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CURRENT ARRANGEMENTS FOR EXISTING NATIONAL AND MULTI-
COUNTRY STORAGE SYSTEMS FOR THE CONSERVATION OF ANIMAL 

GENETIC RESOURCES 

I. EXECUTIVE SUMMARY 

1. Many countries have implemented cryoconservation to help better manage their animal 
genetics resources (AnGR). Multinational gene banks may have a role in an international effort for 
management of AnGR. To better assess such activities, the Intergovernmental Technical Working 
Group on AnGR of the Commission on Genetic Resources for Food and Agriculture, invited FAO to 
report on the status of national and international programmes for storage of AnGR. FAO thus 
implemented a survey on this topic in January 2010. The questionnaire comprised 16 questions on 
various matters related to AnGR conservation, including multinational gene banks. Valid responses 
were received from 166 persons from 90 countries. A follow-up survey to obtain more detailed 
information was distributed in April 2010 to the respondents to the first survey. Responses to the 9-
question survey were received from 77 persons from 55 countries. 
 
2. Many countries practice AnGR conservation, with in situ programmes being the most 
common. The number of cryoconservation programmes is about half the number of in situ 
programmes for most livestock species. Fully operational gene banks were reported in about 20% of 
the countries, and plans for a gene bank within five years were indicated in an additional 50% of the 
countries. Lack of financial support and low priority in national livestock policy were the most 
commonly cited obstacles for gene banking. Very little multinational gene banking activity was 
reported, but interest in such work was high. Aversion to multinational gene banks was noted in only 
about 10% of countries. Among the factors contributing to the paucity of multicountry AnGR gene 
banks are a lack of funding, regulations on international exchange of genetic material and a lack of 
consensus on procedures for operation of gene banks. 

II. INTRODUCTION 

3. The Intergovernmental Technical Working Group on Animal Genetic Resources of the 
Commission on Genetic Resources for Food and Agriculture, at its Fifth Session, invited FAO “to 
prepare a document on the current arrangements for existing regional storage systems, including 
existing health and other relevant regulations for the exchange of genetic materials among countries”.1 
To that end, the FAO implemented over the internet a voluntary survey2 of persons involved in the 
management of animal genetic resources within their respective FAO member countries. The survey 
covered various topics regarding animal genetic resources, with a primary focus on the operation of 
national and international gene banks for their conservation. The responses to the completed 
questionnaire were evaluated in detail though a follow-up study in the form of a second 
questionnaire.3 The questionnaires are found in Annexes 1 and 2, respectively. 
 
Background 
 
4. Strategic Priority 10 of the Global Plan of Action for Animal Genetics Resources is to 
“Develop and implement regional and global long-term conservation strategies” (FAO, 2007a). Action 
3 of this Strategic Priority is to “Establish regional and global networks of gene banks for animal 
genetic resources and harmonize approaches to conservation in gene banks and to facilitating 
exchange”. The first steps in undertaking this Strategic Priority Action and monitoring its 

                                            
1 CGRFA/WG-AnGR-5/09/REPORT paragraph 20. 
2 http://www.surveymonkey.com/s/AnGR_regional_genebanks  
3http://www.surveymonkey.com/s/Additional_questionaire_on_the_existing_national_AnGR_storage_systems_and_regulatio
ns  

 

http://www.surveymonkey.com/s/AnGR_regional_genebanks
http://www.surveymonkey.com/s/Additional_questionaire_on_the_existing_national_AnGR_storage_systems_and_regulations
http://www.surveymonkey.com/s/Additional_questionaire_on_the_existing_national_AnGR_storage_systems_and_regulations
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implementation are to establish a baseline of current activities and to take note of any existing policies 
or regulations that may impact its achievement.  
 
5. There are several approaches to conserve biodiversity and the reason for conservation will 
depend on what approach to adopt. Theoretically, there are three types of conservation measures, 
namely, (1) “in situ conservation” refers to the continuous use of the animal under its natural 
environment; (2) “ex situ in vivo conservation” is when a live population of animals are kept outside of 
their normal environment or not kept under normal management conditions (e.g., zoological parks or 
government farms); and (3) “ex situ in vitro conservation” is external to the living animal in an 
artificial environment, such as the cryoconservation of embryos, semen, oocytes, somatic cells or 
tissues having the potential to reconstitute live animals in the future (FAO, 2007b). 
 
Cryobanking 
 
6. To date, the most commonly applied approach for conservation of animal genetic resources 
(AnGR) is in situ, because this is the most practical and least costly, assuming that the production of 
live animals is profitable. The field of in vitro conservation is, however, gaining more attention with 
its wider application in the field of AnGR management and conservation. Cryopreservation of semen 
has been successfully practiced since 1950’s. Currently, cryopreservation techniques are commonly 
used in the storage of other animal tissues, including oocytes, embryos, and somatic cells. Hence, 
cryobanking may be a reasonable alternative choice in AnGR conservation. Cryopreserved genetic 
resources are stored in physical locations called gene banks. Since 2000 there has been a substantial 
increase in the number of gene banks storing animal genetic resources. They are country driven 
processes and there has been little to no involvement from international organizations, particularly in 
comparison to plants. 
 
7. Due to its high start-up costs for infrastructure, cryoconservation is not yet undertaken in a 
majority of countries, especially in developing countries. This cost limitation may thus be a motivation 
for countries to look into multi-national storage systems. In addition, despite national sovereignity 
over national resources, AnGR can be also considered a global public good and many instances of 
transboundary breeds can be identified. For these reasons, there exists a need to consider the 
possibility of international cryoconservation in a wide perspective and with awareness of differences 
among countries.  

 
8. Experience has shown that physical acquisition of genetic material can be relatively quick and 
provides an important reserve of AnGR that can be used for wide variety of conservation and research 
interests (McClintock et al., 2007). Although initial costs of gene banking are high, it has been 
demonstrated the recurrent storage costs for cryobanked samples are manageable and in some 
countries significantly less than in situ conservation, particularly if the intention is long-term storage 
(McClintock et al., 2007). If investments in gene banking are amortized over a long period of time (at 
least 20 years), then the initial cost may be considered manageable. McClintock et al. (2007) 
emphasized that cryopreserved collections of AnGR have multi-uses: (a) reconstituting populations in 
the event of national need, (b) reintroduction of genetic variability into breeds whose genetic base 
needs to be broadened or to reintroduce genes that may have been lost or have suffered a reduction in 
frequency, (c) development of new breeds or composite populations for either research or industry use, 
and (d) a source of material for genetic studies. Advances in genomics and informatics will intensify 
the capability of the system.  
 
Aim of this document 
 
9. The objective of this document is to evaluate and interpret the results of surveys undertaken 
give a general overview of the status of national and regional programmes for the conservation of 
AnGR. The management of AnGR within FAO member countries was the main point of interest, with 
special regard to multi-country gene banking of AnGR. An initial survey addressed such issues like 
the role of national stakeholders and national awareness of the importance of AnGR, national activities 
in the management of AnGR, national programmes aimed at AnGR, cyroconsevation in particular, as 
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well as opinions about the preferred terms for multi-country gene banking. A general invitation to 
respond to the first survey was sent to all users of the DAD-Net list server on AnGR operated by FAO. 
More than 1000 persons are subscribed to DAD-Net. In addition, all FAO National Coordinators for 
management of AnGR (NC) were sent an invitation, although most, if not all, are DAD-Net members 
by default. Response to the survey was entirely voluntary and no password protection or other 
approach was used to restrict access to the questionnaire. No limit was placed on the number of 
respondents per country. A second survey addressed national gene banks in more detail including the 
purposes of cryoconservation, the organization and funding of gene banking, species and types of 
stored material and national regulations affecting both national and the potential for multi-country 
gene banking. The document also presents and an overview of national and international regulations 
which might affect national and regional gene banks. 
 
Acknowledgements 
 
10. This paper was primarily prepared by Joanna Marchewka under the supervision of Paul 
Boettcher and with financial support from the Government of Norway. Harvey Blackburn also 
contributed text to the document. Questionnaires were administered by Ms. Marchewka and Oya Akin, 
with in-kind support from the Government of Turkey and financial support from the Government of 
Japan. Some of the results have been previously reported by Boettcher and Akin (2010). Technical 
assistance was provided by other officers of the Animal Genetic Resources Group: Irene Hoffmann, 
Beate Scherf and Mateusz Wieczorek. Administrative and secretarial support was provided by Silvia 
Ripani and Kafia Fassi-Fihri. 

III. RESULTS 

Respondents and their roles in national AnGR management 
 
11. Completed (initial) questionnaires were obtained from 166 persons from 90 countries. Table 1 
lists the countries by their respective region, according to FAO definitions. Europe was the region 
from which the most countries were represented. Denmark, Ethiopia and India were the countries from 
which the most responses were obtained (six each). Fifty of the respondents were NC.  
 
12. The respondents to the first questionnaire were subsequently invited to reply to the second 
questionnaire and 77 persons out of 55 countries fulfilled this request. Some of the participants 
responded personally or suggested specialists to be interviewed separately in order to obtain more 
complete information about the country cryoconservation situation. Those countries are marked(*) in 
the Table 1. 
 
13. Figure 1 has the distribution of persons responding to first questionnaire according to their role 
in AnGR management within their respective countries. The majority (54%) of the persons responding 
were involved in teaching and research. This proportion was nearly twice as great as the next group, 
government officials, which comprised 28% of the total. 
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Table 1. Countries with persons that responded to the first questionnaire and second (underlined) 
questionnaires. 

Region1 N Countries 
Africa 23 Benin, Burkina Faso, Burundi, Côte d'Ivoire, Cameroon, 

Chad, Democratic Republic of Congo, Ethiopia, Ghana, 
Kenya, Madagascar, Mozambique, Niger, Nigeria, 
Rwanda, Senegal, South Africa , Swaziland, United 
Republic of Tanzania, Togo, Uganda, Zambia and 
Zimbabwe 

Asia and Pacific 15 Australia, Bangladesh, China, Fiji, India, Mongolia, 
Myanmar, Nepal, New Zealand, Pakistan*, Papua New 
Guinea, Philippines, Sri Lanka, Thailand and Viet Nam 

Europe 29 Albania, Austria, Belgium*, Bulgaria, Croatia, Czech 
Republic, Denmark, Estonia, France*, Germany, Greece, 
Hungary, Ireland, Italy, Lithuania, Moldova, Republic of, 
Montenegro, Netherlands, Norway, Poland, Portugal, 
Romania, Russian Federation, Slovakia, Slovenia, Spain, 
Sweden, Turkey and United Kingdom 

Latin America 10 Argentina, Plurinational State of Bolivia, Brazil, Costa 
Rica, Dominican Republic, Guatemala, Mexico, Peru, 
Suriname and Uruguay 

Near East 11 Algeria, Egypt, Iraq, Jordan, Mauritania, Morocco, Oman, 
Sudan, Tunisia, Uzbekistan and Yemen 

North America 2 Canada and United States of America 
*Additional information provided 

 
Figure 1. Distribution of the roles of the respondents in management of animal genetics resources 
within their respective countries. 
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National management of AnGR 
 
14. The management of AnGR on the national level involves variety of stakeholders. Formally, 
the national governments are expected to have the primary responsibility for national strategies and 
sustainable use and conservation of AnGR, including gene banking. Nevertheless, AnGR management 
is of interest to a wide-range of stakeholder, all of which may have some role in their management on 
the local or national level. Table 2 summarizes the perceptions of the respondents regarding the level 
of understanding by local stakeholders about the importance of AnGR.  
 
Table 2. Proportions (%) of countries for which different stakeholders groups were perceived to have 
various levels of understanding about the importance of animal genetics resources. 

Level of 
Understanding Policy makers Researchers 

Farmers and 
Breeders General Public 

 ----------------------------------(%)---------------------------------- 
Good 9 44 3 0 
Partial 61 53 64 32 
Poor 30 2 32 68 

 
15. In nearly half of the countries (44%), researchers were considered to understand well issues 
related AnGR issues and poor understanding was noted in only (2%) of the countries. These results are 
not surprising, given the large proportion of researchers and teachers among the respondents and may 
therefore also be somewhat biased. In fact, 66% of researchers and teachers believed that researchers 
in their countries understood the importance of AnGR; this proportion was only about 50% among 
non-researchers. Policy makers and farmers and breeders were considered to have a similar level of 
knowledge and the general public was considered to be the most poorly informed stakeholder group. 
In no country was the importance of AnGR considered to be well understood by the general public. 
This result indicates that awareness raising should generally be an important part of National Strategy 
and Action Plans for AnGR.  
 
16. Figure 2 shows the relative importance of various AnGR activities in the countries from which 
responses were obtained. Conservation of local breeds was considered the most important activity, 
whereas reconstitution of local breeds from a cryobank was the least important. Genetic improvement 
through straightbreeding of local breeds was considered more important than through use of exotic 
breeds (P < 0.01). No significant difference was reported between the importance of genetic and 
phenotypic characterization (P = 0.64).  
 
17. Additional analyses were undertaken across and within regions (no figure shown). The largest 
variability across countries was for the importance of genetic improvement through crossbreeding and 
reconstitution of breeds from cryobanks. With respect to differences between regions, phenotypic 
characterization was considered significantly (P < 0.05) less important in North America than in any 
other region. Genetic improvement through use of exotic breeds was considered by the respondents to 
be less important (P < 0.02) in North America and Europe than in any of the other regions.  
 
18. One potential weakness of the question is that it may have created ambiguity with respect to 
some AnGR-related activities. For example, “upgrading” by the repeated use of exotic germplasm on 
locally-present breeds is practiced in many countries. The genetic improvement of the milk yield of 
local Holstein and/or Friesian populations in Europe by importation of germplasm from North 
American Holsteins has been important in the recent past and this practice could arguably be defined 
as either genetic improvement with exotic breeds or as straightbreeding of local breeds, depending on 
whether the European and North American populations were considered to be distinct breeds or strains 
of the same breed. This example highlights the dilemma of distinctness where breeds have been 
moved across national boundaries and selected in a different environment and, possibly, for different 
traits or with different importance attached to the same traits. The Nellore in Brazil and 
Nellore/Ongole in India are another such instance. 
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19. In addition, the questionnaire did not address all AnGR-related activities. For example, the 
importance of crossbreeding existing local breeds with each other was not addressed. Crossbreeding of 
locally-adapted purebreds is clearly widespread in beef and swine production in North America and 
other regions. 
 
Figure 2. Importance by country of various activities in the management of animal genetic resources 
(Greater values indicate increased importance). 
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National AnGR conservation programmes 
 
20. Table 3 has the proportions of countries with different types of conservation programmes for 
the major livestock species. The questionnaire did not provide specific definitions for the different 
types of programmes, so the results and discussion assume that respondents used a common set of 
definitions. For the record, in situ conservation was considered by the authors to mean the 
maintenance of AnGR in a sustainable manner in their natural production environments. Ex situ – in 
vivo conservation was assumed to refer to keeping of live animals out of their natural production 
environment, such as in a government farm or breed rescue station. Cryoconservation was to be 
interpreted as storage of germplasm or other tissue in a gene bank.  
 
21. In spite of possible variability in interpretation, a few general trends are clear. First, in situ 
conservation programmes are the most common, with approximately twice as many in situ 
programmes either ex situ – in vivo programmes or cryoconservation programmes. Numbers of these 
latter two types of programmes are generally similar, except for poultry species, yaks and rabbits, for 
which ex situ – in vivo programmes are more numerous. Not surprisingly, in general, the more 
common the species (e.g. cattle, sheep and goat), have more conservation programmes. Among the 
countries with responses, cryoconservation programmes are most common in North America, 
followed by Europe, and then Asia, the Near East, Africa and Latin America.  
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Table 3. Proportions (%) of countries reporting different types of conservation programmes for the 
major species of livestock. 

 Type of conservation 
 
Species 

 
in situ 

ex situ  
in vivo 

 
cryo 

 -------------------(%)------------------- 
Buffalo 22 11 11 
Camelids 14 7 2 
Cattle 73 40 49 
Chicken 48 34 10 
Duck 31 16 3 
Goat  58 31 30 
Goose 29 12 3 
Equines 41 21 20 
Pig 37 24 20 
Rabbit 23 17 6 
Sheep 63 30 31 
Turkey 17 9 2 
Yak 4 3 0 
 
 
National AnGR cryoconservation programmes 
 
Agencies responsible for national cryoconservation activities 
 
22. With respect to cryoconservation programmes in the various countries, Figure 3 shows the 
proportions of countries in which different agencies are engaged in operation of cryoconservation 
programmes. Public institutions are the major operators of gene banks, either directly through 
government agencies (66%), research institutions (68%) or universities (48%). The proportions add up 
to >100% because some countries have multiple gene banks and because some of the categories 
overlap to some degree. Some countries have an active national gene bank, but nonetheless have other 
organizations that cryobank germplasm for their own use. Artificial insemination centres also play an 
important role in nearly half of the countries, and many such centres are government operated. In 
addition, in some countries, responsibilities may have been already assigned even if no 
cryoconservation programme is in operation.  
 
23. Table 4 indicates the number of countries (among those responding to the second 
questionnaire) in each region operating a single national gene bank or multiple gene banks with 
various objectives. Many of the countries have a single national gene bank. When multiple banks are 
operated, there was no general consensus on the reason for multiple banks. Approximately equal 
numbers had multiple banks for security as for different species or different regions within the 
country. Some of the respondents provided more detailed information about the situation in their 
country. For example, in Guadeloupe there are local facilities, but they are maintained by Institut 
National de la Recherche Agronomique (INRA) and the Centre de Coopération Internationale en 
Recherche Agronomique pour le Développement (CIRAD), both of which are French national 
organizations. In Burundi, there is no official national bank; the semen for artificial insemination is 
conserved by its owner. In Czech Republic there is a "central" national bank and 3 other regional 
banks, duplicated containers are stored, however at the same location. 
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Figure 3. Proportions (%) of countries in which various agencies are engaged in cryoconservation 
activities for animal genetic resources. 
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Table 4. Number of responses given by countries with regard to the organization of national gene 
banking activities. 

 
Global 
Region 

Single national 
bank 

Multiple national 
banks, duplicated 

for security 
Multiple banks in 
different regions 

Multiple banks for 
different species 

Africa 6 2  1 
Asia and Pacific 1 ... 2 2 
Europe 14 8 10 10 
Latin America 2 ... ... ... 
Near East 2 ... 1 ... 
North America 1 ... ... ... 
Total 26 10 13 13 
 
24. When gene banking activities are dispersed, good communication among banks is necessary to 
improve coordination and avoid “white spots” in collections and unnecessary duplication. The second 
survey provided an overview of coordination of gene banks and cryoconservation facilities within a 
country. Unfortunately, with the exception of Europe, in countries where multiple gene banks were 
present, formal communication among them was the exception, rather than the rule. 
 
Funding for national gene banks 
 
25. According to the second questionnaire, public funds were the main source of financing for 
national cryoconservation. Approximately 68% of respondents indicated that their national gene banks 
received public funding (Table 5). This was a logical result, given the fact that public institutions were 
the most common hosts of national gene banks (Figure 3). Less than 15% of respondents cited support 
from any of the other channels (private, NGO and international donors). No significant regional 
differences were observed in these proportions, although, not surprisingly, international support tended 
to be more common in Africa than other regions, Europe in particular.  
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26. Some respondents provided additional information. For example, in Norway commercial 
breeding organisations contribute financially to gene banking. In Belgium, 100% public funding is 
being used for the current start-up phase, afterwards a contribution from breeders' organisations is 
envisaged. However the comments from African and Near East regions were much different. In 
Madagascar some centres receive both public and private funding. Mozambique had been receiving 
international support, but this source of funds has recently been stopped.  
 
Table. 5. Type of funding presented in number of responses per region. 

Region 
National/public 

funding Private funding 

Non-
governmental 
organization 

International 
support 

Africa 9 3 1 5 
Asia and Pacific 10 0 3 1 
Europe 28 4 4 3 
Latin America 2 0 1 0 
Near East 3 0 0 1 
North America 1 0 0 0 
Total 53 7 9 10 

 
 
Objectives of national cryoconservation programmes 
 
27. In the second survey, the respondents were asked to provide more information about the 
purposes and objectives of their national cryoconservation programmes. The results are shown in 
Figure 4. The most important purpose of for cryoconservation was to allow the eventual recovery of 
existing breeds if their extinction were to occur. This purpose was indicated by 80% of the 
respondents. More than 70% also mentioned support of in vivo conserved populations as an important 
goal for gene banking. DNA studies were rated as important by more than half of respondents (60%), 
whereas new breed development was considered important by only 20% of respondents.  
 
28. The purposes of cryoconservation were also analyzed according to regions (Figure 4). The 
support to in vivo conserved populations is regarded as most important objective for cryoconservation 
by the respondents from countries in Africa and Asia. In Europe, however, the most common response 
was the objective to allow recovery of existing breeds from a potential extinction event in the future.  
 
Sources of the material stored in gene banks 
 
29. The decisions regarding which animals become donors for national cryoconservation 
programmes seems to be influenced by many factors (Appendix 2, question 6). The most common 
criterion, cited by about half of the respondents, was the genetic value of the donor (Table 6). 
Approximately 40% considered genetic relationships, in order to maximize diversity. In other cases, 
the animals were selected based on practicality (easy access) or simplicity (no or unknown criteria). 
The countries that considered the genetic relationships among individual animals were generally the 
same as those that prioritized breeds for conservation based on genetic variability (Appendix 2, 
question 5), which was most common in Europe. In general, prioritization of breeds was only 
commonly practiced in Europe, where cultural value was considered important in addition to genetic 
variability. 
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Figure 4. Purpose of cryoconservation by region presented in number of replies. 

 
 
 
Type of material stored 
 
30. Figure 5 shows the distribution of types of genetic material stored according to species (from 
the second survey). The main result is that semen is the most common type of material stored. For 
almost all species, at least 50% of the responses indicated semen storage. The only exception was for 
yak. For some species, poultry species in particular, semen was the only material stored. This is 
logical, due to the difficulty of storing avian embryos. 
 
Table 6. Proportion of respondents indicating various procedures for selection of donor of genetic 
material for national AnGR gene banks. 
The decision regarding choice of specific animals as donors of genetic 
material depends on: 
 

Percent 

Genetic relationships among animals 39 
Genetic value of donor animals 48 
Ease of access to animals in particular population/breed 25 
No formal criteria are being used currently  28 
Other (please specify) 19 
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Figure 5. Proportion by species of the type of material stored in gene banks. 

 
 
 
Compliance with national regulations influencing operation of gene banks 
 
31. An important aspect in the development of AnGR gene banks is that a set of policies be 
established to ensure they are complying with national laws and agreements. Policies and regulations 
regarding AnGR in general and gene banking in particular have been recently reviewed by FAO 
(2005) and Blackburn & Boettcher (2010), respectively. Among the most important regulations are the 
relevant national or international health standards. Figure 6 shows the proportions of respondents 
indicating the various types of health regulations adhered to by their national gene banks. About half 
(45%) of the respondents indicated use of the regulations (Terrestrial Animal Health Code) established 
by the World Organization for Animal Health (OIE)4. A slightly greater proportion (48%) indicated 
the existence of and adherence to national standards. However, in many cases, these national standards 
are expected to at least conform to the OIE standards, with additional regulations for specific national 
conditions. 
 
32. Figure 7 presents information about some specific procedures followed by the national gene 
banks. In about one-third of the countries, material is being tested for disease agents (34%). Most of 
the affirmative replies were from gene banks in Europe. Quarantine was practiced in a slightly smaller 
number of countries (28%). In contrast, the respondents from about 20% of the countries were not 
aware of any particular sanitary procedures with regard to gene banking. It must be said, however, that 
some of the respondents were not working directly with the gene banks in their respective countries 
and were thus not certain about the policies with regard to sanitation.  
 

                                            
4 http://www.oie.int/eng/normes/mcode/en_sommaire.htm. 

 

http://www.oie.int/eng/normes/mcode/en_sommaire.htm
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Figure 6. Health regulations followed with regard to cryoconservation by countries presented in 
percentage of responses. 

 
 
 
Figure 7. Proportion of responses about existence and type of sanitary procedures that are in place 
with regard to gene banking of AnGR. 

 
 
Future plans for national gene banking of AnGR 
 
33. Figure 8 summarizes countries’ plans for operation of gene banks within the next five years. 
More than 30% of countries reported having no gene bank and no plans to create one within the next 
five years. Fully operational national gene banks are present in only about 18% of the countries. An 
equal number have established gene banking facilities, but have only a small number of accessions. 
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The remaining countries have recognized the need for a local gene bank and are at various stages of 
planning. 
 
Figure 8. Proportions (%) of countries with various expectations with regard to plans for operation of 
gene banks for animal genetics resources within the next five years. 
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34. One reason for the fact that a distinct minority of countries have fully operational gene banks 
for AnGR is the numerous constraints to their creation and maintenance. Various factors must be 
overcome in the establishment of gene banks, and these factors can also hinder the smooth operation 
of existing gene banks. Figure 9 shows the importance of several of these factors, according to the 
perception of those responding to the first survey. Financial factors were by far the biggest constraint, 
being cited in about 75% of the countries. Low priority in the national livestock policy and lack of 
infrastructure and technical capacity were all cited by around 50% of respondents. With respect to 
specific regions, the fewest obstacles were encountered in North America, with only low national 
priority being cited in Canada and no particular obstacle noted in the United States of America. 
Obstacles were similar in Europe and Latin America and were cited less often than in the remaining 
regions. This latter trend was particularly true for infrastructure and technical capacity, as these 
obstacles were each cited by about 30% of respondents in these two regions, versus 50 to 70% in 
Africa, Asia, and the Near East. 
 
 
Multinational cryoconservation programmes for AnGR 
 
35. According to the respondents in the survey, multinational back-up storage systems for animal 
genetic resources are essentially non-existent. Three countries reported to be the host of a 
multinational storage programme, the United States of America, Tunisia and Burkina Faso. 
Respondents from South Africa, Croatia and Slovakia reported that their countries contributed to a 
multinational system, but provided few details about the host country. 
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Figure 9. Proportions (%) of countries facing various factors that hinder the establishment or 
operation of gene banks for animal genetic resources. 
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36. The paucity of multinational gene banks is not due to a lack of interest, at least according to 
the respondents to the questionnaire. Figure 10 shows the interest expressed in the different countries 
to participate in different types of gene banks, either as a host or donor of genetic material. Among 
possible scenarios for multinational gene banking of AnGR, regional gene banks seem to be the 
preferred model. More than 60% of countries would be willing to host a regional gene bank and 40% 
would be willing to contribute. Bilateral and global gene banks were somewhat less appealing, with an 
interest to participate expressed in about 30% of the countries. Refusal to participate in any kind of 
multicountry gene banking was expressed by only about 10% of the countries. 
 
37. Given that lack of interest is not a significant reason for a lack of multinational gene banks for 
AnGR, other factors must be responsible. Although the questionnaire did not address this issue in 
general, financial and logistical factors are quite likely to be among the constraints, given their 
importance with respect to operation of national gene banks. International and national regulations are 
another important consideration. According to the respondents to the first survey, more than 70% of 
countries have regulations on health and welfare of animals that would need to be considered for 
participation in multinational gene banking. About 40% of countries have legislation regarding the 
exchange of germplasm. In only about 25% of the countries were respondents unaware of any 
important regulations, but this percentage may be an underestimate. 
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Figure 10. Proportions (%) of countries expressing interest in participating has a donor to or host 
various types of multi-country gene banks for AnGR. 
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38. Discussion has been undertaken in various forums about countries transferring germplasm, 
which may or may not be a duplicate proportion of their national collections, to other countries or to a 
yet to be defined regional gene bank. However, as noted earlier, at this point in time there are no well-
established multinational gene banks and their development would have to be based upon various 
possible scenarios: 1) that multinational banks, given the opportunity to share infrastructure, could be 
more economically efficient separate national banks or 2) that they would be able to offer significantly 
better security measures than an individual country, or 3) they could serve as a back up to national 
collections. An alternative to a regional approach for the third scenario is development of germplasm 
exchange programs between two countries as a security measure.  
 
39. Having cryoconserved collections stored outside national boundaries may appear to be a 
useful mechanism to help secure national AnGR, but there are a number of substantial limitations to 
their implementation, which will become apparent in the following discussion.   
 
40. As governments consider the question of storing germplasm samples at non-sovereign 
locations they should determine if the site for the collection provides improvement in efficiency and/or 
security over other potential storage sites within the country. In doing so, the provider of germplasm 
should consider if the proposed site has the infrastructure and physical security a country might deem 
as necessary for considering such a transfer and agreement. In addition to such practical issues, there 
are a number of administrative details to be considered. Primary among these are the establishment of 
an agreement between the appropriate government ministry and the regional gene bank entity or the 
appropriate government ministry which will be storing the samples. Some of the most important 
elements for consideration in such an agreement are given in Table 7.   
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Table 7. Potential elements for countries to consider when developing a bilateral agreement for 
backup storage. 
Element of Agreement 
Agreement type – memorandum of understanding, mechanisms for enforcement 
 
Duration of the agreement - (some countries may wish to establish agreements for a maximum 
number of years at which time the agreement can be renewed). 
 
Financing - Expected storage and handling cost and who is responsible for paying the expenses. 
 
Information accompanying a sample: 

• Animal ID, breed, type of germplasm, country of origin  
• Phenotypic information, genotypic information 
• Number of samples per animal and per breed 
 

Health tests and the results:  
• Animal ID, tests performed and results  
• Verification of health status 
• If tissue has been collected and stored for future tests 

 
Germplasm viability   

• Post-thaw viability and quality scores at collection and receipt of materials in host country 
and upon repatriation 

 
Privacy and intellectual property issues - Availability of any or all data to groups that are either party 
to or not party to the agreement 
 
Physical conditions for storing samples (e.g., liquid vs vapor phase of liquid nitrogen) 
 
Frequency or extent of monitoring samples by host and country of origin representatives and the 
reporting process 
 
Mechanisms for repatriating samples to the country of origin (e.g., shipping via commercial carrier or 
government vehicles) 
 
 
41. It should be noted that the plant community makes frequent use of what is termed “black box” 
collections, where the receiving country does not open or have information about the samples being 
stored in their facility. Such an approach is used for the Svalbard Global Seed Vault of the Global 
Crop Diversity Trust (Trust)5. The ownership of this material remains with the donor country rather 
than being transferred to the Trust or the government of Norway, which is hosting the Vault. Although 
this “black box” approach might work, technically, for plants because seed collections can be placed 
in their entirety into -18°C storage, for AnGR this approach presents challenges. The long-term 
storage vessel for AnGR is usually a large liquid nitrogen tank and materials will likely have to be 
transferred from a shipping container into the storage vessels, during the transfer breed codes and 
animal ID will be apparent. These factors complicate the black box approach. As a result, it would not 
appear that the black box concept has utility for animal genetic resources. The ownership procedure, 
however, could be applied for AnGR. 
 
42. Assuming that the issues in Table 7 could be addressed in a satisfactory manner and the 
various obstacles for multinational gene banking could be overcome, the respondents expressed their 
preferences about the format and characteristics of a multinational gene bank for AnGR, as well as the 

                                            
5 www.croptrust.org 
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conditions under which their respective countries would be willing to participate. With regard to a 
possible host of a multicountry genebank, three types of hosts received considerable support (see 
Figure 11). The greatest number of respondents (31%) preferred that a multicountry gene bank be 
hosted by an intergovernmental organization, presumably for their neutrality and small likelihood to 
exploit the germplasm for commercial purposes. However, a similar proportion (27%) believed that 
the government of one of the participating countries would make the best host. The CGIAR was the 
host preferred by 22% of those responding and although reasons were neither requested nor given, this 
preference is likely due possibly due to their neutrality, technical capacity and past experience 
working with gene banks, particularly for plant genetic resources (e.g. Jackson, 1997; Gomez et al., 
2005). Much smaller proportions favoured NGO or private companies as hosts. 
 
Figure 11. Preferences (%) of respondents to the first questionnaire with regard to the host of a 
hypothetical multicountry gene bank for animal genetic resources. 
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43. Respondents to the first survey were also asked to consider a series of issues addressing the 
practical conditions under which countries would be willing and able to participate in a multicountry 
gene banking initiative (Appendix 1, question 15). The first inquiry dealt with the collection of the 
germplasm. A willingness and ability to collect the germplasm to be contributed to the multicountry 
bank was indicated for 77% of the countries, whereas the others would require assistance from outside 
in germplasm collection. The greatest level of willingness and capacity to collect germplasm was 
found in Europe, where collection of national germplasm would be possible in 93% of countries (27 of 
29). The differences among other regions were not significant (P > 0.10). 
 
44. The second issue regarded financial considerations. Not surprisingly, given the fact that lack 
of financial support was indicated as the most common obstacle for national gene banking, the 
proportion of respondents indicating willingness of their countries to pay for all costs of collecting and 
storing their animal germplasm in a multinational gene bank was somewhat low. Respondents from 
only 20% of countries indicated that their countries could fully support financially the participation in 
a collaborative gene-banking initiative. However, on the bright side, 57% of countries would be 
willing to share the costs associated with their participation and for only 23% of countries would 
outside funding be needed to support all activities. Despite the differences in the average economic 
status of countries in the different regions, no significant differences among regions were observed in 
terms of these financial considerations. 
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45. With respect to ownership of the germplasm deposited in a multinational gene bank, the 
respondents from most countries (87%) expressed a desire for their countries to maintain at least 
partial ownership. Full ownership was considered a necessary condition for 34% of countries, whereas 
shared ownership was acceptable for 53%. No significant regional trends were observed.  
 
46. There was no positive correlation between countries’ opinion on who should pay for the gene 
banking and who should own the banked genetic material. In fact, the opposite trend was observed. 
For example, among the countries that would be willing to support all part of the costs of germplasm 
collection and storage, only about 30% percent (22 of 69) considered it necessary to maintain full 
ownership and 12% were willing to relinquish all ownership. On the other hand, among the 21 
countries that would not contribute financially to gene banking, 43% wanted to nevertheless keep full 
ownership of the genetic material and only one expressed willingness to release all rights to the 
germplasm. 

IV. CONCLUSIONS 

47. Several conclusions can be drawn from the evaluations that were undertaken in this study. 
Many countries (although still a minority) have already established or are in the process of 
establishing national gene banks for cryoconservation of AnGR and the numbers are expected to 
increase (based on purported 5-year forward plans). Nevertheless, wide variation among countries was 
observed in the extent of cryoconservation activities and clear obstacles to gene banking exist, even 
among countries that are already operating gene banks for AnGR. One apparent problem is that the 
policy makers and general public are less than optimally informed and aware about the importance of 
AnGR. This lack of awareness is likely contributing to obstacles that hinder the implementation of 
gene banking and AnGR management activities. For example, insufficient funding was reported to be 
a constraint to cryoconservation of AnGR, which are often not given high priority in national livestock 
and agricultural policies. If AnGR were considered more important by policy makers and the general 
public, then perhaps more public funding would be made available to ensure their improved 
management. In many countries no national gene bank exists. Various agencies within the same 
countries have thus accepted the responsibility for operating their own independent banks. 
 
48. With regard to multinational gene banking, the respondents generally expressed interest in 
their country’s participation in such an endeavour. Despite this fact, few if any multi-country gene 
banks for AnGR are actually operating. Among the probable reasons for the lack of such gene banks 
are restrictions imposed by national and international legislation and health and sanitary regulations 
and national policies on exchange of genetic resources. In addition, a lack of funding and differing 
opinions among countries on who should pay for collection of germplasm and on the ownership of 
stored material also impede the creation of multinational gene banks for AnGR. In order for 
multinational gene banking to be a reality, various institutional arrangements (including funding) and 
agreements would have to be put in place and participating countries have to be certain that multi-
national gene banking were superior or complementary to national cryoconservation programmes, in 
terms of economic efficiency, and security. 
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Annex 1. Questionnaire on the current arrangements for existing regional AnGR storage systems and 
regulations 
 
1. Contact Information 

• First name:     ___________________ 
• Last name:     ___________________ 
• Name of organization:    ___________________ 
• Email address:     ___________________ 

 
2. Please indicate your country  ___________________ 

3. Are you a National Coordinator for the management of animal genetic resources (AnGR)? 
• Yes 
• No 
•  

4. What is your role in AnGR management within your country? (Main occupation) 
• Government Official 
• Research and/or Teaching 
• Industry 
• Breeder 
• NGO 
• Other 
 

5. Which activities do you consider most important for AnGR management in your country? 
 
Activity 

Very important  
Important 

Somewhat 
important 

 
 

Not important 

Phenotypic characterization of 
local breeds 

    

Genetic and molecular 
characterization of local breeds 

    

Conservation of local breeds     
Genetic improvement through 
straightbreeding of local 
breeds 

    

Genetic improvement through 
well-managed use of exotic 
breeds 

    

Research and development on 
AnGR conservation methods 

    

Reconstitution of extinct 
breeds from a cryobank 
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6. Do you think that the importance of AnGR conservation is well understood by the following 
stakeholders in your country? 
 
Stakeholders Yes Partially No 
Policy makers 
Researchers    
Farmers and breeders 
General public    
 
7. Does your country have national conservation programmes for AnGR? 
Species in situ ex situ –  

in vivo 
ex situ - in vitro 

(cryo) 
Buffalo    
Camelids  
Cattle    
Chicken    
Duck  
Goat     
Goose  
Equines    
Pig    
Rabbit  
Sheep    
Turkey  
Yak    
 
8. Which bodies are responsible for cryoconservation of AnGR in your country?  

• Government 
• Research institute 
• University 
• Breeders' organization 
• AI Centre 
• NGO 
• Other _____________________________ 

 
9. Are there any plans to have a national gene bank for AnGR within the next 5 years? 

• NO, not that I am aware of 
• YES, our country already has a fully operational gene bank for AnGR 
• YES, our country has established facilities for a gene bank, but no or few samples have been 

collected 
• YES, all steps for preparation and funding are in place 
• YES, formal planning is being undertaken 
• YES, but planning is only at the conceptual stage 
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10. Which obstacles hinder the establishment and maintenance of a national gene bank for AnGR? 
(Multiple selection) 

• No obstacles 
• Lack of priority in national livestock policy 
• Lack of financial resources 
• Lack of technical capacity 
• Lack of infrastructure 
• Other___________________________________________ 

 
11. Is your country a party to a multicountry back-up storage system for AnGR? 

• NO, not that I am aware of  
• YES, host of a multi-country back-up system  
• YES, donor of germplasm  

If yes, please indicate host and other countries involved   
 
12. If not, is there a willingness to participate (as a host or donor) in a multicountry AnGR 
conservation programme?  
Role Bilateral Regional Global No 
Host     
Donor     
 
13. Are there any national regulations for the exchange of AnGR might be relevant for regional gene 
banking? (Multiple selection) 
• NO 
• YES, legislation on genetic material exchange 
• YES, animal health and welfare related regulations 
• YES, legally-binding contracts between gene banks and providers 
• Other ____________________________________ 
 
14. Which would be your preferred host of a regional gene bank? 
• Government of a participating country 
• Non-commercial non-governmental organization 
• Intergovernmental organization 
• Private company 
• Consultative Group on International Agricultural Research (CGIAR) 
• Other_____________________________  
 
15. Which of the following sets of conditions would be acceptable for your country's participation as a 
germplasm donor in a regional gene bank for AnGR?  
a. Collection of germplasm  

• Donor county collects germplasm 
• Host or other agency collects germplasm 

b. Financial support for collection and storing  
• Donor pays all costs 
• Donor shares costs 
• Donor pays no costs 

c. Ownership of germplasm  
• Donor country maintains full ownership 
• Host obtains unconditional ownership 
• Host has ownership, but Donor has the first rights to repurchase 
• Donor and Host share ownership, with specified conditions 
• Outside agency gains full or conditional ownership 

 
16. Do you have any additional comments, ideas or suggestions? 
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Annex 2. Additional questionnaire on existing national AnGR storage systems and regulations   
 
1. What is the purpose of cryoconservation in your country? 

• To allow recovery of existing breeds, if extinction occurs 
• New breed development 
• Supporting populations conserved in vivo 
• DNA studies  
• Other (please specify) 

 
2. How are the gene banks organized in your country? 

• Single national bank 
• Multiple national banks, duplicated for security 
• Multiple banks in different regions 
• Multiple banks for different species 
• Multiple banks with different host organizations  
• Other (please specify) 

 
3. What is the source of funding for gene banks/cryoconservation facilities? 

• National/public funding 
• Private funding 
• Non-governmental organisationI 
• nternational support  
• Other (please specify) 

 
4. Is there formal coordination between multiple gene bank/cryoconservation facilities? 

• Yes 
• No 
• I don't know  
• If yes, then which organization is responsible? 

 
5. How are breeds/populations prioritized for gene banking? 

• Population size/risk of extinction 
• Genetic diversity/uniqueness 
• Cultural reasons  
• Other (please specify) 

 
6. The decision regarding choice of specific animals as donors of genetic material depends on: 

• Genetic relationships among animals 
• Genetic value of donor animals 
• Ease of access to animals in particular population/breed 
• No formal criteria are being used currently  
• Other (please specify) 



24  CGRFA/WG-AnGR-6/10/Inf. 4 
 
7. Which type of material is being stored for each species? 
Type Buffalo Camelids Cattle Chicken Duck Goat Goose Equines Pig Rabbit Sheep Turkey Yak 
Semen              

Embryos              

Oocytes              

Somatic cells              

 
8. For which species (if any) are you planning to create a gene bank in the near future? 

• Buffalo 
• Camelids 
• Chicken 
• Duck 
• Goat 
• Goose 
• Equines 
• Pig 
• Rabbit 
• SheepT 
• Turkey 
• Yak  
• Please indicate if it will be a single, national facility or multiple, separate gene banks 

 
9. How is the genetic material for genbanks usually obtained? 

• At university/research institutions 
• From AI stations 
• In the field (for example, on-farm collections)  
• Other (please specify) 
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10. Are there any sanitary procedures in place with regard to gene banks? 

• Yes, quarantine of donor animals 
• Yes, tests of samples for disease agents 
• Yes, tests for other contaminants 
• No 
• I don't know 

 
11. With regard to cryoconservation which health regulations does your country follow? 

• OIE standards 
• Other international standards 
• National standards 

 
12. What is the impact of national laws regarding exchange of genetic material on multinational gene 
banking ? 

• They forbid exchange of material 
• They outline clear procedures allowing exchange of material 
• We have no national regulations regarding exchange of genetic material  
• Other (please specify) 
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