA), has submit
ted its final report. It has been recommended 
by the NCA, that: 

"The pace of breed improvement using 
the progeny tested bulls can be better accel
erated through artificial insemination (AI) 
ascompared tonaturalmating. This process 
can be further accelerated by commission
ing the Embryo Transfer Technology (ETT) 
programme where it can maximally exploit 
the elite breeding female for the production 
of multiple future candidate breeding bulls. 
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Therefore, establishment of an ET unit along 
with the programme of improvement of 
livestock breeds through artificial insemi
nation". 

E.T units in public as well as in private 
have been established and are working 
successfully. Work on buffalo is in progress. 

In animal nutrition sector, following ac
tivities has been included: 
- bioconversion systems for animal wastes, 
- a circularly integrated agro-industrial 

complex utilizing unconventional feed 
resources, 

- cattle feed manufacturing- a solution to 
transfer of advanced technology. 

Objectives 

Main objectives of biotechnology devel-
opment would be, 

- more milk, meat & eggs, 
- more income for farmer, 
- quality animal rather than quantity, 
- less import of animal products and 

more export, 
- self sufficiency in milk, meat and eggs. 

Some salient secondary objectives would 
be: 

- to increase livestock growth rate higher 
than human population growth rate, 

- to reduce the budget spent on import 
of dairy products, 

- to make sure that farmer may get rea
sonable price of his product, 

- to eliminate the role of middleman in 
livestock marketing, 

- to find reasonable solution/ substitute 
to be used in animal feeding in dry 
areas, 

- to increase employment chances, 
- to bring the animal protein upto pre-

scribed level, 

- to preserve local indigenous breeds 
and to improve its productivity. 

- to increase per acre production of 
fodder. 

For the objectives, following research 
projects are in progress: 

- Pakistan Livestock Sector Develop
ment Project 
Agricultural Research roject (ARP-II) 
National Commission on Agriculture 
Seventh Five Year Plan (1988-93) 
USAID - TIP AN Project 
National Agricultural Research 
Centre's Master Research Plan (1988-
2000). 

Present Status or Future Plans 

A. Nucleus Herd Improvement Using 
MOETinONBS 

1. Present genetic improvement pro
grammes in each class of livestock 
a) Buffalo: For the improvement of this black 

gold, our premier dairy animal, follow
ingresearch projects has been completed/ 
are in progress: (under Pakistan Agricul
tural Research· Council umbrella, 1988-
89). 
- Studies required for development of 

progeny tested bulls to improve buf
falo milk production in Punjab 

- Studies on pubertal development in 
buffalo bulls 

- Coordinated research project on buf
falo reproduction 

- Research on introduction of enzyme 
immunoassaytechniqueforearlypreg
nancy diagnosis and disease surveil
lance 

b) Cattle (under PARC umbrella, 1988-89) 
- Studies on the production perform

ance and adaptability of crossbred 



cows under the sub-tropical environ
mental conditions of the Punjab. 

- Studies on the performance and 
adaptability of crossbred cows having 
different proportions of Sahiwal, Jer
sey and Holstein Friesian inheritance. 

c) Sheep (under PARC umbrella, 1988-89) 
- Coordinated research project on im

provement of wool and sheep in Paki
stan 
Fattening potential of different indige
nous breeds of sheep/ goats for mut
ton production 
Incidence, taxonomy and seasonal 
variation of gastro-intestinal parasites 
of economic importance in sheep and 
goats of N.W.F.P (North-West Fron
tier Province). 

d) Goats (under PARC umbrella, 1988-89) 
- Coordinated research project on im

provement of goats in Pakistan 
- Identification and documentation of 

goat breeds in Sindh province. 

e) Camel (under PARC umbrella, 1988-89) 
- Identification and documentation of 

camel breeds in Pakistan 

f) Mule (under PARC umbrella, 1988-89) 
- Draught efficiency of mules 

g) Poultry (under PARC umbrella, 1988-89) 
- Performance testing pf poultry 
- Comparative study on the perform-

ance of various genetic groups of Aseel 
and its crosses with exotic breeds of 
poultry under controlled and field 
conditions 

- Nutritional evaluation and utilization 
of Agro-industrial by-products for 
poultry feeding. 

- Study of mycoplasmosis and its sero
logical identification in Avian myco-
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plasma species. 
- Study of isolation, identification and 

pathogenicity of Avian mycoplasma. 

h) Other topics (under PARC umbrella, 1988-
89) 

- Establishment of Animal Reproduc
tion Department at Tandojam, Sindh 

- Anthelmintic evaluation of indigenous 
medicinal plants for veterinary usage 

- Epidemiology of major livestock dis
ease in Pakistan. 

2. Embryo transfer technology for genetic 
improvement. 

In cattle, ET labs have been established in 
private and public sector. At PARC, work 
on buffalo has been initiated. Further work 
pertaining to micro-surgery, sexing etc. is in 
progress. In private sector, commercial use 
of ET has been initiated. 

A project has been initiated to purify 
hormones required for superovulation. 

a) Donor selection: Following criteria 
will be followed to select a donor cow or 
buffalo: 

- the age of the donor would be between 
3-8 years, 

- she had calves regularly each year of 
her reproductive life, 

- she had exhibited regular estrus cycles, 
- the donor would be genetically su-

periorregarding milking ability. Breed
ing values of cows would be com
puted from their own individual per
formance and the records of their calves 
and other relatives. 

b) Superovulation 
i) Hormones used and their efficacy. 

Following hormones would be used for 
superovulation: 

- Follicle stimulating hormone (FSH). 
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This hormone in cattle produces 7-10 cor
pora lutea on an average, and 5-7 transfer
able embryos are recovered subsequently. 

- Pregnant Mare Serum gonadotropin 
(PMSG). This hormone would widely 
be used toproducesuperovulationdue 
to being less expensive and widely 
available in the local market. How
ever, PMSG is less efficient in produc
ing transferable embryos as compared 
toFSH. 

- The same two hormones would be 
used for superovulation in buffaloes. 
But due to weak leuteinizing hormone 
surge at the time of estrus in the buffa
loes, two other hormones namely 
Goandotropin releasing hormone 
(GnRH), and human chorionic gna
dotropin (hcG) would also be used to 
induce ovulation. 

ii) Method used - Following dose rate of 
these hormones would be used: 

Day 

9 

10 

11 

12 

FSH - In cattle 30-40 mg per cow 
A typical regimen is as follows: 

post- estrus FSH 

Morning-6 mg intramuscular 
Evening-6 mg intramuscular 
Morning-5 mg intramuscular 
Evening-5 mg intramuscular 
Morning-4 mg intramuscular 
Evening-4 mg intramuscular 
PGF

2 
X (Lutalyse 5 ml i/m) 

Morning~3 mg intramuscular 
Evening-3 mg intramuscular 

In buffaloes, a different regimen would 
be used. Forty mg of FSH would be injected 
over four days. Five mg of FSH would be 
injected each morning and evening and PGF

2 

X would be injected with 6th injection of 
FSH. 

PMSG: 200 I.U. would be injected on 9th 
day post estrus. PGF2 X would be given 48 
hours after the gonadotropin treatment. In 
buffaloes 3000 I.U. of PMSG would be used. 
Gonadotropinreleasing hormone or human 
chorionic gonadotropin would be used at 
the time of heat. 

iii) Local production of hormones: At 
present the superovulatory hormones (FSH 
& PMSG) or estrus synchronization hormone 
(PGF2 X) are not produced locally. How
ever ,except FSHand GnRH, other hormones 
of foreign origin are available in the local 
market. 

iv) Purification of the hormones: A proj
ect has been submitted to PARC for finan
cial assistance. Under this project, FSH of 
bovine origin will be purified and will be 
used as a potential source of superovulation 
in cattle and buffaloes. 

A scheme to make PMSG in the country 
would be submitted very soon through this 
laboratory. 

v) Effect of repeated superovulation 
on ostrus cycle. No untoward effect of su
perovulation on subsequent oestrus cycle 
has been observed either in cattlle or in 
buffaloes. Corpora lutea of superovulatory 
cycle are regressed by giving PGF2 X after 
flushing the animal with Phosphate buffer. 
Next cycle is the normal estrus cycle. A 
second su perovula tory attempt is made after 
giving the animal a rest of 60 days post 
flushing. 

c) Mating-natural or artificial or both. 
Natural mating and artificial insemination 
would be used at the time of estrus both in 
cattle and buffaloes. 

d) Collection of ova-procedures and 
comparative efficiency procedure would be: 



At present two methods of embryo col
lection are in vogue namely, surgical and 
non-surgical collection. 

Non-surgical collection and transfer has 
quite comparable results with surgical trans
fer in cattle; surgical transfer or collection 
has not been tried so far in buffaloes. 

Since superovulatory response in buffa
loes is very poor, the non-surgical embryo 
recovery rate is also very poor. Only one 
embryo could be recovered in 12 superovu
latory attempts with PMSG and FSH in a 
recent trial in buffaloes. 

e) Examination and evaluation of ova 
and embryos - Embryoes would be exam
ined under sterioscopic microscope and they 
would be evaluated according to following 
criteria:-

- Shape and symmetry, 
- colour and texture, 
- number of cells and vesicles, 
- condition of zona pellucida. 

Following grading system would be 
utilized: 

- good embryo - round, intact zona pel
lucida no vesicle, standard colour, 

- fair embryo - some protrusion of cells, 
- poor embryo - many vesicles, no 

symmetry, very dark colour, 
- unfertilized - cytoplasm scattered, no 

cells. 

f) Transfer and/ or freezing of embryo
Non-surgical embryo transfer would be 
carried out both in cattle and buffaloes. If no 
recipient is available, the embryo would be 
cryoprotected according to following sched
ule: 

- exposure of embryos to glycerol con
centration of 0.25m,0.5m,1mand1.5 
m for five minutes each, 

- embryos would be placed in 1/4 cc 
French straw and following cooling 
regimen would be applied in a pro-
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grammable embryo freezer, 
- thawing of embryos would be done at 
37°C for 20 seconds, the cryopreservatant 
would be removed by placing the embryos 
at 1.5 m, 0.74 m, 0.5 m 0.25 m and finally in 
Phsophate buffer saline for five to ten min
utes in each step. 
- two freezing techniques are in use. Fast 
and slow freezing. In fast freezing, the ter-

minal temperature is -38°C, at which 
the straw is plunged into liquid nitro
gen. Thawing is done at 37°C in water 
bath for 20 seconds. Results of freezing 
with this method are better than slow 
freezing where terminal temperature 
is -60°C and thawing is done by keep
ing the straw first at ice for 10 minutes 
and then at 37°C for few seconds. 

g) In-vitro capacitation and in-vitro fer
tilization: No work in this aspect is 
being done in cattle or buffalo. How
ever, in future, following method 
would be adopted: 
"In-vitro fertilization procedure would 

be standardized by harvesting ova from 
grafian follicles on ovaries of genital organs 
which are brought from slaughter houses. 
Six million sperms would be put around the 
ovum in a bicarbonate culture medium. Five 
percent carbon dioxide and 95 percent air 
would be provided to the ovum placed in a 
petri dish. Microscopic examination for fer
tilization and cleavage would be done after 
24 hours. The fertilized eggs would be cul
tured upto morula or blastocyst stage and 
subsequently they would be deep frozen or 
freshly transferred in surrogate InDthers. 

h) Embryo bisecting/ cloning: Embryos 
would be bisected into two, four or eight 
parts under a micromanipulator or with 
simple razor blade. The result of embryos 
bisected with micromanipulator and razor 
blade would be compared. The bisected 
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embryos have great research application 
where we can produce genetically identical 
off-springs for various experiments in ani
malnutrition, physiology and animal breed
ing and genetics. 

i) Chimera production: Chimera produc
tion would be mainly focussed in cattle and 
bufflao, sheep and goats. Cells of embryos 
recovered from buffalo and cows would be 
mixed to made a chimera. It would be pro
duced to study function of various cells in 
the embryo. 

j) Sexing garnets by using monoclonal or 
polyclonal H-Y antigen: First trial on sexing 
of cattle and buffalo embryos would be done 
using polyclonal antibodies against H-Y 
antigen present on male embryos. Antigen
Antibody complex could be observed under 
flourescent microscope. The male embryo 
would emit a green light whereas female 
embryo would not give any light due to lack 
of H-Y antigen on the surface of its cells. 

k) Nuclear transplantation in embryo: 
Growth hormone gene and milk production 
gene are planned to be transferred in the 
embryo at one cell stage. Such genes would 
be transferred in the male pronucleus atone 
cell stage during in-vitro fertilization of cattle 
and buffalo ova. 

1) Cooperating units: These will be 
- Animal Sciences Institute, 

National Agricultural Research 
Centre, 
Islamabad 

- Department of Animal 
Reproduction, 
Faculty of Veterinary Science, 
University of Agriculture, 
Faisalabad 

B. Application of r-DNA Technology for 
Genetic Improvement and Genetic Re
sistance to Diseases in Livestock/Poul-
try. 

The buffalo provides about 71 percent of 
milk and 23 percent of meat in the country. 
There are two distinct breeds, namely, Nili
Ravi and Kundi in the country. The two 
breeds have some morphological and pro
duction divergences. Chromosomal inves
tigations on these two breeds are limited. 
Studies on different levels of polymorphism 
in these two breeds would help in establish
ing a partial genetic map of the two breeds. 
This research backed by current cytological 
investigations underway in the Department 
of Animal Breeding and Genetics (DABG), 
Pakistan Agriculture University, will help 
in obtaining karyotype of these two breeds. 

The D ABG is, at present, engaged in cyto
genetics and bio-chemical polymorphism 
research in cattle, buffalo and goat. There 
are basic facilities to undertake research in 
DNA polymorphism in the genetic labora
tory of the department. Radio isotopes fa
cilities are available in the neighbouring 
institutes which can be utilized for research 
purposes. DNA hybridization procedures 
can be adopted in the laboratory of this 
department with a little input from FAO. 

In this project, the genetic map of Nili
Ravi and Kundi buffalo by Restriction Frag
ment Length Polymorphism (RFLP) tech
nique will be investigated. It will include 
agarose get electrophorosis of DNA of sev
eral buffaloes belonging to two breeds. Two 
hundred (200) blood samples from each of 
the two breeds will be randomly collected. 
DNA of these samples will be isolated, puri
fied and electrophorosed with several re
striction enzymes. DNA will be hybridized 
with known DNA probes using southern 



blotting techniques and then investigated 
for the presence of polymorphism in both 
the breeds. 

Cooperating units: Following are two 
units: 

- Department of Animal Breeding and 
Geen tics, 
Faculty of Animal Husbandy, 
University of Agriculture, 
Faisalabad. 

- Department of Animal Breeding, Fac
ulty of Animal Husbandry & Veteri
nary Science, 
Sindh Agriculture University, 
Tandojam 

C. Immunodiagnostics and vaccines 

Research and development under Bio
technology Network in Asia for Animal 
Health will focus on immunodiagnosis and 
vaccine development. Under this, three main 
areas will be covered. 

a) ELISA test for diagnostic purpose. Two 
tests can be used: 

- Laboratory test: Since the first devel
opment of enzymelinked immuno
sorbent assay in 1971 by Engrall and 
Perlmann, this technique has been 
exploited to the maximum for the 
diagnosis of infectious diseases. Speed, 
sensitivity, specificity, safety, long
shelf life of reagents and potential for 
automation and field use have made 
ELISA the diagnostic test of choice. 
ELISA has been applied to viral, bacte
rial, mycotic and parasitic infections of 
animals. 

Work on ELISA was started at Animal 
Sciences Institute (ASI), National Agricul
tural Research Centre (NARC), Islamabad 
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in 1986. We have already established ELISA 
methods for antibody titration against Pas
teurella multocida Robert's type I and Foot 
and Mouth Disease at ASL 

- Field tests: Under the Biotechnology 
Network, ELISA protocols for differnt 
diseases will be established and the 
techniques will be shared with provin
cial institutes viz. Veterinary Research 
Institutes,Peshawar,Lahhore,Quetta, 
Poultry Research Institutes, Raw
alpindi and Karachi, Divisional and 
District Headquarters diagnostic labo
ratories in the country. Technology 
will be developed for the preparation 
of ELISA kit for diagnosis of different 
diseases for field application. 

During the initial years efforts in particu
lar will be focussed on development of ELISA 
for serotyping Foot and Mouth Disease vi
rus, infectious Bovine rhinotracheitis, Infec
tious bursal disease, rinderpest, brucellosis 
and babesiosis. Later the technique will be 
applied to other animal diseases. 

b) Monoclonal antibody production: 
Types produced. Monoclonal antibod
ies have opened up a new era in serol
ogy since these are able to identify 
specific epitopes on each serotype/ 
subserotype/ strain. An additional 
advantage is that once produced, these 
can serve as the source of reagent for 
an indefinite period. Research on 
monoclonal antibody production in 
Pakistan is lacking and still there is no 
laboratory in the country which is in
volved in work on monoclonal anti
body production. 

- Diagnostic purpose: The work under 
this biotechnology network envisages 
that monoclonal antibodies will be 
produced against animal pathogens 
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and other related antigens. Work ini
tially will be focussed on livestock 
diseases prevalent in Pakistan. These 
antibodies will be developed with three 
main objectives: 

- Monoclonal antibodies for diagnostic 
purposes. Antibodies developed will 
be used for the diagnosis of animal 
diseases. Most important among these 
will be monoclonal antibodies pro
duced for serotyping and subserotyp
ing of Foot and Mouth Disease virus, 
antibodies for use in the diagnosis of 
rinderpest, IBR, HS etc. 

- Vaccines: Monoclonal antibodies for 
vaccines. The monoclonal antibodies 
will be used to identify specific epi
topes which are protective. Later, these 
monoclones will be used for isolating 
these antigens also by affinity chroma
tography. Diseases of particular im
portance under this category will be 
HS: mycoplasma infection in sheep 
and goats, Newcastle disease in poul
try etc. 

- Other uses: Monoclonal antibodies will 
also be raised against T and B lympho
cytes and other components of im
mune system of buffaloes for identify
ing different marks and for their use in 
understanding buffalo immunology. 

c) Geentically engineered vaccines: 
- Monovalent vaccines: Work on this 

aspect will be carried out during the 
later part of this Network when suffi
cient manpower will be available to 
carry out this work. Research will 
mainly be focussed on the develop
ment of vaccines of particular impor
tance to South East Asia in particlar 
Foot and Mouth Disease. 

Research units: Initial research work will 
be carried out as ASI, NARC, Islamabad. 
Active collaboration will be with Foot and 
Mouth Disease Research Centre, Veterinary 
Research Institute, Lahore. 

D.Manipulation and Control of Rumen 
Permentation for Maximizing the utili
zation of Fibrous Materials. 

Pakistan posesses a fairly sizable number 
of livestock, the productivity of which is 
however low, mainly because of poor ge
netic potential and inadequate nutrition. 
Almost 69 percent of the feed resources to 
support the various ruminant livestock 
population are provided from crop resi
dues, agro-industrial by-products and graz
ing of rangelands and waste lands. 

It is widely recognized that major limita
tions to the utilization of these fibrous mate
rials as feedstuffs for ruminants are associ
ated with their poor digestibility, low vol
untary intake and low content of essential 
nutrients such as nitrogen, sulpher and 
minerals. Methods to improve use of these 
materials include. 

i) those which chemically or physi
cally alter the fibrous material itself, 

ii) those which provide additional nu
trients to ensure an appropriate sub
strate environment in which fibre 
fermentation rate is increased, and 

iii) those which provide an alternative 
source of nutrients for the animal 
which does not adversely interest 
with the processes of fermentation 
to the roughage. 

When the choice of supplements is made, 
the intention is usually to achieve both (ii) 
and (iii). The level of intake of the fibrous 
material, the yield of nutrients from that 



roughage and theyieldofnutrientsfrom the 
supplement are interacting variables. To 
optimise total nutrient supply, the condi
tions for ruminal fermentation must be held 
within an optimal range of pH, with con
tinuing adequacy of microbial mutrients 
such as nitrogen (as ammonia and any es
sential peptides), sulphur and minerals. 

The very slowly fermented residues of 
fibrous particulate material which will be 
left in the rumenoreticulum after, say, 24 
and 36 hours of exposure to microbial activ
ity, needs to be removed as rapidly as pos
sible. 

Studies have shown that the microbial 
population present in the rumen, the signifi
cance of various groups of microorganisms 
and their interactions, the rate of removal of 
feed residues from the rumen and factors 
affecting the microbial protein suppl yto the 
animal are closely related to the rate of di
gestion. However, the complexity of the 
physiological processes which control the 
amount of particulate material removed 
through the reticulomasal orifice per unit 
time is not fully understood. Manipulation 
of the rumen environment to maintain a 
maximal rate of digestion of cell wall consti
tutents and removal of the residual particu
late material from the rumen are likely to 
result in increased digestion and intake and 
have utilization of diets based on low qual
ity fibrous crop residues. In considering the 
nutritional limits to the utilization of fibrous 
materials, it is of great significance to con
sider the factors which potentially influence 
the rate of microbial fermentation and di
gestion of such feedstuffs in the rumen. The 
main objective of this study is to maximize 
the utilization of fibrous mateirals through 
various supplementations. 

Work plan: In a series of experiments on 

201 

fistulated male buffalo and cattle calves we 
will study the interactions between supple
ments and poorly digestible roughages, 
which might be used to achieve higher in
takes of roughage, minimize sustitution 
effects, and sustain good if not maximum 
rates of fibre fermentation and digestion. 
Optimum requirements of rumen micro
organisms for N,S and other minerals as 
well as the optimum conditions for the 
synchronization of nutrients available to 
rumen microbes will be established. The 
parameters studied will be rumen pH, rumen 
N, microbial protein synthesis, production 
of VF A, NDF, lignin, microbial and bacterial 
counts, degradation of variuous feedstuffs. 
Results will lead to identify the best alterna
tive patterns of feeding of supplements. 

Summary 

Basic Statistics 
National Policy: These are summarized as: 

- Promote productivity per animal in
stead of increasing livestock numbers 
by appropriate price policies for both 
the outputs of meat and milk as well as 
the inputs; 

- encourage livestock holders to adopt 
improved methods of animal hus
bandry through increased returns from 
these practices as compared to the 
traditional ways; 

- devote increasing attention and effort 
toenhancethequantityandnutritional 
quality of feed and fodder supplies 
and their processing; 

- stimulate the modernization and effi
ciency of marketing channels. Private 
sectors involved inlivestockand poul
try industry should extend veterinary 
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and livestock production service to 
the farmers; 

- devotion of higher acreage of crop pro
duction to fodder by using high yield
ing fodder crop varieties; 

- increasing public investments to at 
least three times the present levels 
over the Seventh Plan period; 

sustaining a growth rate of 6 percent 
for the livestock sector; 

Objectives: 
- to increase the livestock and poultry 

products not only to the level of self
sufficiency but also to produce sur
pluses for export. 

- to bring down the difference of supply 
and demand of animal protein. 

- to increase the per-capita availability 
of livestock and poultry products to 
the level of desired standard. 

- to incrase the farmer's income. 

to ensure the stability of the resource 
base for sustained use in future. 

- to secure the widest possible partici
pation in this activity and improve the 
welfare of people dependent on live
stock for their living and income. 

Institutions Involved in Work 

1. Embryo Transfer Technology: 
i. Animal Sciences Institute, 

National Agricultural Research 
Centre, 
Islamabad. 

Scientist: Dr. Nematullah and three 
other staff members. 

ii. Department of Animal Reproduction, 
Faculty of Veterinary Sciences, 
University of Agriculture, 
Faisalabad 
Scientist: Prof. Dr. Alaudin and 

his staff members. 

2. Application for r-DNA technology: 
i. Deprtment of Animal Breeding and 

Genetics, 
Faculty of Animal Husbandry, 
University of Agriculture, 
Faisalabad 
Scientist: Dr. Zaheer Ahmad and 

his staff members. 

ii. Department of Animal Husbandry, 
Faculty of A'nimal Husbandry and 
Veterinary 
Sciences, 
Sind Agricultural University, 
Tandojam 
Scientist: Dr. G.B. Isani and his staff 

members. 

3. Immunodiagnostics and vaccines: 
i. Animal Sciences Institute, 

National Agricultural Research 
Centre, 
Islamabad 
Scientist: Dr. M. Afzal and his staff. 

ii. Veterinary Research Institute, 
Ghazi Road, 
Lahore Cantt. 
Scientist: Dr. Shabbir Ahmad and 

his staff. 

4. Animal feed production: 
i. Deprtment of Animal Nutrition, 

Faculty of Animal Husbandry, 
University of Agriculture, 



Faisalabad 
Scientist: Dr. S. Abrar Hussain and 

his staff. 

ii. Animal Nutrition section, 
Livestock Department, 
Quetta 
Scientist: Mr. Taimur Shah and his 

staff. 

Activities in the Private Sector in the Coun-
try 
Fields of activity: 

- Embryo Transfer Technology. 
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- Animal feed ingredients. 
- Compound feed for livestock/poul-

try. 

Organizations: 
- Uqab Breeding Ltd. 
- Sona Vanda. 

Scale-on national level 
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Introduction 

Based on the National Economic and 
Development Authority (NEDA) July 1988 
publication entitled "Update on the Me
dium-Term Philippine Development Plan 
1988-1992", the following national develop
ment goals shall still be pursued: 

a) Alleviation of poverty. 
b) Generation of more productive em

ployment. 
c) Promotion of equity and social justice. 
d) Attainment of sustainable economic 

growth. 

The 1988 population of 58.7 million is 
expected to rise to 64.3 million by 1992. In 
order to meet the nutritional requirement of 
the population, the livestock industry would 
have to be further improved. To meet the 
demand of the livestock and poultry indus
tries, livestock production is targetted to 
grow annually by 2.0% and poultry produc
tion by 1.6%; hence the application of bio
technology in animal production, nutrition 
and health is timely, relevant and necessary 
to achieve this goal. 

The proper ''blending" of new and tradi
tional technologies shall be the basic strat
egy in the application of advanced agricul
tural technologies so that gains in efficiency 

and competitiveness can be achieved with
out the needless sacrifice of human and 
physical resources. Existing village level or
ganizations particularly the production
oriented farmers' associations shall be 
strengthened through training to enable 
them to eventually manage the technologies 
transferred. While governemnt shall con
tinue to undertake and support the bulk of R 
& D activities, private agricultural corpora
tions shall be encouraged to conduct their 
own research especially in technological 
areas like biotechnology. Available incen
tives for this purpose shall be strengthened. 

So far, conventional breeding method is 
being used. This necessitates the importa
tion of good breeding stock (poultry and 
cattle) now and then to upgrade the native 
breeds and to replace partially the parental 
stock to avoid inbreeding. 

National plans for development of 
biotechnology 

Listed below are the research and devel
opment thrusts in agriculture prepared by 
the Bureau of Agricultural Research, Dept. 
of Agriculture in coordination with the 
Philippne Council for Agricultural Re
sources Research and Development 



(PCARRD) and the Philippine Council for 
Aquatic and Marine Resources Develop
ment (PCAMRD) as part of the National 
Agricultural Research and Extension 
Agenda 1988-1992. It is worthwhile to note 
that biotechnology is listed as one of the 
thrusts of the governemnt. 

a. Profitable production and post-produc
tion environment-sensitive technologies. 

b. Development, rehabilitation, conserva
tion, utilization and management of re
sources and ecosystem. 

c. Production, processing, storage and dis
tribution systems for seed stocks and 
planting materials. 

d. Breeding and management systems for 
better production. 

e. Biotechnology in production and post
production systems. 

f. Integrated and commodity-based ap
proaches towards better food production 
and nutrition and balanced ecosystems. 

g. Efficient and effective technology trans
fer systems for producers. 

h. Efficient marketing, distribution and 
support systems. 

i. Assessment of plans, programs and poli
cies and formulation of appropriate poli
cies. 

j. Support for emergency projects. 

In the order of priority, the group of 
animals that will be given attention from 
1988-1992 are cattle, carabao, swine, goat, 
sheep, chicken and duck. 

With regard to science and technology, 
research and development shall stress the 
use of indigenous resources and shall pro
gressively shifttoward innovative processes 
and quality products of increasing techno
logical content. It shall also aim at the accu
mulation of state-of-the-art knowledge and 
skills needed for the long term, self, relient 
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mastery of selected high technologies that 
could boost the national economy. The sci
entific and technological service systems 
shall be built up to increase productivity 
and enhance the technological receptivity of 
local production units in industry and agri
culture, as well as to facilitate the immediate 
application and commercialization of R & D 
results. 

The development of advanced techno
logical capabilities especially with respect 
to the absorption, adaptation and mastery 
of technologies in strategic areas shall be 
pursued to provide the momentum towards 
technological self-reliance. To widen the 
national technological base, scientific and 
technological education and training shall 
be expanded through increased assistance 
to educational institutions. The active par
ticipation of nongovememntal organizations 
in bringing technology particularly to the 
rural areas shall be encouraged. 

Objective of biotechnology-development: 
a. To increase animal production beyond 

the rate of which conventional breeding 
methods permit. 

b. To improve and preserve good genetic 
traits in the animal population. 

c. To improve the nutritional status of ani
mals through the development of safe 
and potent vaccines, accurate diagnostic 
procedures and treatments. 

d. To improve the health status of animals 
through the development of safe and 
potent vaccines, accurate diagnostic pro
cedures and treatments. 

e. To further develop research capability in 
animal biotechnology through improved 
infrastructure, facilities, equipment and 
manpower. 
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Present Status 

A. Nucleus herd improvement using MOET 
inONSS 

1. Present geneticimprovementin each class 
of livestock. 
As part of the dairy development strat

egy, improted purebred dairy breeds of 
cattle, e.g., Holstein Friesian, Red Sindhi 
and Brown Swiss, wich have inherently high 
milk yield have been and are still being 
introduced into the country. Crossbreeding 
of the imported breeds with indigenous cattle 
are being undertaken through artificial in
semination (Al) and through natural breed
ing in order to obtain animals with im
proved milk production and better resis
tance to diseases. Through the years, coun
try-born purebreds and crossbreds aer pro
duced to form part of the local dairy herd 
(Robles, 1986). 

Upgrading the native cattle using exotic 
breeds like Brahman, Sta. Gertrudis and 
Indu-Brazil has been the practice in the past 
aimed at improving the local beef cattle in
dustry. At present, the Bureau of Animal 
Industry (BAI) through its various artificial 
breeding centers and sub-centers is actively 
conducting a massive upgrading program 
of the indigenous stock using frozen semen 
of the Brahman breed. 

At the Philippine Genetics Inc., (PGI), 
nucleusherdimprovemkentusingmultiple 
ovulation and embryo transfer are being 
conducted at an experimental scale. Genetic 
improvement of cattle is usually undertaken 
through the introduction of superior ge
netic materials initially acquired from for
eign countries. Repeated superovulation is 
also being applied through hormones pro
cured from other countries. 

At the San Miguel Corporation, embryo 
transfer is being done. However, no addi
tional information can be released regard
ing their work. 

After a long period of neglect, efforts are 
now directed towards the improvement of 
the genetic make-up of the carabao. A breed
ing scheme of mating female carabos with 
Murrah and Nili-Ravi buffaloes to produce 
the Fl crossbreds was developed. Due to 
lack of buffalo bulls, locally produced and 
imported semen of Murrah from India and 
Nili-Ra vi from Pakistan are being utilized in 
the breeding scheme using Al. Since the 
carabos are dispersed in a wide area at the 
villge level, the application of AI is not read
ily feasible. Thus, estrus synchronization is 
utilized as a tool for the application of AI in 
carabaos (Momongan, 1988). This program 
is currently being undertaken by the Philip
pine Carabao Research and Development 
Centre (PCRDC) based at the Institute of 
Animal Science, UPLB. 

Genetic improvement programmes for 
sheep and goats are being caried out by the 
research centers of different state universi
ties and by the Philippine Asean Goat and 
Sheep Centre (PARGSC). The activities on 
goat and sheep production are directed to 
crossbreeidng trials with consideration to 
meat and milk production, reproduction 
capacities, adaptation to local pasture and 
feeding conditions, disease resistance, and 
other factors necessary to develop a goat 
and sheep industry. The production pro
gram also aims to establish a pool of breed
ing goats and sheep for both upgrading and 
conservation of indigenous germplasm 
(Parawan and Ovalo, 1984). 

Breeds of swine like Yorkshire, Landrace 
and Duroc are being imported from time to 
time by different swine breeding farms to 



improve the genetic make-up of the nucleus 
herd. 

Genetic improvement of the native pigs 
is being done under a limited scale through 
AI activities done by the technicians of the 
BAI. National swine performance testing 
center is now operational and testing pigs to 
determine the genetically superior breed
ers. 

Poultry breeding work in the Philippines 
has been done in a very limited scale only. 
Funding allocated for this purpose is very 
meager and not meant to be continuing. 
Upgrading of native chickens and ducks is 
being done but without any organized ef
fort of performance testing and selection. 
Research activities designed to genetically 
develop egg-type and broiler strains of chick
ens have been done. However, since these 
projects were done when there was already 
an extensive importation of the commercial 
hybrids, their continuation did not get fur
ther support and the developed stocks were 
not adopted by the commercial firms. Pres
ent efforts are focused on the conservation 
and improvement of the existing indige
nous poultry particularly chicken and ducks 
(Lambio, 1989). 

2. Embryo transfer (ET) technology for 
genetic improvement 

a. Selection of donors/recipients 
Since most of the ET work in the country 
were done by foreign companies that 
brought along with them the frozen em
bryos, it is assumed that the donors were 
selected based on the objectives of the 
company. 

A case report of ET experiments at ANSA 
farms, South Cotabato mentioned selection 
of donors aimed at multiplying the number 
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ofoffsprings with the superior genetic make
up of the farms' three lines of Brahman 
cattle; Manso, Albacrata and lmperator. The 
selected cows are reported to be local-born. 
American Brahman Breeders Association 
(ABBA) registered Brahman cattle with high 
unassisted live calving record, high per
centage of calves weaned and above-herd 
average on growth rate. The recipient cows 
were selected based on age, disease-free 
condition, with proven fertility and moth
ering ability, history of ease of calving and 
good body size (Martin et al., 1985). 

b. Superovulation 
(i) hormones used and their efficacy 
(ii) methods used 

The work of Llaguno (1982) mentioned 
the use of prostaglandin for synchroniza
tion of recipient and donor carabaos. The 
donor animals were administered 2500 IU 
PMSG given i.m. at day 10 after first 
prostaglandin injection. At day 11 the sec
ond dose of prostaglandin was administered 
and at the onset of estrus, 1500 IU of HCG 
was given i.m. to effect ovulation. 

Martin et al. (1985) reproted the use of 
standard superovulation protocol using FSH 
and natural prostaglandin (PGF2 alpha). 
The study of Apelo et al. (9187) on the su
perovulation of goats used FSH, PMSG and 
PGF2 alpha. Following Betteridge (1977) 
protocol in superovulation, FSH was given 
in 10 equally divided dosages i.m. starting 
day 10-11 of estrous cycle for 5 days. On the 
4th day of administration, PGF2 alpha was 
given i.m. at the rate of 10 mg. PMSG was 
administered i.m. as single dose, 1000 IU on 
day 15-17 of the cycle as suggested by Moore 
(1977). PGF2 alpha was injected 48-72 hours 
afterPMSG. 

(iii) local production of hormones; none, 
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all are imported or distributed by pharma
ceutical companies. 
(iv) purification of hormones; none 
(v) effect of repeated superovulation on 

estrous cycle; 
Not yet investigated. However, there are 

some indirect hints on irregular estrous 
cycles in goats after treating with PGF2s. 
Will repeated synchronizaztion of estrus 
always give the same response in terms of 
number of follicles superovulated? 

c. Mating: Natural or artificial or both 
Most of the ET work done in cattle in
volved the use of AI. The donor cows 
were inseminated with frozen or fresh 
semen. However, some donor cows were 
reported to have been serviced by natural 
breeding. In the work of apelo et al (1987) 
all the does were bred naturally while in 
that of Llaguno (1982), all the caracows 
were scheduled for AI. 

d. Collection of ova 
All the available information point to the 
use of simple nonsurgical technique in 
the collection or recovery of embryos. 

e. Examination and evaluation of ova and 
embryo 
The only information available is from 

the work of Apeloetal. (1987). To determine 
the ovarian activity of the animal after treat
men t, laparotomy was conducted to expose 
the uterus and ovaries. A midline premam
mary incision was performed on the animal. 
Presence of corpus hemorrhagicum, corpus 
luteum, preovulatory and growing follicles 
were noted. 

No report is available on the evaluation 
of embryos prior to transfer. 

f. Transfer and/ or freezing of embryo 
(i) various transfer and breeding tech-

niques 
A nonsurgical transfer procedure was 

always used in all the reports gathered. No 
work has been done in freezing of embryos. 

(ii) comparative results: None. 

g. In-vitro capacitation and in vitro fertili
zation: No report. 

h. Embryo bisecting/ cloning: No report. 

i. Chimaera production: No report. 

j. Sexing gametes using monoclonal or 
polyclonal H-Y antigen: No report. 

k. Nuclear transplantation in embryo: No 
report. 

B. Application of r-DNA technology for 
genetic improvement and genetic resistance 
to disease in livestock/poultry .. 

1. Gene mapping/DNA polymorphism: 
None 

2. Gene cloning: None 
3. DNA hybridization techniques: None 
4. Gene transfer: None 

C. Immunodiagnostics and vaccines 
1. ELISA tests for diagnostic purpose: 

None 
2. Monoclonal antibody production: 

a) Types produced 
(i) Diagnostic purpose 
(ii) Vaccines - BIOTECH works on 

the production, standardization and evalu
ation of Pasteurella vaccines for cattle, goat, 
swine and fowl bu tnot through monoclonal 
antibody. 

(iii) Other uses. 

3. Genetically engineered vaccine: None. 



D. Biotechnology for enhancing animal feed 
production 

1. Genetically engineered forage crops 
production: No report. 

2. Bioconversion of industrial, agricul
tural and animal wastes as animal feed. 

a) Microbial treatment of low quality 
roughages, crop residues, industrial 
wastes 

Initial work on cellulase and ligninase 
production by fungi using agricultural 
wastes (ground corn cobs, coconutcoir dust, 
corn stover, rice straw and sugarcane 
bagasse) with and without pretreatment 
have been done at the National Institutes of 
Biotechnology and Applied Microbiology 
(BIOTECH). Two of the 18 test cultures 
(Phanaerichaete chrysosporum and PI
COPWRA isolate), determined to be 
ligninolytic were used to produce the en
zyme in nutrient-supplemented corn cobs. 
Ligninolytic activities of the enzyme from 
both isolates were almost the same. 

Cellulasewas produced usingTrichoderma 
reesei NRRL 11460 Rut C30 and mixed cul
ture of T. reesei Rut C30 and Penicinium 
funiculosum Mg 171 with 2% lactose and 2% 
corn cobs as substrate, respectively. Results 
showed that the kind of substrate and mi
croorganisms used affected cellulase pro
duction. 

Current work on the genetic analysis of a 
local cellulolytic P. funiculosum by proto
plast fusion also aims to isolate high cellu
lase-yielding strains which can be used for 
economical production of the enzyme (San
tos, 1988). 

Hydrolysis of copra meal using cellulase 
and mannanase from T. viride and 
Streptomyces sp. # 17, respectively, resulted 
to 32.02% crude fiber reduction of the meal. 
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When cellulase from T. reesei rut C 30 with 
total enzyme activity of 50 units was used to 
hydrolyze copra meal, a decrease of 26.42 % 
crude fiber content was achieved. Man
nanase (from modified yeast meat broth) -
treated copra meal had high relative nutri
tive value and lysine content. Higher body 
weight gain of broilers were achieved when 
fed diets containing treated meal than when 
fed with diets containing unhydrolyzed 
meal. 

Efforts to improve the quality of sugar
cane bagasse have also been attempted at 
PGI through enzyme treatment; the enzyme 
being purchased from BIOTECH. 

b) Identification and genetic manipulation 
of rumen microbes 
The effect of diet (rice straw, na pier grass, 

ipilipil and sugarcane tops) on the bacterial 
flora of cattle and buffalo rumen has been 
studied (Roxas, 1974; Aranas et al., 1972; 
Eala et al., 1973; So, 1982). No bacterialiden
tification were done; however, one study 
(So, 1982) dealt with the identification of the 
ciliates. 

No reports on genetic manipulation of 
rume microbes were encountered. 

c) Development of single cell protein (SCP) 
SCP (yeast) production using whey, 

molasses and other agricultural products or 
wastes as substrates have been conducted. 
However, their utilization in feeds were not 
reported. Pilotproductionand utilization of 
Spirulina has been undertaken (Zafaralla, 
1988). As component of broiler feed in a 26-
day feeding trial, Spirulina exhibited higher 
coefficient of digestion than soybean oil meal 
(SBOM). However, the alga cannot substi
tute entirely for SBOM, the optimum re
placement level being only 50% (gerpacio, 
1988). 
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d) Fermentation technology 
i) Aerobic fermentation 
The following BIOTECHresearchesapply 

'aerobic' fermentation: feed-grade lysine 
production, cellulase, ligninase and man
nanase production, Spirulina production and 
tylosin production. 

ii) Anaerobic fermentation 

iii) Utilization of methanogenic bacteria 
Maya Farms has benefited from bi

ogas technology. The farms' organic wastes 
undergo anaerobic fermentation which in 
turn evolves a combustible gas which pro
vides the fuel needs of the farm as well as 
industrial activities such as meat processing 
and ice-making. Theresidualsludgeispellet
ized and used as fertilizer. 

Future Plans 

In line with the objectives of the network, 
BIOTECH in the next five years plans to 
optimize: 

1. the conditions for maximum produc
tion of ligninase and cellulase by se
lected strains under large scale; 

2. the pilot-scale process for biogas pro
duction from distillery slops; and 

3. mass produce Spirulina in outdoor 
production ponds. 

BIOTECH would also undertake bigger scale 
production of mannanase and lysine, whole 
cell and crude capsular antigens (CCA) of 
Pasteurella multocida. In addition, it will 
embark on alternative, locally available and 
inexpensive media for vaccine production 
and on the isolation and characterization of 
Hemophilus sp. from swine, cattle and poul
try. Other activities to be conducted along 
this line include: 1) capsular and somatic 
serotyping of P. multocida and P. haemolytica 

from cattle, carabao and fowls in the Philip
pines; 2) development of monoclonal anti
body technique for isolation, characteriza
tion and production of protective antigen of 
Philippine pasteurella strains for vaccine 
production;3)developmentofELISAkitfor 
detection of hemorrhagic septicemia in the 
field and monitoring vaccination response. 

Genetic improvement of cellulolytic iso
lates will still be carried out while genetic 
improvement of lignolytic microorganisms 
will be started in the next five years. Protein 
enrichment of agricultural lignocellulosic 
wastes for use as animal feed will also be 
tried. SCP from sewage sludge, if it gets 
funding from USAID, will also be worked 
on within the next five years. 

To support the above activities, down
stream processing equipment will be devel
oped. 

The Philippine Genetics, Inc., if success
ful in its work on embryo transfer I freezing 
and superovulation, will also venture into 
in vitro capacitation and in vitro fertilization, 
embryo bisecting/ cloning, chimera produc
tion, sexing gametes using monoclonal or 
polyclonal H-Y antigen and nuclear trans
plantation in embryo. 

The Bureau of Animal Industry is trying 
to develop vaccines agaisnt new castle dis
ease, hog cholera, fow 1 pox, pasteurellosis 
swine plague and anthrax. 
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Summary 

During the past 25 years of economic 
development in Korea, per capita consump
tion of animal products (meat, milk, eggs) 
have increased tremendously, in spite of the 
decrease of farm populations. In order to 
meet this increasing trend of demand of 
animal products, efficient animal produc
tion systems using biotechnological tools 
are strategically very important for Korea. 

In this paper, firstly, the present status of 
biotechnology in South Korea has been 
described. Considerable progress was made 
in the area of embryo transfer and its allied 
techniquesinvariousSouthKoreanlnstiutes. 
Transfer, culture, bisection and in vitro fer
tilization techniques carried out in different 
institutions and results obtained are pre
sented in tabular forms in the main text. 
Sexing garnets using monoclonal or poly
clonal H-Y antibody has been attempted. 

Most of the work on recombinant DNA 
hybridization, and gene transfer has been 
conducted by the Genetic Engineering 

Center,KAIST,butotherinstitutesarein the 
process of building up facilities for Genetic 
Engineering work. Development of a re
combinant E.coli vaccine is in progress at 
the Veterinary Research Institute, Anyang. 
Production of different types of monoclonal 
antibodies against virus diseases has been 
made at the above institute and in other 
institutions. 

A list of researchers and institutes in
volved in biotechnology research is enclosed 
in the main text. 

Introduction 

During the past 25 years, economic situ
ation in Korea has greatly improved as 5-
year economic development plan was suc
cessfully carried out for five times. Sup
ported by imporved economic situation, 
pattern of food intake among Koreans has 
changed from rice to animal products: meat, 
egg and milk. Table 1, 2 and 3 show rice, 
meat and milk consumption respectively. 



Table 1. Per capita and total rice consumption. 

Year 

Per capita (kg) 

Total (1,000 M/T) 

1971 

139.5 

4,597 

Korean Rural Economic Institute (1986). 

1981 

131.9 

5,100 

1991 

115.0 

5,139 

Table 2. Per capita and total meat consumption. 

Year 

Per capita (kg) 

Total (1,000 M/T) 

1971 

6.4 
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Korean Rural Economicinstitute (1986). 

1981 

10.2 

394 

1991 

17.6 

787 

Table 3. Per capita and total milk consumption. 

Year 

Per capita (kg) 

Total (1,000 M/T) 

1971 

2.2 

73 

Korean Rural Economic Institute (1986). 

1981 

14.4 

558 

1991 

32.0 

1,430 

213 

2001 

97.0 

4,830 

2001 

24.7 

1,230 

2001 

54.4 

2,709 
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Rice consumption per person per year 
was 139.Skgin 1971, thereafter decreased to 
131.9kgin 1981and was expected to be 115.0 
kgin 1991and97.0 kgin2001. Total demand 
of rice will be increased to 5,139,000 MIT 
until 1991 with increase of population, 
however subsequently a decrease is expected 
i.e. 4,830,000 MIT in 2001. 

In case of beef consumption, as shown 
Table 4, percentage of self supply decreases 
annually from 1988 and its supply by import 
increases annually and expected to be 117,226 
MIT in 2001. In order to increase productiv
ity and international competitive power of 
beef and milk production, high technolo
gies such as embryo transfer, use of growth 
hormone, embryo sexing and rapid diagno
sis of disease might be applied. 

In Korea farm population also decreases 
annually so that labour efficiency in animal 
production might be improved by use of 
biotechnology. All of animal products in
cluding egg, meat and milk might be sup
plied in favourable and constant condition. 
Objectives of animal productivity at present 
and future is illustrated in Table 5. Present 
perforamnce on economical characters of 
Korean cattle, pig, Holstein and hen, and 
calving rate of Holstein and Korean cattle 
are illustrated in Table 5. In order to attain 
these objectives in 2001, application of bio
technology such as embryo transfer, growth 
hormone production, embryo bisecting, 
nuclear transplantation in embryo and 
genetically engineered vaccine production 
are urgently required. 

Tab le 4. Prospect of beef consumption and its self supply. 

Year 

1987 
1988 
1989 
1990 
1991 
1996 
2001 

Total consumption 
(MIT) 

139.445 
151.134 
164.133 
177.921 
192.724 
285.535 
417.726 

Korean Rural Economic Institute (1987). 

Self supply ( % ) 
(MIT) 

152.600 
145.600 
136.400 
136.400 
150.900 
239.900 
300.500 

Import supply 
(MIT) 

5.534 
27.733 
41.521 
41.824 
45.635 

117.226 
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Table 5. Objectives of animal productivity at present and in future. 

Content 1988 

' Korean cattle body wt 500kg/18m 
Pig body wt 90kg/150d 
Milk production 5000kg/year 
Egg production 270kg/year 
Calving rate (Holstein) 80% 
Calving rate (Korean cattle) 50% 

A. Present Status on Biotechnology 
Research 

As shown in Table 6, research work on 
biotechnology in recent years are limited to 
utilization of bovine follicular oocytes, pro
duction of poly- or monoclonal H-Y anti
body for embryo sexing, gene recombina
tion and transfer, bisecting embryo, freez
ing and storage of embryos, embryo trans
fer and use of porcine somatotropin. 

On study of utilization of bovine follicu
lar oocytes, about 45 oocytes per cow were 
recovered, in vitro maturation rate was 75-
80%, in vitro fertilization rate was 68.8% and 
11.2% was developed to morula or blasto
cysts. On study of production of poly- or 
monoclonal H-Y antibody for embryo sex
ing,separationrateofXXembryowas81.3% 
in mouse and almost 100% in cow. How
ever, more study might be continued on 
methods to get easily and effectively mono
clonal H-Y antibody. 

In a study on expression of human growth 
hormone gene in transgenic mice, 6 giant 
mice were produced, which had high levles 
of hGH in their serum and 1.5-2.0 times 

1992 2001 

500kg/16m 500kg/12m 
90kg/130d 90kg/100d 

7500kg/year 1 OOOOkg/ year 
290kg/year 320kg/year 

90% 120% 
70% 100% 

heavier body weight than control. 

Study on bisecting embryo has been carried 
out in order to produce identical twin. Preg
nancy rate with cloning embryo was 6.2 % in 
cow, and blastomere development rate was 
63.6-70% in cow. 

As conception rate obtained with freez
ing cow embryo was 37.5-50.0%, imported 
or internal frozen embryo would be trans
ferred for production of breeding stock in 
Holstein cow. Many research works related 
to embryo transfer such as estrus synchroni
zation, superovulation and hormone were 
carried out. 

Research work on use of growth hormone 
for meat production was initially carried. 

Research work on use of growth hormone 
for meat production was initially carried 
out with porcin somatotropin. 

1. Embryo transfer technology. 

a) Historical development 
Historical development of E.T. is 
summarized in Table 7. 
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Table 6. Status of biotechnology research in animal production. 

Components of research 

Recovery of follicular oocytes 
In vitro culture of bovine 

follicular oocytes 
In vitro fertilization 
In vitro culture of fertilized ova 
Superovulation 
Production of monoclonal antibody 

Separation of XX and XY embryo 

Separation of X and Y sperm 

Microfertilization 
Parthenogenesis 
Cloning embryo 

Blastomere separation & culture 

Nucleus exchange 

Chimera production 

Freezing and storage of semen 
Freezing and storage of oocytes 
Estrus synchronization 

Embryo transfer 

Diagnosis of pregnancy 

Twin induction 

Use of porcine somatotropin 

Present statistics or future plans. 

Results 

46 oocytes per cow 
maturation rate 75-80% 

fertilization rate 68.8% (cow) 
morula, blastocyst 11.2 % 
10.3 corpus Luteum/ cow 
H-Y monoclonal antibody 

production 
Separation rate 81.3% 

(mouse) 100% (cow) 
B-body 21.5% (bovine) 

mouse 
Induction rate 34.7-94.4% (mouse) 
Identical twin production rate 30 (%) 
pregnancy rate 6.2% cow 

Identical twin production rate 
12.9 (%)(mouse) 

Blastomere develc::>pment rate 
63.6-70% (cow) 

Nucleus exchange mouse 
production rate 18.1-26.9% 

Chimera mouse production (10.7%) 
Chimera embryo production & 

transfer 
Industrialized (bovine, swine) 
Conception rate 37.5-50.0 (cow) 
synchronized rate 65% (cow) 

pregnancy rate 77% 
(cow, sow, goat) 

progesterone test in milk 

pregnancy rate 41 % (cow) 

Total daily gain 3-5% improve 
back fat thickness 0.18-0.30cm 
10-17% decrease 

Year 

1988 
1988,1989 

1988, 1989 
1988, 1989 
1984,1988 
1987 

1986, 1987, 
1988 
1979, 1986, 
1988 
1983 
1987, 1988 
1985 
1985, 1987, 
1988 
1985 

1988 

1988,1989 

1987, 1988 
1985 

1961 
1988 
1975, 1983, 
1986 
1983, 1985, 
1988, 1989 
1980, 1981, 
1983,1988 
1980, 1981, 
1983,1988 
1988 
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Table 7. Historical development of E.T. 

Author Year Results 

Chan 
Sea 

1971 
1975 

Rabbit: 7 farrowed among 13 transferred. 
Goat: 5 farrowed among 10 transferred. 

Go 
Gu 
Chung 
Suk 
Kim 

1981 
1982 
1983 
1983 
1985 

Korean cattle: one pregnant among 5 transferred. 
Holstein: one pregnant among 6 transferred. 
Holstein: 8 farrowed among 35 transferred. 
Holstein: 26 farrowed among 79 transferred (33%). 
Twin production with E.T. 22-35%. 

Oh 
Im 

1986 
1986 

Bovine frozen embryo: 27 pregnant (45.0%) among 60 transfer. 
Korean cattle calf born from Holstein cow. 

In 1971, 7 kids were farrowed from 13 
does by embryo transfer in rabbit. In 1975, 5 
kids were farrowed from 10 does by embryo 
transfer in goat. Embryo transfer work in 
cow were intensively carried out between 
1981to1986andeightcalves were farrowed 
by 35 recipients in 1983. Thereafter embryo 
transfer technology was used for produc
tion of twin. Frozen embryos imported from 
U.S. were transferred to produce superior 
offspring. 

Institutes and dairy farms which are 
applying embryo transfer technology to 
produce superior offspring are as follows: 
Livestock Experiment Station, National 

Breeding Station, Dusan Dairy Farm, Mail 
Dairy Farm, Samyang Dairy Farm, Sunjin 
Dairy Farm and Lee Animal Hospital. 

b) Superovulation 

1) Hormones used and their efficacy 
At the beginning of sperovulation treat

ment, PMSG was commonly used because 
this hormone is easy to get in the market. 
Number of corpus luteum following PMSG 
andFSHadministrationisillustratedin Table 
8 and 9. It is difficult to point out which 
hormone is effective in ovulation in Table 8, 
however in Table 9 FSH showed higher 
ovulation rate than PMSG. 

Table 8. Formation of corpus luteum following PMSG and FSH administration. 

No. of corpus luteum 

Hormon No. of cow Amount Total No/cow Reference 

6 2,750IU 23 3.8 Gu &Chung 
(1982) 

43 3,030IU 289 6.7 Chung et. al. 
(1983) 
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PMSG 

FSH 
FSH/LH 

45 

13 

12 

9 
3 

2,700IU 

2,000IU 

50mg 

40mg 
38mg 

189 

101 

87 

5.4 
23 

5.8 

7.8 

7.3 

0.6 
7.7 

Kim et. al. 
(1983) 
Im et. al. (1983) 

Chung et. al. 
(1983) 
Kim et. al. (1983) 
Seok et. al. (1983) 

Table 9. Hormone and recovrey rate in bovine E.T. ('88-'89). 

Hormone Embryo recovered C.L/ donor Embryo recovered Recovery rate(%) 

PMSG 140 8.3 4.9 59.0 

FSH 91 9.6 6.7 69.8 

Livestock Experiment Station. 
Recently PMSG and FSH were commonly used, however FSH is preferred. 

c) Collection of ova 
Non-surgical method is mostly used for 

recovery of ova. As shown in Table 10 there 

was no difference in recovery rate, between 
uterine body and ovulatory uterine horn as 
fixation site of ballon. 

Table 10. Effect of fixation site and massage on recovery rate of ova. 

No. of recovery 
No. of successful 
recovery 

Fixation Site 

Uterine Ovulatory 

6 
5 
(83) 

uterine horn 

12 
10 
(83) 

Without massage no embryo was successfully recovered. 
Massage of uterus is a very important process to get embryo. 

Uterine massage 

Without 

8 
0 
(0) 

With 

12 
11 
(91) 



d) Stage of embryo and conception 
Effect of embryo stage on conception in 

rabbit was shown in Table 11 and 12. 
In rabbit, 16 cell tomorula embryo showed 

higher implantation rate and number of kid 
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per doe less than 16 cell.stage embryos. 
However, there was no difference in con
ception rate between 8 cell and 16 cell mo
rula in goat. 

Table 11. Rabbit embryo transfer (1972) in Livestock ExperimentStation 

Embryo stage No. transfer No. embryo Implantatation No. kid Kid per doe 

16 cell 10 40 

16 cell-morula 10 40 

d) Examination and evaluation of ova 
Stage and morphologyofbovineembryos 

recovered at6-10 days after estrus was shown 
in Table 13. Among 48 embryos recovered, 

17 6 2.0 

32 26 3.0 

29 (60.4%) embryos were normal in mor
phology and 19 (39.6%) embryos were ab
normal. 

Table 12. Goat embryo transfer (1972-1973) in Livestock Experiment Station. 

Embryo stage No. transfer No.embryo No. pregnant No. kid 

8 cell 5 10 

16 cell-morula 5 9 

Among 29 normal embryos, normally de
veloped morula, and blastocyst was 25 
(25.1 %) and4 (8.3%)respectively. Among 19 

3 4 

3 5 

abnormal embryos, degenerated, non-fer
tilized and broken ova was 10 (20.8%), 7 
(14.6%) and 2 (4.2%) respectively. 
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Table 13. Cleavage and numbers of superovulated ova recovered at 6-10 days after estrus 

Cleavage and Days after estrus (O=day of estrus) 
morphology of ova Total 

No. 
61/2 7 71/2 8 81/2 10 

Morula 'early 2 2 1 5 
middle 1 5 6 1 13 (52.1) 
tight 4 2 1 7 
early 1 1 

Blastocyst full 1 1 (8.3) 
hatched 1 1 2 

Non-fertilized ova 2 2 3 1 7 
Degenerated ova 1 2 3 3 1 10 (39.6) 
Broken ova 1 1 2 

Total No. of ova 4 10 13 6 12 3 48 

( ) ; percentage Im & Chung (1984). 

e) Transfer and freezing of embryo 
Conception rafe of bovine embryo trans

ferred during 1982-1988 in Livestock Ex
perimentStationwasshownin Table 14 and 
15. Among 422 recipients, 143 recipients 
(33.9%) conceived. When single embryo was 

transferred to the cow which was in natural 
heat and inseminated, conception rate was 
48.8% (21/ 43),itsconceptionratewashigher 
thanthatoftherecipientwhichreceivedone 
or two embryos. 

Table 14. Bovine embryo transfer ('82-88') in Livestock Experiment Station. 

Method of transfer 

One embryo 
Natural+one embryo 
48.8 
Two embryo 
Total 

No. recipient 

301 
43 

78 
422 

No. pregnant 

95 

27 
143 

Conception 
rate(%) 

31.6 
21 

34.6 
33.9 
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Table 15. Conception rate of bovine E.T. according to year ('82-88') in Livestock 
Experiment Station. 

Year Embryo No. transfer 

'82 fresh 24 
'83-'84 fresh 85 
'85-'88 fresh 74 

frozen 239 

Pregnancy rate of bovine frozen embryo 
was shown in Table 16. Among80recipeints 
which were transferred with frozen embryo, 
30 recipients (37.5%) were pregnant. Preg
nancy rate of fresh and frozen embryos by 
surgical and non-surgical transfer carried 
out by National Breeding Station in coop-

No. pregnant Conception rate(%) 

3 12.5 
30 35.5 
35 47.3 
75 31.4 

eration with American Holstein service in 
1980-1983 was summarized in Table 17. Fresh 
embryo showed higher pregnancy rate 
(55.6%) than frozen embryo (26.2%). Surgi
cal transfer showed higher pregnancy rate 
(35.0%) than non-surgic;aJ (30.8%) in both 
fresh and frozen embryo. 

Table 16. Pregnancy rate following transfer of frozen bovine embryos. 

Experiment No. of recipients No. of recipients Rate of 
pregnant pregnancy 

I 5 2 40 
II 34 7 21 
III 2 1 50 
IV 34 17 50 
v 2 1 50 
VI 3 2 67 

Chung et al. (1987). 
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Table 17. Pregnancy rate of fresh and frozen embryos by surgical 
and non-surgical transfer. 

Surgical 
Embryo 

No. Preg. % 

Frozen 37 12 32.4 

Fresh 3 2 66.7 

Total 40 4 35.0 

f) In vitro capacitation and in vitro fertiliza
tion 
An experiment was conducted to investi

gate the effects of breeds, medium supple
ments and ovarian phases on the develop
mental pattern of bovine oocytes. 

The cleavage rate of oocytes was higher 
in Korean native cattle (KNC: 22.0%, 18/82) 
thaninHoslteins(4.4%4/93).Elevenamong 
82 (13.2%) of KNC oocytes developed to 
morula, bu tnone of Holstein oocytes cleaved 
up to 8 cells. Cleavage rate of KNC oocytes 
was higher in PBS (fetal bovine serum) sup
plemented medium (22.0% 18/82) than in 
BSA (bovine serum albumin) supplemented 
medium (14.8% 4/27). The cleavage rate of 
oocytes was not different between luteal 
phase and follicular phase, but the rate of 

Non-surgical Total 

No. Preg. % No. Preg. % 

24 

15 

19 

4 16.7 61 16 26.4 

8 53.3 18 10 55.6 

12 30.8 79 26 32.9 

embryo with regular blastomeres was higher 
in luteal phase than ~n follicular phase. 

An experiment was carried out to inves
tigate the effects of incubatin time, pH of 
medium and the sampling time from slaugh
ter to incubation, on in vitro maturation of 
sow foolicular oocytes. After 24 and 48 hours 
incubation, the proportion of the oocytes 
matured to the second meta phase stage was 
21 % and 54.7% respectively. 
g) Embryo bisecting/ cloning 

As shown in Table 18 when the mouse 
and cow embryos were bisected and cul
tured, bisected ratio was 81.1 and 78.4% in 
mouse and cow respectively and developed 
rate was 72.1 and 100%. Fifteen demi cow 
embryos were transferred to eleven recipi
ents and the two were pregnant. 
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Table 18. Embryo cloning, culture and transfer (84-88) in Livestock Experiment Station. 

Species Embryo Separated 
embryo 

Cultured 
(developed) 

No. 
transfer 

No. 
pregnant 

Mouse 477 387 (81.1) 282 (72.1) 

Cow 28 22 (78.4) 15 (100.0) 11 2 

h) Sexing gametes using monoclonal or 
polyclonal H-Y antibody 
Shim et al. (1986) carried out experiment 

to control the sex of offspring in mice by 
sxing embryos. H-Y antisera were prepared 
in inbred SD female rat by repeated immu
nization of testis supernatant and spleen 
cells from same strain of 270 embryos treated 
with H-Y antibody and compliment, 126 
embryos(46.7%)weredeveloped tonorrnal 
blastocysts. Following transfer of 126 blas
tocysts, 16 embryos (12.6%) were survived 
to term and 13 female (81.3%) were pro
duced. 

Goh et al. (unpublished) cultured 82 fro
zen-thawed bovine morula with H-Y antise
rum and compliment. 

Among82rnorula treated, 15 (18.3%)were 
developed to blastocysts of which five were 
sexed by chromosome analysis and all were 
XX embryo. Testis supernatant, a source of 
H-Y, obtained from BALBI C mice was used 
to immunize females of same strain. Lym
phocytes of mouse producing antibodies to 
H-Ywerefused withSp210-Ag14rnyelorna 
cells and distributed to 384 wells of 96 well 
rnicrotiter plates. Eighty hybridorna colo
nies were formed, resulting in 20.8 percent 
of fusion efficiency. 

Three strong positive wells from hybrid
orna colonies were selected for cloning by 
ELISA and two of them were also found to 
be positive by indirect irnrnunofluorescence 
test. Twelve wells of ELISA-positive were 
selected after cloning and 2D 45D4 clones 
from them were confirmed to produce 
monoclonal ntibodies to H-Ybyindirectirn
munofluorescence test (Shim et al., 1988). 

B. Application of r-DNA Technol
ogy for Genetic Improvement 
and Genetic Resistance to Dis
eases in Livestock and Poultry 

1. DNA hybridization techniques 

a) southern blotting 
Lee et al. (1989) carried out experiment on 

expression of human growth hormone gene 
in transgenic mice. The structural gene of 
growth hormone was fused with mouse 
MT-1 prornotor and the fusion plasmid was 
designated as pMThGH. 

The 2.6KB Barn HI/Bst Ell DNA frag
ment of pMThGH was used as a source of 
human growth hormone fusion in these 
studies. for rnicroinjection, DNA fragments 
were diluted with TE buffer in the range of 



224 

2-8 ng/rnl. The microinjected one-cell eggs 
were surgically transferred to the oviducts 
of synchronized recipients. The litters de
veloped from microinjected eggs were 
weaned about 4-6 weeks after birth and a 
piece of tail from each mouse was cut off 
about 1-1.5 cm to analyze foreign DNA. 

The genomic DNAs isolated from each 
tail were analyzed by dot hybridization and 
Southern blot to determine which mouse 
carried MThGH gene. 

Of 106 microinjected eggs cultured for 96 
hours invitro, 53 eggs (50.0%) were devel
oped to normal blastocysts. Of 382, microin
jected egg transferred to the oviducts of 23 
recipients, 140 mice produced. Of 77 mice 
analyzed by dot hybridization and South
ern blot, 6 mice were positive for MThHG 
gene and each carried at least one copy of 
hGH gene. Transgenic mice had very high 
levels of hGH in their serum, 450-6, 100 ng/ 
ml,andbodyweightwasl.5-2.0timeshigher 
than control. 

2. Gene transfer 

a) Method used (microinjection) 
The experiments were carried out by 

Chung et al. (1988) to develop new tech
niques necesary for elevating utilization 
efficiency of high qua Ii ty embryos and pro
duction of cloned animals by nuclear trans
plantation. 

Pronuclei removed from the mouse 
embryos on pronuclear stage by microma
nipulation procedure were transplanted to 
enucleated mouse embryos on same devel
opment stage by similar micromanipula
tion procedures. Fusion of transplanted 
pronuclei to the cytoplasm of recipient 
embryos was mediated by Sendai virus. 

Of 194 pairs pronuclei transplanted, 126 
( 64.9%) pairs were fused to the cytoplasm of 
enucleated recipients embryos. The number 
of embryos developed to 2 cell embryo, 
morula and blastocysts after the fusion was 
108 (85.7%), 94 (74.6%) and 88 (69.8%) re
spectively. 

Lee et al. (1989) produced nuclear trans
planted mice between ICR and F

1 
hybrid 

(57BL x CBA). 

A method that combines microsurgical 
method of the zygote pronuclei with intro
duction of donor pronuclei by a virus medi
ated cell fusion technique was used. Techni
cal efficiency of this procedure com prised of 
zona cutting, enucleation, karyoplast injec
tion and fusion step was more than 90% at 
each step. 

Development rate of these nuclear trans
planted embryos to blastocysts was about 
60% and when these embryos were trans
ferred to foster mother mice, four were born. 

C. lmmunodiagnostics and Vac
cines 

1. Monoclonal antibody production 

a) Type produced 
Veterinary Research Institute produced 

monoclonal antibodies against several vi
ruses. 

These are antibodies specific to infectious 
bovine rhinotracheitis virus (IBRV), bovine 
rota virus (BRV), transmissible gastroenteri
tis virus (TGEV), Japanese encephalitis vi
rus (JEV), porcine parvovirus (PPV), pseu
dorabis virus (PRV), Newcastle disease vi
rus (NDV), infectious larynotracheitis virus 



(UTV), Marek's disease virus (MDV) and 
infectious laryngotracheitis virus (ILTV). 
Using these monoclonal antibodies, rapid 
sensitive diagnostic tests are being under
taken. 

Resources Available 

Human Resources 

Chung, C.S. Professor. Effects of porcine 
growth hormone on lipogenesis in adipose 
tissue. Dept. of Animal Science, Chungbuk 
National University. 

Chung, H.M. Researcher. Studies on nu
clear transplantation in mouse embryos. 
College of Animal Husbandry, Konkuk 
University. 

Chung, KM. Research technician. Effects of 
breeds, medium additives and ovarian 
phases on in vitro maturation, fertilization 
and cleavage of bovine follicular oocytes. 
College of Agriculture, Seoul National Uni
versity. 

Chung, KS. Professor. Studies on in vitro 
maturation of bovine follicular oocytes. 
College of Animal Husbandry, Konkuk 
University. 

Chung, Y.C. Professor. Studies on 
maturation in vitro of rat follicular oocytes 
and fertilization in vitro of cumulus removed 
and intect oocytes after maturation. Dept. of 
Animal Science, Chungang University. 

Goh, G.D. Professor. Studies on the sexing 
of bovine embryo by the chromosomal 
analysis and H-Y antibody. College of Ani
mal Agriculture, Kangweon National Uni
versity. 

225 

Hwang, W .S. Professor. Studies on the twin 
birth of cattle by several methods. Veteri
nary College seoul National University. 

Im, KS. Profesor. In vitro capacitation and 
fertilising ability of ejaculated rabbit sperm 
treated withlysophosphatidylcholine. Dept. 
Animal Science, Seoul National University. 

Jung, J.K Researcher. Swine embryo trans
fer. Livestock Experiment Station. 

Kang, M.S. Professor. Effects of the glycerol 
cryoprotectants containing sucrose on the 
mouse embryo survival rate deerrnined by 
FDA test. College of Agriculture, Cheju 
National University. 

Kirn, D.I. Professor. Study on the sexing of 
preirnplantation mouse embryos exposed 
to H-Y antisera. College of Animal Agricul
ture, Kanweon National University. 

Kim, D.K Professor. Studies on maturation 
in vitro and fertilization ability of bovine 
folicular oocytes. Dept. of Animal Science, 
Chun gang University. 

Kim, H.S. Researcher. Studies on the factors 
affecting superovulationinduction in cattle. 
Livestock Experiment Station. 

Kirn, J.B. Professor. Separation of X and 
bearing superrnatozoa. College of Animal 
Husbandry, Konkuk University. 

Kim, J .K Professor. Effects of seeding proce
dures in a liquid nitrogen container on the 
survival rate of mouse embryos. College of 
Agriculture, Cheju National University. 

Kirn, S.K Professor. Studies on the in vitro 
maturation and fertilization rate of bovine 
folliocular oocytes. College of Agriculture, 
Chungnarn University. 
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Koh, T.H. Researcher. In vitro maturation of 
porcine follicular oocytes. College of Agri
culture, Korea University. 

Lee, C.S. Researcher. Production of nuclear 
transplanted mice. Genetic Engineering 
Center, KAIST. 

Lee, K.S. Senior researcher. Expression of 
human growth hormone gene in transgenic 
mice. Genetic Engineering Center, KAIST. 

Lee, K.S. Professor. Effects of cooling rates 
and plunging temperatures on survival of 
hamster embryos. College of Agriculture, 
Chungnam National University. 

Lee, K.W. Section Chief. Influence of frozen 
embryos conception in cattle. National 
Animal Breeding Institute. 

Oh, S.J. Researcher. A study on the synchro
nization and frozen embryo transfer in cattle. 
Livestock Experiment Station. 

Park, C.S. Professor. Effects of cooling rates 
and plunging temperatures on survival of 
hamster embryos. College of Agriculture, 
ChungnamNational University. 

Park, H.K. Professor. Studies on the in vitro 
maturation and fertilization rate of bovine 
follicular oocyts. College of Agriculture, 
Kyungbuk University. 

Pho, M.C. Researcher. Studies on the indus
trial utilization of frozen bovine embryos. 
Dusan Research Laboratory. 

Shim, H.S. Researcher. Sex ratio of mouse 
off springs following in vitro treatment of H
y antibody to mouse embryos prior to trans
fer. College of Animal Husbandry, Konkuk 
University. 

Shin, W.J. Professor. Effects of genotypes of 
embryo and recipient on the survival of 
embryo transfer. Dept. of Animal Science, 
Chunbuk University. 

Seo, K.D. Professor. Density of immunog
lobulins in reproductive tract fluids and 
serum. Dept. of Animal Science, Yonam 
Junior College of Livestock & Horticulture. 

Son, J.K. Researcher. Cytogenic studies of 
polyploidy manipulation. Korea Institute of 
Science and Technology. 

Song, H.B. Profesor. In vitro fertilization of 
bovine follicular oocytes matured in culture 
with bull spermatozoa preincubatedin uteri 
isolated from hamsters. College of Agricul
ture, Taegu University. 

Suk, H.B. Professor. One-step straw method 
for the handling of frozen-thawed mouse 
and bovin embryos. Dept. of Animal Sci
ence, Dankuk University. 

Yeo, J.S. Professor. Development of new 
breed by the introduction of polyploid in 
chicken I, production of polyploid. Depart
ment of Animal Science, Yeungnam Univer
sity. 

Yang, B.S. Researcher. Study on the solubil
ity of zona pellucida and developmental 
petancy of isolated blastomere in mouse. 

Yun, C.H. Professor. Study on the freezing 
of rat embryos. College of Agriculture, 
Gyeongsang National University. 

Yun, Y.T. Research technician. Studies on 
improvement of devleopmental potency of 
in vitro fertilized bovine follicular oocytes. 
Dept. of Animal Science, Chun gang Uni ver
sity. 
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Introduction 

Biotechnology development programs in 
Thailand started in the late seventies, first 
with the formation of centers in important 
universities. Livestock biotechnology started 
from the various attempts of individuals to 
investigate certain areas of animal repro
duction, animal nutrition, molecular biol
ogy, vaccine production and disease diag
nosis. In 1983, National Center of Genetic 
Engineering and Biotechnology (NCGEB) 
was created under the initiative of the Min
istry of Science, Technology and Energy. Its 
primary objectives are to be the focal point 
for strengthening Thailand's capabilities in 
genetic engineering and biotechnology and 
related areas and to apply them to national 
economic and social development. One area 
of the emphasis on technology application 
is the agriculture applications. NCGEB 
funded RSD projects in wide ranging areas 
in development of farm animals from em
bryo manipulation, embryo transfer, ster
oid immunization to recover fertilization 
through production of growth hormone by 
genetic engineering for use in promoting 
growth of economic animals. It promotes 
extensive collaboration among institutions 
and also forms industry-university linkage 
in relevant projects with the aim of transfer
ring the technology. 

The Department of Livestock Develop
ment (DLD), Ministry of Agriculture and 
Cooperatives is concerned about the situ
ation of small scale farmers. Collaborating 
with the university scientists to develop 
biotechnology for livestock improvement 
results in transferring technology from the 
laboratory to the on-farm application. 

This paper discusses the present status, 
approach and future trends of biotechnol
ogy development for animal production and 
health in Thailand, including the policy and 
cooperatives of the Royal Thai Government. 

Current Status of Livestock Biotech
nology Development 

The development of biotechnology for 
livestock improvement and health has been 
directed mainly to dairy cattle production. 
The approximate numbers of livestock 
population in Thailand are shown in Table 
1. The dairy cattle expansion is one of the top 
priorities in the strategies of the DLD. The 
number of dairy cattle in Thailand is indi
cated in Table 2. 

Previously, the consumption of milk had 
not been a tradition for the Thai people. 
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Table 1. Approximate livestock population in Thailand 

Horse 
Beef Cattle 
Dairy Cattle 
Buffalo 
Pig 
Goat 
Sheep 
Chicken 
Duck 
Goose 

1985 

21,000 
4.3 Million 

53,000 
5.2 Million 
5.9Million 

80,000 
57,000 

7.0Million 
1.9 Million 
406,000 

1986 

19,000 
4.3Million 

65,000 
4.9Million 
5.8Million 

80,000 
72,000 

8.7Million 
1.9 Million 
412,000 

Source: Office of Agricultural Economics. 

Table 2. The number of dairy cattle in Thailand 

1987 

18,000 
4.4Million 
150,000 

4.6Million 
5.8Million 

79,000 
95,000 

9.2Million 
1.9Million 
499,000 

Year Female Dairy Catt;e Calves and Heifers Cows (More than 3 years) 
(Head) (Head) (Head) 

1978 18,935 10.363 8,572 
1979 20,658 10,891 9,767 
1980 23,319 12,086 11,233 
1981 25,661 12,841 12,820 
1982 30,046 16,280 13,766 
1983 39,426 20,233 19,193 
1984 48,489 24,639 23,850 
1985 57,094 
1986 69,907 

Average 16.88 15.91 17.96 
Increase ( % ) 

Sources: - Office of Agricultural Economics. 
- ASIAN LIVESTOCK OCTOBER 1986. 



However, this attitude has been changed 
gradually and the demand for milk produc
tion increases with the national campaign 
for milk consumption. Thailand can only 
produce about 10% of its local demand for 
dairy products. The rest has to be imported 
resulting in an enormous loss of foreign 
currency. Therefore, the development of bio
technology to accelerate the dairy produc
tion was established. Subsequently, other 
areas of biotechnology and genetic engi
neering to improve technology, vaccine 
production, disease diagnostics, and semen 
bank. The artificial insemination in dairy 
cattle was established in Thailand thirty 
years ago. The AI Division of the DLD takes 
full responsibilities for bull and boar semen 
production, deep-frozen semen production, 
semen quality control and other relevant 
tasks. With the strong background and 
experiences in AI, coupled with the devel
opmentof embryo transfer technology, dairy 
cattle improvement programs are led. 

Current developments of biotechnology 
for livestock production and health are as 
follows: 

A. Animal breeding and reproduc
tion, MO ET 

Crossbreeding programs are presently 
utilized in various classes of livestock for 
genetic improvement. In cattle, the best 
crossbreeds have 62.5-75% exotic blood; for 
milk production 75% Holstein Friesian are 
used. The pure western breeds do not show 
a satisfactory performances due to diseases, 
pests, climate, improper care, etc. Cross
breeding is achieved by means of artificial 
insemination. 

Embryo transfer and associated technolo-
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gies have been investigated. The successes 
were reported in dairy cattle (3 ,4,7). Studies 
were conducted by Kasetsart University, 
DLD and private sector, with the funding 
from NCGEB. Two approaches to meet the 
objectives of increasing the milk production 
rate and improving dairy cattle breed, are a) 
importing the frozen embryos of superior 
pure breed and transfer to native cows, and 
b) collecting and transferring fresh embryos. 
Basic steps of embryo transfer technology 
were investigated under local conditions 
including donor selection, superovulation, 
AI, embryo collection and evaluation and 
transferring. Freezing the embryos are 
undertaken and special embryo manipula
tions i.e. sexing, splitting and cloning are 
expected after the basic steps are completed. 

High performances crossbreds and pure 
breed cows were selected to be the donors. It 
was found that the animal managements 
were an important factor for donor selec
tion. Follicle Stimulating Hormone (FSH) 
40-50 mg was reported to be the suitable 
doses in tropical environment to enhance 
multiple ovulation. The administrations 
were done twice daily with the reducing 
doses for 5 days. (4). However, Pregnant 
Mare Serum Gonadotrophin (PMSG) has 
also been used at the dosage of 2,000 or 2,500 
i. u. followed by 25 mg prostaglandin F22 48 
hours later (7). Non-surgical collection of 
embryo was conducted at 7-8 days after AI. 
The recovery rate of the embryo was 8.5 
embryos per one flush. However, the quan
tity of transferable embryos was considera
bly low. The pregnancy rate was 30-35%. 
From 1986 to present, fourteen calves were 
born from the transferring of imported fro
zen embryos. They were observed for their 
performances and adaptabilities in the tropi
cal condition. From the local flushing, four 
calves were born and four remained preg
nant. 
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The success of embryo transfer in pig was 
reported by scientists at Chulalongkorn 
University(S).Morerecently,embryotrans
fer in buffalo was reported (6), and 2 calves 
were born from 1 recipient early in 1989. 
Embryo transfer in pig may be used for 
achieving and increasing rate of reproduc
tion of superior genetic animals and also for 
the possibility of export or import of em
bryos between countries. The basic tech
niques were underlined. Three trials of 
embryo transfer in gilts which previously 
experienced estrus were carried out (5). 
Synchronization of estrus was done by us
ing oral Altrenogest 20 mg daily for 18 con
secutive days. The animals were in heat 
between day 5 and 7 after cessation of the 
hormone treatment. All donor animals were 
hand mated twice at 12 hours interval. Sur
gical embryo recovery and transfer were 
performed on day 3 or 4 mating. Seven 
piglets were reported born from one recipi
ent. The report indicated the possibility of 
using repeated donor for pig embryo trans
fer although moderate adhesion was ob
served on the horn, fallopian tube and fim
bria. 

In buffalo, non-surgical embryo transfer 
were carried out in 3 donors and recipients. 
Single egg and superovulation collection of 
embryos were performed on an average at 7 
days after mating. Two recipients were 
reported pregnant. Further development of 
the technique would help facilitate genetic 
improvement and distribution of this spe
cies. 

Considering the nucleus herd improve
ment using MOET, open nucleus breeding 
system with MOET has been established by 
a dairy private company in collaboration 
with Kasetsart University. The work is 
undertaken and no report is available at the 
present time. By embryo transfer techniques, 

works are extended from dairy cattle to beef 
cattle. Establishing the embryo bank by 
cryopreservation is under investigation. 

The in vitro oocytes maturation, sperm 
capacitation and sexing, in vitro fertilization 
and related techniques are investigated at 
Mahidol University with the funding from 
STDB. No report is available now. 

Germ plasm technology on semen and 
gene pool for semen bank are under the 
investigation of DLD. 

B.r-DNA technology 

r-DNA technology for genetic improve
ment and genetic resistance to diseases 
especially in human is undertkaen at 
Mahidol University. Work on identification 
of genetic markers for production and dis
ease traits in livestock are planned. 

Growth hormone (GH) plays a very 
important role in promoting growth of ani
mals, and in increasing milk yield of cow. 
The growth hormone is usually obtained 
from extracts of pituitary gland of animal, 
and as a consequence of a very minute 
amount of the GH is available. A project 
supported by NCGEB (7) aims at studying 
GH gene of cow and of a giant catfish (Pan
gasiandos gigas Chevy) and to use the gene for 
the GH production and for future construc
tion of transgenic animal containing GH. To 
obtain GH gene from a cow, mRNA was 
extracted from the pituitary gland using 
guanidi um thiocyanate and Cscl high speed 
centrifugation. Poly A-mRNA was obtained 
from Oligo-dT column and used for a li
brary construction. The cDNA library is 
being screened for E. coli clone containing 
GH by colony hybridization using oligonu
cleotide as the probe. 



Hormone Immuno Neutralization to 
increase productivity in animals was inves
tigated (8). Pregnenolone - hemisuccinate -
HSA or link of ovidin in dextran solution 
was produced as an immunogen to vacci
nate cattle and buffalo. Titer of antibody 
produced against pregnenolone was meas
ured by determining testosterone and LH 
levels. In buffaloes having body weight over 
300 kg, testostrone levels were suppressed 
due to increasing titer after immunization 
but contrary effect was seen in young buf
falo bulls having body weight around 160 
kg. Factors influencing the growth rate of 
buffaloes and cattle have been assessed in 
parameters of rearing pattern and breed. 
Assessment of suitable dose and a combina
tion of the formulate vaccine in a particular 
breed and management is necessary to the 
future ensurable input of utilization of this 
vaccine. Potential uses of pregnenolone 
immunogen were illustrated in terms of 
immunocastration enhancing of growth rate 
of buffaloes in small farms and using as an 
au to - self genera ting growth promo tor for fat
tening cattle. Further characterization of the 
mechanism of action in metabolism of cell 
levels may be hypothesized as an accelera
tor to the growth gene levels, thus stimulat
ing the mRNA for protein biosynthesis of 
the said growth promotor. 

Concerning DNA - hybridization tech
nique, scientist at Chulalongkorn Univer
isty (personal communication) has devel
oped DNA probe technique for the detec
tion of Aujeszky's disease. The disease car
ries latent infection in the gene which can
not be detected by the regular method. The 
specific Aujeszky's disease genes were 
cloned and combined with the plasmid of E. 
coli. After culturing and extraction, the genes 
wre labelled with 32P-dCTP. This labelled 
probe would then be hybridized with the 
gene of viral sample. If the animal was in-
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fected, the signal on the film of autoradi
ograph would be shown by this sensitive 
probe. 

Molecular cloning of Herpes simplex 
virus type 2 DNA in transcription vecto rhas 
been prepared for rapid diagnosis. When 
the DNA of HSV was extracted and purified 
from infected cells using triton NaCl, it could 
be used for cloning without a need for fur
ther purification step. DNA of HSV-2 was 
cleaved using Bgl, II, ligate to a transcription 
vector, pSP72 and cloned into E.coli JM 109. 
Positive colonies were selected using Bio
tin-labelled probes. The technics of labelling 
probes using Photobiotic and bionick DNA 
labelling system were now being assessed 
(9). 

C. Immunodiagnostics and vac
cines 

The National Institute of Animal Health 
and Production (NIAHP), DLD provjdes 
the ELISA test for swine fever diagnosis. In 
the past, the diseases were diagnosed from 
the symptoms, etiology and history. The 
development of biotechnology and genetic 
engineeringin monoclonal antibody creates 
better disease diagnosis, better and safe vac
cines for resistance. ELISA tests were util
ized for the diagnosis of Aujeszky disease, 
IBR, BEF (Bovine Ephemoral Fever), IBD in 
poultry and etc. 

NIAHP under the cooperation with The 
Japanese International Cooperation Agency 
(JICA) has developed the monoclonal anti
body production for the identification of 
New castle disease viral strains. The virus is 
purified and immunized the BALB/ c mice. 
Subsequently, spleen is obtained by sple
nectomy and hybridized withmyeloma. The 
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hybridromal cells are cloned and biological 
properties are measured by ELISA method. 
These cells producing monoclonal antibod
ies are obtained for diagnostic purpose. The 
work is in progress (personal communica
tion). 

The monoclonal antibody production for 
diagnostic purpose of Foot and Mouth Dis
ease are planned at the Veterinary Biologics 
Division, DLD. 

The employment of genetic engineering 
technique in preparing antigens for the 
diagnosis of Opisthorchis viverrini infection 
has been attempted at Mahidol University 
(10). StartingwithmRNA preparation from 
adult fluke, it then reverse transcribe to 
complementary DNA which will be cloned 
into expression vector, i.e., bacteriophage 
and plasmid in E.coli. Results from the early 
stage of the work showed thatmRNA of the 
parasite has characteristic which is diferent 
from ordinary mRNA. The mRNA of 0. 
viverrini consists of a very small and unde
tectable proportion of poly( A) tailed mRNA. 
This characteristic makes it impossible to 
synthesize cDNA from poly (A) mRNA 

prepared by ordinary technique. The over
coming efforts for immunodiagnostic pur
pose are in progress. 

For vaccine production, various kinds of 
vaccine can be produced at the Veterinary 
Biologics Division, DLD. (Table 3). Com
pared to the animal population, the number 
of vaccine that can be produced is still far 
from the demand, resulting in the importa
tion and economic loss. Work at the DLD is 
in progress to develop biotechnology and 
genetic engineringutilizingmonoclonal anti
body to produce FMD vaccine. 

Atthe present time, monovalent vaccines 
for FMD are produced by tissue culture 
technique. It is expected that the trivalent 
vaccine (type 0, A, Asia I of FMD) will be on 
trial in the near future. 

D. Biotechnology of enhacing ani
mal feed production 

The improvement in utilization of agro
ind us trial by-product in animal feeding and 

Table 3. Target for vaccine production in animal in 1989. 

Animals 

Cattle - buffalo 

Pig 

Poultry 

Source: DLD. 

Kind of vaccine 

8 

3 

7 

Vaccine production 
(doses/year) 

21 million 

6 million 

280million 



ruminant nutrition through biotechnology 
was conducted (10, 11, 12). Studiesonbiode
gradation of organic wastes for production 
of animal feed using microbiological treat
ment are undertaken at Kasetsart Univer
sity. The research is entitled-Enahncement 
of lignocellulosic bioconversion through 
coupling actions of commercial-organism 
inmixed culture fermentation. The obejctives 
of the project are: 1) to select the breed of 
white rot fungi that can digest lignin in 
order to improve the agricultural by-prod
uct. 2) to investigate the enzyme and its 
property to digest lignocellulose of selected 
fungiand the correlation withdigestability. 
3) to develop the solid state cultivation util
izing the selected white rot fungi. Works are 
in progress and the results have not been 
concluded. 

N a.tional Policy and Inferastructure 
Development 

Biotechnology is one of the three priority 
areas for development (the others are Mate
rial Sciences/Metallurgy and Electronics/ 
Computer). As such, institutional building, 
financial support and restructing of R&D 
and industry are given special attention and 
consideration (1). 

In addition to the establishment of 
NCGEB, a new funding body, Science and 
Technology Develop[ment Board (STDB) 
was formed to support R&D in both public 
and private sectors as well in promoting 
commercialization of biotechnology. 

Thailand adopted the NETWORK ap
proach to accelerate biotechnology R&D 
through mobilizing existing resources from 
various organizations and institutions. As a 
result several biotechnology networks have 
been established or being formulated with 
each membr of the network acting as a cen-
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ter of excellence (2). 

For animal biotechnology, the following 
organizations and their areas of experties 
have been mobilized: 

1. Kaseasart University 
- Cattle embryo transfer, feed technol

ogy and antibiotic production for use 
in animal feed and disease control. 

2. Chulalongkorn University 
- Pig and buffalo embryo transfer. 

3. Mahidol University 
- IVF, Monoclonal antibody and growth 

hormone production. 
4. Developmentoflivestock Development 

- Semen bank and vaccine production 
including pilot facilities. 

In addition, theNCGEBprovidesgenetic 
engineering materials such as splitting en
zymes and vectors, in support of biotech
nology R&D including feed biotechnology, 
cellulose fermentation and vitamin produc
tion. NCGEB also serves as coordinating 
body for all the biotechnology networks. 

Future Trends for Research and 
Biotechnology Development 

Future direction of research and devel
opment especially with respect to animal 
production and health should be toward 
more breadth and depth. Systematic appli
cation of biological knowledge should be 
applied and transfer to the end-user. Con
ventional animal breeding is still a useful 
tool for development of animal breed and 
varieties, accompanied by new technology 
being developed. The more advances in 
molecular genetics, embryo amnipulation 
and gene transfer will have wide impact in 
improving production efficiency. The end 
result will be increase in the quality and pro
duction, and decreased cost. Health will be 
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improved as result of new methods of dis
ease diagnosis. 

The future programme of biotechnology 
development for animal production will be 
in connection with the current status and 
can be summarized as follows: 

1. Embryo transfer and associated technol
ogy 
- Imrpovement of higher genetic effi

ciency in dairy cattle, beef cattle and 
buffalo by embryo transfer technol
ogy. 
R&D to develop IVF in farm animals 
and the applications on-farm. 
Establishing the embryo bank utiliz
ing cryopreservation methodology, 
and extend to genetic engineering i.e. 
sexing, spolitting and cloning. 
Setting up the open nucleus breeding 
system with MOET. 

2. Improvement in utilization of agro-in
dustrial by-product in animal feeding and 
ruminant nutrition through biotechnol
ogy. 

3. Research programme in animal health 
- Setting up of a bioengineering vaccine 

and diagnostic test for FMD by using 
monoclonal antibody and DNA probe 
diagnosis. 

- Anthelmintic resistance in nematode 
parasite of cattle and sheep. 

- Molecular and ecological genetics and 
control strategies. 

4. Research programme in molecular tech
nology. 
- Isolation, modification and gene trans

fer. 
- Embryology and genetic regulation of 

development. 
- Genetic and environmental manipu-

lation of rumen microorganism. 
- Expression of genes when introduced 

to animal cell. 

5. Research programme in animal breeding 
and genetics 
- Consequences of selection of adapted 

animals tropically for better produc
tion and adaptive characters. 
Manipulation of embryo and the trans
fer of nuclear materials in different 
genotypes. 
Evaluation of local and exotic genetic 
materials in different environments. 

The need for development of animal 
biotechnology in Thailand is not for keeping 
up with the modem techniques but more for 
enhancing role of agriculture. There are 
capable scientists in various universities and 
govenment agencies who could undertake 
the work on biotechnology, molecular biol
ogy and genetic engineering. The biotech
nology network promoted by the NCGEB 
exist among the in-country institute and 
such work has been done to a certain extent 
in various aspects of biotechnology.Never
theless, the rate of the activities is unappre
ciated due to lack of funds, facilities and 
expertises. Concrete cooperative efforts 
among institutes are actively sought. 

Thailand proposes to cooperate with 
regional organizations by offering existing 
training and R&D facilities and services of 
the animal biotechnology network with 
Kasetsart University acting as a coordina
tor. Appendix A indicates available person
nel to coordinate the development of animal 
biotechnology for livestock improvement 
and health. Priority areas of expertises to be 
shared are: · 

- Embryo transfer technology in cattle 
buffalo and pig. 

- In vitro treatment of feeds by microor-



ganism. 
- Production of monoclonal antibodies. 
- Manipulating and control of rumen 

fermentation. 

In addition, the genetic engineering 
material services for R&D can also be ex
tended. 

Conclusion 

The need for development of animal 
biotechnology in Thailand and other ASEAN 
countries exists in the wide range applica
tion of the results of biotechnology re
searches. While the biotechnology program 
still needs to be developed further, it pro
vides ample basis for international coopera
tion in various forms. 

Biotechnology and genetic engineering 
applied to animal production and health 
have strong potential on economical bene
fit. Although the application of technology 
in North America and Europe are at the 
advanced level and producing high per
formance Ii vestock, the development of these 
new technology in developing world is 
remarkably slow. The primary difficulties 
involve financial support. External funding 
provides the opportunities for scientists to 
have advanced training and facilitates pro
curement of equipments and supplies. 

To obtain greater benefits from the appli
cations of biotechnology to animal produc
tion and health in the developing world, 
Thailand offers to cooperate with regional 
organizations with the similar aims of main
taining the highest levels of international 
coperations in the use of biotechnology 
products. Similarly, other countries in the 
network are expected to derive benefits 
through mutual cooperations. 
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APPENDIX A 

HUMAN RESOURCES 

Institution: Faculty of Veterinary Medicine, Kasetsart University 

Head of Institution: Dr. Pirom Srivoranart 

Address: 50 Paholyothin Road, Bangkok 10900 

Researcher 

Dr. Vanda Sujarit 

Dr. Samutra Sirivejapundu 

Dr. Suvichai Rojanasathien 

Dr. M.L. Suntaranu Tingyai 

Dr. Yangyong Intaraksa 

Dr. Kiti Srisuphat 

Researcher Project 

- Embryo Transfer in Cattle 

- Cytogenetics 

- Embryo Transfer in Cattle 

- Infertility 

- Embryo Transfer in Cattle 
- Hormonal Immunodetection 

- Ruminant nutrition and 
mineral analysis 

- Immunoassay 
- Reproduction in buffalo 

- Monoclonal antibody 
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Present & Projected 
Application 

- ET applied to 
farm level in tro
pical environemnt 

- Infertiligy pro
blem solving 

- Reproductive 
and infertility 
problem solving 

- Farm and feed 
management 
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Institution: Faculty of Veterinary Science, Chulalongkorn 

Head of Institution: Dr. Songkram Luangtongkum 

Address: Henri Dunung Road, Bangkok 10500 

Research 

Dr. P. Chantaraprateep) 
Dr. C. Lohachit) 
Dr. P. Virakul) 
Dr. M. Techakhumpu) 
Dr. A. Kunawongkrit) 

Dr. M. Kamonpatana) 
Mr. R. Pampai) 

Research Project 

Embryo Transfer in farm 
animals 

Application of nuclear 
reproduction techniques in 
buffalo and cattle 

Present & Projected 
Application 

Genetic improve
ment and fertility 
investigation 

Dr. Ratree Wongwatchara
dumrong 

- Diagnosis of Aujeszky Immunodiagnosis 
Disease 

- Comparative studies of DNA 
probes among antigen 
detection methods for 
diagnostic purpose 

Institution: National Instiutte of Animal health and Production, DLD 

Head of Institution: M.R. Amnuapom Kasemsun 

Address: In Kasetsart University, Bangikok 10900 

Research 

Dr. Urasri Tantaswasti 

Dr. Wasana Pinyochon 

Research Project 

Development of monoclonal 
antibody for the differentia-
of New Castle Disease Vaccine 

Development of ELISA technic 
for the detection of swine fever. 

Present & Projected 
Application 

To identify the 
strains of New 
Castle Disease 
Vaccine 



Institution: Department of Animal Science, Kasetsart University 

Head of Institution: Dr. Charnwit Wacharakubta 

Address: 50 Paholyothin Road, Bangkok 10900 

Researcher 

Dr. Charnnean Satayapunt 

Dr. Pornsri Chairatanayuth 

Dr. Durnrong Leenanuruksa 

Research Project 

- Dairy Health 
- Reproduction 
- Embryo transfer 

- Ruminant nutrition 

- Dairy production and 
management 

Institution: The Veterinary Biologics Division, DLD 

Head of Institution: 

Address: Arnphur Pakchong Nakorn-ratcheasima 

Research 

Dr. Ab. Kongtun 
Dr. Suneechit Kongtun 
Dr. Pichit Makarasen 

Research Project 

Development of ELISA 
for FMD diagnosis 
and vaccine production 
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Present & Projected 
Application 

Present & Projected 
Application 

Diagnostic 
purpose 
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Biotechnology for Animal Production 
and Health in Argentina 

A.A. Schudel 
Instituto de Vriologia 
CiCV-INTA-Castelar 

77 - 1708 - Moron 
Buenos Aires, Argentina 

Argentina has valuable agriculture re
sources traditonally exporting red meat, 
wool and, recently, fine furs. The produc
tive characteristics are greatly determined 
by ecological conditions favourable for ex
tensive and semi-intensive cattle grazing 
which permit to obtain good quality prod
ucts. 

The incorporation of new technologies, 
particularly biotechnology in the existing 
production and health management tech
niques undoubtedly gives new opportunity 
and ways for further improvement. Firstly, 
it increases productivity and further con
trols outbreak of diseases and secondly, these 
new technologies must compete in price 
with the traditional systems and maintain 
or improve the quality of the product that is 
being commercialized. 

In the past six years, various institutions 
of the country have begun to develop activi
ties on Biotechnology in the training of their 
human resources as well as in the develop
ment of research particularly in Animal 
Health and Production (Annex 1). 

The National Secretariat of Science and 
Technology has begun a National Program 
that supports the activities which are car
ried out in different institutions. Instituto 

Nacional de Technologia Agropecuaria 
(INT A) has developed a national program 
of advanced Biotechnology applied to the 
Plant and Animal production which include, 
in addition to various lines of research, the 
training of human resources in other coun
tries. 

The application of Biotechnology in Ani
mal Health and Production are considered 
at present with immediate priority for the 
country. In animal production, embryo 
manipulations will allow to increase, in a 
short time, the genetic quality of the animal 
herd, in particlar in bovines. There is now 
special interest in the genetic characteriza
tion of breeds and production of transpenies. 
In Animal Health, the development of vac
cine against Foot and Mouth Disease, Bru
cellosis, Ticks and Tick transmitted diseases, 
as well as the development of Diagnosis 
Methods are the areas to be emphasized. 

Centro de lnvestigaciones En Cien
cias V eterinarias 
Inta - Argentina 

The National Institute of Agricultureal 
Technology belongs to the Agriculture Sec
retariat of the Nation, created in 1956 with 
the purpose of "impelling and strengthen-



ing the development of farming research 
and extension, and of accelerating - the 
benefits of these fundamental functions -
the use of new technology and improve
mentof the farming industry and rural life". 
It has as an autonomous financing source, a 
1.5% tax over the value of farming exports. 
National research activities are performed 
in different operative units under a national 
program with short, medium and long range 
objectives including the corresponding sys
tem of control and evaluation. It has a per
manent staff of 1700 professionals, 32% of 
them with postgraduate degrees in foreign 
Universities. 

The Research Center in Veterinary Sci
ences (CICV) belongs to INTA and its main 
objective is to create and adapt knowledge, 
improvement of the intrinsic productive 
capacity of the species being exploited, and 
their chances of marketing, transformation 
and use, to expand markets and find new 
uses. It is unique in the country and in Sou th 
America, and has acquired a sound national 
reputation with the establishment of solid 
mechanisms of international cooperation. 

In the past six years the CICV has given 
priority to research, development and trans
ference activities performed in Animal 
Health and Production through the use of 
modem biotechnologies. 

A. Animal Health 

1. Foot and Mouth Disease 

1.1.Development of technology for 
the production of immunogens 
through Genetic Engineering 
Technology 

Its main objective is the development of a 
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vaccine against FMD virus from immuno
genic fractions of structural proteins ob
tained from bacteria. 

The genomic sequences belonging to the 
main moitopes of 0 1 Campos and C

0 
virus 

strains - active in this country - were deter
mined using the direct sequencing tech
niques for VP2 protein. 

A p0
3
VP2 plasmid expressing E. coli 

antranilate synthetase (TrpE) together with 
aminoacids 137 to 213 of VP2 of FMDV 0

2 

Campos was constructed. In addition, a 
plasmid (p0

2
-VP

2
NT) coding for TrpE and 

137-172 of VP
2 

of FMDV 0
2 

Campos was 
obtained. 

Using a similar expression plasmidi and 
synthetic oligonucleotides, clone p02VPC 
was constructed, which codes for a fusion 
protein located between TrpE and the 200-
213 region of FMDV 0

2 
Campos. A fusion 

protein only containing region 200-213 of 
VP 2 of FMDV 0 2 Campos was also con
structed by using synthetic oligonucleotides 
which after being purified were hybridized 
by sequence complementarity. As expres
sion vector P ATh3 was used selecting the 
recombinants by colony hybridization. 

Kaplan, G.; Giavedoni, L.; Piccone, M.E.; 
Rosemblit, N.; Zuloaga, G.; Marcoveccnio, 
F; Zabal, O.; Palma, E.L. 

1.2 Expression of FMDV antigens 
in an eucariotic vector 

Its main objective is the development of a 
subunit vaccine against FMD through the 
introduction of the gene coding for VP2 

protein of FMDV 0
2 

Campos and C. Re
sende, in to the late promoter of type 2 adeno
virus together with polyadenilation se
quences for the processing of transcribers. 
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, Plasmids will be used in transient trans
fections, identifying expressed proteins 
through anti VP1 antibodies. A cell line 
expressing VP 2 will be obtained, the protein 
will be purified and its immunogenic capac
ity will be evaluated in vivo and in vitro. 
Polacino, P.; Giavedoni, L.; Sadir, A.M.; 
Maccovecchio, F.; Palma, E.L. 

1.3.FMDV Variability 
Its objective is the determination of vari

able and constant structural regions of FMDV 
and the factors defining the variability. 
Through the sequencing and analysis of VP 2 

protein of FMDV C
0 

- present in Argentina -
a close relationship was shown between VP2 

of C
0 

Resende and C
0 

Argentina B4, but 
different from C

0 
Argentina 85, closely re

lated to C Indaial. 
0 

A variant selection method for FMDV 
variants (0

2 
- ~4 - C) resistant to neutraliza

tion (N-) was established based on polyclo
nal antibody selection pressure, showing in 
the strains obtained, marked variations with 
regard to electrophoretic mobility of VP1, 

resistance to neutralization against a ho
mologous virus and lower pathogenicity for 
suckling mice, indicating mutant selection 
in different regions of the viral genome. 

Piccone, E.; Carrillo, E.; Rieder Rojust, E.; 
Campos,R.; Kaplan, G.;Zabal, O.;Palma,E. 

Work in collaboration with the Center of 
Molecular Biology - U .A. Madrid - Spain. 

2. Brucellosis 

2.1.Production of Brucella antigens 
by Genetic Engineering 

The project proposes to provide the tech
nology that will allow the differentiation 
between vaccinated and Brucella abortus 
infected animals and to develop a new or 

modified vaccinial strain with improved 
protective properties. For that purpose, 
lambda gtll genomic libraries of S-19 and 
544 strains were constructed. Clones react
ing with rabbit by porimmune anti B. abor
tus S-19 sera were isolated and character
ized. A soluble 50 kD protein, recloned in a 
pP06 plasmid reactive with bovine sera. 
Thhis gene will be modified as to void its 
antigenic capacity and reinserted in B. abor
tus by conjugation with the E. coli strain 
carrying the plasmid, as to obtain a recombi
nant B. abortus strain. 

Rosseti, D.; Cravero, S.; Sanmartino, L., 
Gonzalez Tome, J.; Rossi, S. 

Work performed in cooperation with the 
United Nations University. 

3. Diagnosis 

3.1. Development of diagnosis 
methods for animal diseases by 
nucleic acid hybridization 

The aim of this work is the development 
of probes for the diagnosis of Leptospirosis, 
FMDV and BHV-1, so as to increase the 
sensitivity of methods of detection of carrier 
and persistent animals or for the detection 
of contaminants in semen. In FMD a radio
active and biotinilated probe was devel
oped by cloning the conserved sequences, 
which reacts with equal sensitivity with the 
three serotypes (A-C-D) prevalent in the 
country; it has the same specificity and higher 
sensitivity than the. methods for the detec
tion of infectivity. 

In BHV-1, a probe obtained from the 
cloning of fragments of the left hand of the 
viral genome using the BamHl restriction 
enzyme was developed. The radioactive or 
biotinilated probe has specificity and sensi
tivity (10 po) similar to methods based on 



detection of infection. 

For Leptospira interrogans serovar po
mone a highly purity and high molecular 
weight DNA ahs been obtained. Cloning is 
presently being performed. 

Giavadoni, L.; Barriola, J.L.; Ruiz, M.; 
Saravi, M.A.; Rodrigues, M.; Palma, E. 

Work in collaboration with the Center of 
Molecular Biology - U.A. de Madrid-Spain 
and the Dept. of Vet. Medicine, V. de Ne
braska, USA. 

3.2.Production of monoclonal anti
bodies 

This newly initiated project has as main 
objective the production of monoclonal 
antibodies specific for the diagnosis of rota
virus-BHV-1-FMDV, and their provision to 
the participating members of the Biotech
nology Network of PAO. 

As participants of the Latin-American 
Network of Biotechnology- F AO. 

4. Training 
Babesiosis. Characterization of surface epi
topes of 16kD protein. 

Dr. Carlos Suarez 
Dept. of Veterinary Microbiology & Pa
thology 
Washington State University- USA. 

Mu ta genesis and expression in Vaculovirus. 
Dr. G. Kaplan 
College of Physician and Surgeons 
Columbia University- USA 

Antiidotipic vaccines. 
Dr. M. Borca 
College of Biotechnology 
Nebraska State University- USA 

BHV-1 obtention of recombinants. 
Dra. A. Bratanich 
Dept. of Vet. Sciences 
University of Nebraska - USA 

243 

Haemophilus: genomic characterization 
Dr. M. Gottschal 
Dept. of Microbiology 
University of Montreal - Canada 

Regula ti on of expression mechanisms 
Dr. Luis Giavedoni 
University of California - Davis - USA 

B. Animal Production 

1. Transfer of Embryos 

1.1. Obtaining, conservation and 
micromanipulation of eggs and 
gametes 

This project is well advanced in sheep 
and bovines, it has achieved the 
conservation, in vitro culture and division of 
bovine embryos. In vitro fertilization and 
nuclear transplant is being proposed. This 
project is complementary to recently imple
mented activities regarding the establish
ment of open nucleus to improve bovines. 

Alberto, R.; Palma, E.; Cabodevilla, P. 
In collaboration with INRA. Nouzilly

Jouy an Josas, France. 

1.2 Elimination of contaminants in 
embryos 

The recommended techniques for the 
elimination of contaminants from embryos 
-in particular for FMDV through in vitro and 
in vivo infections - have been implemented. 
The first stage on bovine embryos has been 
successfully implemented, and the first 
births are expected in November. 

In the recently initiated second stage, 
sheep and goats have been included and in 
a third stage alpacas and vicuhas will be 
considered. Caamano, C.; Salaamone, A.; 
Villar, J.; Carrillo, B.J. In collaboration with 
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APHIS-USDA-USA. 

2. Growth Hormone 

2.1.Effect of growth hormone over 
the metabolism of Ca 

This is a project to be initiated and will 
aim to determine the effects of the admini
stration of GH over the metabolism of Ca 
and P in grazing, suckling and pregnant 
ruminants in particular with regard to in
corporation, mobilization and elination of 
bone Ca. 

Corbellini, C. 
In collabboration with Cornell Univer

sity, USA. 

3. Training 
Nutrition: Modification of nutritional 

bioavailability of forage by microbial diges
tion. 

Dr. W. Arakaki. 
Tokyo University, Japan. 

ANNEXl 

INSTITUTIONS AND LINES OF 
RESEARCH 

AREA OF ANIMAL HEALTH 
Facultad de Farmacia y Bioquimica-UBA 
Junin 954 CP 1113 Capital Federal 
Tel. 961-7370 
Dr. 0. Margni, Director 
Diagnosis methods for bovine Brucellosis. 
Dr. C.A. Fossatti. 

Facultad de Bioquimica y Cs. Bioquimi~an 
Universidad del Litoral. Santa Fe 
Detection of brucella antigens in serum and 
bovine milk. Dr. A.J. Marcipar. 

CEVAN 
Serrano 661 Capital Federal 
Tel. 854-6490/8209 /5602 
Dr. J.L. Torre, Director 
Molecular Biology of Baculovirus. Dr. E. 
Scodeller 
Development of monoclonal antibodies 
against Foot and Mou th disease virus. Dr. C. 
Periolo. 

CEFARRIN 
Serrano 665 CP 1414 Capital Federal 
Tel. 854-6490/8209 /5602 
Dr. Henri Borda, Director 
Obtaining of thermosensitive mutants for 
their use in animal vaccines. 
Dr. L. Cherquetti. 

1

INTECH 
Km125 
Chasconus Pcia, de Bs. An. 
Dr. C. Ugalde, Director 
Diagnosis reagents and animal vaccines 
Production of biomolecules for animal use. 

CICV-INTA 
CC 77 - 1708 Moron 
Tel. 681 -1477 /1676 
Dr. B.J. Carrillo, Director 
Vaccine development by Genetic Engineer
ing against Foot and Mouth disease. Dr. E. 
Palma- Dr. P. Polacino. 
Vaccine development against brucellosis. 
Dr. 0. Rossetti. 
Variability of Foot and Mouth disease virus. 
Dr. E. Carrillo - R. Campos, M.E. Piccone. 
Development of diagnosis methods for ani
mal virus. Dr. L. Giavedoni. Production of 
monoclonal antibodies for the characteriza
tion of animal viruses. Dr. E. Smitsaart. 

AREA OF ANIMAL PRODUCTION 
Instituto de Biologia de la reproduccion y 
desarrollo embrionario 
Univer Nae. Lomas de Zaamora 



Ruta 4 km 2 CC 95 
C P 1882 Lomas de zaamora 
Dr. J. Herkovitz, Director 
Embrionaryreproduction and transference. 
Dr. J.L. Garden. 

IMBICE 
Calle 526e10y11 
190 La Plata 
Tel. 081-43795/53795/211182 
Dr. N. Bianchi, Director 
Molecular genetic studies in bovines. Dr. L. 
Vidal Rioja. 

Facultad de Farmacia y Bioquimaca - UBA 
Junin 984 CP 1113 Capital Federal 
Tel. 961-7370 
Dr. J. del Acha, Director 
Production of Growth Hormone for cattle 
improvement. 

CICV-INTA 
CC 77 - 1708 Moron 
Tel. 62 - 1477 /1676 
Dr. B.J. Carrilo, Director 
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Embryo transference (obtention, conserva
tion and micromanipulation of eggs and 
gametes). Dr. R. Alberio. 
Elimination of contaminants in embryos. 
Dr. J. Villar. 
Effect of growth hormone in bovines. Dr. I. 
Cortellini. 
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Modern Biotechnology Applied To Animal 
Production and Health in Brazil 

D.S. Santos 
Centro de Biotecnologia do Estado do Rio Grande do Sul 

Universidade Federal do Rio Grande do Sul 
Av. Bento Goncolves, 9500 

Caixa Postal 15,005 
91,500 Porto Alegre RS-Brasil 

Introduction 

Major efforts have been made to apply 
Modern Biotechnology to animal produc
tion and health in Brazil in order to increase 
the supply of animal protein. For the last 
fifty years in Brazil the Ii ves tock population 
has steadily increased, and it appears that 
genetic components have contributed to a 
great extent to about half of this increase. 
Before the Second World War the most sig
nificant livestock enhancement technology 
was the exploitation of heterosis (hybrid 
vigor) as in the case of Indian cattle, zebu, 
coupled with improvement of sanitation 
conditions, rural infrastructure and mas
sive vaccination against microbially medi
ated diseases such as foot and mouth dis
ease, anthrax, brucellosis, classical swine 
pest which became responsible for the other 
fifty per cent of the increase of the popula,.. 
tion of goats, sheep, pigs and oxen which 
amount to 8, 10, 12 and 150 millions respec
tively. 

As supported by the evidence of increased 
animal population, cattle breeding has been 
highly successful. This success is based 
partly on an increased understanding of 
parameters involved, but to a great extent 
on scientifically improved and more effi
cient methods of artificial insemination and 

embryo transfer which helped to improve 
the productivity and profitability of live
stock in Brazil. 

Al though there has been some progress 
in the development of conventional biotech
nology applied to livestock and animal 
health, the level of research and develop
ment using modern techniques (gene clon
ing and monoclonal antibodies) still lags far 
behind that of developed countries. 

Unfortunately, the introduction of the 
latest achievements is complicated by the 
fact that Veterinary Medicine and Zootech
nics in Brazil is lagging behind the modem 
requirements in its methods and material 
basis. Most of Brazilian industries and Gov
ernment laboratories are still producing 
many outdated and sometimes ineffective 
vaccines as well as pharmaceuticals for ani
mal health, considerably lagging behind the 
leading veterinary pharmaceutical indus
tries of developed countries. To implement 
this situation, the most important task is to 
strengthen the basic biological research to 
perfect the systems of new products such as 
vaccines, monoclonal antibodies for diag
nostic purposes and new technologies ap
plied to transfer, manipulation and cloning, 
oocyte maturation and in vitro fertilization. 



Role of Government in Biotechnol
ogy 

The Brazilian Government was one of the 
first to recognise the importance of Biotech
nology as a strategic technology and as such, 
by 1983, CNPq (Brazil's leading agency for 
the funding of basic research) had already 
begun the promotion of Biotechnology by 
dissemination of information. By 1985, the 
Federal Government founded a Secretary of 
Biotechnology to integrate biotechnology 
activities in both industry and academic sec
tors and to act as national co-ordinator of 
Brazilian biotechnology activities. 

In order to contribute to the development 
of the field in the country the Secretary 
adopted a five years program that w.ould 
involve the public as well as the private 
sector. 

Brazilian Research Centres Which 
Apply Modern Biotechnology to 
Livestock and Animal Health 

In recent years, relatively modest but 
significant investments have been made in 
Brazil toward the establishment of a scien
tific ground to support research in Modem 
Biotechnology applied to livestock and ani
mal health. 

Federal funding agencies such as FINEP 
(Studies and Projects Funding Agency) 
linked to the Special Secretary of Science 
and Technology as well as some State Gov
ernments have financed the opening of few 
but very well equipped laboratories which 
are engaged in research projects of economi
cal importance for the country. 

These new Centers have emphasized in 
fundamental research, human resources and 
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industrial development, with a view to 
advocating argumenting regional competi
tion. Among these new founded Centers 
there are two which are putting a great deal 
of effort to apply modern molecular biology 
techniques in livestock and animal health. 
These Institutions are: 

TheN a tional Center of Genetic Resources 
and Biotechnology (CENARGEN /EM
BRAP A), has always had a strong commit
ment to applied research in agriculture and 
livestock and in recent years it has made a 
determined move to be at the forefront of 
Biotechnology. It has close relations with 
industry, which commercialize results of 
research. It has many research laboratories 
across the country and employs a large 
number of Brazil's agriculture and livestock 
research workers some of them involved in 
Mammalian Reproductive Technology, 
which includes: 

a. Donor Selection and Superovulation. 
b. Control of Reproduction. 
c. Embryo Sex Determination. 
d. Oestrus Control. 
e. In vitro Fertilization 

State of Rio Grande do Sul Center 
of Biotechnology 

In 1988 the Center of Biotechnology in the 
State of Rio Grande do Sul in the southern 
part of Brazil moved into a new building 
located on Campus at the Federal Univer
sity of Rio Grande do Sul in thecityof Porto 
Alegre, the capital of the State. The Center 
was conceived for carrying out both scien
tific research and training activities. The 
amount of US$16,000 ,000 have been spent to 
build up the Center within a period fo six 
years. The investments started to pay off 
dividends as the first generation of graduate 
students who received formal training at 
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this Center are now pursuing advanced 
degrees in Brazil and in foreign countries 
(U.S.A., U.K.,Germany,Sweden,Franceand 
Holland). The eventual success of the Cen
ter raises the possibility that high standard 
research will soon become a reality in this 
region of South America. 

The Center of Biotechnology is endowed 
by a team of eleven established Ph.D. scien
tists trained abroad with advanced degrees 
in different areas of biological research. They 
have been appointed to lead both research 
and training activities. The research projects 
fall into one of the following areas: parasitic 
animal disease, viral animal disease, bacte
rial animal diseases, plant biotechnology, 
microorganisms involved in nitrogen fixa
tion, molecular biology of fungi. A more 
detailed description of the projects applied 
to animal health is presented further on. 

The Center is placed at the Campus do 
Vale, UFRGS, located at about 20 km from 
downtown Porto Alegre/RS. Its facilities 
include laboratories for: basic research, 
industrial development, production of bio
logical reagents used in biological research. 
The installations occupy an area of 2.400 m2

• 

They house labor a tori es for cell and virus 
culture, handling radioactive material in
cluding scintillation counter, photography, 
centrifuges, bacteriological incubators, ani
mal house facility, power supplies, HPLC, 
freeze dryer, backup power plant, telex, 
facsimile, computers, auditorium with 
audiovisual equipment, gas, and com
pressed air and miscellaneous equipment. 

In an effort to bring closer ties with the 
developing industry, the Center invite pri
vate entrepreneurs as well as federal or state 
institutions to develop research projects 
which are considered to be important to the 
region. About 20% of the total area in the 

Center is being reserved for such projects. 

At the international level the Center is 
developing ana interactive network which 
includes the following associations: 

- the FAO Latin American Biotechnol
ogy Netowrk to study animal parasitic dis
ease; agreement with Argentina and Uru
guay to carry out research on Molecular 
Biology of E. granulosus; agreement with 
University of Granada, Granada, to carry on 
research also on E. granulosus; member of 
CYTED-D, (Science and Technology for 
Development) recently created in Europe to 
commemorate the discovery of America; 
the British Council with the Brazilian Secre
tary of Science and Technology and the Rio 
Grande do Sul State Science Funding Agency 
(FAPERGS) for the enrolment of graduate 
students at various British Universities. 

The Training Program 

As mentioned, a formal Training Pro
gram in Experimental and Applied Molecu
lar Biology started in 1988, through an ex
panded Fellowship Program, supported by 
the Brazilian Federal Government. The stu
dents enrolled in this Program were recruited 
in Brazil and neighboring countries. At 
present, undergraduate and graduate stu
dents are trained at the Center either by 
joining one of the established research 
groups from the Center for a period of 1-4 
years, or by taking an intensive 5-month 
course in Modern Biotechnology. 

Following the successful training course 
in Modern Biotechnology held in 1988, 
twenty students have joined Graduate Pro
grams in Brazilian and foreign universities. 
A list of these graduate students are avail
able. 



Research at the Center focuses mainly 
but not exclusively on molecular biology of 
viral, bacterial and parasitic diseases rele
vant to the Southern Cone of Latin America. 

Graduate Program in Biotechnol
ogy Applied to Agriculture and 
Livestock 

At the Federal University of Rio Grande 
do Sul in Porto Alegre is being under organi
zation a multidisciplinary Graduate Pro
gram involving both the Biotechnology 
Center and CENARGEN /EMBRAP A. The 
first groups of students should be enroled 
by March 1990. The Graduate Progr~n: ain::s 
to substantially increase research trammg m 
Biotechnology applied to plants and live
stock, the scientific manpower available to 
support the Program has a broad basis of 
competence ranging from physicists to vet
erinary medical doctors. 

The Program will take advantage of the 
complementary vocational nature of the two 
Institutions involved. 

Basic operating funds for the Program 
will come from the Federal Government 
through a Special Training Program in Stra
tegic Areas (RHAE PROGRAM) which in
cludes Biotechnology and is under the aegis 
of the Special Secretary of Science and Tech
nology. 

To fully accomplish the outlined goals, 
the Center requires to establish close inter
national cooperation with developed coun
tries to assimialte modern technologies 
currently used in world leading laborato
ries. It also requires an active academic 
exchange (seminars, symposia, scholar ex
change) between collaborating laboratoeis, 
strengthening the local groups participat-
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ing in this joint effort. In this regard, it must 
be emphasized that the Center has the capa
bility to accomodate scholars from visiting 
laboratories, providing suuitable working 
conditions to carry out research in a com
petitive way. Based on the unique features 
offered by the Center of Biotechnology, 
together with its geographical location at 
the southern cone of Latin America: it is 
proposed here to make otu of this Institu
tion an international coverging laboratory 
for collaborative research amongst neigh
bouringcountries, and local institutions such 
as the Veterinary and Agriculture Schools 
with the active support of a well established 
academic institution from a developed coun
try. The overall aims pursued in this pro
posal are summarized as follows: 

a. International short term training courses. 

b. Middle to long term visits of foreign schol
ars to develop specific projects at the 
Center and the sponsoring foreign labo
ratory. 

c. Training abroad of graduate students. 

d. Training abroad of postdoctorals in areas 
related to this proposal. 

e. Short to middle term stay abroad of staffs 
from the Center to acquire expertise or to 
carry on part of the proposal in a quali
fied foreign laboratory. 

f. Periodical scientific meetings in areas 
related to the main proposal. 
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The Scientific Projects Developed 
At The Center of Biotechnology 
Which Apply to Animal Health 

Section One: Tick Borne-Diseases 

Aims: 

1. To study molecular vaccines against the 
tick Boophilus microplus; 

2. To study molecular vaccines against 
Babesiaspp using recombinant DNA tech
niques; to characterize Babesia spp pro
teases for inclusion in a vaccine; 

3. To clone specific repetitive sequences of 
Babesia spp DNA for use in diagnostic 
and identification of the parasite. 

Subsection 1: Tick Control 

a) Vaccine against the Tick Boophilus mi
croplus having its Midgut as the Target 
Besides vaccine and chemotherapy, con

trol of babesiosis and anaplasmosis can be 
also accomplished with the control of their 
vec~or. ·Furthermore, tick control is highly 
desuable because of economical losses 
caused by damage to the animal skin. All 
present methods of tick control have draw
backs such as: use of highly toxic agents to 
bathe infested animals or, need of intensive 
a~d qualifie? la?or work when using spe
cial grasses m biological controls. An anti
tick vaccine might be a better alternative to 
establish in the system of cattle and dairy 
production. Besides, it is theoretically safer 
than the chemical bathings. 

In a first step, crude extracts from tick 
might will be used as antigens. The sera 
of immunized animals will then be used 
to characterize the antigens involved. The 

antigens will be produced through either 
recombinant DNA techniques or from 
cultured midgut cells or from both. 

b) Monoclonal Antibodies to Tick Midgut 
Tissue to 

Isolate the Antigens Involved in Protective 
Immunity 
Extracts of midgut tissue obtained from 

parthenogenetic ticks will be injected into 
BALBI C mice. The spleen cells will be fused 
with SP2/ 0 myeloma cells using polyethyl
ene-glycol. The hybrid cells will be screened 
by immunoenzymatic assay using sonicated 
~xn:a.ct of ~i~gut tissue and cloned by the 
limiting dilution technique. This monoclo
nal antibodies will be used to identify the 
corresponding antigen in Western blots of 
ticks midgutextract. Alternatively, they will 
be used to screen cultures of midgut cells. 

Subsection 2: Babesiosis 

a) Mole~ular Vaccine Against Babesia spp 
Parasites, 
Using Recombinant DNA Technology 
Expression libraries in Escherichia coli 

will be made with genomic DNAs of Babe
sia spp ~ragmented with DNase I, using the 
express10n vector lambda gtll. The libraries 
will be screened with sera from hyperim
mu.ne animals or from animals naturally 
resistant to the parasite. The DNA of the 
putative clones will be sequenced and the 
amino acid sequence derived from the DNA 
sequence will be analyzed for possible epi
topes. A vaccine will be tested either with 
the recombinant proteins themselves or with 
synthetic peptides based on the analysis of 
the derived amino acid sequences. Alterna
tively, parasite proteins will be tentatively 
expressed in eukaryotic vectors such as 
vaccinia virus or in transformed cells. 

b) Characterization of Babesia spp Proteases 



Virulence of Babesia bovis seems to be 
related to the activity of a proteas~ of 
babesial origin. The enzyme is able to 
split kinins from bovine kininogen. Ani
mal death with hypotensive shock to be 
related with the liberationofbradykinin. 
These facts suggestthat antibodies against 
this protease might be good for protect
ing animals against the hypotensive 
shock. The proteinase from B. bovis will 
be biochemical and physical-chemically 
characterized. It will also be analysed by 
recombinant DNA techniques. Clones 
with the proteinase coding sequence will 
be useful for searching the homologous 
protein in B. bigemina. These proteases 
will be tested as protective agents against 
babesiosis in cattle. 

c) Cloning of Repetitive DNA Sequences of 
Babesia spp 
Genome 
Repetitive DNAsequencesofBabesia spp 

genome will be cloned for their use as probes 
for diagnostics, detection of parasites in the 
vector for biolbgical studies, differentiation 
between the two specis of Babesia, etc. Li
braries in Escherichia coli of genomic DNA 
of Babesia spp will be screened with the 
homologous total genomic DNA labelled 
withradioactivephosphorous. The hybridi
zation conditions will be for repetitive DNA 
sequences. 

DNA of the putative clones will be tested 
for specificity to each Babesia species and 
checked for non-cross-hybridization to 
bovine and other parasites DNA. The DNA 
of the chosen clones will be sequenced and 
relevant regions of the sequences will be 
analysed for PCR (polymerase chain reac
tion). 
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Section Two: Hydatidosis 

Aims: 

1. Construction of a protoscoleces cDNA 
expression library in gtll; 

2. Construction of a subgenomic expres
sion library using protoscoleces DNA 
fragments generated by mung bean nu
clease treatment; 

3. Screening of the gene libraries with antis
era to antigen 5 and partially purified 
antigens of hydatid fluid; 

4. Analysis of the recombinants and sub
cloning in expression vectors. 

The following investigations are in prog
ress: 

A. Cloning and Expression of Genes Encod
ing Specific Antigens from the Hydatid 
Disease Agent Echinococcus gramilosus. 

B. Recombinant DNA in the Study of E. 
granulosus. 

Section Three: Foot-and-Mouth 
Disease Virus 

Aims: 

1. Molecular cloning of cDNA sequences 
encoding VPl and VP3 of FMDV strains 
A24cruzeiro, A Venceslau and C3Indaial. 

2. Expression of VPl and VP3-VP3 in Esch
erichia coli. Test of the immunogenicity 
of the fusion proteins in guinea pigs. 

3. Production of monoclonal antibodies 
(MAb) against FMDV strains 
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A24Cruzeiro, AVenceslaau, C3Indaial 
and 01 Campos. 

4. Characterization of the MAb by dot blot, 
western blot and mouse protection assay. 

The following researchers are being carried 
out: 
A. Molecular Biology of Foot-and-Mouth 

Disease Virus (FMDV). 
B. Expression of the VPl Antigenic Deter

minant in E. coli. 
C. Monoclonal Antibodies against FMDV. 
D. Development of the FMDV Project at the 

Center of Biotechnology. 

Concluding Remarks 

To summarize the present situation, the 
Center of Biotechnology has most of the 
basic infrastructure to provide opportuni
ties to scientists· to develop research and 
training people in the area of Modern Bio-

technology. However, to consolidate the 
development of this Center it has requested 
the acquisition of additional laboratory 
equipment to be used in training courses 
and research, support for visiting scientists 
coming to the Center to conduct research 
and training, funding to upgrade the num
ber of periodical publications in the library 
of this Center, funding for attendance to sci
entific meetings, as well as stipends and 
scholarships for graduate student and/ or 
postdoctorals willing to specialize abroad. 
Furthermore, it is of the uppermost impor
tance establishing close interactive collabo
ration with international institutions for the 
Center of Biotechnology of Rio Grande do 
Sul to reach the desired level of excellence. 
Accordingly, FAQ Latin American Biotech
nology Network would help to accelerate 
progress in Modern Biotechnology for the 
development and spread of economically 
and socially sustainable livestock produc
tion system in Brazil. 
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Biotechnology Applied To The Animal 
Production In Chile 

J.E. Correa and R. Gatica 
Animal Reproduction Institute, 
Universidad Austral de Chile, 

Valdivia, Chile. 

Introduction 

Embryo transfer work was introduced in 
1971 at the Austral University of Chile, 
Valdivia, in the South of Chile. Presently, 
there are 2 university groups working in 
embryo transfer (Valdivia and Chillan). The 
first lamb obtained by embryo transfer was 
born in 1971 (Correa, 1972). Then, autodi
dacticly, surgical ova recovery techniques 
and a simple method for transfer embryos in 
sheep were developed (Correa, 1976). Later, 
non-surgical technques for embryo recov
ery and transfer, as well as autodidacticly 
were developed in cattle (Correa et al., 1979; 
1980). In 1981, commercial activities began 
on embryo transfer in cattle (Del Campo, 
1982). 

The first calf obtained by frozen embryo 
was born in 1981, with frozen embryos 
imparted from New Zealand (Correa et al., 
1982; 1984). Later, calves and lambs from 
embryos frozen in Chile were obtained (Del 
Campo, 1983; Correa, 1984). 

Other techniques such as in vitro fertiliza
tion in cattle (Risopatron, 1989), microma
ni pula ti on of rabbit embryos (Britton, 1988), 
ovine and caprine embryos are currently in 
progress (Gatica and Correa, unpublished 
data). 

The Animal Reproduction Unit, Depart
ment of Veterinary Medicine, Universidad 
de Concepcion, at Chillan, started to work in 
embryo transfer just a few years ago, when 
J.F. Cox, a Veterinarian, graduated at the 
Universidad Austral de Chile, began to work 
on superovulation, synchronization of oe
strus and transfer techniques in goats. 

The biotechnology in animal health has 
been poorly developed until now. How
ever, last year, Chile started to work in a 
regional programme supported by the 
UNDP, on massive production of monoclo
nal antibodies against human diseases, but 
in the near future it is planned to incorpo
rate animal diseases such as brucellosis, 
hidatiosis and trichinosis in this UNDP 
programme. This programme received fi
nancial support of US$430,000 for 10 Latin 
American countries with US$43 ,000 for each 
country. Most of the money for Chile will be 
dedicated for training young scientific re
searchers in this area. 

National Programmes 

At present there is no planned national 
programme on biotechnology in animal 
health and production. However since 1983 
a National Committee on Biotechnology 
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(CNB) started to work in order to develop 
this area, including its use in animal produc
tion. 

The CNB was officially established in 
1987 under the sponsorship of the Naational 
Commission of Scientific Research and 
Technology {CONICYT) with the following 
objectives:-
- To promote the development of biotech

nology in the country; 
- To stimulate the development of science 

and technologies related to biotechnol
ogy; 

- To develop the international and regional 
cooperation in biotechnology research; 

- To stimulate the trainingofyoungpeople 
in sciences related to biotechnology. 

The National Programme on Technol
ogy, conceptualised by CNB has divided the 
activities into 9 areas: 
1. Bacterial mineral leaching. 
2. Biological nitrogen fixation. 
3. Plant tissue culture. 
4. Anaerobic degradation of biological resi 

dues. 
5. Diagnostic reagents for human, animal 

and plant diseases 
6. Lignocellulosic agricultural and forestry 

residues. 
7. Massive culture of microalgae. 
8. Biotechnology of industrial enzymes. 
9. Biotechnology on mammalian embryos. 

Hence, the activities on health and ani
mal production are coordinated in areas 5 
and 9. 

Present Status 

A. At present, there is not a single nucleus 
breeding scheme using MOET. 
1. MOET: 

In Chile there are one million cows, about 
12% of them are inseminated with semen 
produced in Chile or imported mainly from 
the USA and Canada. The Austral Univer
sity of Child has the only A.I. Center in Chile 
with about 50 bulls and 2 places for collec
tion of semen (Valdivia and Los Angeles). 
The production capacity of the A.I. Center is 
around 500,000 doses, but the demand of 
semen is around 100,000 doses per year. 
There is good cooperation between the A.I. 
Center and the breeders. The Center has 
access to the male calves of the best cows of 
the country and progeny tests on milk and 
meat are run every year. 

Semen from other species are frozen but 
the number of females inseminated is low. 

2. An embryo transfer service is given to 
breeders by the Animal Reproduction Insti
tute at very low costs for the users (about 
US$100chargeper superovulationand flush
ing the donor and US$100 per each recipient 
pregnant). Over 500 pregnancies have been 
obtained during the last years (Del Campo 
and Del Campo, 1988). Recently, a private 
enterprise started to offer the service of 
embryo transfer but the number of flushing 
and transfer have been small. 

a) Selection of donors 
Usually, the selection of the donoris done 
by the owner of the cow because he wishes 
to get some off springs from a cow with 
higher genetic merit. Because she is old, 
she has perhaps some problem to get 
pregnant or she is a high milk producer. 

b) Superovulation 
i) The following hormones have been 
sued to induce superovulation: pregnant 
mare serum gonadotrophin (PMSG, Lab. 
Intervet, U.K.), follicle stimulating 
hormone (FSH, Lab. Vetrepharrn, Can-



ada) and horse anterior pituitary extract 
(HAP, prepared in our laboratory). 

ii) The most common methods used to in
duce superovulation are: a single dose of 
PMSG, 2,000 to 3 ,000 iu, given on day 8 to 
14 of the oestrous cycle followed by a 
prostaglandin F2 alfa injection 48 h later. 
Other treatment is based on the several 
injections of FSH every 12 h during 5 
days, 20 to 35 mg, starting on days 8or14 
of the oestrous cycle with one injection of 
PGF2 alfa on the third day of FSH treat
ment. Finally, we have used HAP in
jected every 24 h given during 5 days (60 
mg per day) or 3 days (100 mg per day). 
The best results are obtained with the 
treatment of 5 days. 

iii) HAP have been prepared in our labora
tory according ot the method of Moore 
and Shelton (1964) used in Dublin, at the 
Department of Professor Gordon. 

A graduate student of our Master pro
gramme studied the effect of season and sex 
of the donor horses on the activity of the 
HAP. He did not find any effect of the sub
jects studied. 

iv)There is no experience on purification of 
hormones, but it is planned to work on 
purification on HAP. 

v) No data are available on repeated su
perovulation treatment in our cases. 

c) Mating 
Only A.I. We have been using double 
insemination at 60 and 72 h after PG injec
tion but now a single insemination at 60 h 
after the PG injection is performed. 

d) Collection of Ova 
Non-surgical collection of ova were car-
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ried out initially with the British catheter, 
Frankling, as it was described by Newcomb 
et al., 1978. However, there were two prob
lems: usually it produces some hemorrhagic 
contamination of the collected medium and 
secondly it was really a disposable type, 
expensive and difficult to get in Chile. We 
have used a common urethral Foley cathe
ter, extended by ourselves with glue. Fi
nally, we have used Japanese and German 
catheters. The latter (Rush or Minitub) was 
found to be the best. 

e) Ova and embryos are usually observed at 
30X with a stereomicroscope. Ova are 
classified as fertilized or unfertilized: then 
embryos are recorded as excellent, good, 
fair, poor, and dead or degenerating ac
cording to the IETS score. 

f) Initially, transfers were done surgically 
by the flank according to the technique 
described by alexander and Marcus, 1977. 
In the same way a few imported frozen 
embryos were transferred surgically 
(Correa et al., 1984). At present, all the 
transfers are done non-surgically with a 
Cassou or Minitub gun. 

In relation to the freezing techniques, we 
have used a method described by Willad
sen, 1977. Initially, DMSO as cryoprotector 
and later glycerol at 1.SM in PBS with20% of 
bovine serum have been used. The tempera
ture is decreased 1°C per minute until -7°C, 
kept 10 minutes and seeding, then 0.3°C per 
minute until -30°C and finally O.l°C until -
36°C and plunged directly to liquid nitrogen 
at-196°C. Preliminary studies have carried 
out with a new curve as follows: directly to 
-7°C, decreasing 0.4°C per minute -35°C, 
kept for 10 minutes and plunged in liquid 
nitrogen; a 53% of success have been ob
tained with 15 frozen embryos (Becerra and 
Del Campo, 1988). 
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g) Workson invitrocapacitationandinvitro 
fertilization started just a few years ago 
studying the e.ffect of temperature on the 
storage of ovary. According to the results 
obtained, there is no difference in the fer
tilization rates of the oocytes obtained 
from ovaries kept at 4°C or 38°C (Risopa
tron, 1989). 

h) Preliminary studies on micromanipula
tion started with bisection of fresh and 
frozen rabbit embryos .(Britton, 1988). 

i) A ovine-caprine chimera project is cur
rently in progress (Gatica and Correa, 
CONICYT 0998 I 88). Embryos of2-8 cells 
are surgically collected on days 1 to 3 
after natural mating of sheep and goat, 
divided and the blastomeres mixed; then 
are cultured and transferred. Chimeric 
embryos have been obtained but no preg
nancy recorded until now. 

B. r-DNA Technology 
As far as we know, there is no informa

tfonofChileangroupsworkingwithr-DNA 
technology for genetic improvement and 
genetic resistance to diseases in livestock/ 
poultry. However there are at least 3 or 4 
groups working with these techniques at 
the Biochemical and Molecular Biology De
partments of the Universities of Chile, Catho
lic and Austral. 

C. Immunogens and Immunodiagnostics: 
1. ELISA tests have been used for: 
a) Brucellosis in cattle, (Institute of Microbi

ology, Austral University of Chile). 
Equipment and techniques for virus dis
eases in poultry are nearly to be stablished 
a~the Pathology Institute, Faculty of Vet

·erinary Sciences, Austral University. 
2. Monoclonal antibody production 
a) A programmeforproductionofantibodies 

against malaria is starting, also it is 
planned to start the production of anti
bodies against brucellosis, hidatidosis and 
trichinosis atthe laboratories of Cell Biol
ogy and Genetics, faculty of Medicine, 
Universidad de Chile and Instiute of 
Experimental Medicine, Faculty of Medi
cine, Universidad Austral de Chile. 

D. Biotechnology for Animal Feed Produc
tion: 

At present, there are no groups working 
in biotechnology for enhancing animal feed 
production. However there are some people 
working in biogas production, and reduc
tion of ambiental contamination in several 
agricultural sciences faculties of · Chilean 
Universities. 

Financial Sources of Present Proj
ect 

A. Currently, there are just a few small re
search projects funded by Chilean Insti
tutions. 

a) Production of ovine-caprine chimeras 
FONDECYT (about US$22,000), 1988-
1989. 

b) Embryo transfer in goats, Concepcion 
University Research Council. 

National and International Coop
eration 

A. There are 3 veterinary faculties in Chile, 
the cooperation between them is occa
sional, specially through the participa
tion of lecturers to help in short post
graduate courses. 



B. International Cooperation: 
1. The Animal Reproduction Institute with 

the Artificial Insemination Center of the 
Austral University has received a5sistance 
for joint-project in animal reproduction 
for 3 years from the Japan International 
Cooperation Agency (JICA) .. 

2. There are some bilateral cooperation be
tween Chile and other countries. 

APPENDIX A 

NAMES OF INSTITUTES 
Animal Reproduction Institute 

Address: Animal Reproduction Institute, 
UniversidadAustral de Chile 
P.O. Box 567, Valdivia, Chile 
Phone: 56 (63) 212681 ext418 
Fax:56(63)212589 

Head: Jorge E. Correa 

Staff: 
CarlosAvendano 
Jorge E. Correa 

Carlos H. Del Campo 
JuanJ. Ebert 
Renato Gatica 

Pedro Saelzer 

Field of Study: 
Physiology of the male. 
Reproductive endocrinology 
and embryo transfer. 
Pathology of reproduction. 
Veterinary obstetrics. 
Embryo transfer and gyneco
logy. 
Veterinary obstetrics. 

The staff of the Artificial Insemination Center cooper
ate with the staff of the Animal Reproduction Institute. 

Artificial Insemination Center 

Address: Artificiallnsemination Center 
UniversidadAustral de Chile 
Valdivia, Chile. 

Head: Jorge Ehrenfeld 

Staff: Field of Study: 
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Jorge Ehrenfeld Andrologyandartificialinsemi
nation. 

Claus Hellemann 
JorgeOltra 
semination 

Artificial insemination. 
Blood typing and artificial in-

Animal Reproduction Unit, 
Department of Veterinary Medicine, 

University of Concepcion 

Address: AnimalReproduction Unit, 
Department of Veterinary Medicine 
Universidad de Concepcion 
Campus Universitario, Chillan, Chile 

Head: Alejandro Santa Maria 

Staff: 
Alejandro Best 
JoseF. Cox 
Guillermo Mora 
Alejandro Santa Maria 

Field of Study: 
Animal Reproduction 
Animal Reproduction 
Animal Reproduction 
Animal Reproduction 
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Biotechnology for Animal Production and 
Health in Colombia 

Olga C. Marino 
Laboratorio de Immunologia 

Instituto Colombiano Agropecuario 
ICA-LIMV 

Apartado Aereo 29743 
Bogota, Colombia 

Introduction 

Since Biotechnology provides the tech
nological tools for basic studies oriented 
toward the knowledge of animals and its 
environment, Instituto Colombiano 
Agropecuario (ICA) has encharged Animal 
Especial Projects Division, to execute re
search and develop technology addressing 
major animal health and production prob
lems of the economically important species 
of the country. There exist limitations like 
deficient knowledge on the disease behavi
our of susceptible species and its effect on 
production and productivity, deficient di
agnostic methods for infectious and para
sitic agents, lac}} of knowledge on its struc
tural characteristics and antigenic variations 
and limited development and evaluation of 
immunogenic products -all these leading to 
difficulties on control and erradication 
campaigns and high risks on production. 

On the other hand, the available technol
ogy has not contributed significantly to
wards the marketing ability of our animal 
products. 

Objectives 

For the above mentioned reasons the main 

applications of Biotechnology in the coun
try will be oriented to animal heal th, repro
duction and feeding based on the following 
general objectives: 

1) Identify the etiological agents responsible 
for the viral, bacterial and parasitic dis
eases that affect the animal species of 
economic importance. 

2) Study the structural, biological and 
immunological aspects of these agents to 
optimize the diagnosis and contribute to 
its control and erradication. 

3) Study and improve the genetic material 
of the native and productive animal spe
cies and develop methodologies to ob
tain better food products for animals, 
based on traditional and non-traditional 
raw materials. 

Work Areas 

Based on the on-going research and the 
priorities defined by the needs of the coun
try, the Institute has defined work areas for 
the next five years as follows: 

A)lnfectious agents studies. 
B) Immunological studies. 



C) Genetic engineering. 
D) Animal reproduction. 
E) Animal nutrition. 

In order to cover these areas it is consid
ered important to apply the Biotechnology 
tools in more specific topics. 

1. Animal infections diseases diagnosis by 
DNA and monoclonal antibodies probes 
and/ or restriction enzymes studies ap
plied to viral agents that cause important 
problems like 
- Infectious Bovine Rinotracheitis (IBR), 

gp-90, go-74, gp-77. 
- Food and Mouth Disease (FMDV). 
- Bovine Leucosis (BLV), gp-51, p24, 

TAA. 
- Vesicular Stomatitis (VSV) and 
- Bovine Viral Diarrhea (BVD),noncyto-

pathogenic strains. 

2. Diagnostic and research application of 
monoclonal antibody technology. 

- Isolate protective antigens of IBR. 
- Serological differentiation of virus 
strains IBR, DVB. 
- Improvementandcomplementationof 
present diagnosis, FMDV serotyping. 
- Analysis and studies on acquired 
immunity, bypeptideanalysisof known 
antigenstostudytheircapabilitytostimu
late T-cells protective response (Brucella 
OMP-peptides). 

Soluble and cellular antigens of thera
peutic importance in immune response 
(Species antibody class and cell receptors). 

3. Immunogens 
Recombinant DNA vaccines, chemically 
synthesized or prepared by gene sup
pression. 
- VSV recombinant in Vaccinia virus. 
- Liposomes or other adjuvants appli-

cable for non-conventional vaccines. 
- IBR immunogenic protein gene. 
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4. Obtainable biologically important pro
teins by DNA recombinant technology. 
- Bovine Interleukines and Interferon. 

5. Genetic improvement of productive and 
native species. 
- Detection of susceptibility genes for 
BLV (Locus W6ofBoLAMHC)andresis
tance to ectoparasites (Ticks). 
- Preservation of native germplasm and 
sex determination of embrions. 
- In vitro fertilization. 
- Embryonic micromanipulation. 

6. Nutritional improvement of animal food. 
- Genetic manipulation of native forage 
to provide more nutrients for the ani
mals. 
- Ruminal microbiology modifications 
for more efficient digestion and/ or utili
zation of native forage by the animal. 

Immediate Needs 

The immediate needs are the implemen
tation of molecular biology and monoclonal 
antibodies work groups, based on the actual 
infrastructure as described in the former 
document "Advances in the Animal Bio
technology". Once the groups get the com
plete training and the basic technology 
running the activities will follow the priori
ties determined by the projects. 

Subjects of Studies 

In order to generically organize the work, 
two main subjects of interest have been 
defined: 

I - Genetic, antigenic and immunogenic 
characterization of RNA and DNA viruses. 
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The primary objectives are to obtain a 
better knowledge on the functional and 
antigenical variability of the viruses, to apply 
this knowledge for study and comparison of 
field, vaccine and challenge virus strains 
and to the eventual development of immu
nogens of practical applications. 

II - Physicochemical,antigenicandimmu
nogenic characterization of structural pro
teins of protective interest in bacteria and of 
infection associated proteins (soluble anti
gen) in hemoparasites. 

In order to improve the knowledge of 
antigens that play a role in the virulence and 
immunogenicity mechanisms, as well as in 
the differential diagnosis. 

Also to improve the knowledge of 
hemoparasites biology to look for better 
protection mechanisms. 

Methodology 

The basic procedures of moelcular biol
ogy and monoclonal antibodies applicable 
to implement both areas will be: 

1: Polynucleotide autoradiography by 32P 
labelling of the purified viral RNA and 
mapping of the oligonucleotides by electro
phoresis for comparison of the strains to 
define variability patterns. 

Steps: 
a. Isolation and characterization of the viral 

agent from the field case (epidemic) and 
classical serological classification. 

b. Virus replication both in tissue culture 
and experimental animals. 

c. 32P radioactive viral labelling. 
d. Isolation and purification of labelled vi

ral RNA. 
e. Viral RNA digestion with specific ribo

nucleases. 

f. Oligonucleotide uni- and bi-dimensional 
electrophoresis. 

g. Oligonucleotide mapping by autoradi
ography. 

h. Oligonucleotide mapping comparison 
between selected viruses. 

i. Definition of the variability patterns. 

2. RNA, DNA nucleic acid and specific ol
igonucleotide sequencing. 

Steps: 
a. alkaline partial RNA digestion of the 

purified nucleic acid. 
b. 5' extreme 32P labelling. 
c. Separation and selection of the labelled 

oligonucleotides in polyacrylamide gel. 
d. Digestion of selected fragments with base 

specific enzymes. 
e. Separation in polyacrylamide gels of the 

digested fragments. 
f. Autoradiography fragmentation pat

terns. 
g. Residue identification and sequence. 

For DNA genomes: 
a. Restriction enzymes specific fragipenta

tion. 
b. Fragmentation selection by RNA hybridi

zation from gel to nitro-cellulose paper 
(blotting). 

c. Amplification and cloning of selected 
fragments. 

g. Sequence and autoradiography detection. 

Specific oligonucleotide sequence. 

Steps: 
a. RNAse specific digestion of the purified 

genomic RNA. 
b. Enzymatic digestion (alkaline 

phosphatase) of terminal oligonucleotide 
groups. 

c. 5' terminal 32P labelling (polynucleotide 
kinase and 32P ATP). 



d. Fragment separation by bidementional 
gel electrophoresis. 

e. Autoradiography map and fragment 
selection for sequence (as above). 

3. Cloning of viral genomic fragments that 
codifies for immunogenic peptides. 

Steps: 
a. Genomic RNA fragment selection. 
b. cDNA syntehsis. 
c. Plasmid or virus cDNA insertion. 
d. detection of peptide productive clones. 
e. Isolation and purification of expressed 

peptides. 
f. Evaluation of immunogenic capacity of 

the obtained peptides. 
g. Scale-up based on results. 
h. Cloning and amplification of DNA se

lected fragments. 
i. Characterization of expressed peptides. 

4. Characterization of viral structural pol
ypeptides and ofinfectioninduced polypep
tides by iso-electrofocusing. 

Steps: 
a. Radioactive labelling of viral polypep

tides (35S-Metionine). 
b. Separation of polypeptides by iso-elec

trophocusing. 
c. Bidimensional electrophoresis of struc

tural polypeptides. 
d. Variability pattern of the polypeptides. 
e. Fragmentation fragments by proteolytic 

enzymes from the virus immunogenic 
polypeptides. 

f. Fragmentation and variability patterns 
comparison of the virus under study. 

5. Immunogenic viral polypeptide se
quence. 

Steps: 
a. Peptide purification and antigenic char-
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acterization by immunoblotting. 
b. Specific chemical and enzymatic fragmen

tation. 
c. Separation of generated peptides. 
d. Selection by liquid chromatography 

(HPLC) of immunogenic selected pep
tides. 

e. Peptide sequence (total or partial). 
f. Evaluation of the immunogenic capacity 

of the characterized peptides based on 
amino acid sequence and field strain pro
tection capacity against infection. 

g. Chemical synthesis of selected peptides. 
h. Evaluation of immunogenic capacity of 

the synthetized peptides and scale-up 
the promising peptides. 

7. Monoclonal antibodies for antigenic 
characterization and identification of im
munogenic polypeptides. 

Steps: 
a. BALB-C mice immunization with the 

peptide. 
b. Availability of lymphoid cells. 
c. Fusion oflymphocytes and myeloma cells. 
d. Progressive selection of productive clones 

of specific antibodies using ELISA or RIA. 
e. Affinity and specificity determination 

ELISA or RIA. 
f. Subculture and expansion. 

Applications: 
I. Peptide characterization, both genetic 

engineering or chemically synthesized. 
II. Etiological agents diagnosis. 
III. Identification of soluble factors of inter

est in immunoregulation and charac
terization of animal lymphoid cell popu
lation needed for the complete study of 
a specific agent. 

Institutional Cooperation 

Since 1985 the Institute has participated 
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with other research Institutions of similar 
characteristics in the country, universities 
as well as veterinary biological products 
company, VECOL, in order to integrate a 
work group with biotechnological goals. 
Presently, the groups are coordinated by 
COLCIENCIAS, the national institution 

responsible for science and technology 
development, and through this channel the 
Institute has participated in several biotech
nology meetings, of national, regional and 
international nature oriented to cooperate 
in common interest. 
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Biotechnology In Animal Health and 
Production In Cuba 

Carlos M. Mella 
Centro de Ingenieria genetica y Biotechnologia 

apartado 6162 
La Habana, Cuba 

InJuly1986, thefirstGeneticEngineering 
and Biotechnology Center (CIGB) was 
opened in Cuba. The second Cuban center 
is going to be established and located out
side of Havana atthe Camaguey province in 
1989-90. The country has a numebr of other 
research centers and institutions which are 
also working in the same field. These are the 
Center for Immunoassay, the Center for 
Agricultural Health (CENSA), the Center 
for Animal Breeding (CIMA) and the Agri
cultural Faculties and Technological Units 
at the Universities. 

The N ationalAcademy of Science of Cuba 
(ACC) is developing several biotechnologi
cal programs and have some additional 
proposals of new programs directed to 
improve biotechnological research. This is 
an indication of the priorities given by the 
government to this field. As a result, the 
country has already developed several 
bioactive substances like human, natural 
and recombinant Alfa and Gamma Interfer
ons, human recombinant Epidermal Growth 
Factor, monoclonal antibodies for use in 
purification and immunoassays, restriction 
endonucleases as well as enzymes with 
industrial use like sucrose, invertase and 
amylase. 

On the other hand, various measuring 
instruments and machines are now avail
able to support the very intense developing 

program in this sense. Two examples are the 
Ultramicroanalytical System for use in the 
field of immunoassays and the appropriate 
studies on fermentation techniques with the 
development of automatic instrumentation 
which have made possible the existence of 
the first Cuban fermentor. 

A continuosu increment on animal health 
and production may be the result of apply
ing the advances obtained by the National 
Research Program in this field. 

Applied Research That Will Be In 
Practical Use Before 1991 

Artificial Insemination (A.I.) 
The fully developing and application of 

A.I. technology to the dairy cattle has made 
it possible to get new cattle breeds adapted 
to our tropical climate with a high produc
tion level. The Mambi, Siboney and Tropical 
Holstein breeds are practical evidences in 
this sense. The attainment of a dairy mother 
as Hubre Blanca, a Mundial Champion rec
ord level cattle with 110. 9 kg of milk per day 
is an indication of how far an under devel
oped country can go in terms of scientific 
results and their practical use. 

There are 8 research and production 
centers in the country to assure quality and 
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preservation sperms. These centers support 
our breeding program. Recent development 
on sperm quality control and insemination 
techniques are also being studied. 

Embryo Transfer 

The introduction of embryo transfer in 
Cuba was as early as in 1975. The first two 
new-born cattle were attained after one year. 

In 1984 eight newborn were obtained from 
Hubre Blanca. In 1985 the first group of 
newly born cattle from frozen embryos and 
the use of embryo microsurgery were re
ported. 

At present there are ten facilities to sup
port the use of embryo transfer technique in 
production, theirworkismainlytoproduce 
high quality animals, with a level of 200 
existing embryo transfers per facility per 
year. Cuba is supp lying Charolais and Cebu 
frozen embryos to the Internatioal Embryo 
Bank in Praha. 

A complete research directed to apply 
these results in small ruminants is being 
developed now. The first calf born with this 
technique in buffalo was reported this year. 

Recently, our research is focusing on the 
embryo sex determination, methods for in 
vitro fertilization and the very new field of 
transgenic animals. The gene library for 
bovines was recently established and the 
first group of transgenic laboratory animals 
were obtained. 

Animal Nutrition 

During the last few years, a system for 
swine production based on feeding of mo-

lasses based ration enriched by protein from 
Candida utilis has been proved to be posi
tive. This feeding system provides a 15% 
increment on protein content in the mixture 
and a daily gain of 580 g per animal per day. 

Another product derived from sugar cane 
and enriched by the biotechnological method 
is Sacharina. Its very high protein content 
comes from a dry phase fermentation proc
ess. It has been possibletosubstitutefrom20 
to 70% of the grain content on conventional 
concentrate feed. The use of this feed has 
been very well evaluated in cattle, sheep 
and poultry. 

Computer Science and Animal Hus
bandry 

Alternative computer systems for help 
on animal alimentary, reproductive and 
health planning were created. These sys
tems enable us to know reproductive per
formance in a dairy operation and to check 
every animal either during productive or 
pregnancy cycle to improve the manage
ment and predict the reproductive behavi
our of dairy cows. 

In 1963 the National Veterinary Labora
tory system was created; by now 56 labora
tories are available, 17 are located in the 
province or central level and they cover the 
veterinary services to the 14 provinces and 
one special municipality. There are 102,000 
veterinary units in the country which re
ceive diagnostic aids from these laborato
ries. The research program in this field is 
continuously growing. 

Production of diagnostics. 
Several diagnostic reagent sets and the 

technology for their application on animal 
health have been developed. These involved 



production of monoclonal and polyclonal 
antibodies, antigens and hormones either in 
their natural form or labelled with enzymes 
or radioactive isotopes. 

the U1 trarnicroanalytical System (SUMA) 
is a photometric/ fluorometric plate reader 
system widely used in the country. Using 
this system 21,987 can be tested for diagno
sis of Bovine Leukemia with a minimal spent 
of 0.6 ml of the reactive antigen. The SUMA 
is also used for diagnosis of pigs' dysentery, 
infectious bovine rinotracheitis (IBR) or the 
determination ofaflatoxin b 1 in concentrates 
and grains. 

Immunoassay methods have been also 
validated on evaluation of reproductive 
performance and health in dairy cattle. A 
program for their general use at veterinary 
services will be developed soon. 

The very safe diagnosis of Bovine Leuke
mia by Hybridization Technique has been 
recently applied. Two more diagnostic 
probes are under research by now, Myco
plasma bovia and Babesia bovis. 

Therapy and Vaccines 
The Pneumonia caused by Pasteurella 

multocida type a, can be prevented by the 
use of a new vaccine developed in the coun
try. The vaccine agaisnt IBR has had very 
positive results on pregnant cows and male 
cattle used for semen preservation. 

The fight against Bovine Bacilar Ichterohe
moglobinuria (BBIH) involved a conven
tional vaccine as well as the research for a 
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recombinant vaccine which may be evalu
ated before 1991. 

The Glucane attained from S. cerevisiae is 
being used as an immunomod ulator and as 
an adjuvant in various vaccines. 

Probably one of the more interesting 
results has been the very high antiviral ac
tivity of human interferon produced on yeast 
against the viral encephalo-mycocarditis of 
pigs. 

Practical Value of The Scientific Re
sults 

Applied research techniques in combina
tion with basic tools available are actually 
able to improve animal health and produc
tion in Cuba. The present summary only 
comprises few lines of those more demon
strative applied research. In the background 
there is an enormous amount of results that 
will rpoduce in their respective time of 
maturation the new steps in our developing 
programs. As a general criteria we can say 
that the power of biotechnological research 
will improve the rate of our development to 
high levels of effieicny. If this is so, then 
Biotechnology will prove to be an alterna
tive method for achieving development in 
countries with limited resources such as 
Cuba. In this sense our country will be happy 
to see hwo the world in which we live can 
attain self sufficiency in food and sound 
health for its human inhabitants. 
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Biotechnology Applied to Animal Production 
and Health in Mexico 

E.G. Padilla 
Instituto Nacional de Investigaciones Forestales 

Agricolas y Pecuarias 
INIFAP - SARH, MEXICO 

HISTORICAL DEVELOPMENT OF LIVE
STOCK PRODUCTION TECHNOLOGY 
AND BIOTECHNOLOGY 

1. AnimalHealth: 

In relation to animal health, Mexico has 
historically had a well recognized capacity 
for diagnosis of animal diseases caused by 
microbes and parasites and to produce biol
ogicals to prevent them. The first Veterinary 
School in the continent was founded in 
Mexico in 1853, and none of its alumni pro
duced the first rabies vaccine for humans. In 
this cehtury the Veterinary School became 
part of the National University and estab
lished laboratories in microbiology, parasi
tology and pathology. 

On the other hand, the Ministry of Agri
culture, due to the foot and mouth disease 
(FMD) outbreak, created a diagnostic labo
ratory in 1947 and a vaccine production 
unit. These facilities, after eradication of 
FMD, became the Central Veterinary Diag
nostic Center and started to produce several 
other vaccines. 

In 1962 through an international project, 
a National Research Center for Animal 
Production and Health was created with a 
strong program on development of human 

resources, research facilities and experimen
tal stations. 

This research center was in charge of 
production of diagnosis reagents and sev
eral vaccines which complemented those 
distributed by private laboratories. In 1975 
an official laboratory for Veterinary Biologi
cals (PRONABIVE) was established to pro
duce vaccines and diagnostic materials 
which are important for official campaigns 
those associated with public health and some 
which are not attractive as a business for the 
private sector, but are required in the coun
try, such as Venezuelan Equine Encephali
tis, that was developed jointly by the USDA 
and the Mexican Research Institute. 

Under the control of the Animal Health 
Department, in the early 1970's, a national 
network of diagnostic labortories was setup 
in cooperation with producers, backed up 
by a central reference laboratory. The net
work grew up to have 108 laboratories lo
cated all over the country. 

As far as production of conventional 
vaccines, the rabies vaccine for human was 
developed and used at the end of last cen
tury. In this century it was produced in 
chicken embryos and later in tissue culture. 
INIFAP developed a strain isolated of bat 



vampires' salivary glands which is widely 
used in bovines and dogs but its effectivity 
has been proved also in cats, sheep and 
goats. This vaccine is being produced by 
official as well as private laboratories. 

Brucella abortus vaccine has been pro
duced and used in Mexico since 1940 against 
B. mellitensis in 1968. Against Clostridia 
and Pastuereella since 1940, and Anthrax 
vaccine since 1907. 

For other major viral diseases, vaccines 
produced in the country have been avail
able for Hog Cholera since 194G, Newcastle 
Disease since 1947, and Pseudorabies since 
1977. The outbreak of FMD of 1947 was 
controlled and finally eradicated with a 
vaccine developed and produced in Mex
ico. 

The INIFAP researches have been in
volved in the development of vaccines 
against Hog Cholera (PAV-250), Venezue
lan Equine Encephaalitis (TC-83), Porcine 
Erysipelas, and Marek's disease, as well as 
Rabies, previously mentioned. 

Nowadays, the production of veterinary 
vaccines in Mexico is around 2000 million 
doses per year, including avian vaccines; 
human vaccines produced and utilized in 
the country are nearly 90 million doses. 

As part of technological developments, 
in diagnosis and biological production, tis
sue culture has been available in INIF AP 
since 1966; more sophisticated cultures for 
blood parasites such as Babesia sp. were es
tablished in 1979. Monoclonal antibodies 
techniques were established in the early 
1980's as well as immunoenzymatic tech
niques for diagnostic purposes, even though 
they are mainly used for research purposes. 
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Establishment of two research centers 

In the present decade, two research cen
ters for Genetical Engineering, Biotechnol
ogy, and in general, Molecular Biology have 
been established; CINVESTA V and CIIN
GEBI. The first one mostly oriented to plants 
and, the second, covers biomedical sciences 
and related industries. These centers are 
involved in basic as well as applied research 
using DNA techniques such as gene clon
ing, DNA sequencing, gene mapping, gene 
constructs, DNA hybridization, and gene 
transfer. They have developed a few pa tents 
for ind us trial purposes in an ti biotic prod uc
tion as well as some hormones and bioacti ve 
molecules. 

These centers offer M.Sc. and Ph.D. de
grees and there is also an excellent possibil
ity for the animal research groups to interact 
with them in joint projects. 

2. Animal Production 

Aspects of animal production and repro
duction e.g. animal breeding, and genetic 
improvement, technologies as A.I. control 
of ovarian function, performance testing, 
progenytestingin dairy cattle, embryo trans
fer and radioimmunoassays for different 
hormones have been implemented and used 
in development programs, research and in 
some cases as routine production practices. 

The first bovine A.I. programs date back 
to 1936, but only in 1946 the first A.I. center 
was set up. In the mid SO's, a series of A.I. 
stations were operating along the country 
using semen diluted and refrigerated. The 
widespread use of frozen semen started in 
the mid 60' sand in 1978 the straws replaced 
the traditional ampules. Pellets have been 
used on a limited basis mostly by custom 
freezing services. 
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To date about 1.6 million doses of bull 
frozen semen are sold in Mexico. Of these, 
870,000 are imported and the rest are from 
Mexican bulls. The official A.I. services of 
the Ministry of Agriculture has distributed 
from 400,000 to 500,000 doses through a 
network of more than 60 frozen semen banks 
located all over the country, where liquid 
nitrogen is also available. 

In other species, A.I. is very limited, 
however there are two A.I. centers for swine 
and ram, and stallion semen are available. 

The control of ovarian function has been 
mostly operated by veterinarians; induction 
of estrus and estrus synchronization are the 
most frequent practices. As everywhere else 
steroids, pros ta gland ins and GnRHare more 
widely used, while use of gonadotrophins is 
rare. 

Genetic improvement through selection 
and crossbreeding has been common. Cross
breeding evaluation projects are under way 
at INIFAP for beef and dual purpose sys
tems in bovine in tropical and semitropical 
areas with Bos taurus/Bos indicus. 

Performance testing exists in beef cattle, 
swine and sheep, either in official stai tons or 
in the farm or ranch. 

In pigs, five farms sell crossbreed or 
synthetics seeds tock, male and female lines, 
utilizing basically an open nucleus breeding 
system approach. There are approximately 
another 200 farms that sell seedstock, either 
purebred or crossbred but that still depend 
partialy of imported females. 

In poultry the schemes are basically the 
same as anywhere in the world for intensive 
systems; there are 9 companies with grand
parent stock for broilers, 3 for laying hens, 

18 with parent stock for laying hens and 61 
for broilers. In all cases, the basic lines (grand
grand parent stock) belongs to international 
companies. 

For dairy cattle, the Holstein Friesian 
Breeders Association has been keeping a 
production control program for about 40 
years, but it was reorganized in the mid 60' s 
to progeny test A.I. bulls. The list of the first 
tested bulls was published 16 years ago. 
Last year they had about 55 ,000 cows under 
control and approximately 20 young bulls 
located in Mexico enter the test every year. 
The information they dev~lop is from inten
sive production systems, with an average 
production of 6,500 kg of milk/ cow /lacta
tion. 

Embryo transfer 

The application of embryo transfer has 
been increasing since 1976, when the first 
experiences started. To our knowledge, the 
first calves from frozen embryos were born 
in 1979 in one of INIFAP stations. 

Currently there are more than 40 private 
or official groups doing embryo transfer, 
and more than 3 ,000 embryos were trans
ferred in 1988, most of them frozen. 

A large program has been set up from a 
government agency, LICONSA, which has 
a genetic improvement program based in an 
elite nucleus of imported Holstein Friesian 
and Brown Swiss cows and top quality 
semen. Their goal for 1989 is to freeze 18 ,000 
embryos and transplant more than 16,000. 
More than 30 pregnancies have been 
achieved with split embryos. The program 
is ready to start a MOET-ONBS to produce 
A.I. bulls and some outstanding bulls for 
natural mating. 



Animal feeding 

In relation to animal feeding, the basic 
techniques are the preservation of forage as 
silage or hay, mechanical and chemical treat
ments to stover, corn cobs and different 
straws and the utilization of different sources 
of non protein nitrogen, including poultry 
litter,mostofwhichisusednowadaysasru
minant feed. 

These technologies have been screened 
or validated by national research groups, 
which have devoted most of their time to the 
nutritional eva.iuation of numerous local 
products and by-products for animal feed
ing, and to develop recommendations for 
their practical use in the feed industry or by 
the producers themselves. The group of 
animal nutritionists in the country is one of 
the largest as far as specialities in animal 
production and, has gained a good reputa
tion among the producers and the feed in
dustry. 

Nutritionists, and Range and Forage sci
entists have developed an important bulk of 
information to better utilize the natural 
grazing lands and introduce improved pas
tures. More than 7 million hectares of im
proved pastures are being utilized by pro
ducers. 

NATIONALPOLICIESFOR THEDEVEL
OPMENT OF BIOTECHNOLOGY 

In Mexico so far, there i-s no specific plan 
for biotechnology development and utiliza
tion. 

The National Plan for the administration 
that started in December 1st, 1988, has been 
presented and published; however, the sci
ence and technology program and the rural 
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development program will be presented by 
the end of October, 1989. 

The National Plan defines that basic re
search will be granted continuously and 
increasing financial support by the govern
ment be available. However, technological 
development and developmental research 
will have to rely more and more in the 
financing of the productive sector that may 
require the potential developments. 

The program emphasises development 
of new technologies in animal production 
and health, and in the alternative use of 
biomass for animal feeding, underlining the 
efforts to reduce cereal consumption by 
animals through the development of alter
native feed stuffs. Most programs give 
empahsis to the development and training 
of human resources at the highest level. 

The objectives of a development in mod
ern biotechnology and genetical engineer
ing for animal production and health, and 
theparticipationofMexicoinaLatinAmeri
can Network would be to found mecha
nisms to apply basic knowledge to solve 
local problems, develop and exchange ex
perience and useful materials within the 
region and provide a more efficient support 
to the national programs and the local in
dustry in animal production and health 
matters. 

As secondary objectives, the program 
should train researchers in modern biotech
nology, transfer technology to the produc
tive sector, allow the country a self determi
nation in biotechnological aspects and en
large the benefits of the basic research groups 
financed by the country. 
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PRESENTSTATUSORFUTUREPLANS 

A. Embryo Transfer and Genetic Improve
ment 

1. As previously stated in this paper, ge
netic improvement in general is made by 
routine procedures used elsewhere; per
formance and progeny testing, crossbreed
ing, selection and use of synthetics in swine 
and poultry. 

There are projects to implement in dairy 
and dual purpose cattle, scheme of open 
nucleus breeding systems (ONBS) and 
multiple ovulation embryo transfer (MOET). 
The government enterprise LICONSA will 
probably start next year with Holstein 
Friesian and Brown Swiss cattle; INIFAP, 
associated with producers is promoting 
crossbred bull testing (Bos taurus and Bos 
indicus) for tropical dual purpose systems 
and a proejct will be presented to the Milk 
National Commission to use MOET-ONBS, 
for Holstein Friesian, as a screening and 
complement for the progeny testing pro
gram, and for testing of Jersey bulls. ONBS 
is used in at least five seedstock swine 
companies. 

2. Multiple ovulation embryo transfer tech
niques in use: 
a) Donor selection for MOET is made by 

looking at the cow index scores in dairy, 
performance record in the herd, outs tan d
ing conformation within a breed or sim
ply to accelerate multiplication of a given 
breed. They are usually disease free. 

In some cases MOET is used as a last 
resource to obtain progeny from a valuable 
cow which is hard to settle. 

In companies which sell embryos a fre
quent additional criteria is individual yield 

of embryos after M.0. and A.I. 

Research is being conducted in INIF AP 
to define repeatability of ovarian response 
in MO unselected zebu cows. 

b) For MO, FSH-P and purified FSH with 
very little or no contamination with LH 
are the most commonly used hormones. 
so far there is no difference between them. 
PMSG and anti-PMSG have been tested 
in very limited studies, but so far practi
tioners prefer FSH-P. 

The results of number of ova embryos 
recovered and transferable or freezable 
embryos show great variation; an estimated 
average would be 6 and 3, respectively. 
However, when cows are selected for MO 
response, these averages increase; LICONSA 
group has collected 8, 123 freezable embryos 
out of 1,725 flushings. 

FSH-P doses range from 20-50 mg. Lim
ited research by INIF AP in non selected 
zebu cows indicate that doses as low as 18 
mg can give satisfactory results (Cordoba et 
al., 1988). 

Most S.O. protocols include injections of 
FSH-P at 12 h intervals in decreasing doses 
for 4 to 5 days starting between days 8 to 12 
of the estrous cycle. Presensibilization with 
FSH-P on days 2 or 3 has been studied with 
good results. 

To manipulate the estrous cycle in the 
donor, prostaglandins and norgestomet 
implants are routinely used. INIFAP-LI
CONSA are conducting some trials to im
prove the donor's response to FSH treat
ments and testing alternatives to PGF and 
Norgestomet. 

c) There is no local production of hormones, 



and to our knowledge there are no seri
ous efforts to produce FSH, 
prostaglandins or progestagens for syn
chronization of estrus locally, despite the 
fact that some groups have the knowl
edge and expertise to do so. There are 
some efforts being made to purify LH 
(Gamboa et al., 1987). 

d) On the efect of repeated M.O. on estrous 
cycles, only few groups keep accurate 
records and that information is being 
analyzed. Repeated M.O. occurs mostly 
in companies that sell or distribute em
bryos. The E.T. private practitioners are 
more concerned with the deleterious ef
fects (physical injuries) of repeated flush
ing on the reproductive tract than on the 
effects of frequent FSH injections and 
manipulation of the estrous cycle. Those 
groups that repeatedly M.0. the same 
cow do so at 30 to 40 days intervals. In 10 
cows closely followed there have not been 
deleterious effects on their further repro
ductive performance. 

In a private group a Simbrah cow has 
produced around 180 embryos in 6 months, 
and 52 freezable embryos out of 57 in a 
single 5.0. Those embryos are still frozen. A 
Hosltein cow in LICONSA has produced 
148 freezable embryos in nine consecutive 
flushings. 

3. Mating: Virtually all embryo donors are 
artificially inseminated with frozen semen. 
Most commonly two doses of semen are 
utilized either at one time or with a 12 h 
interval. 

4. Almost all uterine flushings are conducted 
with Foley catheters. Single flushing is con
ducted in most cases. However if there are 
difficulties to correctly place the tip of the 
catheter, each uterine horn is flushed indi-
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vidually. 

Generally speaking the number of cor
pora lutea is estimated by rectal palpation 
before ova or embryos collection. This is 
used by practitioners to have an idea of their 
relative efficiency. Flushing fluid from the 
uteri is passed through a filter (70 um) to 
facilitate a faster searching process. 
Dulbecca's phosphate buffered saline 
(DPBS) solution is used for collection and 
manipulation of embryos. Antibiotics plus 
1-5N fetal calf semen (PCS) are added to the 
flushing media, while 10-15N of PCS in the 
other steps of embryo manipulation. 

Nearly all DPBS is imported and most ET 
practitioners do notuse the information that 
shows that bicarbonated media modified 
with HEPES is a cheaper alternative for 
short embryo culture periods when freezing 
is not necessary. In general, practitioners are 
fond of their routines and the lack of deeper 
knowledge of the theory behind the tech
niques prevents them of introducing modi
fications, to simplify or reduce the cost of the 
technique. 

5. As far as examination and grading of 
embryos is concerned, world wide accepted 
procedures are followed. It is a subjective 
method of observation of embryos in sterile 
Petri dishes under a stern-microscope. 

6. Transfer and/ or freezing of embryos: 
Transfer of embryos to recipient cows is 
performed nonsurgically using the "Uni
versal" ET Cassou gun or the one designed 
by French workers which has a blunt tip and 
lateral orifices. Before transfer, recipients 
are palpated rectally to assess the presence 
of the corpus luteum. Few groups are using 
ELISA kits to determine progesterone in 
recipient cows before the transfer. INIF AP is 
carrying out a research project in coopera-
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tion with one ET center to determine the ef
ficiency of ELISA kits for progesterone. 

Nearly all ET practitioners or groups have 
embryo freezers. Embryos are frozen with 
glycerol in A.I. plastic straws. Mostly excel
lent or good quality embryos are exposed to 
glycerol in three or more steps. Then they 
are cooled to -7°C (1°C I min), "seeded" and 
cooling is continued (0.3 C/min) to-30°C or 
-40°C. Once they reach this temperature, 
embryos are plunged in liquid nitrogen. 
Thawing is carried out in water at 30-37°C. 
Glycerol is then diluted in 3-6 steps. After 
that embryos are graded and transferred. 

Doctoral students from INIFAP have 
conducted research towards developing 
simpler systems to dilute cryoprotectants 
from frozen-thawed embryos. A promising 
technique has been developed using a mix
ture of cryoprotectants of low molecular 
weight. However this technique has been 
tested with murine embryos only under in 
vitro conditions (Hernandez-Ledezma et al., 
1987). 

Comparative results between transfer of 
fresh or frozen-thawed embryos do not exist 
under planned well conducted experiments. 
Practical results show that pregnancy per
cent with fresh embryos ranges from 0 to 
60% with an average of around 45%, and it 
is generally expected to use three frozen em
bryos to obtain one pregnancy. 

7. In vitro capacitation and in vitro fertiliza
tion: Apparently there has not been any 
work done in this area in farm animals. 
However there is expertise in the country in 
humans, and one INIF AP researcher, did 
his Ph.D. dissertation in freezing-thawing 
of oocytes and· IVF in mice. (Hernandez
Ledezma, Ph.D. dissertation, W.S.U., 1988). 

A government group is implementing 
the basic techniques and INIF AP will be 
part of their project to set up a routine pro
duction line of embryos with these proce
dures. 

8. Embryo bisecting/ cloning: Bisection of 
embryos is being done in at least two labora
tories. There is evidence of at least 30 preg
nancies so far. INFAP has submitted a re
search proposal to F AO to pursue embryo 
splitting techniques. 

A private group in the state of Tamauli
pas has been transferring consistently two 
embryos ipsilateral to the CL; results on 
twin pregnancies is not available yet, how
ever the conception rate increased from 20 
percentage points by the use of two em-
bryos instead of one. · 

9. Chimera production: To our knowledge, 
no successful research has been conducted 
in Mexico with mammals, however one re
searchers at CIIGB in his Ph.D. program 
overseas, worked successfully in GH chim
eric rodents. 

B Application of r-DNA Technology 

At least three research institutions in 
Mexico are using routinely r-DNA technol
ogy: CINVESTAV (lrapuato, Gto.) with 
emphasis in plants and crops; CIIGB from 
the National University in the state of More
los in biomedicine and associated industries 
and the Biochemistry Department of the 
School of Meidicne in the state of Nuevo 
Ledn which is working in gene mapping 
and growth hormone gene expression in 
prokaryotic and eukaryotic cells. 

These groups have the technology for 
gene mapping, DNA sequencing and all 



associated techniques including probes de
velopment; DNA hybridization and several 
methods of gene transfer. 

According to the 1988 report of CIIGB, 
their main research lines are: 

- Molecular Biology and Biochemistry 
of Bacteria. 
Molecular Biology and Biochemistry 
of Parasites. 
Molecular Biology and Biochemistry 
of Viruses. 
Cellular Biochemistry of Peptidergic 
Neurons. 
Structure, Function and Manipulation 
of Peptides and Proteins. 
Methodological Development in Mo
lecular Biology. 
Industrial Microbiology. 
Basic Studies in Biotechnology. 
Optimization and Consolidation of 
Processes and Prototypes. 

INIF AP has held three meeting with the 
director and researchers of this center to 
establish more permanent cooperation for 
training of researchers and joint projects. 
The current work of CIIGB is in problems of 
humans, which can be useful in animals, 
such as GH, RH-LH, some viruses and 
bacterias, and there is interestto start within 
the next three years some projects on 
transgenic animals. 

Some projects of INIF AP include: 
- Isolation of antigens from a genomic 

library of Haemophilus pleuropneu
monia (INIFAP-FESC). 

- Studies on structure, genomic and 
protein function of porcine rotavirus 
(INIF AP-CIIGB). 

- Immunogenic analysis of Trichinella 
spiralisin pigs (INIFAP-CINVESTA V). 

- Hybridization of a DNA probe for 
Aujezky's disease diagnosis in pigs. 
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(FES-C-INIF AP-CIIGB). 
- Contruction of DNA probes for diag

nosis of hemoparasites Anaplasma 
marginale and Babesia spp. (INIFAP
University of Missouri G.). 

- Differentiation of strainsofBHV-1 and 
BHV-4 through DNA hybridization 
(INIFAB-IMSS-Universite de Liege). 

C. Immunodiagnostics and Vaccines 

1. ELISA: Severallaboratorieshaveroutine 
ELISA for different etiological agents such 
as Rabies virus (INIFAP-PRONABIVE), 
Brucella abortus, Clamydia psittaci, Cox
iella bumetti (Vet-School-UNAM), Anap
lasma maraginale (INIFAP), Vesicular sto
matitisand MalignantCatharral Fever (CPA) 
and Cisticercosis (UNAM). A new method 
for diagnosis of cisticercosis is being devel
oped by INIFAP-Universityof Tamaulipas. 

lnstitutionsareworkingtodevelopELISA 
for diagnosis of Hog Cholera, BVD, I BR, 
Pl3, and Haemonchus contortus. 

2. Monoclonal Antibodies (MoAbs.): 
They're being used on a limited scale for 
disease diagnosis and to identify different 
disease agents. There are only a few labora
tories that produce MoAbs for diagnosis of 
Rabies, Hog Cholera, Bordetella bronchisep
tica and Trichinella spiralis. Other laborato
ries use Mo Abs for research to monitor the 
expression of epi topes that might be impor
tant as antigens for disease prevention as is 
the case of Babesiosis and Anaplasmosis. 

3. Genetically Engineered Vaccines: There 
is interest for the development of mono
valent vaccines for Hog Cholera, aujezky 
and Rabies to be able to carry out safer 
control/ eradication programs. 
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INIF AP is collaborating with the Univer
sity of Missouri in a collaborative research 
effort for the development of a polyvalent 
vaccine for Anaplasmosis and Babesiosis. 
We believe that once the Mexican groups 
develop the required confidence and exper
tise in the handling of bioengineering, there 
will be multiple applications of the knowl
edge acquired in the process. 

D. Biotechnology for Enhancing l/\.nimal 
Feed Production 

1. Genetically engineered forage crop pro
duction: Forage crops in Mexico belong to 
two main categories: those for the dry and 
temperate areas and the areas of the tropic. 
The farmer is represented by alfalfa, maize, 
rye grass, oats, barley, among others. The 
latter is tropical forage and legumes like 
African Star, Guinea Grass, Napier, Cen
trosema, Kudzu, Sugarcane, King Grass, 
Taiwan Grass, Clitorea, among others. 

2. Bioconversion of industrial, agricultural 
and animal wastes as animal feed: Agricul
tural, industrial and animal wastes are caus
ing in some areas unacceptable environ
mental effects, so their bioconversion to 
aniamal feed is an important and interesting 
altema tive. There are also research programs 
to produce usable energy from them. 

In these lines, the following projects can 
be mentioned: 

- Lactic fermentation of the solid por
tion of swine excreta, on a continuous 
apparatus, and the production of swine 
feed (CINVESTAV-INIFAP-CONA
CYT). 
Production of edible mushrooms us
ing agricultural wastes as substrate 
(INN-INIREB). 

- Swine excreta-agricultural wastes si-

lage as ruminant feed (INIFAP /PG. 
Swine farmer). 

- Biodegradation of the solid wastes 
from a screw worm-fly factory and its 
potential use as animal feed (INIF AP
GMAEGB). 

- Protein enrichment of sugarcane 
wastes (UNAM-1). 

- Production of fermentation-enriched 
cassava meal (UNAM-1). 

- Fermentation of high-protein content 
agricultural wastes (UNAM-1). 

- Dairy industry waste treatment and 
the production of ensiled ruminant 
feed (INIFAP). 

- Fruit juice plant residues-silage for 
ruminant feeding (INIFAP /Jogos del 
Valle). 

- Sugarcane mill effluents for ruminant 
feeding (INIFAP-Productos de Maiz). 

In relation to identification and genetic 
manipulation of rumen microbes, we are 
not aware of any groups doing research in 
Mexico. It would seem that it is simpler to 
manipulate the environment of the rumen 
and thus obtain better condition for benefi
cial microbiota that will make the rumen 
fermentation more efficient. Some research 
in this line is being carried out: 

- Synthetsis and application of AAH 
(acetohydroxamic acid) to reduce ure
olysis in the rumen (INIFAP-Univ. of 
Tabasco). 

- A combination and later processing of 
urea and cassavas meal to reduce ure
olysis in the rumen (INIFAP /Int. 
Found for Science). 

- Slow-release device for the admini
stration of ionophore-antibiotics in 
grazing ruminants (INIFAP
ELANCO). 

- The use of sugar-mill ashes as buffers 
to control the lactic fermentation in the 



rumen (INIFAP). 
- Alkaline pretreatment of sugarcane 

and pineapple-waste silages to reduce 
the ethanolic fermentation and increase 
theproductionoflacticacid (INIFAP I 
Int. Found for Science). 

Single cell proteins 
For ehe development of single cell protein 

(SCP) for animal feed in Mexico, researchers 
have followed diverse approaches using 
locally available substrates. 

Sugarcane, molasses and fibrous bypro
ducts are used to produce yeast ( terula) SPC 
biomass using mixed cultures. 

Petroleum byproducts, methanol, cassava 
roots and other starchy staples were used as 
substrates to grow Torula torulapsis (CIN
VESTAV-IPN). 

Other projects are: 
- Solid fermentation of cassava 

(UNAM). 
Nutritional enrichment of conven
tional and non-conventional starchy 
food by fermentation employing mixed 
lactic bacteria (UAM-1). 

- Fermentation of methanol to obtain 
biomass (IMP). 

A pilot plant has been set up by CINVES
TA V (DP) for their different research lines. 

Even though no enzyme or protein engi
neering is being done, alternative feeds 
development of milk whey with Kluyvero
myces moroxiamis, lactase-inulinase and lac
tase-pectinase are under study. Papin pro
duction from papaya and studies on the 
kinetics of proteolytic enzymes from native 
plants are being carried out (UNAM-I and 
Tech. Inst. of Tijuana). 
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In fermentation technology there are few 
research groups involved, either to preserve 
or improve feed stuffs or to produce energy. 

In anaerobic fermentation, silage tech
nology is widely used. The process was 
known since ancient times, and found in 
Egyptian paintings and Greek writings; the 
modernizing of ensilage was started in 1877 
and progressed in such a way that today it is 
generally accepted that provided certain 
basic principles of silage making are ad
hered to, the production of a high quality 
feed for ruminants is assured. 

In the case of most tropical grasses, these 
basic principles are not commonly met, so 
ensiling is a risky venture for the rancher. 
Methods to aid the fermentation of tropical 
grasses are under study: nutritional and 
non-nutritional additives, wilting, types of 
silos, etc., to try to manipulate and control 
the biochemical process. 

Examples of some current projects are: 
- Manipulation of silage fermentation 

(INIFAP). 
- Sugarcane silages kinetics of fermen

tation (INN). 
- Silage of sugarcane bagasse with 

byproducts of ethanol fermentation in
dustry. 

For aerobic fermentation, one project is 
conducted at UAM-I (Univ. Autonomo 
Metropolitana-Intapalapa) under the lead
ership of Dr. Gustavo Viniegra. They are fer
menting cassava roots with fungi to im
prove the quality and quantity of protein for 
animal feed. 

In the use of methanogenic bacteria, the 
Institute of Electrical Research (IIE) uses 
methane produced by fermentation with 
animal wastes as substrates, to move water 
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p~mps, generate electricity and produce 
combustible gas for home purposes. 

Industrial use of fermentation technol
ogy for animal feed is done by the Mexican 
Government enterprise FERMEX, a co-in
vestment with Japan which is producing 
more than 3000 ton/year of lysine HCl, 
leucine and glut(lmic acid through biotech
nology. 

COOPERATIVE EFFORTS 

In the ear lier part of this pa per a series of 
cooperative efforts have been mentioned. In 
general there is a good attitude for coopera
tion among Mexican groups, directly work
ing in animal production and health or re
lated areas, whose results can be applied to 
animals. 

Cooperation with the industry is mostly 
associated with the evaluation of some of 
their products. 

The cooperation between institutions, 
besides some joint projects, is in mutual 
training, sharing of equipment and in some 
cases materials. 

International exchange within Latin 
American countries involves training, in
formation and materials exchange. Some of 
the F AO networks in animal health have 
been helping successfully. A short course in 
cultivation of Babesia spp. in vitro was re
cently offered by INIF AP with the sponsor
ship of the Animal Production and Health 
Division of F AO. 
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APPENDIXl 

Institutions and Head 

INIFAP: Ing. Sergio Reyes Osorio, Insur
gentes Sur 894, Col. del Valle, Mexico, D.F. 

Facultad de Medicine Veterinaria y Zo
otecnia: Dr. Jose M .. Berruecos Villalobos, 
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Circuito, Universitario, Cd. Universitarla, 
UNAM, Mexico, D.F. 

Facultad de Estudios Superiores Cuatitlan 
UNAM: Dr. Jose Luis Galvin M., Apartado 
Postal222,Cuatitlanizcalli,Edo.deMexico, 
59450Mex. 

Centro de Investigacion sobre Ingenieria 
Genetica y Biotecnologia-UNAM: Dr. Fran
cisco Bolivar, Av. Universidad s/n, 
Chimalpa, Morelos, apartado Postal 510-3, 
62330 Guemavaca Mor. Mex. (Mostly Bi
omedical Research). 

CINVESTA V-Irapuato: Dr. Alejandro 
Blanco Labra. Km 9.6, Libramiento Norte, 
Carretera Irapuato-Leon, Apartado Postal 
629; Irapuato, Gto., Mexico. (Oriented to 
biotechnology for crops) 28 Researchers. · 

Laboratorio de Ingenieria y Expresion de 
Genes. Dept. de Bioquimica. Escuela de 
Medicina. Univ. Autonoma de Nuevo Leon 
colzada Madoro y. Dr. Eduardo Aguirre 
Pequeto, Monterrey, N.L., Mexico. Senior 
Researcher Dr. Hugo Barrera Saida .... 

There are also other institutions engaged in 
livestock biotechnology. 
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Introduction 

1. Historical development of livestock 
technology in Uruguay 

Scientific advance in general, suffered in 
Uruguay a setback of twelve years, during 
the time of the military government which 
took over in 1973, and biotechnology was 
not an exception. 

Upon the return to demoncracy in 1985, 
only four years ago, highly qualified scien
tists who were forced to abandon the coun
try returned, and at the same time the coun
try was open for international and bilateral 
cooperation. With the assistance of the 
United Nations Development Program 
(UNDP) and UNESCO, the Government es
tablished the Basic Sciences Development 
Program, which aims for the development 
of Biology, Physics, Informatics, Mathemat
ics and Chemistry. Under this program, 
returned those scientists who were working 
abroad, and brought with them important 
direct contacts with the laboratories they 
had been working at. 

Very rapidly, inter-institutional programs 
were established, to take full advantage of 
the few human resources available, spread 

out in national institutions as well as in the 
private sector. 

Why is development needed? 
The development of biotechnology in the 

field of animal production is of the utmost 
importance for Uruguay, because its econ
omy depends largely on agriculture and 
livestock production. It is essential for fur
ther genetic improvement of livestock at 
national level, and potentially for exports of 
frozen embryos to other countries in the re
gion, of highly qualified genetic material. 
Today, Uruguay exports live animals. It 
enables breeding tests in a much faster way, 
as it is possible to test bulls through their 
sisters' performance, instead of their off
springs, th us gaining one genera ti on' s time. 
Much interest has been shown in this field. 

Regarding diagnosis, it opens a new field 
which has recently been developed and 
requires investment in training of human 
resources and equipment. 

2. Are there any national plans for devel
opment of biotechnology in the coun
try, especially in relation to animal pro
duction and health? 



No national plans in biotechnology exist 
yet in Uruguay. However, the Government 
has created the National Committee for Bio
technology, which has representatives of 
the public and private sectors. It was created 
as a basic need to enable the country to enter 
into UNDP' s Regional Programme of Bio
technology for Latin America and the Car
ibbean. Its objectives are: 

a. Assess the country's possibilities in bio
technology. 

b. Assist those institutions (private or pub
lic) interested in doing research in this 
field through contacts with regional and 
international institutions and labortories. 

c. Assist scientists with scarce funding 
through this Regional Project for specific 
training or assistance to meetings within 
the region. One research project is being 
funded through this program. Even when 
its objective is the production of DNA 
probes for the diagnosis of viral diseases 
in plants, the staff developing the rDNA 
technology will be able to assist the vet
erinary sector in the production of probes 
for the diagnosis of animal diseases. 

d. Establish research links between the 
University, national research laborato
ries and the private industry. 

e. To aware national authorities of the 
importance of biotechnology develop
ment in the country. In this sense, a plan 
for the development of biotechnology has 
been prepared and is under considera
tion at national level. 

TheslowbutsteadyworkoftheNational 
Committee has been successful and the 
Government has established a sector of bio
technology in a Project funded by the Inter-
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american Development Bank (IDB), through 
which research projects in this field will be 
financed. 

This is generally speaking of biotechnol
ogy, a much broader subject of which ani
mal production is an important input in 
Uruguay's economy. 

Concerning regulations, it has been es
tablished by decree, that artificial insemina
tion (AI) and embryo transfer (ET) must be 
performed by veterinarians. It has also been 
approved by a recent sanitary decree which 
regulates the importation of embryos. 

One specialized society has been created, 
(CRIA), Commission of Reproduction and 
AI within the Veterinary Medicine Associa
tion with a specific section on ET. 

Present Status or Future Plans 

A. Nucleus Herd Improvement Using 
MOETinONBS 

1. Present genetic improvement programs 
Genetic improvement in Uruguay has 

been traditionally performed through AI, 
mainly in dairy and beef cattle and sheep. 
While it is true that a faster genetic improve
ment is achieved through AI, when used at 
national level, it should be considered that 
at herd level, where high quality females are 
superovulated and ET performed, the in
tensity of selection will be increased and the 
inter-generation intervals shortened. If ET is 
used with selected females, their genetics 
can be spread to big herds through AI. 

In 1980 was born the first calf through ET, 
at the Veterinary Research Centre "Miguel 
C. Rubino" (CI.Vet.). Since then, several 
groups of private veterinarians are working 
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in this field, at a rate of 150 /250 ET per year. 
Herd improvement is achieved at private 
level in each farmer's herds, with registered 
cattle. There is not yet diffusion at national 
level. 

Much interest exists at the Cl.Vet., the 
Faculty of Veterinary Sciences from the 
UniversityofUruguay(Fac. Vet.), groups of 
private veterinarians who perform ET and a 
cooperative group of dairy farmers who 
own 10,000 controlled cows, to initiate a 
MOET program. Females of high genetic 
quality going to slaughter houses will be 
superovulated and inseminated (in vitro 
fertilization could be used later). An embryo 
bank will be established, to assist farmers of 
low resources to improve the quality of their 
herds. 

The Faculty of Veterinary Sciences has a 
project with JICA in this field, and this year 
in vitro fertilization was achieved, al though 
only at an experimental stage. 

ET is being performed chiefly in cattle 
(dairy or beef), but much interest has been 
shown in sheep. AI will be also used in 
swine, to obtain cross-breeds adapted to 
Uruguay's conditions, to increase the hog 
population of the country. 

In poultry, it is essential to investigate 
towards the production of Uruguay's own 
grand-parent lines. 

a. Donor selection 
ET is performed chiefly in dairy and beef 

cattle. Donors are selected according to their 
production performance, and belong to the 
national herd. No importation of donor has 
been done, chiefly because Uruguay has a 
herd of high genetic quality. Presently, live 
animals are being exported to other coun
tries of the region, and it is expected that in 

the future it will be changed to frozen em
bryos. The objective of farmers with ET is to 
win prizes at cattle fairs, to back up the sale 
of their breeders. 

b. Superovulation 
Superovulation is accomplished with the 

administration of Porcine Foliculo-Stimu
lating Hormone (FSH-P) (Folotropin) in 
decreasing doses (2 daily injections during 4 
days). 

Synchronization is achieved with 
prostaglandine F2 (PGF

2
), which is admini

stered with the fifth injection of FSH-P. 

Hormones are neither produced nor 
purified in Uruguay. 

c. Mating 
For ET purposes, ma ting is done through 

AI only. 

d. Collection of ova 
It is done non surgically, either through 

gravity in a closed circulation circuit or 
through interrupted aspiration. Each expert 
or team has its own methodology, which 
can be the ones mentioned, or a combination 
of both. Pregnancy results are comparable 
to those obtained by other countries in sci
entific literature (50/60%). 

e. Examination and evaluation of ova and 
embryos 
Embryos and ova are examined carefully 

and classified before performing ET. 

f. Tranter and/or freezing of embryos 
ET is performed mainly surgically. Re

ceptor females are generally virgin heifers. 

The embryo freezing technique is 
Willadsen's (from -70°C, decreasing 0.3°C 
upto -36°C with glycerol). Thawing is in 



three steps with glycerol. No data is avail
able on pregnancy results with frozen em
bryos. 

g. In vitro capacitation and fertilization 
Only on an experimental basis, the 

Fact.Vet. was able to perform successfully in 
vitro fertilization, with the assistance of a 
JICA expert. Under JICA's assistance, im
portant pieces of equipment were received, 
a micro-manipulator was one of the most 
important pieces of equipment. 

Good results have been obtained at 
CI.Vet. with in vitro capacitationof oocytes. 
With sperms capaci tation, certain problems 
have been encountered. 

Nothing has been done so far in embryo 
bisecting/ cloning; chimera production; 
sexing garnets or nuclear transplantation of 
embryos. 

B. Application of r-DNA Technology for 
Genetic Improvement and Genetic Re
sistance to Diseases in Livestock/Poul-
try 

Before dealing with each particular item 
under this subject, it should be mentioned 
that several research groups are working 
with these techniques in basic research, but 
so far very few have entered the field of 
animal production, either directly or through 
inter-institutional joint research. The impor
tant thing to be highlighted is that the tech
nology exists and can be available for pro
spective consumers working in applied 
research. 

The fact that no diffusion of the results 
achieved has been made, is perhaps the 
main obstacle in introducing these tech
niques in animal production. 
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1. Gene mapping/DNA polymorphisms 
The five techniques mentioned under this 

item are being handled in basic research: (a) 
restriction fragment length polymorphisms; 
(b) hypervariable region probes; (c) oligonu
cleotide probes; (d) gene mapping; (e) DNA 
sequencing. 

However, the Biological Research Insti
tute "Clemente Estable" (IIBCE), one of the 
laboratories where these techniques are 
being handled, is being consulted by veteri
narians who are interested on the following: 

- identification of parents 
- verification of the purity of breeds 
- selection tests in cattle and sheep 
- sex determination in embryos with 

DNA probes 
- correlation of cell markers with pro

ductive characteristics 
- pedigree certification 
- species determination in meat prod-

ucts 

The above-mentioned illustrates how 
quickly this technology will be applied at 
full, once its benefits are known. 

2. Gene cloning 
Under this item, a few techniques are 

being handled: use of vectors; genes for 
immune response; search for sequences in local 
genomic or c-DNA library. 

No research work is being done in: gene 
constructs; genes for production of related 
hormones and for enzymes; genes for resisance to 
diseases; other genes; mutant cell lines. 

3. DNA hybridization techniques 
A DNA probe for the diagnosis of Infec

tious Bovine Rhinotracheitis (IBR) is being 
produced in a joint venture between the 
CJ.Vet. The Dept. of Molecular Biology of 
IIBCE and the Fae.Vet., through a project 



282 

funded by the University of the Republic. 

If the IDB project mentioned before is 
approved, a DNA probe for the diagnosis of 
BVD will also be produced. Much interest 
exists in producing a probe for the diagnosis 
of Babesia Bigemina and Bovis. These proto
zoa have common antigens, and it is ex
pected thattheprobewillsolvethe problem 
of identifying each one with 100% certainty. 
However, for the time being probes in Uru
guay are beingmade frm viral DNA/RNA, 
as the technique for parasites is more cum
bersome. 

The CI.Vet. will start working soon in 
red blood cells cul tu re to obtain clones from 
babesia's metabolic antigens from the su
pernatant. The CJ.Vet. is the reference cen
ter in F AO' s Haemoparasi tes Regional Net
work. The diagnosis ofbabesia in large scale 
is very complicated through immuno 
fluorscence (IF). The production of a puri
fied antigen for ELISA, is also difficult, for 
which reason a r-DNA probe is believed to 
differentiate between Bovis and Bigemina. 

4. Gene transfer 
No work has been carried out in this field. 

There is a proejct on transgenic laboratory 
animals, which has not yet been initiated 
due to lack of funding. 

C Immunodiagnostics and Vaccines 

1. ELISA 
This testis being carried out at CI.Vet. for 

the diagnosis of IBR, BVD (identification of 
circulating antibodies or antigens), Tuber
culosis, Brucella Ovis, Rotavirus and Babe
sia. 

Regarding anaplasma, preimmunitation 
with A. centrale is being done in Rubino 

since 1940. It is important to know what is 
happening with A. marginale and the card 
test being used preesntly is not specific 
enough to differentiate between them. 
Through a project between the University 
of Illinois/Venezuela/Uruguay, a staff 
member from the Parasitology Dept. of 
CI.Vet. will receive in service training in 
Venezuela in anaplasma antigen purifica
tion, to set up the ELISA test. 

2. Monoclonal antibody production 
Mab production is not used for diagnos

tic purposes in animal production presently. 
However, one research group at the Immu
nology Dept. of the Faculty of Chemistry, 
has developed this technology to produce 
an anti-idiotypic vaccine against Equino
coccus granulosus. Another group also 
working on E. granulosus is constructing a 
c-DNA library from scolex m-RNA in an 
expession ".'ector (lambda gt 11), which will 
provide a complete antigen library, useful 
for the search of the anti-hydatidic vaccine 
mentioned. Once again, it should be stressed 
the importance of the inter-institutional and 
inter-disciplinary activities to enhance re
search results. 

3. Genetically engineered vaccines 
A monovalent genetic engineering vac

cine against Foot Rot (F. nodosus) is under 
research, in a joint venture between a pri
vate laboratory, IIBCE and CI.Vet. 

D. Biotechnology for Enhancing Animal 
Feed Production 

Very little is being done in this field, 
except for a project on treatment of ligno
cellulose with bacteria to produce animal 
feed, which is at preliminary stages. 



Cooperative Efforts 

A. National Resources 
1. Cooperative program between IIBCE/ 

Fact. Vet./ CI.Vet. CI. Vet. provides puri
fied antigen, IIBCE develops probe tech
nology and CI.Vet./Fac.Vet. perform 
probe testing in field samples, infected 
cells and histological cuttings. Benefits: 
IIBCE handles new technique; CI.Vet./ 
Fae.Vet. obtains probe for diagnostic 
purposes. Their staff is trained in new 
methodology. 

2. Cooperative program between private 
laboratory, IIBCE and CI.Vet. CI.Vet. 
provides strains, IIBCE develops tech
nology and the private laboratory pro
duces the vaccine. Benefits: Biotechnol
ogymethodology used in industrial scale. 

B. Outside Donors 
1. Cooperative project between CI. Vet. and 

Dept. of Immunology of Faculty of Chem
istry. Benefits: CI.Vet. uses reagents pro
duced. Faculty of Chemistry employs 
young professionals who produce these 
reagents. Local training of staff in CI.Vet. 
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2. Cooperative project between the Dept. of 
Immunology from the Faculty of Chem
istry and the Imperial College in London. 

3. Cooperative project between the Dept. of 
Biophysics from the Faculty of Sciences 
and Institute Pasteur & Mme. Curie from 
France. 

4. Joint project with CI.Vet., the Agricul
tural National Institute (INTA) from 
Agentinaand the UniversityofMontreal. 
Beneifts: CI.Vet. and INT A will train their 
staff in Canada to develop the vaccine 
with Canadian expertise. 

5. Cooperative research with CI.Vet./Vene
zuela/Universityoflllinois. Benefits: Uru
guay and Venezuela will train their staff. 

6. Cooperative project to be funded by EEC 
to work jointly between CI.Vet. and 
Weybridge Laboratory, where a bacteri
ologistfromCI.Vet.spentoneyearwork
ing in this field. Bendfits: Uruguay will 
have the technology to control clostridial 
vaccines. 
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Cloning and Expression of Porcine 
GHcDNAGene 

Qi Shun Zhang 
Beijing Agricultural University, 

Beijing, China. 

It is proved in many laboratories that the 
treatment with porcine growth hormone 
can increase the feed efficiency and lean 
tissue in pig significantly. The main results 
of our experiments carried out in 1987 and 
1988 are as follows: 

about 0.5 g pure pGH can be obtained from 
4000 pituitary glands by our experiment 
and this amount can only be used for injec
tion of 8 pigs. It is clear that such method of 
production of pGH is not practical. Seeburg 
et al. reported in 1983 that they expressed 

Table 1. Response of Pigs on the Treatment with pGH 

Protein content in feed % 
Increament of daily gain % 
Increament of feed efficiency% 
Increament of lean tissue kg/head 

Tr. l 

14 
15.1 
15.0 
3.34 

Tr. 2 

16 
18.7 
19.0 
4.96 

Tr. 3 

18 
24.4 
22.3 
5.89 

Injection started with body weight about 60 kg, 2 mg/pig/ day, continued for 28 days. 

There are about 3 hundred million pigs in 
China. However, it still cannot meet the 
demand for pork, especially for the lean 
pork since our population is so large and 
pork is the chief meat consumed in China. 
Furthermore, the feed resources is limited in 
our country, so the treatment with pGH on 
pigs is one of the good methods of increas
ing pork supply since more lean pork can be 
obtained with less feed. The problem is how 
to produce enough porcine growth hormone. 
If we isolate it from pituitary gland only 

pGH in E.coli in high efficiency. We also try 
to produce the stuff by genetic engineering. 

Firstly, we isolated total mRNA from 
pituitary glands of pig, by In vitro transla
tion. We can see a dense band with MW 
about 24kd, which is corresponding to the 
MW of pre-procine growth hormone. It sug
gest that there would be a large portion of 
pGH mRN A of whole length in our prepara
tion. This sample was then used to synthe
size cDNA by reverse transcriptation. From 
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the results of electrophoresis of total cDN A, 
we can see thatthe length distribution of the 
dscDNA is in the range of 300-1000 bp. The 
longer cDNA portion was then collected 
and ligated to plasmidpUC19.E.ColiJM107 
was transformed with the recombinant plas
mid. About 4000 recombinant clones were 
obtained and from which clones containing 
pGH cDNA were screened out by probe 
hybridization. 

At first, the clones were screened by 
hybridization in situ with a probe comple
mentary to the middle region of pGH cDN A 
and more than 40 positive clones were re
sulted. From these positive clones about 18 
positive clones were obtained by dot-blot
ting with a probe complementary to the 
5'end region of pGH cDNA. Since these 18 
clones were hybridized to both the probes, it 
suggests that they might contain the whole 
length sequence of pGH. Two of the 18 
clones were taken out randomly for further 
analysis. After enzymatic digestion with a 
variety of endonucleases the cloned cDNA 
was proved to contain the whole length of 
pGH gene coding sequence. The cloned 
sequence was then sequenced by Sanger 
method. 

Firstly, the first nucleotide of our se
quences in 5' terminal end is very close to the 
cap site of procine growth hormone chro
mosomal gene and its3' end contains poly A 
sequence, which shows that our sequences 
are quite complete and longer than that 
isolated by Seeburg et. al.; secondly, there 
are certain differences among our two se
quences and Seeburg' s. Among the differ
ences Jia' s sequence and See burg's sequence 
do not cause amino acid substitution, 
whereas Wang's sequence contains two 
different amino acid codons in the leading 
sequences. In addition, pGH gene contains 
two initiate codons, which is in good agree-
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mentwith the published data of bovine and 
ovine growth hormone gene sequences. The 
significance of biological function is un
known. 

In order to achieve high expression of 
pGH in E. coli, the pGH cDNA was modi
fied as follows: firstly, leading sequence was 
removed and a SD sequence plus a initiate 
codon was added to the first codon of the 
mature hormone sequence; secondly, the 
first twenty codons were modified so that 
the commonly used codons in E. coli were 
used in places where codon usages are dif
ferent between E. coli and pigs. The modi
fied structure was then put under the con
trol of a strong promoter for efficient tran
scription. High expression was first achieved 
by use of a strong TAC promoter, in copera
tion withprofessor McConnell's laboratory, 
Trinity College, Dublin. The expression level 
is more than 30% of the total bacteria pro
tein. Afterwards an expression vector was 
constructed in our laboratory by use of the 
temperature inducible lambda promoter. 
The expression level of the later system is 
comparable with that of the previous one. 
The expressed pGH reacts with pGH spe
cific antibody as proved be western blot
ting. Its N-terminal analysis shows that the 
first twenty amino acids are the same as that 
of natural pGH (Fig. 1) except a methionine 
in the extremeN-terminal, which was caused 
by the addition of the intiiate codon. 

Fig.1: The First Twenty Amino Acids 

met phe pro ala met pro leu 
ser ser leu phe ala asn 

ala val leu arg ala gln his 
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It is, therefore, concluded that we have 
successfully cloned and efficiently expressed 
in E.coli the porcine growth hormone gene. 
The expressed pGH in E. coli exists in the 
form of inclusion body which makes it bio
logically inactive. In order to produce active 
pGH, denaturation, renaturation and sepa
ration methods were used. The resulted pGH 
is fully active and the overall recovery rate is 
more than 50%. 

The final product of pGH was character
ized by the following methods: 1. SDS-PAGE 
analysis results only one band which has the 
same molecular weight as the natural prod
uct; 2. PAGE, electrofocussing and ultra
violet ray scanning analysis show that all 
the characteristic of our pGH are the same as 
the natural growth hormone and as the 

recombinant pGH of Monsanto; 3. The last 
and most critical analysis is the test of bio
logical activity. We used Tibia Test of hypo
physectomized rats and the results are 
shown in Table 2. 

From Table 2 one can find that the tibia 
width of testing rats is significantly wide 
than that of the control rates. It is, therefore, 
indicated that the pGH we produced is pure 
and fully active. 

At moment we are working on the fer'"' 
mentation conditions and it is hoped that 
large scale production of porcine growth 
hormone by industrial fermentation and its 
wide use in pork production will not be too 
long. 

Table 2. Results of Biological Activity Test 

Control 

Test 

No.of 
rat 

5 

6 

Tibia Width 
range (µm) 

178.02-236.32 

285.86-356.04 

Average 
x 

216.00 

317.68 

Standard P 
Diviation 

24.35 

26.10 < 0.01 

Stimulation 
Effect 

1.47 
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Genetically Engineered Hormone Production in 
Relation to Improving Animal Performance 

Zeng Yixiang and Du Nianxing 
Division of Immunology and Microbiology, 

Department of Veterinary Science, 
Nanjing Agriculture University, 

Nanjing, P.R. China. 

Promoting animal's growth has always 
been the popular sentiment of all the work
ers involved in animal husbandry and vet
erinary medicine. Biotechnology develop
ment had led to a series of trials in this field 
and as a result many successful reports. The 
utilization of growth hormone and the 
transgenic animals which were produced 
by the technology of gene microinjection in 
practice had brought out great value for all 
developing countries. Now we onlywantto 
report some research projects in Nanjing 
Agricultural University in the following 
three fields: genetical vaccine of somato
statin, synthetic peptide immunological 
castration and the multi-pregnancy vaccine. 

I. Genetical vaccine of somatostatin 

Antiserum against somatostatin can 
enhance the animal's growth and decrease 
the animal's feed consumption by its neu
tralizing the somatostatin and increasing 
the secretion of the growth hormone, TSH 
and other corresponding hormones in vivo. 
In 1970s, many researchers reported that 
passive immunization of domestic or ex
perimental animals with an antiserum 
against synthetic smatostatin caused the 
increase secretion of the growth hormone. 
Maccecchini reported that passive immu-

nizing rats with monoclonal or polyclonal 
antibodies against somatostatin can enhance 
the animal growth by 10-15% compared 
with the control group. At a series reports, 
Spencer reported the similar results in sheep 
and lamb. In 1973, Itakura chemically syn
thesized somatostatin gene and made it 
express in E. Coli. From these results, we 
think, with the genetical engineering method 
we can produce a fusion protein including 
the somatostatin and this fusion protein can 
be used as a new kind of hormone vaccine 
and this vccine will probably be applied 
greatly in the production of animal hus
bandry. 

This research project is divided into three 
parts. The first is on the chemical synthesis 
and cloning of somatostatin gene. 

Chemical synthesis and gene cloning 

As well known, somatostatin is a cyclic 
tetradecapeptide, the amino acid sequence 
of which in most veterbrates are the same. 
Many experimental results show that only 
the chemically synthesized somatostatin 
conjugated to the carry protein can induce 
the high titre of the antibodies, because the 
somastatin is a small molecule which is 
immunologically indistinguishable among 
different animal species, and is subject to 
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rapid enzymatic destruction both in blood 
and in tissues. So the designed sequence is 
almost the same to the natural somatostatin 
gene. 

For the convenience of the gene manipu
lation, several other features were built into 
the nucleotide sequence in addition to the 14 
codons for the structure information of 
somatostatin. First, to facilitate insertion into 
plasmid DNA, the 5' ends have single 
stranded cohesive termini for the BamHI 
and HindIII restruction endonucleases, sec
ond a methionine codon proceeds the nor
mal NH2-terminal amino acid of somato
statin, and the COOH-terminal codon is 
followed by two nonsense codons. 

Twooligonucleotide fragments, A52 and 
A23, were chemically synthesized with AB 
380 DNA Synthesizer by the solid-phase 
phosphitriester method and then assayed 
by PAGE. The bands position compared 
with the marker bromophenol blue and 
xylene cyanol show that the base number of 
the chemically synthesized oligonucleotide 
is equal to the number of design. 

Two fragments were annealed first, then 
extended it into blunt end with the polym
erase Kienow. The extended mixture was 
first assayed also by PAGE, then extracted 
by phenol, precipitated with ehtanol and 
then ligated with thepUC12 DAN digested 
with Smal and transformed to E. Coli strain 
JM83. 

Screening of the colonies: pUC12 plas
mid carry the lac promotor system, the 
ampicillin resistance marker and the B-ga
lactosidase structure gene flanked by a mul
tiple restriction site. Bacteria which carry 
the pUC12 plasmids wereidentifiedby their 
blue color in the IPTG and Xgal medium for 
the synthesis of B-galactosidase. If the for-

eign somatostatin gene is inserted at the 
Smal site, the B-galactosidase gene will be in 
out-frame and the bacteria cannot produce 
any more B-galactosidase and then were 
identified by their white color in the IPTG 
and Xgal medium. 74 white colonies which 
were ampicilin resistant were chosen. 

Identification by restriction endonuclease 
digestion: pUC12 plasmid DNA has only 
single Smal site at the polylinker region, 
when foreign gene was inserted, the se
quence of the base composition will be 
changed, and the Smal site will be disap
peared, however if the recircularization of 
vector DNA take place, the Smar site will be 
recovered. By this technique, we had chosen 
10 transformants which lack Smal recogni
tion sequence. 

Southern hybridization assay: The la
belled fragment A23 was used as probe, the 
transfer of DNA from agarose gel to nitro
cellulose paper and the hybridization of the 
filters were performed by the method of 
Southern. Nine colonies were identified 
positive. 

DNA sequence assay: pUC12 plasmid 
DNA having the same sequence flanked the 
polylinkerregion as M13 phage DNA, so we 
chose the oligonucleotide (5'
GTAAAACGACGGCCAGR-3') as the se
quence primer for the p UC12 DNA system. 
The result shows that the sequence is the 
same as designed, so it is certain that ihe so
matostatin gene hasbeen successfully cloned 
into the E. Coli strain JM83. 

Gene expression 

The second part of this project is on the 
expression of somatostatin gene in E. Coli. 
The plasmid PBD

2 
carry the E. Coli. UV5 

promotor and a part of coding sequence of 



the E. Coli lacZ gene, the truncated lacZ 
gene is flanked by a polylinker region at 
their 3' end, which has several unique re
striction sites, coding sequence of any gene 
can be ligated in frame to thetruncated lacZ 
genes. 

Somatostatingene fragment extracted and 
purified from plasmid pSom bacterium was 
ligaged with the plasmid pBD2 DNA. Trans
formation of E,. Coli D29A1 with the chim
eric plasmid DNA were identified by the 
ampicillin resistance, in situ hybridization, 
restriction enzyme characterization and 
southern hybridization, this transformation 
led to the synthesis of a polypeptide includ
ing the sequence of amino acids correspond
ing to somatostatin. The Chimeric protein 
was purified and characterized by the B
galaclosidase affinity chromatography, as
sayed by PAGE and the expression of soma
tostatin gene in E. Coli. D29A1 is deter
mined after the radioimmunoassay to the 
chimeric protein and its mixture by treat
ment with cyanogen bromide. 

The results of radioimmunoassay had 
shown that the somatostatin and B-galacto
sidase (fusion protein) is stable and dissolv
able. The fusion protein can directy react 
with the antibody, so it is obvious that the 
somatostatin molecular is on the surface of 
the fusion form. Somatostatin expressed in 
E. Coli. strain D29A1 is 0.71 % of the total 
bacterial protein. 

Production of somatostatin vaccine 

The third one is on the production of 
somatostatin vaccine and its utilization in 
experimental animals. 

The strain producing hybrid protein were 
grown in LB-rich medium at 37°C in the 
presence of 25 ug/ ml ampilicillin and then 
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was harvested by centrifugation and dis
rupted by sonication. Cell debris was re
moved by centrifugation and then the fu
sion protein extract was obtained with the 
Sephadex G-200 chromatography. 

At one month of age the rats were given 
the immunizations against the appropriate 
antigen. The fusion protein was dissolved in 
the elution buffer and mixed to a firm 
emulsion with 2 parts Freund' s Complete 
Adjuvant. The emulsion was injected sub
cutaneously. The amount of antigen admini
stered to each rat was 250 ug. 

At the start of treatment there was no 
difference between the mean weights of the 
control and treated groups. 

Within the first two weeks of the initial 
immunization a clear difference in the weight 
of the treated and control rats were appar
ent, the difference in the mean weight of the 
two groups became significant (by student's 
t-test) after 2 weeks of treatment, but only 
significantly so early in the experiment. Later 
this experiment stopped because of the high 
temperature in July in Nanjing. 

Somatostatin vaccine will play a great 
role in the animal production. Now this 
research is under way. 

II.lmmuno-castrating effect of 
chemically synthesized peptide 
vaccine. 

In the practice of animal husbandry and 
veterinary medicine, surgical ca~tration is 
always the tradition method. Immunologi
cal castration will be the trend in this field. 
So our laboratory started this research proj
ect in 1987. 
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Leuteinizing hormone releasing hormone 
(LHRH) was covalently conjugated to Bo
vine Serum Albumin (BSA) and each BSA 
molecule bears 18 molecularsof LHRH. This 
complex was used as an immuno-castra ting 
peptide vaccine (ICPV). Three male New 
Zealand white rabbits, aged two months, 
were inoculated with the emulsion of ICPV 
with Freund's Complete Adjuvant. Each 
rabbit received 0.5 mg of ICPV at the first 
injection and 0.15-0.38 mg of ICPV at 2nd-
5th injection at intervals of three weeks. 

Another three male rabbi ts, of same strain, 
same age and weight used as control, were 
kept in the same condition. When all the rab
bits were5monthsold the sexual behaviour 
and reproductive organs were examined 
and all the rabbits were slaughtered for 
anatomical and histological observations. 
The experimental results demonstrated that 
the immune response induced by the injec
tion of ICPV in young male rabbits neutral
ize the biological activity of LHRH and 
inhibit the secretion of pituitary LH, FSH 
and testicular tesuerone resulting in block
ing the development of reproductive organs 
and elimilating the reproductive ability, 
therefore, immunization with ICPV is ex
pected as an alternation to surgical castra
tion. 

Since many difficulties will be overcome 
in obtaining enough LHRH by the tradi
tional method, we also had decided to con
struct a recombinant bacteria which can 
produce the LHRH fusion protein. We are 
sure this new kind of hormone vaccine will 
develop a good market in the world in the 
near future. 

III.Steroids-carrier complex's 
effect on the animal's reproduc
tion 

Increasing ovulation rate and induction 
of multi-pregnancy by active immunization 
against steroids are significant both in prac
tice and theory. 

In 198 7, we also started this project. Firstly, 
testosterone and oestrone were covalently 
conjugated with BSA 20. Merino ewes were 
inoculated twice with the T-BSA/E-BSA and 
DEAE-dextran adjuvant 6 weeks and 3-
weeks before the insemination respectively, 
other 13 ewes were used as control ( C-group). 
The antibodies titre against testosterone and 
oesteone is 1:120, 1:3 for group T and 1:2, 
1 :50 for group Eat the time of insermination. 
The lambing rate is 167.71 % for group T 
(P<0.01), 156.25% for group E (P<0.05) and 
115.38% for group C. The level of proger
sterone on Day 12 of the cycle was 9 .94 ± 4.21 
ng/nl for group T and 9.31 ±3.53 ng/ml for 
group E, significantly higher than that of 
group C (3.71 ± 0.92 ng/ml) (P<0.05 and 
P<0.01 respectively). The concentration of 
oestradiol was similar in all groups. The key 
problem in this experiment is to use of 
DEAD-dextran adjuvant instead of Reund' s 
Complete Adjuvant and then control the 
antibodies titre within the range of 1:50 for 
group T and 1:80 for group E. 

Audrostenedione was covalently conju
gated to BSA and each BSA bear 13 steroid 
molecules. This complex, mixes with 
Freund's Complete Adjuvant, can be used 
as the fecundin. 2md of fecundin were in
jected twice 4 weeks and 1 week before the 
insemination. The lambing rate was 285% 
for treated group and 228% for control one. 
The 1,2,3 and 4 pregnancy rate in these two 
groups were 3.7, 25.93, 51.85, 18.32% and 



19.22,36.53,40.38,38.5% respectively. The2, 
3, 4 pregnancy rate for the treated group is 
higher than that of control one, and the 
initial weight had no difference between 
these two groups. In the same condition, 
when theAustralianfecundin was used, the 
dead pregency number is high because of 
the hypoimmunological recation. 
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Summary 

Bovine follicular oocytes surrounded by 
cumulus cells as a cumulus-oocyte com
plexes were matured, fertilized and devel
oped in vitro utilizing co-culture system 
with bovine cumulus cells. The oocytes were 
cultured int he maturation culture systems 
A and B. The culture of oocytes in system A 
has good effects on the maturation, fertiliza
tion and development of early embryos. 
Five recipient cows received fresh embryos 
and one of them was pregnant; other five re
ceived embryos after freezing and thawing 
and two of them were pregnant. The results 
of this study proved that the embryos ob
tained from oocytes had undergone in-vitro 
maturation, fertilization and further devel
opment to the morulae or blastocysts, even 
after freezing, have a satisfying viability. 

Introduction 

The first bull calf was born after in-vitro 
fertilization (IVF) in 1981 (Brackett et al. 
1982). Since then, fertilization has been ac
complished in vitro-for three domestic ru
minants - cattle, sheep and goats. Recently, 
a great deal of attention is being paid world
wide to the bovine in-vitro fertilization 
(BIVF) and the tremendous progress in BIVF 

has been achieved. In-vitro fertilization of 
oocytes would have a major impact on 
bovine embryo transfer. It has been demon
strated that BIVF is a practical technique 
which can be used to produce large amount 
of cheap embryos in larboratory and is very 
important for further development of ge
netic engineering, nucleotransfer and em
bryo sexing. All of them will have a tremen
dous influence on scientific research and 
animal production. 

The authors have studied in-vitro matu
ration of oocytes and developed a co-cul
ture system for culture of early embryos 
with cumulus cells. The embryos fertilized 
in-vitro and undergone development to 
morulae or blastocysts were transferred 
either fresh or after freezing-thawing. 

Materials and Methods 

Collection of Oocytes: 
The ovaries were collected from the 

slaughter house and brought to laboratory 
in Dulbecco's phosphate buffered saline 
(PBS) at 35-38°C within 3 hrs. Follicular 
oocytes were collected by cutting off fol
licles of 2-Smm in diameter with scissors 
and then cut out the oocytes from follicles. 
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Maturation of Oocytes: 
The oocytes were washed 2-3 times with 

modified Dulbecco's phosphate buffered 
saline (mPBS) and once with maturation 
medium, and then were cultured in the fol
lowing co-culture systems. System A: 20-50 
oocyteswereintroducedinto2.5mlmatura
tion medium (TCM-199+,20% oestrum cow 
serum - OCS+bovine cumulus cells) in a 
polystyrene culture dish and covered with 
paraffin oil; System B: 20-40 oocytes were 
introduced into a microdrop (0.2-0.3ml) of 
maturation medium (TCM-199+20% fetal 
calf serum-FCS) in a polystyrene culture 
dish and covered paraffin oil. The oocytes in 
both systems were cultured in a C02incuba
tor (5% co2 in air) at 39°C for 22-24 hrs. 

Sperm Capacitation and In-vitro Insemi
nation: 

The frozen semen (2-3 peleltes) was 
thawed in water bath (38oC) and then washed 
3 times with BO medium without bovine 
serum albumin (BSA) but supplemented 
with 10mM caffeine by centrifugation at 
700g for 5 min. After washing the semen 
was extended with BO medium (2ml) con
taining 5mM caffeine and BSA (5mg/ ml) 
and, for capacitation, 10ul of calcium Iono
phore A 23187 was added into extended 
semen just 1 min before used. 

Before insemination the cumulus-oocyte 
complexes were introduced into 100ul mi
crodrop of BO medium containing BSA 
(5mg/ml) and caffeine (2.SmM) and then 
the 20ul capacited spermatozoa was added 
into the microdrops which were covered 
with paraffin oil and incubated in a co2 
incubator (5% co2 in air) at 39°C for 6 hrs. 

In-vitro Culture of Early Embryos: 
Six hours after insemination, the ova 

(about10-15ova/microdrop)withcumulus 
cells from system A were transferred into 
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new microdrops of development medium 
(TCM199+ 10-20% FCS), which were cov
ered with paraffin oil. The ova from system 
B were transferred into the same micro
drops used for maturation and the 2/3 old 
medium was replaced by new one, and 
cultured in C0

2
incubator (5% C02 in air) at 

39°C for further development. 

For the further development of embryos 
the incubation medium was replaced with 
new medium every 36-48 hrs. 

Estimation of Maturation and Fertiliza
tionRates: Maturation and fertilizationrates 
of ova were examined 22-24 hrs after matu
ration and 20 hrs after insemination, respec
tively. After fixing in methnol: acetic acid 
(3:1 v /v), the ova were stained with 1 %aceto
orcein for microscopic evaluation. The ova 
exhibiting a meta phase figure was regarded 
as normally matured. The ova which had 
one set of male and female pronuclei and 
one sperm tail were regarded as normally 
fertilized. 

Embryo Transfer and Freezing. After 7-8 
days developmental culture the embryos 
developed into morulae or blastocysts, part 
of which were non-surgically transferred to 
the uteri of cows at Day 6, 7 or 8 (Day 
O=Oestrus) of the cycle and the others were 
transferred after freezing and thawing. 
Pregnancy diagnosis was done by rectal 
palpation after 90 days. 

Results 

The maturation rates of oocytes cultured 
in systems A and B examined after 22-24 hrs 
were 83.7% (165-197) and 80% (100/125) re
spectively. The fertilization rate examined 
after 20 hrs of insemination was 62.6% (72-
115). The cleavage rate of oocytes in systems 
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A and B was 35.5% (70-197) and 23.2% (29 I 
125) respectively. 

The results of comparison between sys
tems A and B are shown in Table 1. 

Five recipient cows received fresh em
bryos (2 embryos/ recipient cow) and one of 
them was pregnant, but at 4th month of 
pregnancy the fetus was aborted. Five re
cipient cows received embryos after freez
ing and thawing (2 embryos I recipient cow) 
and two of them have been pregnant for 5 
months. 

Conclusion 

The results of this study indicated that 
culture of oocytes in the media supple
mented with OCS and cumulus cells in a 
monolayer co-culture system has a good 
effect on the maturation and fertilization of 
oocytes and development of early embryos. 
The embryos fertilized and developed in
vitro to morulae and blastocysts can be 
preserved in liquid nitrogen and used for 
non-surgical transfer. This relatively simple 
BIVF system is applicable to practical use. 

Table 1: Comparison of results obtained from systems A and B 

Oocytes developed Oocytes 
to 2-8 cell stage after developed to 

Oocytes after 48 hrs morulae or 
Maturation Number matured insemination blastocysts 

culture of 
system oocytes No. % No. % No. % 

A 197 165 83.73 70 35.5 52 26.39 

B 125 100 80.00 29 23.2 17 13.6 

322 265 82.29 99 30.74 69 21.43 
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Introduction 

The purpose of this study was to compare 
trehalose with sucrose as a non-permeating 
cryoprotectant using a newly developed 
procedure for freezing embryos by plung
ing them into liquid nitrogen. 

Materials and Methods 

Animal and Superovulation 
Animal: 4-S weeks old virgin ICR (from 

Seoul Nat'l Univ.) 
Superovulation: PMSG SIU (Sankyo, 

Japan), i.p. 
HCG SIU (Dae Sung Microbiol., Ko
rea), i.p. 

Embryo Recovery 
72-75 hrs after the injection of HCG 
Flushing solution- m-PBS (+3mg/ml 
BSA) 
Embryonic stage -late morula 

Addition of Cryoprotectants (Dehydration) 
m-PBS (+20% FCS) + 3.5M Glycerol 
+ 0.2S or 0.50M Sucrose 

0.2S or 0.50M 

Trehalose 
: 1-step addition, 2.5-3 min. 

Freezing and Thawing 
Direct plunging into liquid nitrogen 
and storage 
37°C waterbath, 6-8 sec. 

Removal of Cryoprotectants (Rehydration) 
m-PBS (+20% FCS) + 0.5M Sucrose 
7min 

0.5M Trehalose 

Culture 
Medium: Ham's F-10 (+20% FCS) 
Culture condition: 5% C0

2 
+ 9S% Air, 

37°C, 48 hrs, dried 

Results 

Results obtained are given in Table 1-4. 

Conclusion 

The results from this experiment sug
gested that mouse morula can be cryopre
served effectively by direct plunging into 
liquid nitrogen from room temperature. 
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Table 1. Effect of sucrose concentration on the development in-vitro of mouse morula 
frozen-thawed ultrarapidly. 

No. (%)of embryos No.(%) of 
Cryoprotectants expanded 
concentration Frozen Recovered blastocysts 

Normal Total developed 

3.SM glycerol+ 30 25 28 19 
0.25M Sucrose (83.3) (93.3) (76.0) 

3.SM Glycerol+ 28 22 23 19 
O.SOM Sucrose (84.6) (88.5) (86.7) 

Table 2. Effect of trehalose concentration on the development in-vitro of mouse morula 
frozen-thawed ultrarapidly. 

No. (%) of embryos No.(%) of 
Cryoprotectants expanded 
concen tra ti on Frozen Recovered blastocysts 

Normal Total developed 

3.SM Glycerol+ 60 56 57 49 
0.25M Trehalose (93.3) (95.0) (87.5) 

3.SM glycerol+ 67 62 63 56 
O.SOM Trehalose (92.5) (94.0) (90.3) 
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Table 3. Effect of Non-permeating cryoprotectants on the development in vitro of mouse 
morula frozen-thawed ultrarapidly. 

No. ( % ) of embryos No.(%) of 
Cryoprotectants expanded 
concentration Frozen Recovered blastocysts 

Normal Total developed 

3.SM Glycerol+ 20 16 18 15 
O.SOM Sucrose (80.0) (90.0) (93.8) 

3.SM Glycerol+ 20 17 20 17 
O.SOM Trehalose (85.0) (100.0) (100.0) 

Table 4. Effect of equilibration time in 3.5M glycerol and O.SOM trehalose on the develop
ment in vitro of mouse morula frozen-thawed ultrarapidly. 

No.(%) of embryos No.(%) of 
Eqilibration expanded 
time (min) Frozen Recovered blastocysts 

Normal Total developed 

<2 30 25 28 18 
(83.3) (93.3) (72.0) 

2.5-3 30 27 30 23 
(90.0) (100.0) (85.2) 

5 30 26 29 18 
(86.6) (96.6) (69.2) 

10 30 24 27 16 
(80.0) (90.0) (66.6) 
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The effect of sucrose or trehalose concen
trations in freezing solution is not signifi
cantly different. However, the effect of 
equilibrationtimein3.5Mglyceroland0.50M 
trehalose were-higher at 2.5 to 3 minutes 
than at shorter (<2 minutes) or longer (5, 10 
minutes) times. 

Therefore, trehalose appeared to be as ef
fective cryoprotectant as sucrose in sup
porting the development of direct plunging 
into liquid nitrogen. 
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Abstract 

Simple and Easy freezer for embryos has 
been designed on the principle of operation 
of liquid nitrogen tanks. There is a tempera
ture gradient in the gas phase above the 
surface of liquid nitrogen. The temperature 
of chamber with embryo can be changed 
whenmoved up and down. The freezer has 
been extensively used to freeze embryos of 
mouse, sheep, cow and chinese yellow cattle 
in China. The developing rate of frozen
thawed mouse embryos could reach 90.7% 
(577 /636). 77.2% (491/636)offrozen-thawed 
embryos cultured in vitro could access to 
expaned blastocyst. Morphologically nor
mal embryos of sheep and cow after freez
ing-thawing was 76.2% (109 /143) and 69.4% 
( 43 I 62), respectively. Successful rate of trans
fer was 50% (20/40) and 39.1% (9/23), re
spectively. 

Introduction 

Successful frozen cattle embryo transfer 
made in 1973, marked a significant achieve
ment of cryobiological technique in the field 
of animal reproduction. In China, frozen 
embryos of cow was successfully transfered 
in 1982. Because efficient freezer was not 
available, the study on embryo freezing 

technique and application of frozen embryo 
transfer in China was impeded. So develop
ment of a simple and easy freezer (SEF) 
which can be conveniently carried and 
operated in the worksite, and study on freez
ing method, using this sort of feezer, has 
become an urgent need for successful frozen 
embryo transfer. 

On the principle based on liquid nitrogen 
tank, there is a temperature gradient in the 
gas phase above the surface of liquid nitro
gen. The temperature of chamber with 
embryos can be changed by moving it up 
and down. Referred to the character and 
Problems of related freezer abroad, a simple 
and easy freezer for embryos with a digital 
thermometer was designed. The SEF has 
been extensively used in scientific institutes, 
universities and farms. Embryos of cattle, 
sheep and mouse have been frozen by the 
SEF and good results obtained. 

Materials and Methods 

1. Simple and easy embryo freezer 
l) Structure: The SEF is mainly made up 

of 4 parts as follows: a) Stainless steel 
chamber for straws with embryos: 12 
plastic straws (0.25ml., F. German) can 
be put in it simultaneously. There is a 
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thermocouple in the center. b) Up
down regulation equipment. c) Sy-2 
digital thermometer (Beijing normal 
university). d) seeding pincers. 

2) Performance: a) Temperature range: 
lOO'C to-50°C. b) Temperature indica
tor: 0.1°C. c) cooling rate range: O, l to 
0.2°C/min. d) Power supply: 9Vinte
greted battery. e) Liquid nitrogen 
consumption: it is equal to the amount 
of natural evaporation of liquid nitro
gen tank itself. 

2. Freezing method 
1) 1.4M glycerol PBS containing 20% FCS 

was used as a freezing buff er. Glycerol 
was added by3 stepsatroom tempera
ture, each step for 7 to 10 min. 

2) The chamber with embryos was cooled 
at a rate of 1°C/ min. from room tem
perature to -7°C and equilibrated for 5 
to 10 min at this temperature. Then 
seeding was induced and after 10 min 
of equilibrium, samples were cooled 
at the rate of 1°C/min. to -36°C, then 
the straws with embryos were im
mersed into liquid nitrogen. 

3) Frozen embryos were thawed rapidly 
in 3G°C water bath. When embryos 
with glycerol was removed immedi
ately by 3 steps, each step for 5 to 7 min 
using PBS buffer contained 0.3M su
crose. 

Results and Conclusion 

Day 3.5 or day 4 mouse embryos were 
morphologically accessed and good embryos 
were frozen by the method mentioned above. 
Frozen-thawed embryos were cultured for 
72 hr. in C0

2
incubator af37°C. The results 

are shown in Table 1. 

The results indicated that 90.7% (577 I 
636) of mouse embryos frozen by the SEF 
could be developed and after thawing 77 .2% 
(491/636) of embryos could be hatched or 
expanded. 

Day-6 and day-6.5 embryos of Hu sheep 
and Han Sheep were morphologically ac
cessed and frozen by the SEP. Morphologi
cally normal rate after thawing was shown 
in Table 2. 

Table 1. In vitro development of D-3.4 \5 and D-4 mouse embryos frozen by the SEF. 

Number 
of 

embryos hatched 

636 174 
(27.4%) 

expanded 

317 
(49.8%) 

In vitro development 

partially developed undeveloped totally developed 

86 
(13.5%) 

58 
(9.1 %) 

577 
(90.7%) 
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Table 2. Morphologically recovery rate of sheep embryos frozen by the SEF. 

No. No. of normal embryos after thawing 
Breed of 

embryos A+B grade(%) 0 C grade(%) Total 

Hu sheep 103 62 (60) 

Han sheep 40 28 (70) 

Total 143 90 (62.2) 

As shown in Table 2, among frozen
thawed embryos, embryos of A and B grade 
was62.2% (90 /143), and embryos of C grade-
11.8% (19 /143).A totalof76.2% (109 /143)of 
embryos was morphologically normal. 

40 recipient ewes were transfered, 20 of 
them became pregnant and 27 la_mbs were 
born. 

The SEF was also used to freeze embryos 
of cow and chinese yellow cattle. Live off
springs were obtained when frozen cattle 
embryos were transfered. In Hebei, Embryo 
Transfer Center, 108 embryos of cow were 
frozen, from 62 frozen-thawed embryos 43 
usable embryos was obtained, usable rate 
was69.4%. Successful transferratewas39.1 % 
(9 /23). 
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Linkage between research on biotech
niques and its application practise is a mat
ter of our consideration. We have a few 
things to report here in this regard. 

In recent years a few books under the title 
"Breeds of domestic animal and poultry in 
China" were published. Until now 240 ani
mals breeds were recognized and recorded 
in these publications. There were 60 pig 
breeds, 28 cattle breeds, 30 sheep breeds, 23 
goat, 26 horse, 10 ass and a few poultry 
breeds. 

1. Storage of semen and embryo for endan
gered breeds. 

Small tailed Han sheep is a breed known 
for its early maturity and prolificacy, the 
lambing percentage of which was261 %. The 
embryos from such a breed were now con
served in gene bank. Liaoning Cashmere 
goat has its hair as thin as 17urn, an adult 
buck produces 570 g of hair, best of them 
gives 2000 g. Experimental work on storing 
semen and embryos was started in 1986. 

2. ET applied in cattle and sheep. 

Some large scale transfer of imported 
Holstein embryos has been practiced in 
province Jilin, Heilongjiang and Autono
mous region of inner Mongolia. Synthetic 
line of Simmental with Red Holstein was 

produced experimentally to accelerate pro
duction of dual purpose nuclear stud in 
China. 

The usability of sheep embryo after thaw
ing were 76.2% (109/143) with pregnancy 
rate 55%. This figure indicates the possibil
ity of application in setting the gene bank. 

3. Half embryo transfer. 

In Shanxi province, 36 goat embryos were 
divided into two, then 36 half embryos were 
transfered into 18 recepients. Pregnancy 
diagnosis 50 days alter found 6 with normal 
lambs. 

6 frozen goat embryos after thawing were 
halved, then transfered in 6 recepients. At 50 
days after operation 3 were pregnant. 

Cattle's half embryos were experimen
tally used, and transfered into 11 cows with 
6 of them in pregnancy. 

4. DNA mapping 

DNA mapping was also tried to use in 
cluster analysis in combination with blood 
polymorphism techniques. The aim of these 
works is to find genetic distance and prob
able hybrid vigor between certain breeds. 
Its a kind of work on the verge of applica
tion. 
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Finally to say, the biotechniques in China 
is still very young, butthe applicationofitin 
animal genetics has now started its way. 
Some advanced laboratories were success-
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ful in cloning porcine growth hormone and 
vaccine-cloning. A full practice of using 
biotechniques still needs greater effort in 
future. 
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Summary 

The Animal genetic Resource Area 
(ARGA) of the National Center for Genetic 
Resource and Biotechnology ( CEN AR GEN), 
basically develops two activities: 

a) Animal Genetic Conservation - this proj
ect consists in the preservation of races 
and species of domestic animals in dan
ger of extinction and, for that, natural 
habitats are utilized as local site for in situ 
preservation. 
The freezing of semen and embryos of 
these animals constitute an ex-situ preser
vation of the Animal Germoplasm Bank. 

b) Embryo Biotechnology - there are two 
Embryo Biotechnology laboratories at 
CENARGEN - one for experimental em
bryology, that utilizes the biological 
model Mus musculus and the other for 
applied embryo logy reserved for domes
tic animals of economic interest. 

For the development of the activities of 
the above mentioned research, the Animal 
Genetic Resource Area has a 500 ha farm 
and 19 staff members, including research
ers, laboratory technicians, administrative 
personnel and field workers. 

The objective of the present report is to 
describe in detail the results obtained in the 
field of animal embryology. 

The mouse, when used as a biological 
model, has proved extreme! y useful in train
ing programs, and in the development of 
support techniques to research activities such 
as in vitro embryo culture. Mouse embryos 
have low costs and are easy to obtain. 

As far as mouse embryo production is 
concerned, in the last4 years, 1131 females 
were super-ovulated and 12.705 embryos 
were rescued, of which 8.509 (67%) were 
viable. These embryos were utilized in the 
following research activities: 
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Research 
activities Methodology 

Cooling 0°C/24 hours 
Freezing Isocriogen 
Vitrification Classic 
Bissection E.T. surgery 
Sex deter- Cytogenetics 
mination & Cytoxicity 

As far as the bovines are concerned, in 
1989, 302 embryos were obtained from 52 
donors with 2.8 viable embryos per donor 
and 1.4 product per embryo, utilizing non
surgical transfer methodology. In 43% of the 
cases, the thawed embryos were sucessful 
in establishing pregnancy. From the bissec
tion of bovine embryos and non-surgical 
transfer of the hemi-embryos, 0.65 products 
were born per original embryo. 

The research project with equines was 
carried out based on the knowledge ob
tained with the bovine system. In the last 
two years, 120 embryos giving 40% preg
nancy were harvested from mares and trans
ferred fresh via non-surgery. 51 embryos 
were frozen and 15% pregnant animals were 
obtained. One product from a mare hemi
embryo was obtained. 

We are beginning a project with frozen 
caprine embryos and in the next few years 3 
new projects will be initiated: 

- in vitro fertilization 
- Animal cloning 
- Transgenic animals 

Our laboratory has been the reference 
point for animal Embryo Biotechnology at 
national level. We are starting a program on 
cryopreservation of semen and embryo of 
domestic species in danger of extinction in 
South America, in collaboration with FAO. 
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Results Summary 

85.3% in vitro growth 
77% in vitro growth 
58% in vitro growth 
30% no. of fetuses 

current project 

Introduction 

In 1973, Brazil started her embryo trans
fer research with bovine species in collabo
ration with France, the INRA, Institut Na
tional de Recherche Agronomique, UNCEIA 
- Union National des Cooperatives de In
seminationArtificiel, and the Maison Alfort 
School of Veterinary Medicine. 

At that time, embryo collection was car
ried out by means of midline surgery, gen
eral anaesthesia with fl uotane and by a ca the
ter introduced into the oviduct. Apart from 
the death of many cows, results from experi
ments allowed for direct observation of 
hypertrophied ovaries and thrilling visuali
zation of the first embryo. Embryos were 
first collected in Brazil, at the Lages School 
of Veterinary Medicine in 1975, in Santa 
Catarina. On that occasion, an embryo trans
fer project for bovine species was vehemently 
rejected as being something for the third 
millenium. 

In 1976, some freelance veterinary sur
geons from the State of Sao Paulo started the 
first successful non-surgical embryo trans
fer and collections at farm level. Since then, 
in various parts of the country isolated 
groups of vets and cattle breeders have at
tempted to employ this new technology with 
relative sucess. 
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In 1985, on the occasion of the founding 
of the SBTE - Brazilian Society for Embryo 
Transfer - in Brasilia, embryo transfer be
came a scientific activity and, at the same 
time, a political organ in charge of the sys
tematic standardizing of activities in this 
area together with the Federal Government, 
universities, research institutes and cattle 
breeders. 

However, notwithstanding the signifi
cant potential of genetic improvement pro
grams, cattle embryo transfer growth was 
disorganized - and what is even more seri
ous - the choice of donors has been made 
more on an emotional basis than on their 
genetic merit. 

Another serious problem is the exagger
ated numbers of petitions made to the Min
istry of Agriculture for the setting up of new 
embryo transfer centers, gigantic projects 
and poorly-trained personnel. 

In our opinion, the Federal Government 
together with the SBTE and Cattle Breeders 
Associations should elaborate an embryo 
transfer program, at national level, applied 
to those species of animal husbandry inter
est. There is an enormous amount of space 
for national herd genetic breeding using this 
biotechnology. 

The situation of the 1989 unofficial SBTE 
data for embryo transfer in Brazil is as fol
lows: 

Embryo transfer in 
Brazil (1989) = 20.000 

in Sao Paulo (only) = 15.000 

births (prognostic) = 5.000 

One important aspect, especially eco-

nomically, has been the international com
mercialization of embryos. On the one hand, 
there has beenanimportationof dairy-cattle 
embryos from the USA, Canada and Israel 
and of beef-cattle embryos from France, 
Germany and England. On the other hand, 
there has been illegal exportation of zebu 
embryo, mainly Nelore to Central America. 

With special reference to the future of 
embryo transfer in Brazil, we could enumer
ate the following important topics: 

- Awareness that Artificial Insemination 
(AI) is an important genetic improve
ment tool. 

- Systematic training of personnel. 
- Effective selection of male and female 

donors and receivers. 
- Engagementofbreedersandnutrition

ists in embryo transfer programs. 

BOVINE SPECIES EMBRYO TRANSFER 
PRACTICE IN BRAZIL 

1. CHOICE OF DONORS 
Chocie of donors is the starting point of 

any embryo transfer program. Evidently, 
the genetic value evaluated by means of 
progeny tests would be desirable. However, 
in developing countries this practice has not 
been developed for technical and economi
cal reasons. 

In Brazil, the choice of donors should 
follow the dicates of common sense, with a 
view to selecting the several types within a 
lot to preserve the minimum of genetic vari
ability of each breed in question. 

Equal consideration should be given to 
the choice of receivers. Mainly healthy ani
mals with regular sexual cycles. In our case, 
Girolandas cows have presented the best 
results in embryo transfer programs. 



2. SUPEROVULATION 

2.1. Superovulation Methodology 
In 1973, superovulation was done in the 

oestrogenic phase. It was important that the 
heat be detected in order to begin treatment 
in or around the sixteenth day. This was due 
to the impossibility of inducing or synchron
inzing the heat and the mediocre results in 
embryo quality. With the advent of 
prostaglandins (F group) tested by ourselves 
for the first time in Brazil in 1975, the su
perovula ti on occurs between the eighth and 
the twelfth day after the heat. At present in 
Brazil the hormone used is the FSH from 
pigs are made in the USA. The dose varies 
between 18 mg and 50 mg. These extremes 
are used, respectively, inNelore and Holan
des cows. 

In Brazil, LABORCLIN, Curitiba, Parana 
is producing FSH (Follicle Stimulating 
Hormone) from the hypophyses of pigs. 
While still in the initial phase, it deserves all 
our confidence. 

With regard to the sperovulation of the 
same donor it is routine that embryo trans
fer teams repeat successfully the procedure 
at every 60 and 90 days. In Central Brazil re
sults with zebu cows Bos indicus with 243 
collections resulting in 1994 structures (X == 
8,2), with an average 4.1 viable embryos per 
cow receiving several consecutive superovu
lations. 

3. Embryo Recovery 
The embryo collection itself consists of 

the flushing of the uterus with PBS at an 
approximate temperature of 25°C pH 7.2 
and osmolarity of 290 miliosmol. 

The collection catheter passes the uterine 
colon, held fixed by an air balloon. Gravity 
helps to introduce the liquid of up 500 to 
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1000 ml depending on the size of the u terns. 
Liquid recuperation is also by gravity. 

A filter helps and quickens the process of 
looking for embryos. Our staff developed 
one, using a veterinary syringe of 50 or 100 
ml. A plastic sieve with a screen of 83 mi
crometers was placed on the upper part of 
the filter thus avoiding embryo exit. The 
liquid coming from the uterus enters the 
filter from one side and the embryos are re
covered below directly onto a Petri plaque. 
Use of this filter a voids direct pressure of the 
liquid on the embryos. 

The collection rate, number of embryos in 
relation to the Corpus Luteus, is on average 
70%. This collection rate can be increased 
and the following details are important. 

- Adequate immobilization of the do
nor 

- Light epidural anaesthesia 
- Use cervical dilator if difficulty in 

passing catheter appears 
- Balloon well-placed and regular touch 

pressure 
- Hold uterine junction with fingertips 

on starting collection 
- Massage of uterus 
- Tranquility and safety 
- Good helpers 
- Plenty of good luck 

4. Examination and Evaluation of Embryos 
Techniques for the production, collec

tion, transfer and preservation of embryos 
have evolved in recent years. However, the 
morphological evaluation under the magni
fying glass of between ten to one hundred 
times is still somewhat subjective. 

This embryo morphological evaluation 
orembrionicclassificationsetsmorphologi
cal standards which help the form but not 
the life of the embryo. Only practice and 
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daily handling of embryo give the necessary 
discernment nearest to the real embrionary 
quality. 

The classification proposed by the SBTE 
for the evaluation of embryos can be di
vided into seven categories: 

1) Mo - Morula 
2) Mc - Compact Morula 
3) Bi- Initial Blastocyst 
4) Bl - Blastocysst 
5) Bx - Expanded blastocyst 
6) Bn - Hatching blastocyst 
7) Be-Hatched blastocyst 

In the individual judgement of embryos, 
several characteristics should be observed, 
such as size, form, embryo colour, cyto
plasm homogeneity, form and integrity of 
membrane, size and presence of the cells in 
theEPVand the presence of vesicles. Within 
the described parameters, embryos received 
identification varying according to the dif
ferent authors. The SBTE classifies under six 
headings: 

1) Embryo I (excellent) 
2) Embryo II (good) 
3) Embryo III (regular) 
4) Embryo IV (poor) 
5) Dg - Degenerated Embryo 
6) Nf - Not Fecundated 

Embryos I, II and III are transferable. The 
resutls expressed in gestations (45 to 60%) 
are equal both for the excellent and good 
embryos. When indicated for freezing and 
micromanipulation, only embryos I and II 
are usable. 

In the case of a non-superovulated donor, 
80% of the embryos are morphologically 
normal. In the superovulated cows the aver
age is 60%. When there is a strong response 
to superovulation the quality of the em
bryos diminishes. 

At the moment, there is no good method 
for the vital adjudgement of embryos except 
for gestation. Under such conditions, mor
phological criteria and good touch has been 
the choice of techniques of those working 
with embryo transfer. 

5. Freezing of Embryos - Use oflsocriogen 
The embryo industry of developed coun

tries, notably in cattle, has generated a sup
ply of sophisticated equipment, expensive 
and many times not suitable to the condi
tions of developing countries. 

For current freezing programs, the res
cue of species in imminent danger of extinc
tion deserves speical attention. 

This rescue operation was developed with 
a view to making feasible with the use of 
simple equipment the freezing of embryos 
at farm level. 

The equipment tested - the Isocriogen, 
was projected by the EMBRAP-CENARGEN 
staff. It consists of a piece of styrofoam type 
p-3 which is used to condition liquid nitro
gen, a steel cylinder number 304, American 
model and a digital thermometer. 

The pre-selected embryos to be frozen 
are dehydrated in three stages. 

Stage 1- Solution PBS-4 
The embryos are well washed in PBS 
solution (Phosphate Buffer Saline) with 
0.4% of BSA (Bovine Serum Album). 

Stage 2 - Solution G-5 
The embryos are placed in PBS solution 
with 5% Glycerol for five minutes. 

Stage 3 - Solution G-10 
The embryos are transferred to PBS solu
tion with 10% Glycerol for ten minutes. 



While dehydrating in the G-10 solution, 
the embryos are acclimatized individually 
in paillettes (0.25 ml) with this solution. 

The preparation of the Isocriogen is easy. 
However, it should be synchronized with 
the paillettizatio of the embryos. 

6. Embryo Transfer (Innovulation) 
In 1976, we performed variousinnovula

tions in France by means of midline surgery 
similar to surgical collecting. Apart from 
difficulties such general anaesthesia and 
surgery, results were not significant. In the 
same year, we experimented with equip
ment proposed by TEST ART, named "pat
acult" transvaginally. Once again, the re
sults were mediocre. 

Many researchers have worked to dimin
ish the time and simplify the process of 
innovulation. At present, there are two in
struments indicated for transcertical inno
vulation, both with French paillettes of 0.25 
ml. The German model has a 5 mm diameter 
and the French one 3 mm. The latter is best 
indicated because it has the ideal length, 
descartable flangles, less traumatic and ideal 
for young receivers. 

7. Bissection of Embryos to Produce 
Monozytoic Twins 
The embryo bissection technique used is 

simple and was adapted in the laboratory in 
CENARGEN. It consists of the use of two 
mandmade micro-instruments: 

- A suction micropipette with a Bunsen 
point, serving to keep in position and 
to immobilize the embryo. 

- Fragment of a shaving blade, espe
cially adapted, serving to divide the 
embryo in two equal halves on a verti
cal plane. 

These instruments are fitted to the arms 

309 

of the micromanipulator with either inde
pendent or simultaneous command. 

The embryos are placed in PBS (tampon
ned solution) together with 0.8% of bovine 
albumen and bissected under a stereoscope 
microscope increasing from sixty to eighty 
times more. 

The embryos thus obtained are trans
ferred in pairs to the same receiver or sepa
rately to two. 

In June, 1986 the first pair of hemi-em
bryos were transferred toa Chianina-Nelore 
mestizo cow. The pair of embryos had been 
obtained by the CENARGEN staff through 
the bisection of the original embryo of the 
Red Indubrasil breed. In April 1987, two 
male calves, genetically identical (monozy
gotic twins) were born as a result of this 
transfer. 

Research in this field has turned now to 
the freezingofhemi-embryos with a view to 
sexing of one the halves while the other is 
transferrd or stored. 

Our results today with the bisection of 
embryos vary approximately in 60% gesta
tion, taking into account the inn ovulation of 
the hemi-embryo. These results can be im
proved with greater rigour in the choice of 
embryos and receivers. This methodology is 
being carried out at farm level. 

8. In Vitro Fecundity of Bovine Embryo 
In this particular case, using a small part 

of the ovary and in the near future, we will 
be able to obtain a large number of embryos 
from the laboratory alone. The objectives of 
these are: 

- increase in the economical and geneti
cal potential of embryo transfer. 

- extrapolation of the techniques and 
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applied to animals in danger of extinc
tion. 

9. Cloning 
Preliminary investigations are being 

made. 

10. Transfer of Genes 
Attempts for gene transfer have not been 

made yet. 
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Introduction 

Copra meal is an agro-industrial fibrous 
residue which is abundant in many Asian 
countries, and by far, the most abundant 
feed stuff ingredient that the Philippines can 
offer. It contains 20% protein and 60% car
bohydrates in the form of galactomannan 
(61 %), mannan (26%) and cellulose (13%) 
(Takahashi et al., 1984), and is used as a 
component of animal feed. However, its 
optimum utilization cannot be fully real
ized due to low digestibility attributed to its 
high fiber content. Besause of this, the ap
proach then taken atthe Nationallnstitutes 
of Biotechnology and Applied Microbiol
ogy (BIOTECH) at UPLB is to improve the 
feeding quality of copra meal through mi
crobial action. The theoretical effects include 
(1) marked reduction in fiber content thereby 
incrasing the digestibility of copra meal: (2) 
increased energy value by making simpler 
sugar molecules more available to the ani
mal and (3) improved nutritional quality by 
making proteins that are bound by the poly
saccharide molecules also more available 
(Teves, 1987). 

From previous studies, mannanase was 
produced using Streptomyces sp. no. 17 
(isolated from Philippine soils), from a 

complex medium, modified malt yeast 
broth, thereby making enzyme production 
expensive. Hence, succeeding experiments 
utilized coconut water as substrate in order 
to bring down the cost of mannanase pro
duction. Another approach, solid substrate 
fermentation, was also tried. With this 
method, enzyme production and hydroly
sis of copra meal occur simultaneously. 
Moreover, since a lesser volume of water is 
used in solid substrate fermentation as 
compared to the amount used during en
zyme treatment, drying of the treated meal 
prior to storage would require less time. 

To further improve the nutritional qual
ity of copra meal, cellulase, produced from 
Trichoderma reesei rut C30, was also used to 
hydrolyze copra meal. 

Production of Crude Mannanase 

The mean enzyme activity, specific ac ti v
ity and protein content of the resulting en
zyme solution using coconut water as sub
strate are shown in Table 1. Enzyme activi
ties and protein content ranged from 2.79-
97.34 units and 1.14-2.80 mg/ml. The high
est enzyme activity of 97.34 units with spe
cific activity of 65.62 was obtained from 
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coconut water medium (CWM) containing 
3 % copra meal. 

Table 2 lists the activities of the man
nanase produced from coconut water with 
3% copra meal and from modified yeast 
malt broth (MYMB). The wide range of val-
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ues could be attributed to the coconut water 
composition which may have varied from 
time to time during the duration of the 
experiment. Neverthelss, the results indi
cate that coconut water is a practical sub
strate for mannanase production. 

Table 1. Mean enzyme and specific activities and protein content of mannanase pro
duced using coconut water with varying amounts of copra meal as enzyme production 

medium. 

Weight of 
copra meala 
(gms) 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 

a weight (g) in 100 ml medium. 

Enzyme 
Activityb 

5.55 
28.64 
39.65 
39.59 
22.44 
97.34 
2.79 

Protein 
(mg/ml)c 

1.14 
1.69 
1.77 
2.80 
2.18 
1.15 
1.78 

Specific 
Activityd 

5.14 
17.28 
24.40 
14.36 
10.10 
65.12 
1.99 

b 10 units of enzyme is equivalent to the activity that will produce 5.5 mg mannose/ml 
enzyme/ 30 minutes. 
c Lowry method. 
d enzyme unit/mg protein. 
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Table 2. Mannanase activity of Streptomyces sp. no. 17 produced from Modified Yeast 
Malt Broth (MYMB) and Coconut Water Medium (CWM). 

Medium Batch No. Enzyme Unit 

Modified Yeast Malt 1 13.20 
Broth (MYMB) 2 9.50 

4.00 

4 4.60 

5 11.80 

6 13.60 

7 11.00 

8 8.34 

Coconut Water Medium 1 24.45 
(CWM) 2 10.46 

3 22.27 

4 17.17 

5 32.32 

6 16.83 

7 18.60 

8 46.10 

9 29.09 

10 16.08 

10 units of enzyme is equivalent to the activity that will produce 5.5 mg mannose in 1 ml 
enzyme in 30 minutes of reaction. 
From Zamora et al., 1989. 
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Table 3. proximate analyses of untreated and enzyme-treated copra meal using different 
culture media. 

Copra Meal 
Sample 

Untreated 

Treated: 
enzyme 
fromCWM 

enzyme from 
MYMB 

Ash 

7.32b 

9.86b 

19.95a 

Crude 
Protein 

17.99b 

6.45b 

26.05a 

Percentage(%) 

Crude 
Fat Fiber 

7.95a 

8.63 

7.4P 

Crude 
NFE 

13.08a 53.63a 

7.62b 58.25b 

6.77b 53.96a 

Note: Values with the same superscripts within columns are not significantly different at (P 
< 0.0004) for ash; (P < 0.002) for crude protein; (P < 0.575) for crude fat; (P < 0.0001) for crude 
fiber; (P < 0.0003) for NFE. 
From Rosario, 1988. 

Proximate Analyses of Copra Meal 

As in previous report (Teves et al., 1988), 
mannanase treatment effected a significant 
reduction in the crude fiber content of the 
meal. The changes in the other components 
depended on the production medium (Table 
3). Meanwhile, hydrolysis using 50 units of 
cellulase resulted to a significant decrease in 
crude fiber content of the meal by as much as 
26.42%. 

Relative Nutritive Value (RNV) and 
Lysine Assay 

The RNVs of hydrolyzed and unhydro-

lyzed copra meal are shown in Table 4. 
Treatment with mannanase, whether pro
duced from CWM or MYMBresulted to a 
significant increase in the RNV. Lysine 
content likewise increased after hydrolysis 
(Table 5). 

Feeding Trial 

Table 6 shows the aveage weight gain (g) 
of broilers fed diet with increasing levels 
(10%, 15%, 20%) of untreated and man
nanase-treated copra meal from 1to5 weeks 
of age. 

On the average, broilers fed diets with 
treated copra meal had higher body weight 
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Table 4. Relative Nutritive Values (RNVs) of untreated and Mannanase-treated 
copra meals. 

Kind of copra meal %RNV % increase 

Untreated 

Enzyme-treated 
enzyme produced from CWM 14.44 

enzyme produced from MYMB 24.21 

All treatments whose means have been assigned the same letter are not significantly 
different (P < 0.01). 
From Zamora et al., 1989. 

Table 5. Available lysine of untreated and mannanase-treated copra meal using Modi
fied Yeat Malt Broth (MYMB) and coconut water (CWM) as culture media by 

Streptomyces sp. no. 17. 

Sample 

Untreated copra meal 

Enzyme-treated copra meal 
usingCWM 

Enzyme-treated copra meal 
usingMYMB 

available lysine 
(mg lysine/mg N) 

% increase 

19.08 

61.92 

Note: All treatments whose means have been assigned the same letter are not significantly 
different (P < 0.01). 
From Zamora et al., 1989. 



gain (781.18 g) compared to those fed diets 
with untreated meal (726.65 g). As the level 
of copra meal increased in the diet, body 
weight gain consistently decreased, support
ing the previous findings of Teves et al. 
(1988). From the first up to the fourth week 
of feeding, diets containing 10% copra meal 
(treated and untreated) effected the highest 
body weight gains (Figure 1). 

Solid Substrate Fermentation 

Results of the preliminary study on solid 
substrate fermentation are shown in Tables 
7 and 8. From these data, trea tment2D seems 
to be the most suitable formulation for solid 
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substrate fermentation using Streptomyces 
sp. no. 17. 

Other experiments concerning solid sub
strate fermentation which will be under
taken include the determination of the effect 
of: 

(1)nitrogensourceandothernutrientson 
the growth and enzyme activity of 
Streptomyces sp. no. 17; and 

(2)inocula ti on using a combination of mi
croorganisms on the quality of copra 
meal. In this connection, screening of 
-galactosidase-producingmicroorgan
isms is being pursued. 

Table 6. Weight gain (g) of broilers fed diets with increasing levels of ntreated and 
mannanase-treated copra meal from 1to5 weeks of age. 

Types of copra 
Meal in diet 

Untreated 

Mannanase-treated 

Mean 

From Zamora et al., 1989. 

10% 

782.52 

834.27 

808.40 

LEVEL 

15% 20% Mean 

695.93 701.52 726.65 

820.72 689.14 781.15 

758.32 695.33 
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Table 7. Effect of inoculum concentration on enzyme activity, total sugar, crude protein, 
crude fiber and lysine content of copra meal inoculated with Streptomyces sp. no. 17 after 

one week incubation at 34°C. 

Treatment* Inoculum Enzyme Total Crude Crude Lysine 
(ml) activity sugar protein fiber ug/mg 

(U) mg/ml (%) (%) N 

IA 50 3.74 5.5 21.18 6.12 43.17 
IB 100 10.31 7.34 21.08 6.14 84.77 
IC 150 0.43 10.23 21.24 7.06 121.83 
ID 200 8.43 9.40 20.96 6.18 45.33 
IE 250 4.23 4.20 23.11 7.10 49.62 

Table 8. Effect of moisture on enzyme activity, total sugar, crude protein, crude fiber, and 
lysine content of copra meal inoculated with Streptomyces sp. no. 17 after one week 

incubation at 34°C. 

Treatment* Vol. Enzyme Total Crude Crude Lysine 
water activity sugar protein fiber ug/mg 
(ml) (U) (mg/ml) (%) (%) N 

2A 50 5.36 4.67 20.42 5.89 94.88 
2B 100 5.29 9.82 20.51 6.26 95.33 
2C 150 4.51 5.09 20.94 7.04 73.16 
2D 200 6.93 10.53 20.68 5.66 119.67 
2E 250 8.80 3.90 20.11 5.72 52.16 

*Legend: 

Copra meal Vol. of seed culture Vol. of water 
lA 50g 50ml 100ml 
lB 50g lOOml 100ml 
1C 50g 150 100 
lD 50g 200 100 
lE 50g 250 100 
2A 50g lOOml 50ml 
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Figure 1. Average weekly cumulative body weight gain of broilers up to 4 weeks of 
feeding. 
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Abstract 

In present research, a diagnostic method, 
combining dot blot (DB) test with immu
nodiffusion (ID) test, was developed to dif
ferentiate serum antibody of equine infec
tious anemia virus infected horses from that 
of EIA attenuated vaccine immunized ones. 
A monoclonal antibody (McAb) specific to 
EIA donkey leucocyte attenuated virus la
belled with horseradish peroxidase (HRP) 
was used in DB test. vaccinated horses 
appear positive in DB test while EIA horses 
are positive in ID test and healthy ones 
without vaccination are negative in blot DB 
and ID test. A total of 10159 horses from 
various provinces and area were exami
nated byacombinationofDBandID test for 
serum antibodies to vaccine antigen or EIA 
virus. Of them, 184 horses were infected 
with EIA virus, 9437 were immunized with 
the vaccine and 538 were healthy. The re
sults above were confirmed by pathological 
examination in 106 EIA horses and 21 vacci
nated ones. The EIA epidemic was under 
control in infected areas after positive horses 
were eliminated and new EIA cases have 
not been detected in vaccinated horss even 

though repeated quarantines. It has been 
proved that the method established in the 
studyisvaluablefordifferentiationbetween 
EIA horses and vaccinated ones. 

Vaccine inoculation has been adopted 
extensively in various countries (or preven
tion and control of animal and poultry infec
tious diseases. As a general rule, quarantine 
and epidemic source removal are not under
taken before inoculation and infected ani
mals (or poultry) along with vaccinated ones 
can show the same serum reaction by com
mon serodiagnositical tests use in every 
country, therefore, differentiation ofinfected 
from immunized animals (or poultry) is a 
big problem to be solved worldwide. In 
order to overcome the difficult problem in 
prevention and control of equine infectious 
anemia (EIA), one of the contemporary high 
techniques - lymphocyte hybridoma tech
nique was used in our laboratory to produce 
a monoclonal antibody (McAb) A4 with 
specificity to EIA donkey leucocyte attenu
ated virus. The method, a combination of 
immunodiffusion (ID) and dot blot (DB) test 
with McAb A4-enzyme conjugate was 
employed to differentiate the serum anti-
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body to EIA wild virus from that to EIA 
attenuated virus. Theresultsarereportedas 
following. 

Materials and Methods 

McAb conjugate 
McAb A4 and others labelled with horse

radish peroxidase and the preparation of 
the McAbs-EIA attenuated virus antigen 
complexes have been reported previously 
(2, 3). 

Tested sera 
202 serum samples were collected from 

healthy horses in a farm which was EIA free 
and without EIA vaccine inoculation. 88 
sera were from experimentally immunized 
horses in the institute and 286 were from 
vaccinated ones in the field. 16 samples were 
from the horses immunized with the vac
cine and then challenged with EIA virulent 
virus in a veterinary biological products 
and medical appratus factory. 14 samples 
were from experimentally infected horses 
(or donkey) in the institute and 127 from 
naturally infected horses in EIA epidemic 
areas. In addition, 10159 sera from uniden
tified horses were tested for the antibody to 
EIA wild virus or vaccine strain. 

Procedure of DB test 
Nitrocellulose membrance was used as 
solid phase carried in DB test. 

1. 2.5ulofpositive,negativeand testedsera 
were spotted on NC membrane respec
tively and dried for 15 mins. 

2. Blotted NC membrance was washed for 3 
times (3-5 mins. every time) with 0.02M 
phosphate buffered saline (PBS) contain
ing 0.05% Tween-20 (PBS-T, pH7.2). 

3. The membrane was shifted into HRP
McAb A4 solution (preparate with PBS-

T) to incubate for 1 hour at room-tem
perature. 

4. Washed as step 2. 
5. The NC membrane was soaked in sub

strate soltine for 30 mins. The substrate 
was composed of 3 mg 3, 3'
diaminobenzidine(D AB) and 60ul of 30% 
H20 2 in 20 ml 0.5M Tris-HCl (pH7.6). 

6. The colour change was stopped by wash
ing it in distilled water. Sera appearing 
red-brown were read as positive. 

In the meanwhile, DB tests in blocking 
test and strain-specific identification were 
carried out by blotting EIA virulent and 
attenuated an ti gens onto NC membranes as 
well as using unlabelled McAb A4 and HRP
sheep anti-mouse IgG. 

ID test and pathological examination 
ID test and pathological examining were 
undertaken according to ·the serological 
and synthetical diagnoses in the preven
tion and control measures on EIA prom
ulgated by the Agricultural Ministration. 

Results 

Identification of Virus Strain-specificity 
ofMcAbA4 

1. Cross-reactive DB test 
The reaction between McAb A4-EIA at
tenuated antigen complex and various 
sera (respectively from healthy horses 
without EIA vaccination, EIA vaccinated 
horses, EIA horses, gland ed horses, J a pa
nese B encephalitis horses, an cattles with 
leukaemia) was determined by cross
reactive DB test. The results showed that 
there was a positive reaction only in sera 
from EIA vaccinated horses but negative 
in the rest sera. 



2. Blocking test 
Blocking test was done by dotting EIA 

attenuated virusantigenonNCpaper, then 
blocking with either the sera from vacci
nated horses or EIA ones or healthy ones, 
afterwardsreactingwithMcAb A4 and HRP
anti-mouse IgG sequencially. The paper 
blocked with vaccinated sera showed nega
tive reaction while that healthy or EIA sera 
appeared positive. The results demonstrate 
that McAb A4 agaisnt EIA attenuated virus 
antigen is highly specific. 

3. Identification of strain-specificity 
EIA virulent and attenuated virus anti

gens were added on NC membrane respec
tively, and then the NC membrane was 
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treated with McAb A4 followed by HRP
anti-mouse IgG. The experiment showed 
that McAb A4 was specific to EIA donkey 
leucocyte attenuated virus, not a virulent 
one. 

Examination of the sera from various horses 
by McAb A4 and other McAbs 

In DB test, with HRP-McAb A4, the sera 
from healthy and experimently or naturally 
infected horse with EIA virulent virus strains 
gave negative reaction whereas those from 
experimentally immunized horses, vacci
nated horses and the EIA virus challenged 
ones after vaccination were positive. How
ever, McAb A4 and other McAbs (2C4, 
2D3Al and A12H12) could not distinguish 

Table 1. The DB test results of various horse sera with five McAbs. 

sera from 

McAbs A B c D E F 

A4 O* 0 86 203 16 0 

B4 14** 35 88 217 16 168 
6 10 83 204 16 0 

2C4 6 10 88 217 16 168 
6 10 86 201 16 0 

2D3Al 6 10 88 217 16 168 
6 10 81 204 16 0 

A12H12 6 10 88 217 16 168 
6 10 83 202 16 0 

6 10 88 217 16 168 

A: experimently infected ones. B: naturally infected ones. C. Immunized ones in laboratory. 
D: vaccinated ones in spot. E: challenged ones after vaccination. F: healthy ones. 
*:positive **:tested. 
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the sera of vaccinated horse from those of 
infected ones. the results (Table 1) indicate 
that McAb A4 can be used to differntiate 
vaccinated horses from EIA ones in the 
survey. 

Successive Examinations for vaccinated and 
infected horse by DB and ID test 

Five horses (No. 12, 25, 28, 29 and 42) 
suffered from prolong examinations for two 

years after vaccination (data of No. 42 horse 
as Table 2). The results showed that the sera 
were negative within 2 weeks postinocula
tion (p. l) then began to turn to positive from 
3 weeks and maintained over 2 years (p.1). 

25 infected horses from epidemic area 
which were trailed for examination were 
positive in ID test and negative in DB test 
and the situation lasted for over tw:o years 

Table 2. The results of successive examination for no. 42 horse by DB test with McAb A4 

Year Month Day Result 

1981 2 18 (vaccinated) 
2 25 
3 4 
3 11 + 
3 25 + 
4 15 + 
4 25 + 
6 7 + 
6 15 + 
8 13 + 
9 23 + 

10 1 + 
11 23 + 
12 11 + 

1982 1 12 + 
2 21 + 
3 21 + 
4 26 + 
9 15 + 
9 23 + 

1983 2 21 + 



when examined again. 
In the study, it has not been observed that 

negative DB test was transfered to positive 
in the sera of infected horses or positive DB 
test to negative in that of vaccinated ones. 

Result comparison between DB and ID tests 
The detective results of 28 vaccinated 
horses, 127 infected ones and 202 healthy 
ones by DB and ID tests are listed in Table 
3. Immunized horses were positive by 
both DB and ID tests (although the inci
dence in the later was lower), infected 
ones were only ID positive and healthy 
horses were negative by both. 

A pool of 3 sera from immunized horses 
with same volume was diluted and tested 
by ID and DB tests. The serum became 
negative by ID in 1:20 dilution and positive 
reaction has been observed in DB test even 
up to 1:3200 dilution. The results show that 
DB test is more sensitive than ID test. 

Differential diagnosis of the sera from field 
horses by a combination of DB and ID tests 

As McAb A4 was specific to EIA donkey 
leucocyte attenuated vaccine strain, i twas 
employed in DB test to seek out vacci
nated horses, subsequently the rest of the 
horses was tested by ordinary ID test to 
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reveal infected ones. The healthy horses 
showed negative in both DB and ID tests. 
In this way, serological examination was 
carried out in 10159 horses from several 
areas and the results are showed in Table 
4. It was confirmed that 9437 horses were 
vaccinated, 184 were infected and 538 
were neither vaccinated nor infected. 

Pathological examination on the horses 
which was pisitive in DB or ID test 

In order to confirm the diagnosis, which 
DB positive horses were judged as vacci
nated and ID positive ones as infected, 
106 horses of ID positive and 21 of DB 
positive were further examined patologi
cally (Table 5). Characteristic pathologi
cal changes were observed in all of ID 
positive horse, including meaningful 
proliferation ofinterstitial tissue and rare 
necrosis in parenchymatous organs, 
positive iron reaction in liver, prolifera
tion and necrosis of T celland B cell areas 
in immune organs. The lesions are con
sistent with the pathological diagnositic 
standard of EIA in China. But they were 
not found in DB positive horses. The 
diagnostic result of a combination of DB 
and ID tests is identical with that of patho
logical examination on EIA vaccinated or 
infected horses. 

Table 3. The examination results of known horses by DB and ID test. 

Tests 

DB 

ID 

Vaccinated 
horses 

280/280 

60/280 

Infected 
horses 

0/127 

127/127 

Healthy 
horses 

0/202 

0/202 
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Table 4. The results of seroexamination on field horses by a combination of DB test and 
ID test. 

Sera DB ID 
source No. positive negative positive negative 

A 8974 8538 436 90 346 
B 551 427 124 14 110 
c 26 1 25 25 0 
D 62 44 18 18 0 
E 8 0 3 3 0 
F 476 389 87 11 76 
G 62 38 24 18 6 

Total 10159 9437 722 184 538 

*: Representing various provinces or areas. 

Table 5. The results of pathological examination 

Horses EIA lesions 
acute subacute 

ID positive 20 17 

DB positive 0 0 

Discussion and Conclusion 

McAb A4 specific to EIA donkey leu
cocyte attenuated vaccine strain was pre
pared by lymphocyte hybridoma technique. 
With the enzyme-conjugate DB test could 
identify the horses immunized with attenu-

FreeEIA 
chronic lesions 

69 0 

0 21 

Total 

106 

21 

ated vaccine but not infected ones. ID test 
was adopted to select infected horse from 
the rest horses. A combination of DB and ID 
tests is valuable and practical for differen
tiation of vaccinated horses from infected 
ones. 



LuJingliang et al (4) and Coggins et al (5) 
have already reported that infected horses 
can be diagnosed in the light of ID test, 
which has been verified over and over again 
in experimently or naturally infected cases. 
On the other hand, the capacity of DB test 
with McAb A4 to detect the sera from vacci
nated horses has been demonstrated by 
cross-reactive DB test, blocking test, strain
specificity identification, examination for 
various known horses along with patho
logical examination etc. in the paper. There
fore, the result is believed to be extremely 
trustworthy. 

McAb A4 has been used in DB test by 
which 10159 sera from field horses were 
tested for distinguishing between vaccinated 
and infected animals with the aid of ID in 
this study. As reward for efforts mentioned 
above, EIA epidemic was decreased and 
controlled obviously in epidemic area by 
segregation or slaughter of infected cases. In 
the meantime, no EIA horse was found by 
quarantine several times in the vaccinated 
ones diagnosed by DB rest. The study on 
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structural proteins or antigen compositions 
of EIA attenuated and virulent strains is 
being carried on. 

References 

1. Shen Rongxian et al., Scientia Agricultura 
Sinka, 4, 1, 1979. 

2. Lu Jingliang et al., Scientia Agricultura 
Sinica, 5, 76, 1985. 

3. Lu Jingliang et al., Chin. J. Anim. Poul. 
Infe. Dise. (Proceedings of the National 
Symposium on Animal Husbandry and 
Veterinary Biotechnology), pp72, 1988. 

4. Lu Jingliang et al., Proceedings of the 
International Symposium on Immunity 
to Equine Infectious Anemia, ppl 18, 1983. 

5. Coggins, L. Proceedings of the Interna
tional Symposium on Immunigy to 
Equine Infectious Anemia, ppl18, 1983. 



Proc. F AO/CAAS Workshop on Biotechnology in Animal Production 
and Health in Asia and Latin America, Beijing, Oct 9-13, 1989, pp 328 -330 

Current Research Projects On 
Biotechnology In Animal Health In Korea 

Soo-HwanAn 
Veterinary Research Institute 

480 Anyang, Korea 

Diagnosis of Animal Diseases 

Monoclonal antibodies 

Conventional sero-diagnostic tests usu
ally have many undesired nonspecific or 
cross-reactions. Therefore the need for homo
geneous diagnostic an ti bodies with defined 
specificity is essential in many assay sys
tems. 

Monoclonal antibody (MAb) research in 
the field of animal health was initiated from 
1984 in Korea. Since then several kinds of 
MAb against etiologic agents of veterinary 
importance have been characterized for the 
development of rapid and sensitive diag
nostic tests. 

The methods used for the production of 
MAb were similar with the methods that 
have already been reported by others, but 
some minor modifications have been ap
plied. In conventional fusion methods, im
munization of Balb/c mice usually takes 
about 3 months period, and efficiency of 
fusion is somewhat variable when the poly
ethylene glycol (PEG) is used as a fusing 
agent. Therefore researches for improving 
the cell fusion method are now being under 
study. 

To improve immunization protocols, in-

trasplenic and in vitro immunization meth
ods were tested for standardization. With 
the intrasplenic route of injection, a local
ized high concentration of antigen in the 
target organ is presumably to maximize the 
number of specific B cell blasts in the spleen 
by direct local inoculation. Uptake and elimi
nation of antigen in other parts of the body, 
as is the case with other routes of injection, 
is minimized by this procedure. 

With in vitro immunization, an effective 
immunization could be achieved with a 
relatively low dose of antigen in 3-4 days. 
Since muramyl di peptides have been shown 
to increase the in vitro immune responses 
without greatly enhancing the mitogenic 
potential of cultured lympocytes, antigen 
specific B lymphocyte will preferentially be 
activated. An additional advantage is that a 
significant immune response could also be 
induced against certain antigens which are 
normally regarded as poorly immunogenic 
or even non-immunogenic. 

The yield of hybridoma cells produced 
by PEG induced fusion technique is low, 
which is a considerable disadvantage. Thus 
electro fusion of cells is under test for a high 
yield of hybridized cells that are capable of 
producing antibodies with a given specific
ity. 

Recently, studies were conducted to de-
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termine the feasibility of culturing mouse 
hybridoma cells inside semipermeable mi
crocapsules for use in the production of 
MAbs. For the polyanionic polysaccharide 
gel molds, k-carrageenan and sodium algi
nate were used, and for the polycationic gel 
surface former, chitosan (a chitin polymer) 
was used. This micro-encapsulation tech
nique for hybridoma cells is under evalu
ation in Kangweon National University. At 
present MAbs against several bacteria and 
viruses have been produced and character
ized, and rapid and sensitive diagnostic 
assays were tested or are being under test 
using these MAbs (Table 1). 

Gene characterization 

The electrophoretic patterns (electrophe
rotypes) of double stranded genomic viral 
RN A were determined by gel electrophoresis 
for the rapid and sensitive diagnosis of rota
virus infections in animals. Viral RNA was 
extracted from fecal samples by a procedure 
similar to that described by Herring et al. 
Briefly, 0.2g of fecal samples were diluted 
with 0.8 ml of sodium acetate buffer, soni
cated, and clarified. The supernatants were 
harvested, extracted with 0.5 ml of phenol
chloroform solution, and RNA were pre
cipitated with ethanol. Electrophoresis of 
RNA segments was performed in 10% poly
acrylamide gel or 1 % agarose gel, and the 
gels were stained with silver. Rotaviruses 
have a characteristic RNA electrophoretic 
pattern in gels in which 11 segments of 
double stranded RNA are arranged in four 
regions. This method is particularly useful 
to identifying the rota viruses which are not 
detected by ELISA and cell cultures. 
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The electropherotyping method is also 
useful to detect and identify the RN As of bo
vine and mouse reoviruses and Ibaraki vi
rus. 

Restriction endonuclease analysis have 
been used successfully in the identification 
and characterization of different isolates of 
herpesviruses such as Aujeersky's disease 
virus (ADV) and infectious bovine rhinotra
cheitis virus (IBRV). The cleavage patterns 
of genomes indicated that the field isolates 
of ADV similar to Tiwan NT strain, and 
IBRV to Colorado strain, were prevalent in 
Korea. 

C. Probes 

Nucleic acid hybridization, the forma
tion of a duplex between two complemen
tary nucleotide sequences, is the technique 
widely used in modern molecular biology. 
Recently, detection of specific viral sequences 
within cells or tissues for elucidation of 
porcine parvovirus and ADV is under test 
using non-isotopic in situ hybridization 
method. 

Development of Vaccines 

Cloning and expression of genes 
encoding protective immunogens 

Studies on cloning and expression of 
specific genes are recently initiated for the 
development of subunit vaccines, such as 
hog cholera, bovine viral diarrhea and E. 
coli. 
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Table 1. Production of monoclonal antibodies and 
its diagnostic use in veterinary field. 

Pathogens 

Salmonella anteritidis (group D) 
typhi 

Brucella abortus 
melitensis 
ovis 

Leptospira pomona 
loterohemorrhage 
canicola 
hardjo 

Bovine viral diarrhea virus 
Infectious bovine rhinotracheitis virus 

Hog cholera virus 
Aujeersky' s disease virus 
Porcine parvovirus 
Transmissible gastroenteritis virus 
Japanese encephalitis virus 

Rabies virus 

Newcastle disease virus 
Infectious laryngotracheitis virus 
Infectious broncheitis virus 
Avian reovirus 
Marek' s disease virus 
Herpes virus of turkey 

ELISA 
IFA 
MAT 
IPA 
IDA 
MRIDEA 

Enzyme linked immunosorbent assay. 
Indirect immunofluorescence assay. 
Micro-agglutination test. 
Indirect peroxidase assay. 
Immunodot assay. 
Modified radial immunodiffusion enzyme assay. 

Diagnostic methods 

ELISA,IFA 

ELISA,IFA 

MAT 

IFA,IPA 
IFA,IPA 

IFA, IPA 
IF A, IP A, MRIDEA 
IFA, IPA 
IF A, IP A, IDA 
IFA, IPA 

IFA, IPA 

IFA, IPA 
IFA, IPA 
IFA 
IFA 
IFA 
IFA 
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1. Economic Aspect 

Animal health is important for two rea
sons. First, there is a direct relationship 
between animal health and product yields. 
Losses from disease are costly but prevent
able, latest estimates are approximately US 
$150 million per annum. Screening of im
ported livestock is a first step towards pre
vention, but many of the major diseases are 
endemic to Indonesia and South East Asia 
and therefore coordinated vaccination and 
surveillance programmes are important 
steps to be taken in the control and possible 
elimination of animal diseases. 

Second, certain diseases like Anthrax, 
Brucellosis, Tuberculosis, Rabies, Cysticer
cus and Trychinella occuringin animals may 
be transferred to the human population 
with serious consequences. Clinically these 
zoonotic diseases are found mostly in people 
who have close contact with animals and 
their waste product e.g. agricultural work
ers and animal productmanufactures, health 
workers and children through pets. These 
diseases give rise to significant indirect cost 
by putting pressure on the primary health 
care system. 

Currently Indonesia has limited member 

of animal vaccine programmes in place 
within the public sector, while the private 
market for vaccines is growing rapidly (Table 
1). Demand from the public sector has fallen 
rapidly as national budgets have been cut 
back with the result that the major domestic 
producer Pusat Veterinaria Parma (Vetma) 
has almost ceased production. 

The country is importing over 700 mil
lion doses of vaccine per annum costing in 
excess of US$ 20 million and these imports 
are increasing 37% per annum with every 
prospect of this growth rate continuing as 
commercial poultry and cattle farming 
expands. Vetma, a Govt. Institute has suffi
cient installed capacity to produce 115 mil
lion dose of animal vaccine per annm and 
has been actively lobbying with the Govern
ment to permit sufficient investment to raise 
this capacity to 500 million doses over the 
next 10 years. 

2. Institution structure 

2.1. Production and development 

2.1. a Public sector 
Production is concentrated at the wholly 

owned Government institute Vetma. The 
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FMD 
Fowl Pox 
Coryza 
Gumboro 
Inf. Bronchitis 
Mareks 
ND 
ND+IB 
Others 

Total 

Table 1. Major animal vaccine import 1982-1985 

1985 
No.doses 

(OOO's) 

5,751 
10,687 
21,160 
11,400 
14,060 
42,885 

543,733 
47,750 
21,630 

719,026 

%of 
Total 

0.8 
1.5 
2.9 
1.6 
2.0 
6.0 

75.6 
6.6 
3.0 

100.0 

% Volume increase 
per annum 1982-85 

12 
23 
53 
15 
19 
23 
39 
34 
68 

37 

Source: Directorate General of Livestock Services (Indonesia). 

Table 2. Vaccine production at Vetma (million doses). 

1984/1985 1986/1987 

Anthrax 2.2 0.4 
Brucellosis 0.3 0.54 
FMD 1.5 1.56 
ND 93.4 16.0 
Fowl Cholera 1.8 0.40 
Rabies 0.6 0.55 
HS 5.3 1.8 

Total 105.1 21.25 

Source: Pusat Veterianria Parma. 



company has developed from a research 
institute on FMD to a production facility for 
a wide range of vaccines including ND, 
Fowl Cholera, FMD, Rabies and Brucellosis 
(Table 2). The company employes over 250 
people, consisting of 25 veterinarians, one 
medical doctor, two biologists and one phar
macists. 

The company is restricted by Govern
ment decree to producing solely for the 
Ministry of Agriculture and is administered 
through the Directorate General of Live
stock Services (DGL). Current budgetary 
constraints have dramatically reduced pro
duction to near critical levels (Table 2). 

2.1.bPrivate sector 
Currently the private market is princi

pally being supplied with imported vaccine 
through a small member of approved dis
tributors, and the small private production 
is concentrated in P.T. Vaksindo, a subsidi
ary of Daria Varya. This company's main 
production is vaccine against various avian 
disease and canine Rabies vaccine. P.T. 
Eurindo also produces ND vaccine locally. 

2.1.c Research 
Research efforts within the animal area 

under the umbrella of the agency for Agri
cultural Research and Development are split 
between the Research Institute for Animal 
Production (Ciawi) and the Research Insti
tute for Animal Diseases (Balitvet). Work is 
supervised by the Research Coordinating 
Centre for Animal Sciences. 

Balitvet is based in Bogor and conducts 
research in six departmental areas; virol
ogy, bacteriology, parasitology, toxicology, 
pathology and epidemiology with the ob
jective of control and eradication of infec
ticms animal diseases. Balitvet employed 60 
qualified scientists over half of whom are 

333 

trained or currently being trained for higher 
degrees. Research results with application 
in vaccine production are transferred to 
Vetma Surabaya. 

There are seven regional Disease Investi
gation Centres (DIC) which conduct research 
investigation and active service in the re
gion concerned. Each centre employs about 
10 veterinarians plus around 25 veterinar
ian assistants and consisting of four labora
tories; pathology, parasitology, bacteriol
ogy and virology. The centres are under the 
umbrella of DGLS. 

A national reference coordinating com
mittee is in existance to help improve the 
linkages between Balitvet-DGLS. The com
mittee is chaired by the Director of the Re
search Coordination Centre for Animal Sci
ence and includes among its membership 
the DGLS, the Directors of DIC, the Director 
of Balitvet, and foreign representatives of 
animal health projects. This committee is 
hoping to improve communications between 
the national and regional laboratories and 
thus aid and improve research and informa
tion transfer. 

2.2. Technology 
The relevant vaccines and production 

methods in Indonesia are: 

2.2.aViral 

*ND vaccine (various strains, activated 
and inactivated) 

- Simple specific pathogen free (SPF) 
egg embryo incubated and freeze 
drying. 

*Mareks disease (MD) vaccine 
- Quil chick embryo fibroblast put into 

roller bottle cell culture, sonicated, fil
tered and freeze dried. 
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*Rabies vaccine 
- Roller bottle cell culture; inactivation 

and separation by either filtration (in
dicates manufactured at Vetma) or cen
trifugation (indicates manufactured at 
Vaksindo). 

*FMD vaccine 
- Animal cell culture using baby ham

ster kidney (BHK) cells. 
- BHK cells in fermenters up to 1500 

litres. Technology obtained from Wel
come L~boratories. 

2.2.b Bacterial 
*Haemorrhagic Septicaemia (HS) vaccine 
- simple 251 batch fermenters with no 

control. 

*Anthrax 
- solid medium surface fermentation in 

Roux flasks. 

*Brucella vaccine (strain 19) 
- as Anthrax. 

*Various antigens ( eg. Brucella Rose Ben
gal) 

- simple 1 litre laboratory flask incuba
tion. 

3. Area specific selection 

Table 3 illustrates the most significant 
diseases in Indonesian Livestock. ND is by 
far the most important being endemic to the 
region and capable within days of destroy
ing whole flocks in villages and rapidly 
growing commercial poultry sector. Other 
economically important viral disease indi
cated are FMD, although it had been eradi
cated since 1983, and Mareks disease. Ra
bies does not appear in the list as its eco
nomic significance is very small when only 

animal production losses are considered. 
Rabies, however is of considerable impor
tance to human health and is considered a 
barrier to the development of the tourist 
industry in many areas. Malignant catrrhal 
fever (MCF) and Jembrana disease (JD), two 
diseases are recently identified also as eco
nomically important. M CF infects Bali cattle 
and buffalo. JD infects Bali cattle, the only 
Indonesian purebred cattle, and buffalo. The 
buffalo, beside .for meat are also used for 
draught., 

Paasitic diseases are also economically 
important to Indonesia but their treatment, 
both prophylactic and therapeutic, involves 
the use of chemically synthesised pesticides, 
anthelmintics and antiprotozoal drugs. 
Work into drugs and vaccine required to 
eliminate parasite diseases is not recom
mended for immediate implementation of 
biotechnology. 

Bacterial diseases as shown in Table 3 are 
least economically significant of the three 
but the should be still considered in future 
biotechnology implementation, as many of 
the developments will be directly transfer
able at a small extra cost. 

3.a. Technical 
The technical skills required for animal 

vaccine production are shown in Table 4, 
which indicates the relationships between 
the technologies and the short-listed animal 
vaccine areas with respect to potential fu
ture developments. This table also indicates 
thatthe major biotechnology developments 
are occurring in Rabies and FMD vaccine 
productions whilst hybridoma technology 
is important in the development of diagnos
tics. Production of other viral and bacterial 
vaccine would help the general skills associ
ated with fermentation (e.g. animal cell 
culture and biochemical engifteering) but 



Table 3. Economic significance of diseases 

Type 

ND Viral 
Fasciolosis Parasite 
Trypanoso- Parasite 
miasis 
FMD Viral 

HS Bacterial 

Ascariasis Parasite 

Brucellosis Bacterial 

Cascado Parasite 
Anthrax Bacterial 
Mare ks Viral 
MCF Viral 

JD Viral 
(?) 

Source: DGLS Indonesia. 

Species 
effected 

Poultry 
Ruminant 
Cattle, 
Buffalo 
Cattle, 

Cattle, 

Cattle/ 

Cattle/ 

Cattle 
All 
Poultry 
Bali 
cattle, 
Buffalo 
Bali 
cattle 

Signifi
cance 

Very High 
Very High 
Med/High 

Med/High 
Buffalo 
Med/High 
Buffalo 
Low/Med 
Pig 
Low/Med 
Pig 
Low/Med 
Low/Med 
Med/High 
Med/High 

Med/High 

Estimated 
doses 
(US$m) 

40 

15 

9 

7 

7 

4 
4 
3 
? 

? 

Vetma 
Vacs 

x 
32 
22 

x 

x 

x 

x 

x 
x 

335 
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Table 4. Biotechnology research and development potential in animal vaccine 
production. 

Viral vaccines Bacterial 
vaccine 
HS Brue. 

Disease 
diagnosis MD ND FMD Rabies MCF JD 

Virology 
Parasitology 
Immunology 
Animal cell 
culture 
rDNA 
Fermentation 
Biochemistry 
Biochemical 
engineering 
Microbiology 
Hybridoma 
technology 

0 

x 

0 

x 

x 

x 
x 
x 

x 
0 

x 

x 

x 
x 
x 

x 
0 

X = Significant new development expected. 
0 =helpful development. 

they are unlikely to be part of new develop
ments using the biotechnological skills and 
technologies. 

The researches on developing r DNA and 
peptide synthesis of animal vaccine are going 
to be started. 

4. Production of malignant catarrhal 
fever (MGF) conjugate 

MCF virus had been isolated from buf
faloandBalicattlewhichshowedMCFclini
cal signs (1,2,3,4). Bali cattle is the most 
susceptiblewiththeincidencerateof20.65% 
(1) followed by buffalo with the incidence 
rate of 0.47% (5), per annum respectively. 

x x 

x x 

x x 
x x 
x x 

x x 
0 0 

An th. 

x 

x 

x 

Therefore, the disease is very important to 
Indonesian farmers because Bali cattle is the 
only indigenous pure breed in Indonesia 
which is encouragely being extended by the 
government. Meanwhile, buffalo is also very 
important to farmers not only for meat but 
also for draught. 

The investigation of MCF in Indonesia 
needs reagents among other things is con ju
gate to MCF virus. The conjugate will be 
used in fluorescent assays, the technique 
that had already been routinely used a tseven 
regional Disease Investigation Centres (DIC) 
in Indonesia. 



4a. Materials and Methods 

Materials 
K6/ AP virus in bovine fetal kidney pri

mary cell culture (BFK cell) that was named 
due to the code number of a buffalo from 
which the virus was isolated, was employed 
as the antigen. A sheep was injected with the 
virus to produce antibody to MCF virus. 
Fluoresce in iscthiocyanate (FITC) was 
implemented to label the antibody. 

For fluorescence standard, it had been 
employed bovine antiserum to well virus 
and anti bovine IgG conjugated with FITC in 
indirect fluorescent antibody technique 
(IF AT) against infected BFK cell. The antise
rum was obtained from Plum Island Animal 
Disease Centre, USA under the courtesy of 
Dr. J.A. House and the antibovine IgG con
jugated with FITC was manufactured by 
Capple Laboratory. 

4b. Methods 

BFK cell was infected with K6 I AP virus 
identified by the formation of cytopathic 
effects (CPE) in cyncytia form. The cell was 
trypsinized and centrifuged at 5000 rpm for 
five minutes. The packed cell was over
flowed in PBS at the concentration of 3x105 
per ml. 

The suspension was injected into jugular 
vein five times, 2 ml each, at interval of one 
week. The sera of preinoculation, one week 
after the first up to the fifth inoculations 
were taken for the judgement of antibody 
existance through neutralisation test (NT). 

The serum of one week after the fifth 
inoculation was prepared for producing the 
conjugate after being mixed with normal 
BFK cell, 10 ml with 1 ml packed cell, over 
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night at -20"C. 

Immunoglobulin G (IgG) was separated 
through precipitation using saturated 
ammonium sulfate to the amount of the 
serum volume. The mixture was steered for 
45-60 minutes at 4 °C. The occurring precipi
tate was dissolved in the original serum 
volume of water and was precipitated again. 
This step was repeated twice. 

The precipitate, then was dissolved in 
PBS pH 7.2 up to the original serum volume 
and loaded into dialysis tubing and dialy
sed against 20 times serum volume of water, 
overnight at 4°C. The dialysis was repeated 
until the IgG solution free from sulfate ion, 
proved by adding barium chloride (0.5%) 
into dialysate sample. The absence of white 
precipitate indicated the IgG solution free 
from sulfate ion. The dialysis was then con
tinued against PBS. 

The concentration of IgG solution was 
measured using Coleman spectrometer and 
the solution was diluted with PBS until the 
concentration 10-30 mg per ml. The solution 
was put into dialysis tubing for FITC conju
gation. 

Conjugation of IgG was conducted .due 
to Clarke and Shephard method (8). 

The excess of FITC was omitted by dia
lyisngthe conjugated IgG against: aquqdest, 
PBS pH 7-7.5, O.OlM with 2-X4, 20-50 mesh 
Dowex (10 gram per 25 ml of conjugate), 
PBS pH 7-7.5, 0.01 M without Dowex, with 
the volume of each was 10-15 times the 
conjugate volume. The occuring precipitate 
was omitted through centrifugation or fil
tration. Supernatant was taken and used as 
conjugate after being added thiomarsal or 
merthyolate 1:10 000. 
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The specifity of staining of the conjugate 
could be raised through column chromatog
raphy with DEAE cellulose (anion exchaner) 
due to Riggs et al. method (9). 

The titer of conjugate, then was confirmed. 
The solution was diluted in two folds. Each 
dilutionleveloftheconjugatewasemployed 
to test K6/ AP virus infected BFK cell. The 
fluorescence was compared with the result 
of IFAT using bovine antiserum to WCll in 
1 :20 dilution and anti bovine IgG conjugated 
with FITCin 1:20dilution,againstthe same 
cell. The highest dilution level showing 
bright fluorescence with minimal nonspe
cific back ground was ascertained as dilu
tion level of the conjugate. 

4c. Result 

Preinoculation serum had no antibody 
activity of inhibiting the growth of K6/ AP 
virus in BFK cell. Moreover, the serum of 
first, second and third injections also had no 
antibody activity. The antibody activity 
developed after fourth and raised after fifth 
injections of sera. The antiserum to K6/ AP 
as much as 20 ml after being absorbed by 2 
ml of normal BFK cell was used for conju
gate. 

It produced 20 ml of IgG solution (10 mg 
per ml PBS) conjugated with FITC. The 
conjugate dilution manifested bright fluo
rescence up to 1:16 dilution. 

The conjugate had already been used for 
FAT on MCF research at DIC, Region I 
Medan, North Sumatra, Indonesia at 1:10 
dilution. 

By the same technique, the sheep conju
gate had already been produced repeatedly. 

4d. Discussion 

A virus had been isolated from buffalo 
and Bali cattle that showed MCF clinical 
signs. The virus was reacted against anti
body to well virus (1,2,3,4). well virus is 
MCF virus isolated from wildebeest in Africa 
(7). 

The antibody developed in the sheep 
owned the specific activity against K6/ AP 
virus that could be identified from NT. 
Where the sera of preinoculation and at 
least two weeks postinoculation revealed 
no antibody activity against K6/ AP virus. 
Meanwhile, the serum of four weeks 
postinoculation possessed antibody activ
ity to K6/ AP virus which ascended titer 
after five weeks. 

The possibility of the existence of anti
body to cell membrane, was omitted through 
the absorbsion by the normal BFK cell, the 
cell culture that was implemented to grow 
K6/ AP virus. 

The successful production of the conju
gate and the discovery of the way to isolate 
MCF virus, open the new atmosphere to 
MCF diagnosis in Indonesia. thus, the diag
nosis can be carried out earlier, so that the 
spreading of the disease can be prevented. 
Beside, the disease status of the population 
in the field can be monitored. 

However, it is reliable to produce the 
antibody using purified virus. Purification 
can be done against free virus. Whereas 
MCF virus is known as a cell associated 
virus (6,7). 

Recently, the virus is successfully freed 
through high subculture and already puri
fied. Beside, the production of antibody 
through monoclonal antibody technique is 



being studied. 
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Monoclonal antibodies (mah) have 
emerged as important diagnostic and re
search tools in various scientific disciplines 
because they are able to generate superior 
serological reagents in large amounts which 
are monospecific and homegenous. These 
are very useful in diagnosis, treatment and 
epidemiology. 

In Thailand, the Department of Livestock 
Development (DLD), the government 
agency directly concerned with animal 
health and production, is involved in mah 
research, particularly concerning infectious 
diseases of veterinary importance. The 
National Animal Health and production 
Institute, DLD, with the assistance of the 
Japan International Cooperation Agency 
(JICA) is studying the production of mah 
against Newcastle disease virus (NDV) in 
order to differentiate NDV strains, for con
ventional procedures, which do not yield 
rapid answers and are unable to distinguish 
serotypes among avian paramyxoviruses. 
Hybridoma technology can produce highly 
specific antibodies which permit both the 
grouping and differentiation of avian para
myxoviruses in general and NDV isolates in 
particular. Experimental production of mah 
against NDV has just begun. Chicken em
bryos have been inoculated with a local 

strain of NDV. The chorioallantoic fluid is 
harvested and purified by rate-zonal cen
trifugation. The purified antigen is used to 
immunize Balb I c mice to produce mah. At 
present, immunization is going on. Follow
ing this, immunized spleen cells will be 
mixed and fused with mouse myeloma cells 
and hybridoma culture fluids will be 
screened by enzyme linked immunosorbent 
assay and hemagglutination inhibition test. 
Antibody-producing hybridomas will be 
cloned and analysed to identify the epitope 
ofNDV. 

In addition to this work, the Foot and 
Mouth Disease Center, DLD, again with the 
assistance ofJI CA is developing mah against 
foot and mouth disease virus for strain dif
ferentiation and estimation of virus infec
tion associated antigen. Most of this work is 
conducted by Japanese experts together with 
Thai counterparts. Moreover, the Faculty of 
Science, Mahidol University, has proposed 
to the DLD a project for the development of 
an assay for circulating Fasciola gigantica 
antigens using mah to be carried out with 
funding from STDB. So at present in Thai
land, advanced hybridoma technology is 
beginning to be exploited. The outcome of 
this work is sure to contribute to better 
disease control in the future. 
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