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The article focuses on description of general environmental risk of invasion of
new habitants, possible non-target effects of Genetically modified plants and
potential introgression of transgenes into crop wild relatives’ populations and
approaches for assessment of those risks suitable for Armenia.

Genetically modified organisms — risk assessment - crop wild relatives

Innuionid Gywpwagpywd b qblGwnpynptl Ybpwihnfujwd pniubiph nw-
pwdéiwa, ng Guwwnwywihb opqubhqultph ypw Gpubg wanbignipjwl L Gowlyw-
pnjutiph Juyph gbinwyhgliph wnwniywghwbbph dbe wnpwbugkllbiph Gbp-
UnL6dwh hhoGwywb tyninghwywb rhuytipp L Iwjwutnwbnid npwbg qGwhwn-
Uwl hwdwp Yhpwnrbh dnntgniiGbnp:

QLlLbuinpYnnbl YGnwhnfuwd onquilihqulln — nhulih qGuwhwnnid —
Bpwlwpnyubph Juyph genuilpglbn

B craTbe mpencTaBIeHBl OCHOBHBIE 3KOJOTHUECKHUE PHCKH PACHPOCTPAHEHUS
TeHETUYECKN MOIU(DUIMPOBAHHBIX PACTEHHH, WX BIMSHUE Ha HELENIEBBIE Opra-
HU3MBI, HHTPOTPECCHU TPAHCT€HOB B MOMYJSIIHMH JUKAX COPOAMYEH KyJIBTYPHBIX
pacTeHHit ¥ MPUMEHUMBIE B YCIOBUAX APMEHNH MOAXO/BI NI UX OLIEHKH.

T'enemuuecku Moouguyuposantvie opeanusmMvl — OYeHKa pucka —OuKue
COpoOUHU KYIbMYPHBIX pACMeHull

The national and worldwide importance of biosafety in Armenia is
conditioned by a number of factors, particularly, due to the diversity of
altitudes, climatic zones and landscapes found in Armenia, the country hosts a
surprlslngly high diversity of plants and animals, including many endemic, relict
and rare species. Armenia is considered one of the most important centers for
agrobiodiversity in the world, and represents a relatively large area supporting
wild relatives of crops and agricultural varieties. For example, the “Erebuni
Reserve”, located not far from Yerevan City, is the only reserve of wild cereals
in the world and is a unique habitat of wild wheat such as Triticum araraticum,
T.boeoticum, T.urartu, Secale vavilovii, Hordeum spontaneum and others.
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Agricultural species are of particular importance. Armenia is especial-
ly rich in apricot, grape, peaches, apples, plums, pears, pomegranates, quin-
ces, figs, walnuts and other fruits. Agroecological conditions also permit the
cultivation of many varieties of vegetables, including tomato, pepper, eg-
gplant, cabbage, potato, cucumber, carrot, pumpkin, bean, garden radish,
parsley, basil, coriander, mint, fennel, estragon, cress, cauliflower, lettuce,
water melon, melon and peas. Winter wheat and spring barley are the domi-
nant cereals. Maize is mainly grown for feed, in mountainous area culti-
vation of rye and oats is limited. Alfalfa, sainfoin, clover, amaranth, feed
beet and vetch are grown as feed crops, while of industrial crops, only a
small amount of tobacco is cultivated.

Agriculture is an important factor in many nations’ economies beca-
use of the jobs and incomes it provides and because it is often an important
source of hard currency. In Armenia the system of agricultural food pro-
ducts, which, being one of the most important sectors of the economy, has a
crucial role in the improvement of the Armenia’s overall social and econo-
mic situation and ensuring its food products’ safety, also became part of
these processes. During the recent years, the agricultural food products sys-
tem has provided about 35% of the country’s gross domestic product,
including approximately 25% accounting for agriculture (Haykazyan and
Pretty, 20006).

The safe use of biotechnology should be ensured, especially in
developing countries where the genetically modified organisms (GMOs) and
their products are used sometimes without choice. Now in Armenia we face
similar problems. The biosafety-related activities in Armenia started in 1993
when the National Assembly ratified the Convention on Biological
Diversity.

Review of the current situation shows that for effective implement-
tation of biosafety in Armenia there is need to put in place national biosafety
regulations and guidelines in accordance with Cartagena protocol. Those re-
gulations and guidelines should emphasize and regulate the safe transfer of
GMOs and their products from the country of origin to Armenia, safe hand-
ling and use of GMOs and products of the import; safe movement of GMOs
through transit. The scientific risk analysis plays an important role for ef-
fecttive implementation of described activities.

Current status of GMOs production in the world. GMOs are the or-
ganisms that have been altered by using modern biotechnology in a way to
either increase or decrease a certain characteristics. It can add a desired or
undesired effect to an organism. The first GM plants were commercialized
13 years ago in 1996 in the USA. As a result of the consistent and
substantial economic, environmental and welfare benefits offered by biotech
crops, millions of small and resource-poor farmers around the world con-
tinued to plant more hectares of biotech crops in 2008, the thirteenth year of
commercialization (James, 2008). Apparently in 2008, the total global area
of biotech crops continued to grow strongly reaching 125 million hectares,
up from 114.3 million hectares in 2007.

The biotech soybean continued to be the principal biotech crop in
2008, occupying 65.8 million hectares or 53% of global biotech area,
followed by biotech maize (37.3 million hectares or 30%), biotech cotton
(15.5 million hectares or 12%) and biotech canola (5.9 million hectares or
5% of the global biotech crop area).

Nowadays great diversity of traits and genetically engineered
organisms (plants, animals and micro-organisms) are under development.
Most promising in terms of expected profits are pharmaceutical traits
(enzymes, vaccines, etc.), industrial products especially Agro-fuels but also
other products (e.g. starch from amylopectin producing potatoes, etc.).
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GLOBAL AREA OF BIOTECH CROPS
Million Hectares (1996-2008)
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Source: Clive James, 2008.
Fig.1. The global trend from the first year of production in 1996 up to 2008.

These are very important developments given that biotech crops can
contribute to some of the major challenges facing global society, including: food
security, high price of food, sustainability, alleviation of poverty and hunger, and
help mitigate some of the challenges associated with climate change. However,
deliberate or inadvertent releases of GMOs into the environment could have
negative ecological effects under certain circum-stances.

Potential environmental effects of introduction of GM plants in Armenia.
In spite the fact that Armenia characterised by sufficient scientific and industrial
capacity in the field of biotechnology, the biotechnological research that is car-
ried out in the country in the field of agriculture mainly relates to the selection of
cultivated plants and their accelerated reproduction, but not in the field of
development of genetically modified plants. So, from this point of view Arme-
nia can be classified as only GM crops importing country. For Armenia the main
risks can be characterised as environmental and socio-economic in gene-ral.
Taking into account that the small territory of Armenia is characterised with rich
wild and crop plant biodiversity including endemics, relict plants, crop wild
relatives (Triticum, Aegilops, Hordeum, Secale etc.) of economic importance,
the assessment of the risk of potential environmental effects of GMOs is of
particular significance.

The potential environmental risks of GM crops for Armenia are presented
in Fig. 2. All these risks are interlinked directly or indirectly.

Risk assessment has a long tradition in regulating human activities with
the aim to minimize or avoid risk to human health and the environment.
Examples can be found in the production of medical products, chemistry or
nuclear power.

Risk assessment methodology for GMOs has evolved over the last several
years. At a conceptual level, the methodology has been adapted from the existing
paradigm for environmental risk assessment, which was developed for chemicals
and other types of environmental stressors. According to the European
regulations, the safety of GMOs has to be assessed prior to releases into the
environment and placing on the market. The approach is described in more detail
in Directive #2001/18/EC on the deliberate release of GMOs into the
environment, which was adopted in April 2001 and repealed Directive
#90/220/EEC in October 2002.
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Fig. 2. Potential environmental risks of deliberate release of GMOs in Armenia
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Common understanding regarding the conceptual basis for risk assessment
is a challenge. There is considerable variation among risk assessment frame-
works for GMOs regarding the steps or components of risk assessment. In gene-
ral, the entire process of risk assessment, combined with risk management and
risk communication is referred to risk analysis (Fig. 3).
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Risk Assessment
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Fig. 3. Risk analysis consists of three interconnected components- risk
assessment, risk management and risk communication

Environmental risk assessment is defined by Directive #2001/18/EC as the
evaluation of risks to human health and the environment, whether direct or in-
direct, immediate or delayed, which may pose experimental deliberate release or
deliberate release by placing GMOs on the market.

The risk assessment is the science and process of estimating risk. It’s
implemented my scientists. The objective of environmental risk assessment,
according to the European legislation, is to identify and evaluate potential ad-
verse effects of a GMOs and to elucidate if there is a need for risk management
and suitable measures to be taken. Risk management is the process of conside-
ring alternative courses of action, and selecting the most appropriate option after
integrating the results of risk assessment with engineering, social, economic, and
political concerns in order to make a decision. Risk communication is the
interactive exchange of information and opinions throughout the risk analysis
among risk assessors, risk managers, consumers, feed and food businesses,
academic community and other interested parties.

Risk assessment traditionally consisting of four steps: hazard identifycati-
on, exposure assessment, effects characterization, and risk characterization (Fig. 4).

Hazard identification is very important process scoping and framing the
following risk assessment process. It focuses on identification of stressor and
development of an analysis strategy, including risk hypotheses.

Exposure is an important topic and an important term used a lot in risk as-
sessment. It means contact or co-occurrence between the transgenic, transgene
product and GMO as a stressor, typically it is considered as a primary stressor
and an ecological entity, receptor of that. The risk can be quantified by
combining hazard (H) and exposure (E) (Poppy, 2004).

66




POSSIBLE ENVIRONMENTAL RISKS OF INTRODUCTION OF GENETICALLY MODIFIED PLANTS IN ARMENIA...

The effects characterization is the characterization of the potential con-
sequences of exposure, if it occurs. The fourth step is the most important step
when risk assessor combine knowledge and if it is possible to combine exposure
that is given and adverse effects that can happen, than it is possible to talk about
the risk, and only than risk assessor can start thinking about risk characterization.
The risk can be presented as a characteristic of a situation or action wherein two
or more outcomes are possible, the particular outcome that will occur is un-
known and at least one of the possibilities is undesired (Covello and Merkhofer,
1993).

1. Hazard identification
Problem Formulation

Y 3. Effects
haracterizatio

4. Risk Characterization

2. Exposure,
Characterization

Risk Assessment

Risk Management
Strategies

Risk
Management

Fig. 4. Key steps of risk assessment of potential environmental effects of GMOs and
interconnection between risk assessment and risk management

Monitoring
and Evaluation

The principal approach to assess the safety of GMOs is largely accepted.
First of all risk assessment should be science-based and carried out to ensure a
very high scientific standard. For every GMO the risk assessment is done on a
case by case basis and in a stepwise manner. This means that for example each
GM plant is tested first in the laboratory then on a small scale in a field trial,
followed by a large-scale field trial before authorization for placing on the
market can be requested. The following step can only be carried out if the
preceding step has shown that the GMO does not pose any risk to the
environment.

Approaches for environmental risk assessment suitable for Armenia.
Armenia is in the process of initiation of the biosafety-related activities and has
not high labour facilities, therefore the risk assessment should be developed
appropriately, sound to medium costs requirements.

For assessment of the possible risks of invasion of new habitants and risks
of weediness on agricultural lands the ability of GM plant to reproduce under the
climatic and environmental conditions in the release area have to be assessed
(Fig. 5). It is known that if the GM plant is able to reproduce in the release area,
than there is a risk for invasion and its establishment in natural habitats (Kjer et
al, 1990; Traxler, 2001).

For risk assessment firstly the information on evolutionary history, morpho-
logy, life history traits, and vegetative reproduction is needed. In this case, the
assessment should be based on available information. If the literary data and/or
results of analysis show that the GM plant has the potential to sexually repro-
duce or propagate vegetatively, and establish in natural habitats in the region of
the release, than the fitness of the plant needs to be tested (Kjer et al, 1990).
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Fig.5. Key steps of risk assessment of possible invasion of new habitants by GMOs

During testing different environmental conditions of the area of release
should be tested, including conditions which may have been removed by inserted
trait, in order to identify the type of environmental conditions giving “no fitness
advantages” to conditions eventually resulting in “improved fitness”. The growth
stage of GM plant most susceptible to the stressor needs to be found. If fitness of
GM plants is improved at a level occurring in any recipient environment then the
plant needs to be tested in full-life-cycle experiments under relevant field
conditions.

The selection of field localities relevant for the experiments is primarily
dependent on the plant species and on the inserted trait. In Armenia it is difficult
to carry out full-life-cycle experiments of GM plants, tests of critical stages need
to be supplemented by modelling of seed dispersal, habitat invasion and
reproductive success using representative data and estimation on life-cycle
parameters. The results obtained should be discussed and managed, the con-
clusion on assessment should be developed and possible adverse effects for
small regional level formulated.

To identify possible non-target effects of GM plants the species groups
which are likely to be exposed to new plant compounds or altered performance
of the transgenic plant should be found (Figure 6). To such groups of organisms
the other plant species, pollinators, detrivores, herbivores and predators can be
concerned. On Figure 6 the model for risk assessment of GM plants on non-
target organisms is presented. This model is called functional model and was
developed by the group of scientists from Brazil, Vietnam and East Africa
within the project which was financially supported by the Swiss Agency for
Development and Cooperation (Nelson K., Banker C., 2007), and which is used
in our Laboratory at the Yerevan State University with small modifications.

In dependence of the GM plant species and ecological conditions of the area
of release, species, exposure conditions, and end-point have to be chosen. As
direct effects of GM plants on non-target organisms, the toxic effects on other
plants, herbivores, pollinators, detrivores and microorganisms have to be as-
sessed. The exposure analyses have to be carried out. As indirect effects, the
food-chain effects should be assessed in terms removal of food for higher trophic
levels. The methodology and types test systems depend on mode of action and expres-
sion of the trait and on the distribution and species specificity of toxic compounds.
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assessment of possible non-target effects of gene flow of GMOs
GMOs

The test has to be performed for different functional groups of organisms,
but also if there are problems with labour and costs, as for Armenia, it should be
possible to choose key functional groups of organisms. If any non-target effect
of GM plants on specific groups of organisms is identified than the non-target
effects in the field have to be measured. For evaluation of non-target effects
comparative tests of the population development for those taxa, which have
proved sensitive, should be made. The sampling should be adjusted to the spe-
cies of interest and supplementary also other species of the same functional gro-
up. Then the results should be discussed and managed by risk management wor-
king group.

For detection of potential introgression of transgenes into wild
populations, (i.e. gene flow) the assessment of hybridisation potential with any
naturally occurring plant is needed. This can be done by a literature study or, if
no data exist, by simple hybridisation experiments with plants from closely
related taxa (Figure 7). The measurements of hybridisation rates, assumed selec-
tive advantage of inserted gene, and fitness measurements of parent plants,
hybrid plants, and plants from the first and second back-cross generations have
to be carried out. Prior to these activities, the assessment of gene flaw presence
of receptive stigmas of sexually compatible cultivars, traditional cultivars, land
races, wild and weedy relatives within the viable pollen transmission range have
to be evaluated. The flowering phenology, viable pollen movement distance
determined by pollination mechanism and viability of the pollen, pollination
mechanism, means of pollination in wild and weedy related species and other
parameters have to be assessed.
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If hybrids are formed and hybrid plant that has the inserted gene has a
fitness advantage over an otherwise similar plant without the inserted gene, than
further investigations are needed.

This discussion should include considerations on invasiveness into the
new ecosystems and possible effects on other organisms. In order to predict
whether the inserted gene will be introgressed into the naturally occurring plants,
it is necessary to describe and assess the direction of the selective forces
operating on the inserted gene in the natural plant population.

Additionally, it is necessary to take into account whether the transgene
can be introgressed into another organism by horizontal gene transfer and the
effect of such an introgression. There may be unwanted consequences of ho-
rizontal gene transfer to another organism. Such consequences may be assessed
verbally if no data are available.

Finally it is very important to compare conventional cropping system and
GM cropping systems in some general points: differences (for example herbicide
application), ecological effects (wildlife effects, effects on non-target orga-
nisms). These could be done by application literary data and public participatory
methods. All the results obtained have to reported and discussed, for further
development and decision making.
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