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Foreward

Findings and Perceptions in Biosafety is a booklet published under the project
Implementation of the National Biosafety Framework in accordance with the Cartagena
Protocol on Biosafety (CPB), implemented by the Ministry of Mahaweli Development and
Environment through the Food and Agriculture Organization of the United Nations with
funding from the Global Environment Facility. This booklet contains full length articles on
the views on biosafety with regard to Genetically Modified Organisms (GMOs) from a
cross section of the population including students and academics from state universities and
private education institutes in Sri Lanka. This booklet provides in depth articles of the
synopsis published in the inaugural issue of the biosafety newsletter (vol 1 / issue 1). These
articles were one to two pages in length and represented the views of the authors mainly on
the safety of GMOs and whether there were more appropriate ways of conducting research
and development in biotechnology. In addition, awareness of biosafety was also
incorporated in obtaining the views on biosafety. Hence, how informed were the public vs

how safe are GMOs is presented in the Findings and Perceptions in Biosafety.



Public Awareness and the Role of Public Participation in Addressing Biosafety
Ashane Somasiri and Dr Mathi Kandiah
School of Science, Business Management School

Genetically Modified Organisms (GMOSs) or Living Modified Organisms (LMOs) are
usually surrounded by a stigma in the general populace as being harmful for consumption and is
often portrayed as a villain. This can be directly connected to the lack of public awareness.
Though public awareness can be carried out via means of mass media, a much more effective
form of public awareness can be obtained through public participation in the addressing of
biosafety issues. By definition, biosafety is a set of actions focused on preventing, minimizing
and eliminating risks associated with research, production, teaching, use, technology
development and services related to genetically modified organisms (GMOs) with the aims of
protecting human and animal health and environmental preservation (Ferreira et al, 2012). Public
awareness regarding biosafety is crucial in the implementation of regulations enforcing the
actions discussed under the definition of biosafety as public involvement is of utmost importance

for the successful implementation of any regulatory framework.

Due to this reason, international agreements such as the Rio declaration on environment
and development, Aarhus convention and Cartagena protocol on biosafety highlight the
importance of public involvement at the appropriate levels where the public is allowed to receive
information concerning the environment and potential hazardous materials and activities
(UNESCO, 1992; Convention on access to information, 1998; Cartagena protocol, 2003). The
government authorities should also hold an obligation to collect and distribute such information.
The public should also be involved in the policy making and decision-making processes at

suitable stages regarding matters that concern the public.

In order to create awareness through public participation, the government should first
take steps to ensure that the information available to the public reaches all tiers of the society. If
not, the distribution of information may be limited to a certain part of the society making it an
unfair process. Therefore, steps must be taken in order to convey the necessary information
directly to the parties that may otherwise remain uninformed. Public seminars, workshops, panel

discussions, community outreach programmes, public debates are a few ways where the public



can be informed of the possible issues and to create awareness initially so that the public may
have adequate knowledge in order to get involved in the policy making and decision-making
stages. It is imperative that the key holders such as farmers and the consumers have adequate
knowledge regarding the GMOs so that their opinions may be changed to make an informed
decision regarding their stand on the usage of GMOs (United Nations Environmental Protection
Agency, 2017).

The importance of the involvement of the public in the policy making and decision-
making stages is that the use of a GMO may not just affect the environment, but will also affect
the social, economic, political and cultural environments. In the early stage of the
implementation of a regulatory framework, the opinion of the public in regard to the food
security, cultural integrity and poverty reduction should be considered in order to establish the
use of biodiversity. Therefore, prior to the establishment a wider public survey should be
conducted before the implementation of the framework. This should involve the alternatives and
options suggested by the public. This is important as if the regulatory framework and the GMO
technologies are implemented without the consideration of the public, it will invariably lead to a
variety of moral, ethical and socio-economic issues. Therefore, the need for technologies such as
GMOs should be decided by the public and not solely by the regulatory authorities (Lim and
Ching, 2009; Richardson and Razzaque, 2006).

Following the implementation of a regulatory system for biosafety and the consequent
establishment of GMOs, public participation can be extremely helpful in the monitoring process
of the established GMOs. The public can be used in the collection and analysis of data, and the
information collected from the public can be used in the modification of the established
methodologies and to make changes to the regulatory framework or policies if needed. As the
public does not share a biased opinion on the success of the established GMOs, the data obtained
tends to be more accurate and impartial. Also, the involvement of the public in the monitoring
process reduces the economic burden on a government that is involved in the monitoring process
(Lim and Ching, 2009).
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GM Products in Health Care
M.H.A.T. Madhushani
Department of Pharmacy, University of Peradeniya

Genetically Modified products; what comes into your mind with that..? You may think
“Oh My God, it is dangerous to use GM products. Sometimes you may ask “what are Genetically
Modified products? They are introduced as GMO products in society. Genetically Modified
Organisms are the organisms in which the genetic material (DNA in most of the circumstances)

has been altered in a way that does not occur naturally.

The society is speaking about GM food. They are called genetically engineered food and bio
engineered food as well. Some kinds of value added food are available in the market, which are
produced using gene technology. Gold color rice with vitamin A is an example for a GM food. It
was produced for the sake of poor children to gain nutrients easily. However, there is an opinion
in society that GM products are not good for health and can cause diseases in the future.

Therefore, people are afraid to use them.



Do you know that, we are using several kinds of pharmaceuticals which have been
produced, using bio-engineering methods. Nowadays diabetic mellitus has become a common
disease and insulin is used by most of the diabetic patients. Although porcine and bovine insulin
were used in the past which were extracted by crushing the pancreases of the animals, human
insulin is available in the modern world. Did you ever think about the way of producing human

insulin? It is not possible to extract insulin by crushing human pancreases.

Human insulin is obtained from bacteria called Escherichia coli. Normal E. coli doesn’t
produce insulin but the scientists have modified the DNA of the E. coli bacteria by adding a
human gene which initiate and facilitate production of insulin. So the genetically modified E.
coli bacteria produce insulin in optimized environmental conditions. Not only insulin, some other
medicinal products such as antibiotics, vitamins, enzymes and hormones are also extracted from
genetically modified bacteria or other cell components. A growth hormone which treats stunted

growth, erythropoietin, which is used in severe kidney disease are also produced in that method.

However, in those preparations, the final desired product is extracted and purified for
usage. The whole genetically modified organism is not consumed in healthcare. Other than the
above products, some active pharmaceutical ingredients which are available in rare plants can be
produced by genetically modifying selected organisms. The bark of the Pacific Yew tree was
screened and its potential anti-cancer activity was identified in 1970s. Taxol was the compound
isolated from the Pacific Yew tree, which possess the activity. It was developed as an anti-cancer
drug and used for treatments. It is difficult to extract taxol from Pacific Yew trees since it takes
a long time to produce taxol in those trees and it only appears in bark. The scientists have used
bioengineering methods; the gene, which produces taxol was incorporated in suitable cells and

the cells are grown to isolate taxol.

It is obvious that we are using genetically modified products in healthcare in an
appropriate way. In the future also, those products and new products will be available in the
market but people should be convinced to use only qualified and registered healthcare products
otherwise the quality of the products cannot be guaranteed and may lead to unwanted effects. If
the insulin or taxol is not purified correctly, it can contain other compounds which may harm the

consumer. Therefore the quality of the product should be thoroughly monitored during the



manufacturing process. Rules and regulations should be there to confirm that the GM products in

healthcare is a blessing and not a curse.
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Eating Our Way to the Prevention of Disease :

are Edible Vaccines the Future in Immunization?
Kithmini Siridewa, PhD.
Dept. of Biochemistry and Molecular Biology,
Faculty of Medicine, Colombo.

A vaccine is a biological preparation that improves immunity to a particular disease. It
contains an agent that resembles a disease-causing microorganism and is often made from
weakened or killed forms of the microbe, its toxins or one of its surface proteins. The agent in a
vaccine is not strong enough to produce the disease’s harmful effects, but it stimulates the body’s
immune system to produce antibodies which recognize and destroy microorganisms that could

lead to diseases.

Nowadays scientists can transfer genes from one organism to another unrelated organism,

producing what is known as a “genetically modified organism” or “transgenic animal/plant”.

In the edible vaccines, transgenic plants are used as vaccine production systems. The

genes encoding antigens of bacterial and viral pathogens can be expressed in plants in a form in



which they retain native immunogenic properties. However, they have no way of establishing
infection and therefore safety is assured. When such plant materials containing the vaccine
(antigenic proteins) are consumed, the tough outer wall of plant cells apparently serve as
temporary armor for the antigens, keeping them relatively safe from gastric secretions. When the
wall finally begins to break up in the intestines, the cells gradually release their antigenic cargo

into the bloodstream conferring the immunity against diseases.

Plants including bananas, potatoes and tomatoes, as well as lettuce, rice, wheat, soybeans
and corn which are grown extensively throughout the developing world, are used to produce
edible vaccines. The first human clinical trial took place in 1997, a vaccine against the toxin
from the bacteria E.coli was produced in potato. Ingestion of this transgenic potato resulted in
satisfactory immunization with no adverse effects. Edible vaccines are currently being developed
for Hepatitis B virus, Vibrio cholera, Rabies virus, the Respiratory syncytial virus, Measles virus
and the Norwalk virus. Currently these edible vaccines are undergoing studies in various
animals. Some of these vaccines have also been checked for their efficacy in humans.

Edible vaccines are attractive for many reasons. The cost associated with the production
and administration of the vaccine is low, since the vaccine can be ingested directly, and the
production can be rapidly scaled-up when the need arises. An edible vaccine is likely to reach
more individuals in developing countries because it can be grown locally and do not require
special storage conditions. Since syringes and needles are not used, chances of infections due to
lack of sterilization is also less.

However, long-term reactions to edible vaccines are yet to be determined. The main
aspects for safety are plant/crops (food) contamination through cross pollination and

environmental release of biopharmaceuticals by transgenic plant debris.

Therefore, edible vaccines in transgenic plants should be strictly confined to laboratory

tissue culture, growth chambers or high-security greenhouses for biosafety.

Thus, although it is the future vaccine, still some challenges are yet to be overcome

before an edible vaccine can become a reality.



Genetic Engineering: A Versatile Tool in Modern Medicine
Dr Mayuri Napagoda
Department of Biochemistry, Faculty of Medicine, University of Ruhuna

Genetic manipulation was just a science fiction in early 20th century, but turned into a
reality over the last few decades with the development of gene cloning techniques and discovery of
novel tools capable of modifying and combining genes and returning them to living cells. The terms
“genetic engineering” or “recombinant DNA technology” are used to describe the above approach
and it has revolutionized the modern medicine owing to direct applications in the fields of medical

diagnosis, prognosis, and therapies.

Construction of a recombinant DNA molecule involves the specific cleavage of DNA with
restriction endonucleases and insertion of the desired DNA fragments into a vector, usually a small
autonomously replicating DNA molecule such as bacterial plasmids. This recombinant vector is then
added to bacterial hosts, which take it up in a process called transformation and ultimately express
the introduced gene in the host. Thus it has converted microorganisms such as bacteria into bio-

reactors for the production of pharmaceuticals in commercial scale.

The first genetically engineered pharmaceutical product was human insulin (known as
Humulin), approved by the United States Food and Drug Administration (FDA) in 1982. It
successfully replaced bovine and porcine insulin which was used to treat diabetes patients for more
than half a century. Humulin was synthesized by the insertion of a insulin gene into a suitable vector
followed by the introduction of the recombinant vector into Escherichia coli, an inhabitant of the
human digestive tract that functioned as the “factory” used in the genetic engineering of insulin.
Another early application of recombinant DNA technology in the production of bio-pharmaceuticals
was to create human growth hormone as a replacement for a drug that was previously extracted from
human cadavers. In 1986, the FDA approved the first genetically engineered vaccine for humans, for
hepatitis B. Since these early applications of the technology in medicine, the use of genetic
engineering has expanded to supply many drugs and vaccines such as calcitonin, parathyroid
hormone, glucagons, interferons, interleukins, granulocyte colony stimulating factor, plasminogen
activator and vaccines against human papilloma virus (Shivanand and Noopur, 2010). In addition to
the utilization of microorganisms, the usage of plants for the production of human therapeutic

proteins, has received worldwide interest. A number of therapeutic proteins have been produced in
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transgenic plants, some of which have been through pre-clinical or clinical trials and are close to
commercialization. For example, tobacco-derived antibodies have been tested and used to combat
the outbreak of Ebola virus in Africa in 2014. Similarly, genetically engineered immunoadhesin
produced in transgenic tobacco has exhibited strong binding to Middle East respiratory syndrome
coronavirus (MERS-CoV), thus prevented the virus from infecting lung cells. The enzyme, Elelyso
(taliglucerase alfa) was produced using carrot cells and approved for human use by the FDA to treat
adult patients with Gaucher disease (Yao et al, 2015). These evidences support that plants would be
a promising system for the production of human pharmaceutical proteins on a large scale, and at a

low cost.

In the late 1980's, an alternative technique referred as polymerase chain reaction (PCR)
was developed for the amplification of DNA in billion-folds within a short period of time without
the need of living bacteria or other cells. PCR has revolutionized the field of medical diagnosis as
well as forensic medicine over the recent past. The dramatic amplification of DNA by PCR allows
the analysis of disease genes in extremely small samples of DNA, for example; only a small number
of fetal cells are required from amniotic fluid in order to determine the presence of specific genes
responsible for hereditary diseases. On the other hand, PCR is emerging as a novel tool in the
detection of infectious diseases in microbiology, virology, parasitology and dentistry for the
detection of Mycobacterium tuberculosis, Hepatitis B virus, Influenza A H1N1 virus, Parvo virus
B19 (Valones et al, 2009; Boehm, 1989) etc and the technique has been currently employed in Sri
Lanka as well.

In the current era of medicine, gene therapy has emerged as a treatment option for life-
threatening hereditary disorders. The technique is based on the insertion of genes into an individual’s
cells and tissues to replace a deleterious mutant allele with a functional one. The first human to
receive gene therapy treatment was a four-year old girl of Sri Lankan origin born with severe
combined immune-deficiency disease. Since this successful story in 1990, gene therapy has made
substantive progress and apparently offers some hope for patients with cystic fibrosis, sickle cell
disease, muscular dystrophy etc. (Herzog, Cao, Srivastava 2010; Keeler, Mallah, Flotte, 2017)
Throughout the years, a number of gene therapy products have been added to the market and
demonstrated reasonable success. The first adeno-associated virus(AAV) vector gene therapy
product approved in the USA was introduced in November 2017 under the name “Luxturna” for the

treatment of inherited retinal dystrophy (http://ir.sparktx.com 2017). Thus, more successful protocols
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are expected to emerge in the near future to deliver ‘cures' for some terminal or severely disabling

conditions.

The above mentioned evidences undoubtedly convince that a new era of medicine has
dawn due to genetic engineering tools. In parallel with the rapid developments in this field, pros and
cons should be clearly identified and the ethical and legal issues regarding the implementation need
to be addressed (Alexander, 2003). Then only it can continue to bring enormous benefits to

humankind.
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RNA Interference and Biosafety in GM Crops
By Dr H. Herath,
Department of Botany, Faculty of Science, University of Kelaniya, Sri Lanka.

RNA interference (RNAI) is a natural biological mechanism for sequence-specific gene
silencing induced in response to double-stranded RNA (dsRNA). The dsRNA is processed into small
interfering RNA (siRNA) by RNase 11l enzymes Dicer and Drosha. SIRNAs are unwound by RNA-
induced silencing complex (RISC) and single-stranded SsiRNA hybridizes with complimentary
MRNA. Nucleolytic degradation of target mMRNA by RNase H enzyme Argonaute in RISC results in

gene silencing.

In living cells, dsSRNA could be produced by RNA dependent RNA polymerization as in
the case of viral infections. In plants, virus-induced gene silencing (VIGS), mediates virus
resistance. dSRNA produced by hybridization of transcripts from repetitive sequences such as
transposons and endogenous transcripts containing complementary inverted repeats that can fold to
form dsRNA hairpins, direct mMRNA degradation. Artificial introduction of long dsRNAs, siRNAs or
constructs expressing hairpin RNAs has also been used to inactivate gene expression, in cultured
cells and in living organisms such as Caenorhabditis elegans.

The high degree of sequence specificity is the main advantage of RNAI. Therefore, RNAI
is a powerful exploratory tool for genome-wide identification of gene function, developing
treatments for viral infections and cancers and in agriculture. Crop resistance could be achieved by a
plant delivering a dSRNA that targets a gene of a pathogen and induces a lethal or highly damaging
RNAI effect on the pathogen, in the absence of an endogenous target gene without damaging to the

plant.

RNAI has the potential to improve public acceptance to GM crops. This is because dsSRNA
does not encode a message for a novel functional protein, instead, it reduces target gene expression.
Therefore, in RNAi-mediated resistance, non-target effects should be lower than those of highly
specific transgenic proteins such as f-endotoxins of Bacillus thuringiensis (Bt), which are already
deployed widely to control insects in some crops. In addition, dSRNA is not new to the human diet.
Virus-infected crops, that produce molecules similar to those used in RNAI technology, are

commonly consumed. Non-target species that feed on the plant can be protected by using dsSRNA
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that has no effect when ingested by non-target species by avoiding targeting genes that is highly
conserved across plant and animal kingdoms. Delivering dsSRNA by using promoters that are active
only within tissues not consumed by humans and animals may also offer biosafety. Grafting

transgenic rootstocks with a non-transgenic scion or vice versa may also reduce any risk factors.

Presence of many small RNAs in rice grains with sequence identity to regions in human
and several animal genomes have been found (Heisel et al., 2008) which supports the idea that there
has been safe consumption of RNA by humans and animals over a long period of time. Nucleic acids
are natural components of all animal and plant-related foods and also have a long history of safe
consumption. There are biological barriers (such as salivary RNases in the mouth, acidic pH and
digestive enzymes in the stomach, endosomal and lysosomal degradation) for cellular uptake of
nucleic acids from foods and rapid catabolism and/or excretion of nucleic acids. Therefore it can be
suggested that crops using RNA-mediated gene regulation may be safe for human and animal

consumption (Petrick et al., 2013).
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GMO, Agriculture and Biosafety

V.N.D. Bulathsinhalage

Board of Study in Plant Protection
Post-Graduate Institute of Agriculture,
University of Peradeniya,

Peradeniya.

Agriculture is one of the fields where Genetically Modified Organisms (GMOs) can be
used as a powerful biotechnological tool to address emerging global challenges. One of the
biggest challenges faced by the present-day agriculturists is the providing of sufficient amount of
nutritionally-rich food to the ever-growing world population amidst the biotic and abiotic threats

including the adverse effects caused by climate change.
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To this end, GMOs have become a powerful arsenal. However, safety and ethical validity
of the use of GMOs is a public concern. Over the recent past, scientists have been able to
produce GM crops and GM animals giving better yields and higher quality food products to meet
the emerging needs of the present world. In addition, GMOs can be used to produce crops having
higher resistance to pest and diseases and also against numerous abiotic stress conditions paused
by the climate change and many other anthropogenic misbehaves. Enhancing of the nutritional
and organoleptic properties of food products is another miracle that can be achieved through this
magical tool. Therefore, GMOs help to alleviate the world hunger and malnutrition while
becoming an effective alternative to the heavy usage of hazardous agrochemicals and the
environmental and health hazards caused by the indiscriminate use of agrochemicals. Moreover,
some agricultural GMOs can be developed to cut down the cost of food production and they can
be enriched with medical benefits, better ornamental values and many other desirable attributes

for better survival under non-conducive environments.

Since the introduction of the first commercialized genetically-modified crop in early
1990, which was a tobacco plant resistant to virus, several other genetically-modified
(transgenic) crops have been introduced to the market with the approval of the Food and Drug
Administration, USA. ‘Flavour Saver tomato’ which has the delayed-ripening ability, canola
with modified oil composition, Bt Corn, Bt Cotton and Bt Potato having the resistance to insect
pests, cotton resistant to the herbicide bromoxynil, soybeans resistant to the herbicide
glyphosate, squash resistant to virus are to name a few of the approved GM crops which have the
approval to cultivate in large scale. The list has been increasing as there are some GM crops
which will be useful as medicines, vaccines, foods and food ingredients, feeds and fibers are

currently in the pipeline.

Despite the benefits of GMOs, there is another side of the coin. Even though, the
production of GMOs seems to be a theoretically simple procedure it could be associated with
tremendous unintended risks. Safety risk to human and animal at the short run and long run is
the biggest concern as production of GMOs is an act which is going against the will of Mother
Nature. Most of the general public is not very comfortable with the principle of developing
GMOs by inserting ‘alien’ genes into plants and animals of agricultural use. Especially when the

gene of interest comes from an unknown/unfamiliar origin, it’s consequences on toxicity and
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allergenicity are not clear. For example, there are reports on unintended allergic reactions which
appeared in people who consumed GM soybean modified by inserting a gene from Brazil nut
gene (though the gene of interest did not code for any known allergens). Moreover, bean plants
which were genetically-modified for higher cysteine and methionine content had to be discarded

due to highly allergenic nature of the expressed protein.

Reasons for such unintentional situations can be explained simply. Each gene is having
its ideal expression pattern mostly at its original genetic environment. Therefore, once we
introduce a gene forcefully into an organism that gene may over, under or differently-expressed
in the new genetic environment. As a result, malfunctioning of some other original genes and
deletion of some genes in the transgenic organism are possibilities. Hence, structural and
functional alterations leading to allergies and toxicities are possible in organisms who consume
the GM crops or foods. In addition, there is a tendency of introducing these transgenes into
some non-target organisms through horizontal gene transfer. Thus, development of antibiotic
resistance, pesticide resistance, enhancing of pathogenicity are possible risks that could be
aroused unexpectedly. Ultimately, development of invasive species, emerging of totally new
pests and diseases, creation of negative impacts on ecological balance and evolution could

happen.

Therefore, development and the usage of GMOs useful for the betterment of the field of
agriculture should be done wisely and safely despite their strength to address present-day global
challenges. Once the GM crops and animals are introduced to outer environment, it is too late to

rectify the repercussions.

Even though, one might suggest GMOs as the best option to solve the global issues,
challenges can be expected in the areas of safety testing, regulation, policy making, tracing the
GMOs in food and feed and labeling of GM food. Thus, clear guidelines and strict regulation are
essential. Above all, wining the public trust and changing the attitudes of the public toward
GMOs is another hurdle. At present, several guidelines and regulations have been declared by
several worldwide bio-safety agencies and authorities. According to them, it is important to carry
out these GMO related research under the controlled and contained environments with prior
approval of the relevant regulatory authorities. No solution to any given problem can be perfect
and it is not an exception with GMOs. Therefore, production and usage of GMOs should be done
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wisely with proper awareness on biosafety related issues associated with them and under the

proper regulation of authorized regulatory bodies.

Biosafety Education in the State Universities of Sri Lanka

Ryan Rienzie
Postgraduate Institute of Agriculture and Faculty of Agriculture
University of Peradeniya
Peradeniya 20400, Sri Lanka

Biosafety as a major aspect of biotechnology: Biotechnology is one of the key
technologies contributing for the development of agriculture at global scale. Policy makers of
Sri Lanka have identified the role of biotechnology in the development of agriculture in the
country. However, other than the wider use of plant tissue culture in large scale, a technique of
biotechnology, use of advanced techniques such as recombinant DNA technology and use of
biotechnology tools in plant and animal breeding and plant protection s still confined to
laboratories. Therefore it cannot yet foresee any commercial outcome from advanced techniques
of biotechnology. With the embracement of a new and promising technology, always there are
associated risks of which the magnitude of impact is varying. At the same time biotechnology is
rapidly developing in association with other novel technologies such as nanotechnology day by
day. Therefore, it is worthwhile to open the issues such as safety aspects associated with any
novel technology for the general public and interested parties to discuss and reach desirable
judgement regarding the acceptability. Due to the debatable concerns regarding the genetically
modified organisms and the food derived from them, the term “biosafety” came into
consideration. Biosafety deals with any aspect of safety issues associated with the potential or
actual effects of genetically modified organisms on the ecosystem (Teng, 2008). This article
briefly discusses the overview, constraints and implications for effective promotion of biosafety

education in Sri Lanka with special reference to the university education system.

Initiation of biosafety education in Sri Lanka: In Sri Lanka, even though the terms were
discussing at certain platforms since early 1990s, a leap was made since late 1990s with the

Cartagena Protocol and as a result, a bloom in the developing countries to consider the biosafety
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aspects was seen and biosafety was incorporated into their biotechnology research systems. The
Sri Lankan government also took the initiative to train the personnel involved in biotechnology
research and teaching of the country. Promotion of bioethics and biosafety in the life sciences
was initiated by the establishment of the National Bioethics Committee in 2003 under the
National Science Foundation (NSF) and it promoted the teaching of bioethics in the life sciences
faculties of universities. After 2004, under the biosafety framework of Sri Lanka, the biosafety
education was prioritized, under which the awareness programmes were conducted for the
general public. With the introduction of biotechnology policy in Sri Lanka, biotechnology
education was prioritized. Under the objective of “promoting public awareness and position of
biotechnology in society and incorporation of important aspects of biotechnology including
biosafety into the curricula of schools and the universities”, research and teaching of
biotechnology and biosafety were incorporated into the curricula in many undergraduate and post

graduate courses, while upgrading the quality of the already existing courses.

Presently there are a number of undergraduate and postgraduate level biotechnology
courses offered by the universities in the country. These courses are offered under the curricula
of degree programs in disciplines of agriculture and related fields (including food science),
biotechnology, environmental science and recently in the curricula of the technology degree
programmes. Furthermore, biotechnology is being broadly thought in a number of Master’s
degree programmes offered under the disciplines of agriculture and science. The curricula of the
undergraduate degree programmes on agricultural and related sciences, science/ applied science
and technology faculties and the Masters level programmes (science and agriculture) in the state
universities include biotechnology and related courses. Many curricula include the biosafety and
bioethics aspects under the BSc courses, embedded in most of the biotechnology courses
(biological science, agricultural science, food science etc.). However, a question arises weather

this broader aspect could be covered within the allocated time slots in each course.

Interestingly, a few courses are specifically designed to deliver the key aspects of
biosafety and bioethics. For instance, Ruhuna University offers courses on bioethics for the BSc
degrees under the Faculties of Agriculture and Science. Moreover, University of Sri
Jayewardenepura also offers a bioethics and biosafety course under the degree programs offered

by the Faculty of Science (BSc Sp. in plant biotechnology/ plant biology/microbiology), while
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University of Kelaniya offers a course on ethics of biotechnology, biosafety and intellectual
property rights under the degree programs of BSc biochemistry/ microbiology/ molecular
biology and biotechnology/ environmental conservation and management. Furthermore,
University of Peradeniya offers a course on biosafety issues in biotechnology under the B.Sc

(Sp.) degree programme in biotechnology offered by the Faculty of Science.

At postgraduate level also, the degree programmes on agriculture, biotechnology,
molecular biology and life sciences are offering courses that covers biosafety at a broader level.
For instance, Postgraduate Institute of Agriculture offers a degree program on biotechnology in
which it offers a course on genetically modified organisms, food, feed and processed products
and biosafety. Other than that, the theme is more or less covered in other biotechnology courses.

Constraints:

It can be observed that except the university students who are following biotechnology or
related courses for a special degree/ major at undergraduate level or postgraduate programme
which contains biotechnology, other students, are not having an exact idea about the concepts.
With respect to the general public this situation will be worse. Therefore, in general we
understand existence of a large knowledge and communication gap for which it is needed to put
a greater effort to fulfill. Therefore, it is noteworthy to stress that this message should be reached
up to other disciplines with non-science core such as management and social sciences. So that
the students with different backgrounds are enabled to look at through different perspectives
other than the view of science. It must be stated here that most international universities
overseas are offering information courses on biosafety and bioethics issues in general to non-

science based students at undergraduate level.

Future prospectus and implications:

Taking the recent trends and novel concerns of biosafety into consideration, a new
approach has been initiated by the Government of Sri Lanka; that is to draft a Bio Safety Bill to
minimize damage caused to biodiversity by the release of organisms created by gene technology.
While mainstreaming the biotechnology into the food production in the country, the government
has an obligation to reveal the issues related to biosafety as they directly link with living beings.
Sri Lanka possesses a well-trained university faculty members on biotechnology under various

scopes (agriculture, food science etc.) and together with that, state university system deliver
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rigorous theoretical and practical education which itself is a strength to promote biosafety
education. Biosafety aspects should be disseminated to other students who are following non-

science degree programmes, for which a strong strategic plan is needed to be created.
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2 ulflweourgieriny GaTLjures elLwmisemsn GeusfiLGHSHeudHed QU o566
alflliyewnjey womId GuTE whsefar UEIGUDDEIT LEISeILLD

slegnel Camwof oD STl FH BHENSWIT
allehehTerr HeOMSl, UTHBE (LPBTMOSHHIN HEOITH

O LIgwy)] LoTHMILIHLOSSLILIL L DIBIFEB6NT (GMOs) DI6VEVG) GUIT(LPLD
wrmpwenwssiul’ L smdser (LMOS) Qurgl wéseflen G @@  S6emEissHHILGLULL
alLwions  STeLULGASIDSHIL 66T  BHIBTOUHESG USSTOISTE HHSLULGBOUSOITO DB @
alevevenTaBou UTFaESILGSRIDS. @FH Ourg waseflenLBw alflliyawife @60eors @
seemouLer  Crrowrs OaTLiYy uBssluLeomd. Qurgdl wasefenLBuw ey eneu
gmUBSHHI6USH60 SHB6160D OamHmIL 1 26NL_HRIGH 6N CLPEVLDIT 63T QFwmur B 6T
GmOsmeTemiLLeoTD  eTalenid, Wasajw Hmemieten Qurgd elfllyswife] gOUBGSHID @h
(LPEMDWITES SIMLDEUF) 2 ulflwedum gismiiL Q&L FUTed el WIBIS6m 61
SimL WITemILB &S0 60 Qurmrgy L& & 61T60T LIMBI(&LIMM 6560 QuUDMIEOBTETOUSHT(GLD.
suemyallevdaandhdely, o ulflued urgisTiy  eterlubeug WLIUaW  LTMHHILMLOSSLILL L
asmdsepLer  (GMOs) OGsmijyenLw  oppmuisdd, o pusd, uvweur®, OsmdmIu
SalmsHH oMb BFemeuse eaLMDEND LOaNSH6ET MHMID WI([HBEISMST UTHISTULY LHMID
@6  UTHISTUY  eTeiUauDmenm  RQevdsTs  Oameni(h HHHHV, (GHMMGHH0  LOHMID
OeueBumMIBED  eTaiileUMM6d  Houanild OFVHHID @ OBHTGHEH BLOIGHMBHET B GHLD
(Ferreira et al, 2012) . o ulfweourgismiy OsrTLjurs QuTdl wWESeTeT AN 6
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o ulflweourgisTilsr  aumyalevssaHHET S BLOIGHMBEMET  HOL (PeMULHSHHID
alF(Lpemm b em 61 SI(LP6VITE (G UL 60 DI (P SBEWLDTEIHT (FHLD g Qevrenile0 6T HO6UT (TH
AlHpempiuGHHID  Coumevs I LHHMGID  Geunmsromer  S(WWeOTHBSHMBTE  CUTSH
waéseler FHUTH ST (LPEHBWSHIOIPENLWSBTGHLD.

BEETTEISHIMD, @Ged ooy  JelBSHOSTLFuTenr  HGwr  (Ri0) ysLed,
o ulflwebungariy OsTLjurer  ‘opjamed’ (Aarhus) ysLemd wHmw  ‘STILSeT
(Cartagena) Ompmipenm’CGurein &JauGass o L aiLSmaHeT QUTHSSIDTET 1oL L EIH6M60
OQurgl WaHMeT UBRIGUDDEIET (WHHWSHHOHMS UILNISHIUBILET BB QUTH LDSHHEIT
Glp6L  LOOMID  FTHHWIDTRT  puUSSTET  QUTHLEET  WOMID  CBWOHUTHST  QHTLFUTe
HBIVBM6N  QUOMIBCBTaTUBNG @IvdHésiubGdamriser (UNESCO, 1992; Convention
on access to information, 1998; Cartagena protocol, 2003). @iy oiF&ETyFamuS6T GeeuTmmes
HBUVBMEN  CFafleHdl AUIPEBIGHMUSDSTR HIbG SLMWLLULTHHmeNT O TenTiy hdHsGeusmi(HLD.
QuTgl  WEBEHLFL  JUTHEHDHEG ~— CQUTHBSHIQW  elLWEBISeN0  QUTHSHBHLOT6
sLLEIG6MND OaTeTemd a@GHH0 WLHMID (Wyasmen GCunlsmerersd GFwetpammBeaied

urlGOsmeTen Gesustor(hLd.

Qurg| 105 5 6168 UIMBIG UMM €LPEVLD aPIIL 6wt 661 gOUBHBIUBD G,
SITFTRIBNOH  (PHe00 QUTH WEHBEHHEG HHOLSBUOUDID HBEUBET  FeLPdd A6
SIMHHH WLLEIBEHHGW OFSImenLalensd BFFWILUBSHIUSDEBTERT  [HL6UIYHNDHHEM 6N
GomOsmeTenGsusmi(hd.  isusuTMHeLMLOWRTNED, HH6Ued UFOTHMD DLETH  FPBHHT @ (H
GMNHH UGHules (& oL (HLb L GUUGSSUUL (B RFQFWET (MmN
USSFTTUTETOSHTEIMTS LOTMLD. 91,5C6, Gapemeuwmeot HEH6160 D60 61T Crywrs
Oz wiuGHETAIL LT dFmeriunpmiu siMleneull QUOMIEEQBTETON (WPIRWITEH LGHUIT(HSH G
AULDTEIGHEUSMBTEN  HLoUQHMBEH6T  BombasmeareniuL.  Geuswmi(hd. QUIG  BHHBIHBIGHSH6T,
LWIDSAUPSTODBET, HLD BVHSHMTWTL60ET, FUpSTW Qeuefliiuml(h BlawFdeHH L EISeT,
Qurgl eleuTsmsen eeaiust QUTH WEHEHHEG FrHHwoTe  LFFHemeaiser OCFHTLIUTS
Weaagnatea sMlandHsusnSG alfiiyemie) 2m GushGw LWELGSSSmU @b Flov
AUO(LMEBENTE HTEILILHEUSZIL T RHT cpevld QUITFH WEHH6T QBTETME 6UGHHHED LOMHMID
wasemen  GmOETaTERD S LEIS6T0 URIGUDDIISDHETET Burgiomerenea] imailenel
QuUOMIECBTETNGIQUSTE BHBGSGW. BEIG oleusTulset wOHMIWHD HIBTCuTT  Bumesim
Aysrenr  umiGsTriser GMOser OsmLjurs Gurgomerene] Siflelenen  QuDMlHLILS
SGHWTeuAWIOTHHTGL  eTdUBIL6T, DS  cpeold GMOseflesr  vwetur(h G TLFUTeDT
SlufsEHmLW Bleweolur(h OsTLIUTE SHBeuevMbd (PIReEemeN sI(BHLUUSMEG DI6UTHETHEML LI
s IBHen wrmuLsomid. (United Nations Environmental Protection Agency, 2017)
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O®MeTemd  UGHHH0 WOHMID  (WPasmen  GumOaTeTend &L LES6M0  QuTH
wasefar UBIGUDDeIsT (WhHwsHgaud s @m GMOGaT uweTUTLTRIE  @GLeN60
LGB uTHBSTH, oML  Fepd, QUIHEMTHTY, FFwed  PMID  HOTFFTY
GHLOEOBMETUD UTHEB@GHL 6ITUSTGHW. QUEIGIPenD S LemwlGuTetler  i(LpsOLIH S 6060
ST BLLSH6D, 2 _6wi6 UTHISTULY, HOTFFT] @(HEISNeNe] LOHMID eumiend LAY
agetuest  QamLgumen  Qumgl  waEefer  &HhHHH 2 UTULEOEUMNBENOUTST  LILIGTUITL 1Y 6060t
BlenevBmiGHHIUH0 SHeuaidHey GamaTeniiLL GeouswiBo. pEBCeu, BFHemer BlewevBMIGSHIUBD S
pevtet]  sLLemUdmeT  SpoeOUBGSHHIUSDG (PSR @@  UFbheneleomen  QuTg
SpWIOSBTET M) CmGameteniiuLGeuesmi(HLD. Q& Qumrg) LD& & 6YTl60TIT 60 (Lp6TTEm6UEH B LILI(HLD
LTHOIUPISET LOMID  FHBHTLUURISMNMULD 2 _6TonLsHUSTE RhHeHs GCeuswi(ho. BH Ws
(waBlwiorerg gheraied, @umiGuwemmn sLLenwluy womw GMO Ggrkplukissr QuTg)
LDBBEMEN  HOUMISHD QBTOTONTH  DI(PeOLBSHSLILGBLOTEITED, G 6euald  TNIHeILOeT
LI6V6LI63 85 LLIT 60T STTLSH, OBMI(penm LoMHMILD Fepd-OUIT HeMT ST b B60BHEThD (&)
B p&FFeoad. 5860, GMOzer Gurneim OaTWYHILUEIGEHGSTET  BHemeu  Haflwims
ROEBIGWPMDLULBHSHID SIH BT FEMLISHT6OTT 60 oL (HLDEVEVT G Qurg| LD& & 6YTl60TIT 60
gywreissiiu.GsusuBo (Lim and Ching, 2009; Richardson and Razzaque, 2006).

o uMflweouTHIBTUINSTET @H QROEIGUPHDULBSHID (PHMENLOUTET  DI(LPEVTEHSLD
oo sgmer OHTLIHS GMOzefler evsTueID sauamenm COBHTLIHE OSHTLIGSILL L
GMOseflet  semismemily QFweai(penpseied QuUTEH  HSMNST  LUBRIGUDDED  SalFLoTs
2 _FHUBHTE mujd. Qurgl WaHeT Hyeajmen CaFasfllusn@GHL Seundemm  UGLUTUI6
QFWIusHGL  LWSTUGSSIULETD  aetugiLer, Qurg  wésafLOmBH — Qupiul L
HBOULBMEN  HTUISHIUL L  QFweaI(pemmEemen  rHMwenwlusn@G  CxHemneuBuimLigest
ROEIGUPMD  BLLMLY  je0evd  QBTeTmSH6M60  LTHMEIGN6T  JOLBSHHIUSMEHLD
vweTubssiuLeomd.  ewgTildssiu’ L. GMOseflar  Qeupy) OsTLjurs  QuUITgl  LSSH6NT
USBFTTUTRT  HHSHHIHHMEM  UATOTLLTTH6T  61USTEO, QUDMISQSTETOMILLL  SHT6SH6I
Waad FRLUTOISTEAID USSFTIUDDSTEA|D  STWILLUGBLD.  ISSHIL6T,  HERIBTNILILEF
QFwenwempuied Qurgl wasefllar FHUTH, SevisTaly CFwaTIWemDUTED FHULIY[HESEGLD
TFTRIBSHG QUTHTHTT &Hemwulenear Gamma@ (Lim and Ching, 2009).

D FMHG|6M6EIIH6NT:

1. Ferreira J, Borém A, Gomes W, Setotaw T, Cancado G. Biosafety and Detection of
Genetically Modified Organisms 2012. 427-48 p.

2. UNESCO. The Rio declaration on environment and development. 1992.

38



3. Convention on access to information, public participation in decision making and access to

justice in environmental matters, (1998).

4. Cartagena Protocol on Biosafety, Article 23. Public Awareness and Participation (2003).

5.United States Environmental Protection Agency. Public Participation Guide: Introduction to
Public Participation 2017 [Available from: https://www.epa.gov/international-
cooperation/public-participation-guide-introduction-public-participation.

6. Lim Li. Ching. Public Participation in Biosafety Issues 2009. Available from:
http://genok.no/wp-content/uploads/2013/04/Chapter-34.pdf.

7.J. Richardson B, Razzaque J. Public Participation in Environmental Decision Making 2006.

GESTSTY FHenmuied UFDLMTWEG LTDMWMSSILLL 2 MHUSHICUTHLS6N
6TLD.615F.6).19. LOBHIOATET
LGHBBTEHNLID HMemibHend, CUITSMIL LeOBEM6VHBIBLD.

LUl LTHOWemLESEIULL @ DUSSHICOUT[HL ST 6TGIMAIL 6T 2 MRISEHNLUI OIS0
eTeUeUTT6N  6Teutenlld o Hedeimagl..?. BEIG6T Henewodseond “olLsd  sLeaBen, GM
o _MuSHHUIOUTHLEET 6TRIBEHEEH pUSSHTRIm6N”. oo GhImSsaisd BmB6T Gl H6VMLD
“yugml WrPMweEsIULL 2 MUSHI QUITHLE6T 6IEBTNTE0 61T JMEU  FpHHHM G
GMO 2 musdurmlaenmas  SMpslubhSHSUULLME.  WJUuanl  THOULLDSSIUL L
SImBHB6T  eIlILBUME, Seupnier  yuamibHeT (QupbUTeTer  Fhajlumsafsd DNA)

BUDEMBWITET (MMUTED DI6D6VTIDED THMIWMDSSUILL L. DBIFGB6T B GLD.

gwadb GM o euey upyh sebsoOIUTHESIDS.  demeu  WWIUEIFHWLTS
QurpluiweduB eIl L 2 _6WI6H6NTHELD o _ufiflued QurpluiweduGHBIuLL
o Ui BNTHaD STewilil(hdaimer. oo  euemawimer OQumind GaFFoalulL o 6mi6|He6i
ghemauled HemLssu’QUnISSimeT, eneu wIUa OCHTYHIL USHmE ULWRTLBGSHS 2 MusSH
Qi Lemeuwm@. el Lwer 2 Lemer SHus Bon  sfld GM o _eweysed @F
o _FHTFewiomGw. @& egmwpd FHpeujser QeoGeuts Cursmemenw  QuUOMISOCHTETEHLD
GrTéHsHHMBTH 2 MUGSHQFUILILLL L HTGLD. sTEmILD, GM 2 pusAiEurmLse
SCITHAWHHMEG HELELHEVEL 6IWTIOD DleWed  6IHTHTVGHHD ChTUIEmeT  FNHUBHHID
gD  FpBHHL @ BMHBHH  BlevaleumBlaimagl.  61TBeuBHTET  LDHEBET  DIFHENET
LWTUBSHIUSDESG AFFUUHSSTDTTH6.
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o ulflweo-Gurpluiuwied (emmendEemen LWSTUGSHS SWTHOUL BTN L6 616w W6
mHBH  QuUTLEmET  HBID  UWSTUGSHEGCMTD  6IRLUFH 2 _MIBEHHEG  OFHFujom.
sNCuTemsW  &TeLHH60, Geusbev  Biley Cumwmeng @@m  OQurgeuren  GrTWTS
wrleumdlaimgiLear, GQugwureorer  Grrwreflseilamsd @eigelar  LWETUBHSBLILGSSTDSI.
&LbG HBMEVEIGBMED WO(HBEISNST Famsulenw AmIHH AHOHHSH CUDMISOSETaTETILL L
‘Gumrydflent’ oo ‘Cumaler’ ReidedlaT  LWETUBSBUULH uBSTID SDCUTH  Hele
2 _6udl6ev i) @ ev1 560601 HewLSHBLECUMISSTDSI. Leis @ev1a60601 eTeleUT M)
SWUTHeslUuGHITNS  eaiuensd Briser eUCuTsToug GCundlsdmadlanisent?  weills
FmHUImUISDINT &S] o6l B evtaeVlen 6ot QuPMIBHLBTETUOSHTLISI @HBuUTHILD

FTHHWIDTHTG).

Lefls B 61560163 YR Escherichia  coli  ergmid uppFlwmeled kel
QupmisCareteniubGdamgl. grsryen E. coli opeg @aiaedmen o _musd GFuloudsdensv
openmed  elghepmeiimear  E. coli @&t DNAemw  @eaigelar o pusdenws  gmesig
OFTLFFOQFUIW 2 _SHad efls UFbUmTUEOH T  LpeOd  LTMHINWLIEDLOSHHITENETT.  DIHET6L
wyugml FHwrs wrpPlwenwssiul’ L E. coli upffflur  srsswone  @lped MUk semeseeit
B @adsdemenr 2 musdH  QFuww.  @eraeder Wl (hososondl,  LInGurmGendiflser,
ol LieiseT, OBrdHwmsst wnpmiw enrjCuraisst Gumeim Gsaum Fed wHSHM 2 MHUSS
QUTHLBEHOFL  OFUm LrHOWmESIULL  uPPHFLT  D060FH FMETL  H6V  FnmISH6Ne0
Bmbal QuONIsCSTaTEMILGSSGIDET. (GHDTHmeOWmESE HHFms CFUILSInUl  cUeTTFS
GammyCuwner, sHewwwmer JFnmbres Crruisefled uweTUGHSHSIUGL  TfGHCTTOUTUIL 1968t

eTTLSNIOYD @D(PpemMUITTED  HUITHlabELILIBE 6.

aaflaid, @sswurfiyseis, Sudure aEUUSHDGIW 2 HuSSHICUTHTEI)
uwetur(hésras Tfls0shealul (b sFHHeflbaslubBEainer. &HTHTT UTHISTUIN60  oFUaI
LTHPWSSILLL  (pIomWTer EdE 2 I Qameatenliubhoudlsvene. GwBsv @Mt i’
o _musdl QuTEHLsmens Haly, e flsTer sTeurmiseilsd sTewilublL Fev 2 ulFlume
WHBSTEEANWD 2 _6TeNLSEmIG6T  WJuam  wrpPuenwssiul L OsfleyGauiwiu L
SIBIS|BH 61T €LP6VLD 2 _MusHHEFUILILILL 6VTLD. NS uieus Lo SH6oT UL 6L 61T
SLITWIFF S UBSSUUL(H SIHN UOmICHTOWITLIY QFwmur® 1970s 611160
sewiLpwiul L gl u&xlés uieu wrsHemBH fEH0sbBEsIUCL  Gaialweolener OomewrL
Gxyemeu QLHBFTL erILGBOUSTGW. D& @GBUDOICHTOWATIY  wEHbBSTE  JelHHSH
Qeuiwiu’ (p HdFmsseres ULSTUGSSUUGHSIDG. u&slls ufel  wIESND SHbHS
OL&Bamemev  Ufls0s0GUHUgE  Wsad  HArwworer  srflwwer@G, gGearaflsd  @ioymiseied
OL&BaTe0 2 _musHeFuiubausnNEG We B STV  6i(heH@IME  6IETUSRILST iG]
wrsHer ulenLuled LGB  sTewLUBGHEImg.  alehepTaidat 2 ulfluedGurpluiuied
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(Wpemmasemen LwaTLbBSSHulerenery, @Hed QLBCFTemeL 2 MU HdH GFululd UFDUMmTULIELE e 6o
Qumrmabsorer  sevmsefaeT UGsH — OL&ECaremsv  LfH0sGUUSDSTE  H6VMISENT
Q6T & LILI(HE6IT 6T,

G&a1HTICFmeuulsd  Wrue WLIPHWmWLSSUULL 2 _DusSd  QUTHLEMmET  [BTLD
WassFFflwmer  wenmuiled uwWaTUBSHISSCDTL  eiaiugl  GeusfiliusmLwmer  aflLWDm@LD.
dHTBTOHHVIDInL, SUOUTHLSEDHD LHMID YA 2 PHuSHOUTHLSEDHD — FHmGHuled
HLHHUOUMID SpeTed QUTHI LSBT HIWOGES HMID UHeCFLIWIULL  HETHTTHTLIL
o _musAHUGUTHLEmen WL HOW vweaTUhSHIUSmeT HEFEFWLILBHSHHCeusmiBH Be0em606 W60
o _musHUOUTHLEMNET  HISHMEG 2 HHTUTHD  CUPEIGIPQUITH  6TOTURILET Rl
AlHLUSHETSH alenenebEnhd@d B (HFOFONID. @aimalar evevd OCLEBFTT (WpenmwiTs
aHHBFHBUULTHCUTH, D&l HIBTCMTMT UTHEBHIIQU  FMITW  USTTHBHHEIHMETULD
OameighHH6oTD.  pECeu 2 musd  CFwsiwpenpulaCurgd 2 musAHIGUT[HL s6fe
SITLOT VG LOlB6LLD giflwimest (wemmuieo HEUTHIT 0T BLILIL Br6usT(HLD. a5 6TpLD
alF(LpemM B ETHLD FBTHTTHGHIMMUI60 266N GM 2 _musAHICUT[HL SBeme

BFFWLOLBSHSHIUSDESG 2 uITs S(hHEHHCauem(bGLWaTNOl meu FTULTS B(HHHHFmLTH.
9 FIT&HG)606001&H61T

1.Genetically modified foods- Genetic Science Learning centre-learn.genetics.utah.edu> Genetic

science and society.

2.How do they make insulin from recombinant DNA —www.nlm.gov/exhibition- recombinant
DNA technology.

3.Paclitaxel Production Through Plant Cell Culture: An Exciting Approach to Harnessing
Biodiversity, K. Venkat - Phyton, Inc., 95 Brown Road, Ithaca, NY USA and Rutgers University,
New Brunswick, NJ USA.
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CrTuissBLY (Wwenmenwl ChTaal 6Iog 2 66| (PNMEMLOE6T: 2 _6ulanlddnigul HBLILSS6
s®BUY Ww®BCHDMeVsT 61FyaEmevLom@Lom?
dgidell APBHeu L.61F.19.

2 _ulflygrwereiuwisd wOHUID cpevdsdmpm 2 ulifluied Henewisbsenibd,
wmSHN LD, QasTpLoy

SGUULGHS  aaluGad ¢ 2 ulfwe  swrfliutg, & ek GIHS
Grruissmer eIHTUYF FoHomw AFsfEGw. BH CrTenw gNUBBHID [HiGwIEwIHEIES M
P55 QHWPHUMT QBTWIYHBG WOMID Qg CUIHLLUTEID  HiswTeTRIEUNST  cueIaIhHS
3LV  OaTeOeLLILLL  Semly, AHET  OFHTLHEIH6T  DIeVLFH DS  WTHIOLOT(H
Gumurliy yrsmiseilsd @mpba  SUTfleasiuGIHIInS.Mm  ShHUyFAuled  sTewriiubBalern
(LP&H6UIT Bamufest SLUSHBHTH EMEIEI0A eJMUI(H S SHI61SHM BT 68 AUELEVENLOEM LI
O&BTEwIYHBBTH, DML BFH 2 Lear Crrowdjiy OCaT@gHeaw Ghrrenw gmuBSHHID
HlcwTeIBISBmeT  @6BIGmI(H  deupenm  APlusDHETer  InCuTmGendflaamen  &IlUSNE
HITeoot(HLD.

smBuTemaw Brefed elehepralser @m JmEUIBHS aiOaTm CHTLTLI06TS
SEBIEDBEG UJDUDTULEOGHHMET  LOTHMPIQUID  6TTUGIL 68T, LU  mmMluenosSLILL L
SIBBBET  DIEV6VFH  “UTDUMTWIENE mHOUUL L eN6VBIGH SN/ STeugmibat” earliLBHLeIDHemm

2 _MusHHQFUILI(PIQUILD.

o ewienmidbdnlgwl HBUY LOGHBSIS6MED, UFDLMTULNEGLOTHNSIHDGLULL  SHTEUTRISH6NT
sbUY WGHHa 2 PuSHHUTEGL aTEGHHMTs LwWaTUGSSUIUGSSIDaT. UDHHFwr  wHmID
weuga:  Gumeiy  Grmwrsdseier  pOuTmHeTEmen  GMOUIL(BLD  UFLDUMTUIEOEH6IT
STEUIEIGETND Semed  HesGHW  CrrOwdHFiy Queoysemen OQBTENYHBGH  UmSBUTED
OeueILBSSIUL6OMD.  eTalgnid, Siemed QHTHMIHML  FNHUBHSHHIUBDSTET  ULD(LPEHMEDLLI
QaTemTg(hHBTH 6THTUSTE0 UTHISTUY BFFWILBSHSILBGERTDESI.

sGUYGBBIEmen  (UnCuTmOendflwmer yrsmiser) Oamewi(heTen  Eeleummimet
SHIT6UI RIS 6N 61T o | QamearenGumg|, HIT6U & H6VMISH 6160 6163160 LDUIT 63T Qeuef&aeur
Op@urheTseEhdE SNBTEOETHOSTH HeougFonsd BFFWD CHTPNUBL 6TETUSHIL BT, il
Sumemn  Gemglienl  &JUYEeTsd @b U Lemalled UTHISTEHHHInQUSTE  S([HBEGLD.
AFaaufsen @miFHuied FmiGLeled 2 _emLw STDISHL 6T, SH6vEIEaT SHgl LHEUTEHOeTHIS
FIJ & (G B M6 SHBFHEMTLL SHemi6n LgUIIQuIT al(HelSHICHTUISHEHEE ENG
aHFiyFFsHmw SlefeHamg).
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SalmsHwenLBHIMHD — BThselsd  WHaFOFMeuTs  auenjbsUlLBLD  aUTeNLD,
o _(HEeNGHPEIG, SenTeuend, flF, Casrgem, CFmwm Seueny womid GFmemd GuTaTMET
o u’L BT U BRI 6N 2 6uT6NIEn QUL &BLILLD(H b S 60 61T o _mugsHd OFuWieugdlev
LWSTUGSSILGEHSIDT.  (PpHeoTeug elld FHAdFemg wLIHF  GCeueTGemm L 1997 @60
pLISSUUL LG, E.coli uppflumeledmba saumbd OsTidais@ adymer @ SHUYLGHS
o _(HeM6NSHBPmIH60 o _musHd QFwiwiul L g|. O3 LD LIGTD) LoTHmUILL L
2 _(HMNGHIPEISNT 2 | OBTeiEheus UTHISTTIOTeT urdHiy  egieden)  Hmudsrwomer
CrTOQWHTIY HaTewoenwl  alenenauTd HhHH. 2 _6wienibdnigul HHLUYLHBSHIBNT SHEUTSH
GapiuenLLigerd 11 eweugdk, Gruled eweugdH, SHuTFH0sTGSH  SaTdliguisd  meuys,
Seei(psd  weugdk  wpmid  CeTIGeumedds eweugdH  eleeUUMMIGE  STalhHSH
QruiwiuGdamg. SHCUTH Geu 2 _ewiemiddnlgul SHUYLMHBSHIHT LsOBaM LOlHBHEISHTD
SpuIe seilest S 2 _eTengl. QeupmieT @ o0 HHUY WHHBHIB6T LOANHN60 DiH6T Hmenesor

GarAlusnars uflGsrdasiul(hb 2_eTemer.

o auienmidbdnlgwl  HBUYLGHSHIEHET LU  SHTJNIBIGBEDHETE  HeUTFSBTLOTOISTS
o eitenet.  HBUYLGHSTOIH Bhygwrs o L OsmeTeniuLsomd, wLOHDMID 2 MusSHUTeTS
CaxameuBupuBLLCUTEH FhHHWTS LQUWTSSUILULEOTD 68TUSTED @6l HBHLILLD(HHSHIS6T 6
o DusHdH wHmIL  WEHHCHOMMILST  OBFTLIUMLW  QF6veymeT e  (GMMEUTGWL.  @h
o ewienidbdnlgwl SHHUYWLMGHS AIelFsHuenLbsalmn BT(HHeMed DHD  6T6mT6u b em S U6
pUTBemen  QFQIpedLUD  FTHAHWD o eengl, gleaellsd  @eweu 2 emenflGuBw
o NuSHHQFLIWINILL6OTD  eTauGILe  aBFLIoTen  Hemehdlwl  euFdHoeflar  BCHemeu eIgia D
gouLTgl. @m(E SflaiFser wHmw amdser LWRTUGSSLIULTH 6eTLSTe, CHTHMHSEDHMEL
GoMOETETENMTHHET HTTMILTE QHTOHMIHED FOHLBEISDBTET FTHHWMBIBEDHLD (&HMMEUT GHLD.

aefleid, 2 _ewieuednigwl SHHUULDHHHIBEHHBTE HEWIL STV HTHEEIGT E6TamID
SyoreiasliuL Geuemnigueenest.  urgieTUIDETT  yHmen AL WBIGENTS  SIeHLD6US|
sreurmiseT/uuljser  (2_ewie)) (GMHEG  WSIHSFCFTHMS  WOMID  UFDUMTUVG
ufllordpsHNEG 2 LulL Ty WHsalamed o uIFGHSTEHI USTTHSEIGT @LOMIGE
al(helaalLbBHe0 GTRTLIDMINITED LOTFTHBLILIBEUST GHLD.

3,566, UTDUMTWEE UFoTHDSIHNGLULL STeuTmEIS6Tsd 2 _6Ten 2 _aiendbanigul
SbUY wmbHIST 2 ulflweourHIsTUNNSTE RenpWleusTly SpUIe|gnl LD, 6UETTLIL &nl MBIS6IT
SI6V6VGHI o _ulliyhiurgismriy uFenFeai(H®ei eTITLIOIMMIS (& BHHEMLOWITS

L BUUBGSHSIUL Geusmt(HLbd.
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IIGHETV, @&  HTHTL  HHUYLBHSTS STEWILULLTEID, @ 2 6wIuoHanlgUl
SOGUYLLGHS BHOL(PMDFFTHHWLDTOUSNEG (LPITOITe0 SeTamid  Fe0  FouTeoderiled S(HHS
e Geueutiigul BHemeuu|6iTeNg.

ugumywen@ Gurpluiwied: BT MHSHHIUSHD P GOTEUSBLOTET SH([HA

seomBld wuyfl BTUTGSTL

o _ulflyFrwenailicd Henewibmend, WHGHSHIN ULD, DG LGOBEVEHD|DSHLD

UTOUEDTW6VE MBWTEHH0 6Teiilghl 201D HIMMITEIQET DLTIDUSHD @  6l6hEhTer
ymasmsWTHCou  STewIUULL G, OM60  SLBS 60  HFTUSEGMED  LFOLDTUI6VE
&Oenmmeim  QHTYDHIL USHeET  STalHHSH WLOHMID  UFLDUMTUWIEVGHEBEM6T  LOTHMIULIEHLOLILIGIL 68T
Slaupenme_ull[meen &6VMBIH(6THE (& 61T LS6wT(HLD QF VIS5 HHFn 19 WIETET6LIT6OT SiFbeaiet
2 _usyeumIEefar Seui(BLligliy sleaTusuMMILET & @@ FTSHWDTRT Al WIOTE  LoTaU6Teg).
“wrugnl  GQurPuiwed” ievevgl  “IenFCaysenaswemLbhd DNA QTP LD 6IE@ID  USHEIGH6NT
GsvieiTen oI (pempuiener alufiiusmnE@ UWSTUGSSILGISZILET iF WHSH0 CrTwmse,
(persemily, wpmw HHFmaser eeueumPled  Cmrgwimer  yGwrsl  &TyEwILTE Bl
wBSSMSHD 9 uTlu YL dow gouGSHulsTena

BenFQayamawenLbs DNA cpevssmm @eipler mijoremioneigl, L GUUGSSILL L
SE-BHuysHeaiBua  OprHwmiset  cpeod  DNA  @ear  salsgeunner  demey,  wmmid
alpluusANGHw DNA giewimisemen sralseflayet, supsnwowrs uppflur Hermevwdl Gumeim
sreims @rlluemtwadaguw Al DNA  capeosammisaiaiet OQFesHHiHe0  sreiUeumenm
o oM s@Ww. @ ansCsjesmawemLbs &Tal GUGurg uppflu  elwmbaieupmidulaiet
GsysasluBL, @& Hemeowrpon eam GFweaiwampularrs GumsTeaTeniu@GL, SniSHurs
albbal eupmSulsd SPpsiuGSsUULL  uFbumTwedemer CeuafbsTl (Hb. ST  Ra
umyflwim Gumestm ThI603T630TRIE5| B 6 61T T HBHB L L SHH60 o[BS Qum L Bemer
o MusHesFuIugsnaTear 2 ulflued-HTHsH0HTGHIHENMTE LOTHHULIENLOSSI6TENTS).

WHeomeugl  UTDUmIWe@  Qurmuiwes@ Ll uBSSIULL  WHBSTEHANW 2 HUSIHWTEISH
ey @egeden  (‘aflubluyelsr  slead  SPwliubGEaing), 1982 @R meHw  SGWHES 2 w6
OMID WHBE (WPWHTmwsHEHUGHETe0 (FDA) omiodésiulLg. @% oy BIHOTesihos@Gw Gsors
piidey Grrmwmeiaend@ SHdFmas sefMlugsnsts uwaUGSSUULH aubg Gumeier womid ‘Gumridfer’
Aengedemen Geupnasgons FHuih QFuIss. ‘anfudluelsr oyaig @ergiellalbaTel LFDLsHTUIcE 6nest
Qurmpsswrear  sraluiamier o LyGdd JASdHGOSTLIHE BansGajouamLbs sralemw, wellseien
FOuT.(BSH0sTGHWImsT Qupemaswts eaurpdem Escherichia coli @eem  ompsliubsd Sisemen
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B et eVlevileur LOT LI QumrpiuTwievT s HHe0 L) “QamhaTeneowims”’ QFwpuL FOFUIg)
2_MusAUTSSLILHS ST L6V 6T6UBT6E00TIEb 63) B ULIT 60T FdbFeng b @w YT HEIH6NT
UTOUTWEGLTOMWENSSIUL L. STeufmisailsd 2 musd CFuuiu@Geugii e, Seuppled  Fev  (Lpesi-
g @Gnul SI6LEVG fFemas@w (p6tT Sy U161 B 61760 ST ILI(B6UGIL 63T SIem6U

AU SHBHBLOWIDTHHM60 Qb (HEISU|6TET60T.

o ulflwed wEmBSTEHUOUTHeT 2 _musbHuled WenFBajosenad DNA QamOmIugdet
wOMICWT®H SprwusTe  LFCWTsLTEs Jemweug (Wetsrj 2 ulgmm weld 2 Leled Smbal
Ofs0shsaiul L @m webHmear LHAWIGL eumauled wwealls euenfdd  CammyGomenes
2 musdH QFUISH SpG. 1986 Rev, FDA opeigl (poHevmeusml wwyueam GQummuiwed epsold
2 musd OCeuiwiu’ L  GamlusmLiliged 1  mamer  SBUY  WWHBHOHST  JADIDHGHSHIH.
LO([hSHHI6USHSH 60 85T LGS 6wt SLTLOLSBL L AyGuirsmisei OHTLEIF, Lo LIGwy)]
Qurpuiwelesr  vweunr®h  seoFCLTefer, ugTesEITUIL  CammjCurer, (& 6EHoHECHTaEIHET,
e QUBTTETH6T, @I Fellu b HedeT, U61IBIE, (T &6V BIT6V6DT HITEI(HLD BTy 6uoTl,
HenmmeroilBevimegest o uljliumsdl womid welld QUIIGTTLT meauTHsE aHyTen  HHLULLGHS
Gumelim U6L LOBHBHHIBET LOHMID  HHUYLLGBHSHIHMET IPEIGD denaln@  alfleusnLhHaieTeng
(Shivanand and Noopur, 2010). mlewiemBiISsefes  LWSTUT. . BHG GBwevdasons, el
fdFmasGHu Yrsmiseaiear 2 musbHseTd STeuTmIBeis LUWetuT(h, 2 60&6MTalll HeUaTHMS
FIHSHIOTENFH. LD  cTewienibensWTel  HHFmFsGOW  YJHES6T LJUanl  THoEINULL
STaufmEaiey 2 _mushHd  QFuwiu’ (hasOsTeauigmabdaimer, eummiem  Fev  AHFnFsHG
(LP6ITGUTIY IT 60T SI606VG HdFenas @GP (peuTBeutmL L 31161561160 o 6IT6MGHIL 65T
QU &&HBLOUILDIT &b 6N 6VU|LD Qb (HEISUy6iT66DT. o _HTJewIDNS, Hem B uen60uledl b Sl
QummisEsretentu’ L UpQurmOendflaet 2014 Rev plfleasTaled goulL  e1GUTLT MU S
FTHaSHma  SLBULUGSHHIUSNG Cardésiiul(h uweaubhiHasUUl L. CxHBumsy, WIUaDI
rHPlwenwssiul L yamasulensouled 2 musHoswuiwiul’ L wyuam Gumpiulwesyids @l ubhsHsuul L
B CamOwsflear wHHwL  HpsG Gours MG GN CarCrmGeim  emeuyasE (MERS-CoV)
Wasa|b euaienwwmer  Renewilient  CQeueliLuGSHHWH, ASHOT6O  meuTd  HITUITeOHemer
QaTHnSOBES SESSI-

OprHww, eelmenBar s (OLedGEn0F8read  oeOUT)  BTIL  HELBIHMET
vwauBsS o musd GFuwluGeugier GarFsy Gpmuissts (Yao et al, 2015) euwg
absaTHEeMND HHFmasaTs Gl uwaubssUIUBms: FDA oyaig  SI@IndHHH5I.
BFFTOIMIHET  (LP6VLD &G LOHHBHTHHANWE0 LIHmIGenen UTflwl Slenalsy, Gmmbdh GFsalsd
2 MusHdH CFuieudsd HTouIEIET HFFLILUGSHSIULSHInQU  @H CLPEVOTS LWSTLBHSHSLILIL 60TLD

UGS 2 MIHIUBSHHIS TSI
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19806t LIHUGHUTD, OGumTeloBre gFmdeld Hréaw (PCR)  eeid  wrmmis
Osrhmud  @em o uljaurepw uPRwT  SIDVEH  gemaTl  HeVEIGeT @Il (GmISiw
sTeoliL@dHuled evedlwien wLBIG FahsHeonads DNAGeT GumsswamLwsFLFuiasn@ ialmHaHd)
Gsuiwin’Lg. PCR ooz &LbS SieWienod STeORIGBND WHSHH GhTwmsmbed womid
@moelwed WmHSHIUD DB Hlemmseled YHWOSTH Yrldlemw egouBSHHUIeTengl 6TesIeVmLDd.
PCR eapeoib DNA @er omyswrenr  OQumsswrerg wWssfpw DNA  wrdfluledmbal
CrTuis@Mw  uFUmTWGEMmeT UGUUTWIE] QFWeugdnaETen FTHIHWSHMS 2 MIeUT G SlaImet:
o _gryewionsd, uryuflu GrrulsEhs@Gnw SHalGHIUDTET LFOUMTULEGHS6T SHTelliLbaSImaET
e ofleupnG siwellwer urTwiwsHelmbHEH  waelar @m Ffw  Senelsomen  HevmisGen
BxhemeuliLi(bFeimet. LOMILSHHSH 60, PCR oz mlewTamulfleeaduts, MUY FHATILIGD,
@L_(Hewtemiuiuled LoMMILD LI6OLO(H S Hleuailiew eTevTLIOUM )60 @ emevt BT MeUBHMG LD,
GamluenL L iged 11 emeugd, @eayepleussiagr o eFlearl emeugd, urjGeur eweuga 1119
(Valones et al, 2009; Boehm, 1989) Gumeim OaTHMIGHMeLWEFIQUI  CBTUISm6NT
SANBHHOEHTETOUSDEHTE  @(H 6OTeuUHBTR  HHIWTS HHOUTEH uflewndlss  eumIETDSHIL 6,
B50xMAEIL uLTag @evminasulaibamL. SH6uTg NFCwTdsslul (B eumHSaIma.

LGHSSHUSHIT  SOBUTHBHW  WSSHHL, UFbUmIWeE FHHFmsunargd o ulysHE
USHMS GOUBSHSID UTDUMTFHWTET QOEISOBRISEHSBTR  SHFNF (LPHDENIDWITS  6U6TTHSH
UHEBIDGH. BHOSTPOHIULTEIH 27 SHlBUBHLL SoSHHaen LHmID  GenpuisHeie
CaTYnuGL BlemevulsveTen GempUTGenLw alETIweLBSH 6HHEH @ardmer NyHuih GFuiujw
sumBUI60 LITLDLIED[TUI6V (&) & 60 61T 2 L L|&SHDH6UDHM60 SlQLILIENL WITHED QBTEWIL ST (GHLD.
ugusnywevsd FHHFHensulenst QUDMIGOBTETIL  (LPHEVT6USH| LOBTHET HLSRLOWITET  QETMIENEIHSH
adiuysasdH-Gmourl B GChrrenw O&TewIL  BIIE 6IWGHMLW ReVRIMEBMUW L Taisns
OaremiL @@® Ouewl GEhHmSWTGW. 199060 goulL el Qeaupmiasrore HmsHdHE Lleter],
ugbuemWe@ — FdFmFwnergs  GUIILSSHEENe|  auenjFs  HewI(heTeNEHILST  Slevigd
euliByrdlery, ofleurenm &mE Gmrul, smamry oufey (Herzog, Cao, Srivastava, 2010;
Keeler, Mallah, Flotte, 2017) Gumeim  Gmruisemen 2 _eLwl  GhTwmelldEnd@ — S6v
plsmasmenud  goUuhsHPana oo OHfldama. &SLBH Fev  aUBHLEIGEMN, L6V
6T603T60011 5 60 & ULIT 63T LITLOLIENTUI6V (&) fdFena o MHuSHHIQUITHL H6iT FHM BB G
Baysalul(herengiLe  GOUILSHEH6Me] Qeaupmlepwiujd  Qeusfldariguerener. USA &6
SILHEHIULL  (pHeomeud lgBerm  BFféssiul L emeugd  (AAV)  smal  UFLUTWLEOG
fdFeng o pusHUGUTmHeT 2017 mBeubufled “cvdevLgem”  elepid  GQuuifled  uFDUEDFUIWed

FHwmes SLSHSLILHLD s Heniy Sifley (http://ir.sparktx.com  2017) GrruiE

fHFnawPIngsnasTs  IANWPSUUGSSULULLF. DSHDITE0, DWW  IHTHTLHHD  DiFld
oTerTenlbenasWTer  OBP(PmmEeT @ Fov SHLAWTH D6V60H HHEMWOWTET  SIRIH6TDIHMS
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http://ir.sparktx.com/

MU HBHHInIQUI 1516960690 60 61T GUIUBSHHAUBM G QeuefaGsmemTylLHLD 61601
aHTUTTSHSULGS ST DS

BB GPIUILLULL Framiseiled @mbSH, WU QUTUIWED SHFalE6eT SHTT6IILOTS
WHSHGHIUSH0 YAWCHTT wsld 2 gHuwiordlulerendl eleiuend FhBHasaIm Blemldbsliul (HeTeng.
@s5amouiled gouB FhAWTET eueMTFFULST FOMTHSILTE, RHeT GhJ LOMMILD  LOEDMUITET
Buieoysen  Ozefleures SiemLWTEMD  STERILULGousmi(hd  6TBIUFIL T, BB  DI(LPEVTEHBLD
OsrTLjuTet SywfHwmer wHmid FULFfHwumen FHboe0d6T enLwWmeniiubsHEIuL CeaueuiiguleTeng
(Alexander 2003). oGQurs wLGOW &g wellsmisE cavewDD  UWaIGm6T  CBTess(heuy
(LPQULOTEIHTES @ (HEBEHLD.

D FT5H3H|606IH6NT:

1. Shivanand, P., Noopur, S. (2010) . Recombinant DNA technology: Applications in the field of
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Applications and Challenges. International Journal of Molecular Sciences, 16, 2854928565
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GM uligsefiedo RNA @gmisdE® wpprd 2 uliflwed urgsmiy

seommHld 615.Camys

STyalwed FHenewidsend, alehepmen LD, Henell LOBMVGBHPHID, B6VEIMNS.

RNA @nssG (RNAI) aamiiuGougs Srieor @ RNAsstar (ASRNA) gieomigseis
FrewiLlu(BL — SHeldFHeUnTer  UFDLUmIWNG-OSTLT LSGHSH060 @ Qupsmaswimer 2 ulifluied
Qumilpempur@g. dSRNA speig aujeeaigs Il Oprédwmiss eLsy wom CCymem aeuemmetmed
fw emnedew RNA sars (SIRNA) wrppiu@n. SIRNAsst RNA -gremwioul L simwdurégd
gal B (RISC) apsoid eiieied oiappiu’ B salulemp SIRNA @6t 9iphe Ourmbsssaipu MRNA
o La &eolinE 2 Lu@Gdamear. @esgGs@eiu MRNA a1 RISC@e RNase a1 Oprdluwib cpsoiomen
BlusdefGuremevligs SenolILLfle] UFDUMIWE AHMLHWTSSHMmS GJOUBSHHIF ST

o Wijeurapld  sevmIBeRed, emeurs  GFTOMISH  BLOQumieuamsiiGuren  ASRNA  oyeis
RNAgs smdueien RNA vsu@dunsssden cpsod o pushd@guiuiiueeomb. 1grmerernCurGameiss
Gumesiy Wemben GCameimId QFHTLIH6MD SHHEH 6UBL LIFHH6T LOHMID @LILMLOUIEHLUI  HDEVESLDT6IT
BengCaTapumesmen GaremiGeion wighg ASRNA GarsasienLomdl aumenasamen Camhmielsssanigu
sesHNGIW ydset seoinlame o pusdosuwiuGy ASRNA gpmg, MRNA @61 simwiudess
A BECseoed. mewi  ASRNAsst, SIRNAzer eaeauaummar  omwpshd  Siveg  GeusfiuGEsin
GarewienLoadl  euemene] RNAmefler  Mijoreooreig, eMiSOSHSSBUUIL  GEOBIGET  LDMHMID
Caenorhabditis elegans Gureim o ulmsiten  omdsefled  wFugnIBHET  GeueliILGSHSHE6V
2 uIFluPmSTHGaSDETEAID LWETUBHSSIUL (Hd O TasIg[HEHE8 ST6.

o wigpoter Ol salsgieud RNAIGs ystear sigiemewrgd. 9paCa, RNAI oyms
wyUEIGEE6TaT QHTIHDUTL T UTDLUMmIWe@ QUITHLEMET HRILNUSNSTH, meufd GHTHMHEL LOHMID
UmmIGHTUW eTeiLeuMMIGETEN FEFmFamen alpSHOFUIH0 wHMID eleusFTwsSHD WEad FhHauruihs
QeoueflasTemipd SHaIWTGW. ChTwTsdsEndsTer LWT afFuuTais, STOUTSHNG gL BFHHamd
gOUBSSTIDED  SHTeUT DSSHDMIGT DEVESTH MWD  LJDLMTWLOGHHT  @e0eoTs  Hlemeoulev,
Brrwrsdaeflsd FavHma almenald@ evevg WHadasbGamwwra GCrassms gnubhszid RNA
smeouil emL  GreniLsanigwl @ Grrwrsduler @@ uFbumFudmer @ReudHE meausdl @R AT enL
@mp RNAm QFalshsiausal (psdld @h STeUFHAHBITE SienL WL VTLD.

RNAI oz GM  uulsensster  Qurg  waseflar  ghmibOsTeTEnd  DETLILTEIENS
GuibuBSESID FTHHLGImMEBmeT  OaTeviGetang. @& gOaaied  dSRNA  opens  udHwGst
EaminuiG yrswradparear QFuideomw GOUWILTE QBTagHbsTH  6IEIUSILS, ASHEG UHOTS,
15 BdE ugbumywedar GaeliiuGssme  Gompnedama. <p&Ga, RNAI-om swreOsTamm

saoLuled, @esdeeons uTHlIUssT o Wisy Saldgeuoter  wyugy  wrppuu’ L Bacillus
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thuringiensis (Bt) @e1 B-oms0sT daisst Lrsmseisd, Qaupmiet e gnaaGa e Lulijseied
ysFdeemen  sLBUUBSS  UTBSalsd  FhHUbSIUULBeTeng,  Gumed  eveungl  GmmeursBel
sraiuLGauswiB. @sm@ Guoedswrs, ASRNA oyaig wals o awelne @m uSHstear el uwibsoev.
RNAI Ggmfmi ugded uwuauGsSSIuGL <68 wrdflumea cpadsamsmen o HusSSHOFuIUD, euys:
OsThmIBevIsGeTenTen  UulTHer, Qurgieurs o L Qameteniul’ (B euhH@iper. STeuFshdHled 2 awiayl (HLd
AevdbEe06oTH BBMIBET, HTeUJ WOMID elevmiFH BITFFUBSaND 2 FFULFIOTS UTHISTHSBLUIUL (HeTern
Bevadn@GNOW  LFDUMTWEGHHMET HNTLULSET (peuld BevdBeNMm SEIS6TEITe0 2 I QaEmeaTeniiul LmeD
urdliiy eigemeud Qemewngmests amauled  dSRNA @ uwsuGssioug (peod UTgIsTeSsLILL6UTLD.
g  womid  eleomiGaeflemed o L OameteniuLts  @enpwmiseiaie LG e uljiurs
sTeEuuBL  eas@ellutaisamer  uUSUGSSSET  apeob  ASRNA & Goeuissss  opeaig)
2 _uliflweourngisTiilenet  eupmIGeOTD.  WIUeW  wIPpPwenwdsiul L CoaufsH0sT@GHHEemen LTI
rmPlwmwssiuLTs  QUBsslmLselled UHIUSE  (PUD  DIeV6VGE  LOMILGHIONS  QFUIHED  (LP6VLD
SLUSHSTET BTTMIBET (GHENMBBLILIL GVTLD.

oflfl weniseiled LelldaT LHOID LD alevEIE UFLUMTWeGHOSHTGHHBeMe  LiGdseie
QsTLmy @sdmednd us dMwu RNAssst stewmiuGeugreng (Heisel et al., 2008) weflsear wHmid
gemel alevmiGaenenmed U OiGBmaTeowTd RNAsefer urgistiurer msie| bl Oupmmhasdamng
emID  clewIemIGHN@G Boad UG Tidamal.  Blusdeilds  DbeEBIHET  6Te0DEOT  HTeuJ  LOHMID
alevmIGHEHLST  QFTLIymLW o cuasefled  sreuiiuGdem  @upmemswine  CFJeneusbenTs
STeILLBUGILAT Geweu UTHISTUUTET 2 L OSTemensellen Bewil &T60 euFsoTenmud G Tet(heTerme.
2 ewmialelpba Busdeis lblemiseT SeomiBalaeT 2 6ToenBEBLUUBMSDGLD WLOHDID  Seummlet
alengeurest SieuGaFud LHMID/ DIEV6VHI BLPUBMHMEL eTaTLIDMIBSTET 2 ulfluted HEMLS6T (eumuis@Guluied
o 0By RNasszer, @epuemuuiedy ofeo  PH  wwopmd  slurl @ OprHumsst  wHDID
B6VSHBBHIGVEIL 0BT HYID mevBFTCFTD uGly Gureim) @miE arewiuGEamer. 9ps6m RNA-
o6m_HOTEHSUULL  UTDUMTWeE FITssd  uwauGSSUIULL  LuljseT wweflg womid  WmHaniseies

o I QaTeienmasd uTssTiuTag e ufibgemysseomd (Petrick et al., 2013).
D FT5HH|606I01&H6NT:
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doi.org/10.1016/j.yrtph.2013.03.008

10.Tan, J. A. C,, Jones, M. G. K., & Fosu-Nyarko, J. (2013). Gene silencing in root lesion
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GMO, elleusmwid wHEId 2 uflwedum SIS

al.eTailg. LensFAmBeNTGS
STeuy urgsTUIDSTRT FenL
alleusmw ulLlfengl] Bxieueid
CurmTsamaIll LIeOSENEVSHHLOSHLD

Gupyrzmener.

eleusFmwid  eeiliu(eug Uy  rppPlwenwdsiulL smdser  (GMOs)
FgaHourwihgd 2 ulfs0sTWYRILUalwe smelwrs uwaiubhshd SHOUTH  eueTfhdHl  aUHLD
o euamenmal  FHWUTHT FUTELBEHHEG (PHOOBTHUUSHBTET FHHeUTWIHS — HINDEHEHEIT
RVDTGID. SHBHTL  aleuFTwsHHliempuilenymed  eIHTOsTaTeniuGL  Waliurflu  Feureosefled
R HTIBMEL  LTOHMSHSIT0  gnubd  urdHiyset = tur 2 uliflwed  womib
o ulflweomm SFFMSHHOVBEHHG LUmUTs OCHTLIFFAWTS euemihHEHlaUHL FaHOHTMNDHDHE

Gurgiomerene] GUTFmEUILIGS 2 _TEN6l EULDHIGEIST(GHLD.

@zmar (pyasHG aTemi(h aumausNGH, GMO el Fod auTUIhsd @ DLWSLOTS
wry)  aupdaimgl. eaflapid, GMO aefler vwELUTGSeMET uTESTOY OO STOGCBMUIET
OQuuiod) eieILg QuTE WHH6T WHHUID @F LiFFdemenwmer eI WIOT@GW. DIEBDLW  HLHS
sTevmIBeMe0, elehehpTalder HHBTEL 2 &l  aueMfhHauhd BHmeusensm LJHH CFUsNEG
Apluter SMeUeHL  WLOHDID 2 Wiks SIWmLW 2 ey GurmLamer HoHem GM uuljser
o> GM Bmpsrismer 2 _pusd Gsuiudled Qeupmssigmaedaprissr. Guwadswors, GMOsear
UL a6 wmmid CrTuIsEndE 2 W sHTlYmLW WHMID STeOHBemey THMSHHETed OFevsHLILIHLD
L6V 6163160165 602 & LLIT 60T 2 _ulflwevmm SIS B BIH6NT LoMMILD LeflEHBL 6119 SHenHUTEITEVT 60T
SBTHBHLOIYHMBHET  HTEIE  euenIoHanipwl  LUITEemer 2 PuHHEQFUISNEG UWETUHSHSLILL 6OTLD.
2 _ewie] 2 _MusAHIGuTHLselar GurFamennfdwmet womid Bamer @wedysenen GIDUBSHIUSHIDIL
@61 aiFswonen  smalulet cpeoons GopOsTaiendanigw SiyjaGswen@d. op&6a, GMOsei
SpUSHFHTeT  eleugml  SraFTweimibeilesr ShHenWTeT  LUWeuT(® oMb  eleudmuwl G FTwlesImIsberlesr
wWenmWmm  UTeumeTUlemed gHULSIIQUl  @GIO6D LOMMID HFHTHT] DLUHSHIBHENET  HENETEUSHMBT 60T
Hoamieien @@ wrPmePwrs wrm ICHCeusnen o sudlar uligell wHmID GurFameis@ampur(h
LMD  (LPOTEC SBHH 2 FHeaydaimer. @eneu  eTevTaUNMIBSGHD Bsors, Fev  eleusmw
GMOs6it 2 _awma) o _pusdHular Qaoalmer GmmeG amauled olalmss QauuriuLeorDd
AFIUGIL ST, SieMeU  HSHH ULWSUT(HEB6T, FPhHEH VBIGTT OQuUEIbHSeT LLOMID LMD L6V
AlpLUUSHHGDW  GewImBIBEDHLET QUTHHHOMM GHloed BlubdHmaisellar &SP FDBS uTPSHBlen60
QameniLgTs GuBHSLILL 6VTLD.

1990 ENE) SLTDUSHE0  (LPSHEVTEUS] T HBHB i Sl evt Lo LIGw)]
wrpPwemwssiul L uuly, @& @M oauTEHEHEG  eHFIUmLW  Lndsuleme  SHTeurLd,
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SINpasiIUBSSUULLHHBSH, WLOMID U  WJUay WLIHWendSIUL L  (UFHUTULIEOGE
wropiul’t) vuijset USA @1 o ewiey wwOmL WGBSR HioumessHer  SeiodluL e
FHMNHHE) SN PSLILBSHSLILL (HeTETenT. ‘Feme UTSHISTEHEHLD HHBTe’ LG
STSUUGSHW  Seluyd GuieoyenLwigl, rHuenodslul L sentOemiul GFJeneuddn L 1geme
OxmewiL  &Bevimevmr, Bt Gamemb, Bt umgd, Bt o menensdpmid e Ll
UemLsEnd@ eHlyenLwened, semenbrdlal LBrmGurasflenersd &@ edHylyenLw UmHSHH,
asmenpbrdlel SmenBGurBsl (heb@ eHFuysmLw GFmwm  eueny, MeUTHHEG 6IHTULmL I
eO@o6umerd  etevtlienr  Umflweneled vwWIFiLiuGousn@ @iwSuymrw  eiwdHicunpn GM
LiFsERSG @@ Foo QUWFLlULSampul o FHTravEiEeT pGw. @ms v GM uuljsern
LHHHIN OCUTHLEBET, SHBLUY LOHHBHIHET, 2 ewiebel wwHMID 2 w6y CFroHanasmer,
AI6VBIGETEYHET  LOPMILD BITH6T eidiue SHCUTH 2 _Mmusid Fmidelulled STERIULGHEUSTEL

RUULWId SpeTH IHBFHFH CBTEBICL  6uHBBTNSI.

GMOseflesr LwetuTGaen @mUDWOhES, @EEG BTIWSHET LOHMIGT[H LSS
BHBISIMG. GMO s érilest o _MusHHWTeg| QBmeTemBWeTaIE0 eTeflemLWITeT Q& (H
OQFWSI(LPEOWITE STERILLULLTID DiFH DLFFFWDOTET UL 6IRATUTTEETH Dy LISH 5SS ETHL 63T
FQUISTH STEOILILIL 6VMLD. GMO =66t o MUSHHWTEIZ) BuINEnN® Si6v1en6aTu6uT
alpUUSGHDEG WLIPTE  HOLOUDILD @ QFWETEMHUTRTTE  GHmISW  HT6L  LMMILD
BHewILBTeL  SlgliuenLulled  WaflHaT oMM  alVEIGHEHRHEG GOULGHIaQU  UTHISTLLY
OarLjurer  opusH8s  Wasluflw  dféseom@d.  Quebuteores  QuTgl  Wé®6T  eleugmw
uwetuT(heefMest  SHTougmiser wwHMID elevEiGsefaer 11 UFDUMTWEGHSMET  L@GHSHSIUSHET  (LPeOLD
GMO aemen  Slalmesd GFuiud OCFBTaTmNSHEBLET  WHaID @HHMFUSTE SHTEILILL AIE06M6V.
alGsLons GHEs alBUySGHW UFDUMTWNE URSSONDN @@ (weosHelmbas GuDiLBLEUTE,
Sunlest  BFHSSEMD  HmID  @eueutentd  GeTLgumen  yFfemenset  OmeieummaraBeu
srewlu(pdaimer. o grgewions, LWCrded sLemevuls wyuamielelmbs  (alBLUSHDGOIW @D
wyueml hHLTH CFHfHH @aluTmLmW  gOUGSHHID STIENISEHSHGL GOUILTES DmOWTS
Gurdeud) Gumiul’L wrugnemel 2 L &GSEH wripPuemwssiu L. GM Gsrwur  suemyenw
2 QsTewiL  walsiseiled  aHIuUTITS  @eleumemo  gOUlLE  QpTLIumet  Sipldemamein
STeILIL(BSSIDeT.  eTevOTeUNMIBGHWD  Beorns, 2 wijhsenalsomer Sevweer OHYILD  GodGwimeie
2 e SHHHNSTS  Juam-oTHiwmwssiu’ L GFrwm euenysd Sraugmser QeuaflinGaHain L
Uramiseilen o WIeTeumel @GITEND SN  SIT6MILTE  eudenn  IHPSHHUILL CouamiguisTs
BBHSS-

@erleum et SIHFUTTTONSLOM 68T 151656069 LD& (6T & & IT 63T BT[] GUUTIRIH 61T eTeMeEmLOWITES
alenmIsluBSHSIULTD.  @auGeuTh  UFbUmTWe@GHD  QUEHLUTILD — Seupmlet  epsd T Flenio
Geded  oumder  Fpnhs  Geusfllum’ (h  ummiGsenen  Camewighedaimer. opHCa, R
ugbuenywevdenat @ SmSHWI@IeT BTD &SLLTWILGSSH 2 L yGHSIbeUrs SibsH LOIUEDIEITEIS
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ydw wryflenw @Gpeded WenawnsBaur, ifHGmpeursGaur oeveug Coumiul L eugelGeom  Hetenest
QeueILBHH6VTD. @H6T eleneneuTd, @ F6v pe LFDUMTULGHS6MT (&mDOSTONUTEH  LoMMID
wyugm wropiulL oEdseflsd @  Ffev  ugbuemgwe@GEefllar SIWhHHO  GFwpuTH
GTRTLIUDMIBBTET  FTHABIBET D 66N, DIHIMED, @EIUTMD WOHMID HFFTHSBLD  6ITLIMNISH G
B (H&GseOaID s Lenwliyfdwmen  womid  QemApur’ Gfdwrer  wrpmmset GM  uuljsenen
SIGVEVGH| 2 _eTeHemen 2 I QEBTaTEnD SmdHafled goUBeUSDETT FTHHWEIEET 2 eTener. SHNG
GuwevdsLomSD, o LoTHIIWENLOESBLILIL L LIFLOLIEN [T U6V (&S 61T FLOM[HHITLOIT 60T UTLOLIENT L6V (&)
uflorpmsHer  em Ts  Ffev Revadebeons  SmESBeNEIeTEHD  SMPSULBHSILBEUBDST 6T
FTHHWUEIGET 2 effeniedl. SFHeime0, LIWOUTmHOenAF  semLujeiien, HewLprdlel  HewLujeien,
Crrowdyiyssaimwenwt  GuwuheHeo  sauumear  STelmHH  eTeTueT  GIHTUTTTHAIHLOTS
SWILLUUL&Snlgul  SpUSHSHET G, SuFwns, psEFoiy  sraugmseisr  olel®msds,
wonsors yHw L set wopmio  Brruiseilen o (heumTHsd, @Gloed  FOMemeLuNsd  LITHSLOM6

FTHBEIBNET 2 (HEUTHSID LOMMID Fnflil] 6T6eTLRT HeWL GUMEOTLD.

o566, aluFTWSHHIMMESG LWLEDIGTNSTS MDD  UmBUlsd DiFHe  Gobur gpnsrs
GMO =eflenr  oialpsd wwomd  vweur®, Smel  FHBUTMHW 2 _60H6NTalll  FoUTELHEMEN
aFHTOBTETEHD  eusllewwenwl  QamewigHllenid,  Waeyd  ChILWTEED  UTHISTUILTSH6LD
BumasmemeniiuL Geuswi(hLD. GM uulyaeit LoMMILD e6VEBIGHBH6IT GeueflF GHLONDHE
SINWsIUGSSUULLaL 6T, Seupplet  eidHfaleneneysensn  FHOFWLSNEG G WSO SHTLOSLOM6
Beeown@d. @meuj 2 evaammalu yFfmasamen Siiusng GCMOser Wssdmbs euruily e
RG] UfESHMISSHTOID, UTHSTUUTET GFTHME, @QUOEIGIPND, OQBTHTMD UGHHHVD, 266
wpptd  Souamisefles GCMOasmen  seawifiged  wpmd GM o aweysenen  QuuifiLed  Gumem
alLwmHefed  FoureddeT  THTOBTETOMILL6OTD.  DiFHenmev, OFefleurenr  eufldTL60B6T  LOHMILD
SHOLWTET  QUOBIGUPMDSB6T  ASHwTeudlwor@.  sreveomeupmis@d  Gweores,  GMOser
QaTLjuTs QuTgl Wdsefear HGmaBamW GCeusbaiHed PHMID iFH OCOsTLIUTE QuITg WoHSerles
CTEMIEWIEIGHEN6ET  LOMTHNIHED  eTLEAD LHNIOLTH HMLSHOOTGW. SHOUTH, LY uPHTL L 0BT
LN  PUWEIGIHDBET UL 2 edTalw 2 ulflwe-UTHISTIY  (PHEUTHEIHET  LOHMID
siFsygmuaieanmsd  ysLaiuGSSULL(BeTener. SeujsepmLw  smhHaIuy, @a  GMOser
OarLjumen o rmiFfseT SLGUUGSSIULL  WLOHDIWD  pipul  GelaeT GNdss CUITHSHSLOeT
RUEIGNFILGSSHID FsTrFmuseilar @ivdujLer  BumEsTeTeniubBoug (PHEUILDTEISHTGLD.
abBOeuT(  UyFfemeans@oner  absOeurm  Siad  alGurgid  WsFFFUTEISTS  SIEHOWTS
aaugiLel GMOsepd SimnE aldalvsssn. 9e6a, GMOsela o musd womibd uweLTH
Wsab GCrimwwrsad, eupies o ulflweourgisriy Hose0s6em  QHTLIUTET  (LPEDMUITET

e PIyemTT QL enILd SIFSTIHLEUMHD RUEIGMBILGHSHILD Bmleuesisiserilest (PEDOUITEDT
uEIGMHsaiar Sww CumsTsTeriiuL Geuemi(hLb.
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QevEimawisl DTF LOBMVBBBEIGND 2 ulflweoungismin] seoal

gwer Fusiiad,

aleusmw UL Oulegly Blpeuend wopd eleusmw UL, CUITSMESIL LIGOHEM6VEHS|PHLD,
Gupmzmpemes 20400, @6vmINS.

2_uiljsOsmbEIL uaiieisv LlgsmenGlsm s BuedLTs 2_uilflwiedLmgismoLy.
o ulr50&TIOHBIL LTS 2 _60&6NMTailW FHulev eleuF TGS 6ot SIIeNhH & HD G
umiseMiyFQFLWw  drysrer  OFSTWOHILUEIGEHT @aIMTGWL. Sevmimaulear  OameaTemns
uGLUTenIHeT  BTLIgs0  elsusTwsHgiempulsr  salmsHHuled 2 ulfs0sTIOHIL LgGHet
UTSHTHMS ML WTeNEIGWIL  OCaTeni(heTeneny. ealmid, 2 ulfsHesTOHILL (Wenmaereo
RSIMTET  SHTeuJ Gewpwl  eUeTT LI en6ut urtflw  oiemelleomes  (pemmuiled UWesT(HHHBTTEILD,
BengBGasysema DNA QOasmhmiubd wopmid STeuy wOmId  elevwlE SeTlCumebsnISeTed
pmw  STeuy  utgisTUled 2 uIfs0sTYRILUSmES UWaULGSH0 Bursaimer ST
LU FnL L LSHHHCH L GUUGSSUILL (HeTeret. 31,5066 9IG| 2 _WIJSTLOT 68
o ulFsHEsTYRILIL Qurppenmaeilsd @rbs saels aujsss FHwmer Geusafilium(Bamenuld
@eaiemid  QUOMIBCBTeTON  (WPRWITHIeTENSE. YUHAWOST®H wHDID BEFFwworer QeTHHIL LD
QTS AUHMBUILET, ASDIL 6T COBHTLILULL DpUSHSHIHHEHD STERTLILIBEUSHIL ST Dieummlest
sréamseflar  uflorenmsepd  GoaumuLsanguwemeuwns  sreulubGaamer.  RCxHBsusner,
o ulysEsTOEIL ULTarg BT  GaTWRIL LD Gursim oih Bmeler QHTIHHIL LIKISEHL 68
QETHmeMIHEH BTEHHEG bBIeT W elmyaurs lalmsHumLSainsl. 5861, 6HHCUT(H
poler  QFSTOBIL USSHOTID QuTg  WHHEHHCHT MM  CBHTLIYMLW  SFLerngasGsm
urgiemiy  Gumesim  elLwmisenen  QeuellEOBTEvIToUGID — Dumenn  JHMISOBTETEUH]
OaTLjurs  sebaemywry  gnmsbsterg  QsTLjurer  SHiiyseE  BL(BFOFOuSI
QuUILHIOEEHTE BHBEGW. WIUaD IHPLMWLGSIULL DRISS6T LHOILD  DHeuDMIENTHS
OQuplulL o ewieusel OFTLIUTET  SiPwdgniguicuensuleonst LTFHenetssT — SHTJewILOTS,
“o_ufiflwedburgisminy” 6TEILD uBLd HEUMTSHHM S Q& mewi(heugliLL L &|.
o _ulflweoursisTUUTeIdl  WJugnl  WIHMPwenwsslu’ L Smdsalear  GDOSTGHS ST
FTHHWIDTET  SI6V6VFH 2_GBIENLOWITET UTHUIYBEHLET QHTLIYHLW UTHISTUY Fdboe0m6 6
BueoysenLar  QewpuiGdaima  (Teng, 2008). @ssl (Begwneid — Sevmienduls
BHUNIGHHIMOUID  UOBMEVBHINE  Heval  (PdMmHEG  alGFL  seueid  OFesHd
o wiflweourgismiy &evalulest Hmewimen oms@Galldnsrer  GwBsomlL  alugb, HewL &6

oI NyFFenerser saiLaDeND S(HoHBLOTEH H6VHSHIMTWT(HESQTMEI.

Qovmimauiss 2 _uiflueoungisriy seoaler oL, @evmiensulsd, 19905660
Ambsd BUUSEISET @M Fev ILLESMD HOBBHOIFWTLOULH UBSTID, 199056160

54



STILLSeT  QiM(penmUlsT euhHmELLET @ (Paleisie] GmOsTaTemiILl L gl 616I6VMLD,
womid @1 almeneurs,  lalHSHUmLBHIMUGBL  BTHEeM0 2 ulflweourgisminy
AL WRISM6N HeuahHed OEBTOTHNG @ 61(WFFH gOULLMNG STEMIHInQUISTES B)(HbHBHHIL 63
o _ulflweour EisriuTes g SI6UTBH(ETHEML LI 2 ulyg0sTOmIL U SyTTUIFS EeMenie
o aTQeN(hbBULLLE. @ReVEINS ATFTRIGIPDFL, BILIQED 2 ulFHesTIORIL Ualuwed Hienm
ayyTIFfsefled oMb sHUSH0  Hemmulled  FHUL(BeTemeufsemenr  Lulmmielliusm@Ld
(WeT@est(hlysemen  GLomOBTEmIL . o uljellehepTanmisaied 2 ulfluleOHTLOMIGAT LOHMILD
o ulflweoungiemiy eaiusupen  ems@Gallurard Cxdlw  elehepTar  DmLWGHHST S
(NSF) 2003 @60 Gxflw 2 ulflwedasywd GHuwelsr 2 (HeuTdssHHILET SpTOTSSILLL S 6.
Y| @VEIBNBLI LI6D& 696085 & LD B MBI 6111601 o uljy 6X1l(6h (6H T UTTEI B 61T UL misefled
o _Wlflweosjomser QHTLIUTERT  Hlewmaaia SHUGHHMeL 2mHGaleHHH  eTameomd. 2004

@ng Ueiery, @evmiens 2 ulflweourgismiy sl Lewliier &S, o ulflweourgisriy seoal

(waeiflemoliubSHSLILL GIL 63T, DISHBISLD Qurg| LDE & (6TH b T 60T alPlliyemTy6y
BaFHSH LEIG6T  QamewiL  BLISSUUL L.  evmemauled 2 ulis0sTOnil uaiued
QameiTenaUulilest SIN(PBHHIL6T, 2 uilFs50sTOmILualuled SH6LAIWITET S
wa@iflmwiubsSIUL L.  “FupassHed 2 ulFs0sTPRILuUSHeaT  alPliyewie]  wHmID
SHBUTMSH LI Blemevueneor 261 (& 1S SH60, LoMHMILD o _ufflwedumgismiiy 2 UL
o ulys0sTHHIL ualwede (& EBWILDIT 63T QIL WIS 6N 61T LITL & T6m 60861 LoMHMILD
LI60 & 6060 b &L BB 611601 urL el &TeBIS 6 enl 61T 2 6o &@Lw” GrTHsHSH6u &P,

o WIFH0aTORILUDL womw =2 ulflwedurgeTiy CHTLIUTST SpITUIFS LHMID  SMHLISHSH60
G JNBACeu 2 6Tl BNMBHHIMMEBTNT HTSHST STFUPWTSHHWHIL ST L6w  Semomel

ulLOugly womid (waioresl Ul Lideruigliy snenssienmaeiled o _eTefisaliul L e.

snBuUTgl BT UNSMVSBOSEIHNMTE Led @enomell oOMID UL IesTLIgLiL
(W&IoTesH oL L G&H60ment o uly5EsTOHIL Laluled BNENHHEI SULPMIGBLILI(H ST 6T
BEHBNMBHHMMEBET  eleuFTwd WLHDID OBTLIYUMLW HidDmEB6T (2 _6wiey  6ehEhTerD
o 'uL), 2 ulFsesTORIL LD, &DNIFGHW alehepTard Gureim uTLelgTeimiseiler &Supw
LoMMILD SiewtenLoule0 OamOmIL L Ul L gy BlaFFHHI L miseer S(pLd
oupmsliubGEeamer.  Goaiw, o ulFsesTHEIL uLTag  eleugmuwid  wOHMID  elehepTe
glewpaseier S ue  (paiwtel  ulLsHar  BepFHsHLmsellar S UFhHenalsd
sOISBLIUL(H 6U(TH BBTM6T. elleugmuiLd LoMMILD Q&TLFLemL W Xl(6h (6HTEUTTRIH 61T,
olehepmend/Iy@uine  elehepmenid OMID OHTPBI L  TLms6T eleueupen & o _eiten
@enmomell UL LSHHEDBETH  UTLOISTRIBISET LOMMID DITF  LDSHNVSHBLOBEIBEN60 2616l
waiorell L BewFASHlLEBIGET  (alEhEpTarld  oMmID  eleuFTWID) 616U
o ulysH0amORIL UL LoMMILD QFHTLFYemL W & (D60 &GN M B N 6T GULDTEI(&H EGTM6IT.

QuU(HLDLIT6VT 6T UTL 6T 6uTEI 61T o _ulflweourgismiiy LoMMILD o ulflweds )y’ LomIseiT

55



6T60TLIGUM 6MM BN BHHMMB6Y60 266N SEBLILIL (HET6THIL 60T, QLI LDUIT 60T 60T
2 UITH0sTORILL  sHnssHHIMmDEaTsn (2 ulflwed elehepmerd, eleusmws  elleheEpTeLd,
o ewie] elehepTand Gumasieupmled) 2o L udhbaiul (Hemener. eelaid, @61 UFHHETeI6VT 60T
el wiugyiyseT @elQsumm UTLSSHmnUINID sn0Ear @HiSSUILL (HETem  SHTevLILEHS S @ 6T

(WupemwwWmsd sOISSILL(PRQUILT 6aim FHBHEHLD 2 _6Teng|.

@@ Fev uTLSHImMEeT 2 ulflwedurgiamiy wHmid 2 ulfluedS o  eTaTUeummlest
Arsmen el wmisemnen  aUpME&GasDNETHC6  HaNHHIUOTS  algeumsSILL (HheTendgl LOsa|d
ATUSHDGIWSTS — STEIILBSIIMSH. 2 HTIEWIOTH, (HGHOW  LDHMEVHBLOBLOTEOISH
eleugmw oD elehepmen LLmiseilen S BSC ulLsHmaErs 2 ulfluedsyww QgL ume
BNN D HFH|6NME 60 61T QULDMEIG BTG 616060 6UMM]E(GHLD Gwevras nJeQuIeNT SH6oTLY
LEUBMEVGBHIB(PIL.  alehepmer L (BSC sp. smeuy 2 uljs0smdmiuw/  smeuy
o _uliflwed/miewtewimidluiuied) cpevld auPEBIGLILGID UL LSHDSTE  BapFdsH L misefllear &Sp
o uflflwedsiwow womd 2 ulflweourgisTiy SHMBHIHMDBMET  AeMbGL  ACHBeuener,
SN LUOSMVSBIBOTEH 2 UNTHOSTHORIL USHT — SHIwmiEeT, o ulflueourgismiiy
oo  sfleysty  Gansaifleno  Curetpensy  QaTLFuTem  &sMens  GBmlsemen  BSC
o _ulfiygrwenaluisd/ miewemmiguluwisd/ cpevdammm 2 ulflwed wmmid 2 uljsesmAnI ub/
GO0 UTSHISTLY LOMMID (PSTMDSHHIID SpdW UL SHDBTET HBHFFSHIHLEIG6TNT S
aupmIGHamE.  Bwed, GuITaemerl  UNSBMEVGSWSLTESH 2 UIFHOSTIHIL LSS0
o ulflwebungisriy Uysdemenser OaTLjuter smenad OGpdomw 2 ulfsH0sTRILLSH 60
B.Sc (Sp.) ulL MawsfsHLsHear S alehepTen LTLSHT epsvld cUPEIGHE RS

ol LOdergliy ol LsHed, eleugmwid, o ulFOsTOBIL LD, cpeodamdm o ulfluied
LOMID UTDGMS  6EhHEHTRIRIGHET  6TOTLDMITTEOTS LLLLD 6UPEIGLD BlahFHHIL LmIse6r
o ufflwedurgisriiieneot UgHSHealso o _6IT6ITL &G E T M6 2 SHTJ6IIDTSD, eleugmul
ulLOdergly  Bloeuetd o ulfSCsTORIL LUSHD UL SHHDETT BapwFHHH LD @aremnm
OaTemigHUUFILET  JAHO iz WwJuam  IHPWDSSILULL  EIHE6ET, 2 _6ui6).
alevmIGemie], WODID USIUGSSILULL 2 HuSHIGUTHLET OO o ulfluedurgisTiiy
LMD  BHMNBHHIMMBEMET  UPEIGHESIMH. BRUDDOMBHHONT, @61l 6165165015 S (U 6ISH)
gemew 2 WIFS0sTYRILL SHMBHHIMDBME0 FNHEGMMDU 2 _6TenL SBLILL (HETeng).

CUDTUIDDSB6T.

o2 WIFHOsTHRILUSMS DVVGH SAS@ILT QHTLIYDLW BHNHMNBHHINMBmeT alGFL
ulLgHmaras/ drsrer seopwns @enornel ulLHDsTE Sevevd 2 uljSHOSTIOHIL LUSHmS
o L ulLildeiugly BewsF A Lmsmen USUDMID OTvTUTHMNSHANT,  Jeneal

LD 63016115 61T, ®eu 6160016001 Eb & (IF) QFHTLIUTS OxeMeurerQaHT(H Sinelleneot

56



QBTN (HBHMNVMED  6T60TLSHI  SUSTANSBIULHIFnQUISTE 2 66N . QUTH  DHBEM6ENLI
Quroissenaled  @pPlmeoem @b  Gorsores 2 gl opeCal,  QUTHAITE
WasUOUfwEsTm dleysTy oI OFSTLFUTL enlQeuedl  smewriiubdermOEeTugiD
apmen  UisHoFuusng wWslGuflweralsoren  (pwmdlset  CuomGameTeniiuL Geusmi(hd
6T60TLIZH6M6TULLD UABHIOST6T6NDHFnIQUISTS 266G 91,5861, AFOFLIF WIS
(PBTMDHGHOUD  oPMID  Feipad  alehepmend  Cumesim  gemedil  &lh(EHTEOILDEVEVTS
HIDM B 6THE (FHLD QFTmenL WGeuemT(HLD 16U 6N S @mIG Ul mISHEBHTL (Haug|
OQuuoduemLwgT@Gw. @Femed GeumpuL  deiiesiendl o enLul  TERIGUTHET  6)l6h(EHT6ILD
&alIhe Geumul L (pemmaEeaier oo maab Goumul L HHBHHIGHEDHLET E61 6160163015 D (N6
UTTSBEHFQUSTE SHBGW. @B GOUILGauswigw wHMIGWTEH  ollww  wrseaisd
OeuefBT(hEefled o 6Tem  QUEpLUTEOTERT  FTOUCHF LVBMEVDHHIPBEIEB6T  6l(6hHEDTRTLOEVTS
LOTEOTEUT BEHHEG DleUTHEHenL L @enmomed WL UL GHAGCUTE o ulflweoungismiiy wmHmid
o ulflwedsiwow  OaTLjurer  LFFdeneser  QHTLIUTET  HB6UD  UTLSHSHIMMEBM6T

ULDMEI( ST 6T

TS STV LITLSHI0M WIS FBLIT(RE6N.

o ulflwebungisriier oievienwasTer  CuTH@GEeT WOMID Heier  SeueTuiyliLseT
VLD D  HUDHHD  1(BHHHOBTMI(H, @6VEINSE  DJFFTEIGHIHOTO @ LSl
SITGWPMmD PTG SIUL(HETeNEH:  DBHTeugk UFDUmTWe  QHTIOBI LSS  eLpsuLd
o (heuTHEUIULL SmSSmen  alBHellusar cpsold o ulJliLeOamBmIDGE gnUBSHSLILBL
Crapsmad GmOUUSDHTE IS 2 ulflued uTHIETIY DMWLFFTmeN USHTD  @aTMene
(PATMUSHBHOTGWD.  BILIGeD 2 6wie] 2 MusHHuled 2 uIFHESTIHRILUSMS LITSTRIOTS
o GBI BHBeuemen, FFTRIBLOING 2 ulflweoungisTiy, eneu 2 ulrmdseafsd
Grywrer OFHTLIUBM6N  OCBTamigHLUUSMITED, Uil el OFHTLIYHLW  LF&FSeneisenern
SWILOULD  sLenwluTLgener  CaTaui(heTengl. @emmawnaid 2 uljs0sTbIL LSS0
OeueuBoum ugliysefler &S (aleusTwid, 2 ewie] alehehTand Gureimer.) BHeil@ LUIDMOILLL
LIV& 6N VB HLDSH o _mILNTeTT Hemen O\ IT6u0TLY (TH LILIGL_ 60T BH@IL 6t Gxymal, SUTF
LI6O &6 605 B OaTE@HuTans| & (B EMLOWIT 60T SOV 6T LoMHMILD
Cauwiemaspenpuieomer  sevalenuw!  aUPEIGISILET, @& 2 ulflusourgisTiy — Seoalenwl
omEGHaIlUSNE SHaiarenalsd @@  uellenWTaISTHa D  sTeviliubdamas. 2 uliflued
urgiemiy  QaTLjumenr  elLwmiseT  elehepTeromm  ULLWD  BEFHSHHLmIGmeNT
HeupmiuefEEbsGSw  JlefdbsluLCeusmi(bld, @smaETes @  susdanwwmer  cpGeorumul
FLw @amar slalmsHss CHemeuliLBEaimng.

57



9 FIT5H 56060015 61T

1. Gunasekare,MTK(2011).Status and Future Perspectives in Agriculture Biotechnology, Bi

3.

osafety and Biosecurity in Sri Lanka, in;  Expert consultation of agricultural
biotechnology, biosafety and biosecurity, 27-28 October 2011, Taiwan Agricultural
Research Institute, Chinese Taipei.

Fernando, S., Amerasinghe, P., Fernando, K., Hirimburegama, K., Perera, A., Ramasamy,
R., Widanapathirana, G.S., Yasawardena, S. (2004). Towards Promoting the
Development of Biotechnology Industries in Sri Lanka, National Science Foundation
(2004).

Teng, P.P.S. 2008. Review article: An Asian perspective on GMO and Biotechnology
issues. Asia Pacific Journal Clinical Nutritional 17: 237-240.

58



gef

59

18857EN/1/03.18



