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Abstract

The rapid progress in biotechnology has significantly promoted the development and production of genetically modified 
(GM) crops. The extensive global cultivation of GM crops has generated great benefits, which may provide opportunities for 
solving the problems inherent in world food security, but it has also aroused considerable biosafety concerns worldwide. 
Among these, the potential environmental consequences created by possible transgene escape from a GM crop to its non-
GM crop counterparts and wild or weedy relatives via gene flow are the most debated biosafety issues internationally. Gene 
flow indicates the movement of genes or genetic materials from one plant population into another. There are a range of 
predicted possible environmental and evolutionary consequences such as the creation of new weeds, change of fitness-related 
characters, and loss of genetic diversity in crop landraces and wild relatives) caused by wild transgene flow. In addition, 
transgene flow also arouses biosafety concerns for food/feed and health and socio-economics and ethics. Through pollen-
mediated gene flow, a transgene can move from a GM crop into populations of a wild relative, and persist or disseminate in 
the wild population through further hybridization and introgression between the GM crop and wild relative. If a transgene can 
express in wild plants as it does in the GM crop, the transgene may change a certain trait of the wild plants, possibly leading to 
further undesired consequences. If a transgene can alter the fitness of wild plants and the dynamics of the wild populations, 
the introgression of the transgene in the wild population may cause either local extinction of the population or make the wild 
population more invasive and competitive. Therefore, a wide variety of possible ecological and evolutionary consequences of 
gene flow through Pollen from transgenic plants to their wild relatives are discussed on the basis of previous work      
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Introduction 

Gene flow is the movement of genetic materials (genes 
or alleles) from one organism to another. Theoretically, 
there are two types of gene flow: vertical gene flow and 
horizontal gene flow. Horizontal gene flow occurs only 
among unrelated species, such as between plants and 
microbes, as well as between microorganisms Thomson JA 

[1] whereas Vertical gene flow is the movement or transfer of 
genes or alleles by normal reproductive processes, between 
separate populations of plant and animal species. Gene flow 
(vertical) is a term extensively used in evolutionary biology 
and population genetics, long before the issue of transgene 
escape from GM crops was raised. In population genetics, 
gene flow (also known as gene migration) refers to the 
transfer of alleles or genes from one population to another 
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Hartl DL [2] thereby changing the composition of the gene 
pool of the receiving population. If the rate of gene flow is 
high enough, then two populations will have equivalent allele 
frequencies and therefore can be considered a sine effective 
population. It has been shown that it takes only “one migrant 
per generation” to prevent populations from diverging due 
to drift. The introduction of new alleles through gene flow 
increases variability within the population and makes 
possible new combinations of traits. Although gene flow 
does not change allele frequencies for a species as a whole, 
it can alter allele frequencies in local populations. In the case 
of migration, the greater the difference in allele frequencies 
between the resident and the migrant individuals, and the 
larger the number of migrants, the greater the effect the 
migrants have in changing the genetic constitution of the 
resident population [3]. 

The rapid development of biological science and 
technology has brought the world into a new era of 
biotechnology [4,5]. One of the most important characteristics 
of the biotechnology era is the wide application of genetic 
engineering (also referred to as genetic modification) 
technologies for the improvement of plant, animal and 
microorganism species for human benefit. As a consequence, 
modern biotechnology has greatly promoted the research 
and development of genetically modified (GM), or transgenic 
crops worldwide. To date, a large number of modified genes 
conferring diverse traits have been successfully transferred 
into crop varieties through modern biotechnology with 
various agronomically beneficial traits have opened a new 
dimension for meeting the great challenge of world food 
security by enhancing the efficiency of crop production. But 
on the other hand, the extensive environmental release and 
cultivation of GM crop varieties have aroused tremendous 
biosafety concerns and debates worldwide [6].

Flows of genes from a Genetically Modified (GM) crop 
to its non-GM crop counterparts (particularly conventional 
varieties) or to a population of weedy/wild relatives have 
been considerably discussed as one of the central ecological 
or environmental risks associated with the application 
of transgenic biotechnology to crop production [7]. Such 
environmental risks include potential adverse effects on 
natural biodiversity and the survival of wild populations. 
Assessing the consequences caused by transgene flow is 
challenging because it is difficult to predict the ecological 
effects of transgenes that are integrated into different genetic 
backgrounds or expressed in different ecological contexts. 
Indeed, plants that acquire transgenes will continue to 
evolve, subject to natural and artificial selection pressures 
in the agricultural setting and beyond. Importantly, once 
transgenes have moved into new populations, it is impossible 
to remove them from the environment if the transgenes 
can successfully persist and spread in the population 

[8]. Therefore, understanding issues such as what is gene 
flow, what causes gene flow, and what will be the fate of a 
transgene that has moved into a recipient population through 
gene flow, is very useful for understanding their potential 
consequences. 

The movement of genes from one plant 
population to another, any medium that can move 
genes around will lead to gene flow. Typically, there are 
three avenues for gene flow to be mediated; either by pollen, 
seed or vegetative propagule. Pollen-mediated gene flow 
occurs when pollen grains travel from one plant individual 
to another individual resulting in fertilization. It will be 
primarily determined by the intrinsic biological features, 
particularly the pollination biology of the plant species, 
such as breeding systems, outcrossing rates, the amount of 
pollen (pollen load) produced by pollen donors, and pollen 
competition between donors and recipients [9]. In addition, 
physical or environmental conditions, such as distances 
between pollen donors and recipients, the strength and 
direction of the wind, temperature, light intensity, and air 
humidity, will also influence pollen-mediated gene flow to a 
great extent [9]. It is therefore, very important to generate 
such baseline biological and physical data through a science-
based approach for the accurate prediction of pollen-
mediated gene flow. In agricultural ecosystems, humans 
can play an important role in seed and vegetative-organ 
dispersal and migration, as would be the case of seeds or 
vegetative organs falling on the ground during harvesting 
and picking, transportation to the processing manufacturers, 
and trading at the local, regional, and international level. 
The intensity and avenues of gene flow in different crop 
species can vary significantly, depending on annual or 
perennial characteristics, the capacity for seed dormancy, 
the longevity of seeds or vegetative propagules during 
storage (under natural or artificial conditions), differences 
in breeding (mating) systems, the importance of such crops 
in national and international markets, and those parts of the 
crop that are consumed by humans. Given the complexity of 
gene movement through seeds or vegetative organs, seed-
mediated gene flow and vegetative-propagule-mediated 
gene flow will not be discussed further in this review, but 
it is necessary to point out that these are very important 
avenues for gene flow in terms of evolutionary processes or 
GM-related biosafety issues.

There is great concern that the extensive cultivation of 
GM crops will pose potential threats to the genetic diversity 
of traditional crops [10]. The loss of genetic diversity of crops, 
in general, will reduce the capacity to breed more productive 
and stress-resistant crop varieties. The concerns of genetic 
erosion are twofold. First, the extensive adoption of GM crops 
may lead to rapid losses of traditional crop varieties because 
of the continuous replacement of the traditional varieties by 
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more commercially advantageous GM varieties. Gene flow 
is a natural process that contributes to species evolution. 
However, in the particular case of GM crops, the flow of one 
or more transgenes could have adverse environmental, socio-
economic, or ethical impacts. Hybridization between a GM 
crop and a non-GM crop or a wild relative can occur in one 
generation, from which the escaped transgene(s) may then 
integrate into the genome of the non-GM crop varieties or 
wild relative species through further introgression, resulting 
in the gradual integration of the transgene into a related plant 
genome (wild relatives) through consecutive backcrossing. 
Hybridization and introgression will promote the long-term 
persistence and dissemination of transgenes in populations 
of wild or weedy populations, and may cause unwanted 
ecological and environmental consequences. The pollen-
mediated transgene outflow may pose more significant 
environmental consequences than either seed-mediated or 
vegetative-organ-mediated gene flow because of subsequent 
genetic recombination and introgression of the transgenes in 
populations of crops and weedy/wild relative.

Methods of gene flow from the GM crops to 
wild relatives mediated by pollen

Gene flow is a natural part of the biology of plant species 

and is important in the maintenance of genetic variation in 
populations, as well as in the spread of new traits among 
populations and across species boundaries. It typically 
involves the movement of pollen and is dependent upon 
wind or animal vectors (pollinators).

The necessary initial conditions for the most common 
pathway for transgene introgression include; transgenic 
agronomic populations (typically in designated fields, but 
possibly also in the adjacent area, such as road sides) in close 
proximity with their wild or weedy relatives that exist in the 
non-agronomic matrix. Overlapping flowering phonologies 
are co-occurring periods of time when floral organs of 
species/populations are receptive to cross-pollination. 
Given the conditions outlined above, the following events 
are necessary for introgression to take place (Figure 1). This 
is the most commonly envisioned model of introgression, 
which involves an initial pollen movement step of transgenic 
pollen flow to the wild or weedy relative. Fertilization (i.e. 
hybridization) Seed! Seedling! Adult transitions of the F1 
hemizygous transgenic plant within the non-agronomic 
matrix where the wild or weedy relative population exists. 
Backcrossing of the F1 hemizygous transgenic plants with 
existing non-transgenic plants or transgenic agronomic 
plants, if present Charles Kwit [11].

Figure 1: Pollen flow from GMO to a wild relatives.

There are concerns shown by the ecologists that 
transgenic crops themselves may turn into weeds in 
subsequent generations. The main biological concern is 
introgression that is hybridization among distinct plant 
species. Evidence indicates that such genetic exchanges 
among wild, weed and crop plants are already occurring in 
the nature. The incidence of shatter cane (Sorghum bicolor), 
a weedy relative sorghum and the gene flow between maize 
and teosinte demonstrate the potential for crop relatives 
to become serious weeds. Two potential risks following 
transgene introgression from crops to their wild or weedy 
relatives. (i) Invasive hybrid population from introgressed (a) 

weedy or (b) wild population (dashed arrow representing 
seed dispersal) brought about by positive selection and/
or evolution; (ii) extinction of wild relative population 
brought about by demographic swamping (e.g. copious 
pollen from transgenic crops) and negative selection. We 
note that an introgressed coexisting weedy population might 
present problems for weed management when introgressed 
transgenes confer a selective advantage in the managed 
agronomic system, and that an introgressed wild population 
might also be of concern to managers of crop-wild relative 
genetic conservation [12].
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Figure 2: Risk of pollen flow on the wildlife.

Ecological consequences of gene flow 
through pollen from transgenic crops to 
their wild relatives. 

The most relevant questions relating to transgene 
flow and its potential biodiversity and environmental 
impacts should be scientifically addressed and analyzed. 
This will not only facilitate our objective understanding of 
the potential biosafety problems caused by transgene flow 
at various situations but also for the effective assessment 
and management of transgene flow and its impacts. 
Such knowledge will guarantee the further development 
of transgenic biotechnology and promote the safe and 
sustainable utilization of its products. The environmental 
impacts created by transgene escape into different recipients 
can vary significantly in terms of categories and magnitudes. 
Transgene escape from GM crops to their non-GM 
counterparts will have completely different consequences 
compared with the escape to weedy and wild relative species. 
Even in the latter case, different types of transgenic traits will 
have different effects on wild populations under different 
environmental conditions and human influences. Therefore, 
the case-by-case principle should be applied rigidly to assess 
the environmental impacts from transgene flow, which 
should be dependent upon the types of recipients (crops or 
wild species) that may have acquired the transgenes. 

Ecological studies have shown that some GM crops 
are viable in natural ecosystems and can interbreed with 
their wild relatives. The most publicized environmental 
consequence is that invasive weeds may be created if GM 
crops modified to tolerate herbicides or to resist diseases 
and pests transfer their transgenes to wild or weedy relatives 
via gene flow. In principle, the potential environmental 
consequences caused by crop-to-wild or crop-to-weedy 
transgene flow can be effectively determined by the amount 
of transgenes that have outflowed to the wild and weedy 

populations, and by the characteristics of the GM traits that 
have or do not have evolutionary advantages under natural 
selection. When populations incorporate a GM trait likely 
to confer a selective advantage and are then exposed to a 
relevant selective pressure (e.g. pest attacks or drought/
salinity stresses), the populations will most likely exhibit 
an enhanced performance Ellstrand NC, Lu BR [6,13] 
leading to unwanted environmental consequences. Even 
though genetically engineered crops could have a number of 
agronomical or environmental benefits, such as an increase 
in yield or a decrease of the use of pesticides or fertilizers, 
there are serious concerns about the possible consequences 
of the escape of transgenes into the environment. Examples 
of the risks mentioned in the context of gene flow from GM 
plants are:

Creates new weeds

The release of organisms with novel phenotypes bears 
similarities to the introduction of non-native species. 
Many well-documented examples reveal non-native 
plants, including kudzu and purple loosestrife, becoming 
aggressive weeds with devastating environmental and 
economic consequences. Sometimes, introduced plants 
invade successfully because no insect herbivores attack 
them. Consequently, insect-resistant transgenic plants might 
be more likely to become invasive weeds than would the 
parental variety [12].

Moreover, hybridization between a transgenic crop and 
a related non-crop plant can spread novel traits to additional 
species, which further complicates the analysis of the risk of 
creating new weeds. For example, Norman Ellstrand and his 
colleagues at the University of California at Riverside found 
that 12 of the world’s 13 most important food crops hybridize 
with wild relatives in some part of their distributions. If a 
transgenic crop can hybridize with nearby wild relatives, the 
transfer of genes will be virtually inevitable once farmers 
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plant the crop on a commercial scale. As a result, insect-
resistance traits could create aggressive weeds from either 
the crop or, more likely, from related non-species. Still, some 
scientists argue that the escape of insect-resistance genes 
into wild populations would not substantially increase the 
population growth rate of wild plants [14,15].

Without direct field results indicating how herbivore-
resistant crops could generate weeds, some insight can 
be gained from ecological experiments on herbivory 
in natural plant populations. To quantify the impact of 
herbivores, scientists often manipulate the number of 
herbivores attacking plants and then measure changes in 
plant growth or reproduction. To speculate on the future 
impacts of transgenic crops, an investigator must summarize 
a large collection of such studies across many species and 
situations, which can be done with a statistical approach 
called a meta-analysis. Peter Kareiva of the Marine Fisheries 
Service applied this method to results reported in different 
publications that involved 52 different plant-herbivore 
combinations. He found an extraordinarily large average 
effect of herbivory: Plants protected against invertebrates’ 
primarily insect herbivores produced more reproductive 
structures than did 81 percent of unprotected plants. Thus 
any herbivore-resistance trait is likely to confer a substantial 
advantage, which could easily increase the occurrence of 
weeds. Although increases in seed production do not always 
translate into enhanced weediness, limitations on seed 
production do constrain many natural plant populations, at 
least in some years. Consequently, insect-resistance genes 
could cause non-domesticated relatives of transgenic crops 
to become weeds [16]. 

The analogy between the commercial-scale planting of 
transgenic crops and the introduction of non-native plant 
species suggests several additional factors to consider 
when assessing the risks associated with transgenic crops. 
First, the vast majority of introduced plant species cause 
no serious environmental problems. Accordingly, most 
transgenic crops will probably pose little threat to the 
environment. As in plant introductions, though, a small 
percentage of transgenic varieties might become serious 
pests that cause vast economic and environmental damage. 
Second, even introduced plants that become aggressive 
weeds often remain relatively uncommon for long periods 
before becoming problematic. For example, Mimosa pigra, or 
catclaw mimosa, was a minor weed in Australia for about a 
century before it expanded dramatically and excluded other 
plants over large areas. In addition, Michelle and colleagues 
searched historical reconstructions of plant invasions and 
found many examples of remarkably long lags between the 
time of a plant’s introduction and the detection of weed 
spread. Although there would be enormous pressure to 
discontinue monitoring efforts of transgenic crops if weeds 

have not been detected after many years, we must remember 
that detection lags can be quite long and that effective 
monitoring might require 30 or more years of sampling 
[16,17].

The second major ecological concern surrounding 
insect-resistant transgenic crops from pollen is that they 
might harm non-target animals. For example, a plant that is 
toxic to Colorado potato beetles could conceivably also be 
toxic to non pest beetles or to beetles that actually benefit 
farmers, including ladybird beetles. Losey and his colleagues 
studied the effects of pollen produced by transgenic corn 
that resists lepidopteran pests, including the European corn 
borer. Plant breeders can transfer a gene from a bacterium 
called Bacillus thuringiensis into corn, which causes the corn 
plant to produce an insecticidal compound, commonly called 
Bt toxin. In fact, there are several distinct Bt toxins, each 
capable of binding to receptors in the midgut of particular 
groups of insects, but humans and other vertebrates do 
not express these receptors. Wind pollinates corn, and 
its copious pollen can move up to 60 meters, coating the 
surfaces of neighboring non-crop plants. Thus, non-target 
insects, including monarch larvae that feed on milkweed 
plants, consume some of the windblown corn pollen [16,18].

Losey and his colleagues coated milkweed leaves 
with transgenic corn pollen in quantities similar to those 
observed in nature. Only 56 percent of the monarch larvae 
survived when fed milkweed plants coated with transgenic 
corn pollen, whereas 100 percent of them survived when 
the plants were coated with non-transgenic corn pollen. 
Given that roughly half of the monarchs in the United States 
spend their summer months feeding on milkweeds in corn-
producing regions, the effects on monarch populations 
could be substantial. Nevertheless, critics of this study point 
out that the toxins in transgenic corn’s pollen might become 
inactive more quickly in the field than in a laboratory setting 
[17,18]. 

Change of Fitness-Related Characters

In many cases, transgenes do not encode traits with an 
evolutionary selective advantage. These types of transgenes 
are not expected to persist and spread in volunteer/weedy 
or wild populations of plant species. Therefore, the outflow 
of such transgenes is unlikely to result in environmental 
problems because the frequencies of the transgenes would 
remain very low in populations. Likewise, transgenes that 
confer a fitness cost (in the form of reduced survival or 
fecundity) will be less likely to be passed on to host progeny 
[19]. Many transgenic traits related to nutritional quality, 
manufacture processing quality, and grain composition are 
likely to have neutral or even negative effects on the fitness 
of the weedy and wild relatives of the crop. These include, 
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for example, the psy, crtI and Gt1 genes that increase the 
content of vitamin A (in the form of ß-carotene) in golden 
rice Ye X [20] and the antisense Wx gene that improves the 
taste quality of rice grains [21]. These transgenes may pose 
limited environmental consequences should they escape to 
weedy or wild relative species through gene flow. In contrast 
to the above cases, the fitness of wild and weedy populations 
might be enhanced by transgenes that confer greater 
resistance to biotic stresses (such as insects and diseases), 
or a greater tolerance of abiotic stresses (such as drought 
and salinity), or enhanced production of seeds or vegetative 
propagules. Depending on local environmental conditions, 
the flow of these types of “fitness-enhancing” transgenes to 
nearby recipients could release weedy or wild populations 
from ecological pressures that restrict their local abundance 
or limit their habitat requirements. If the transgene recipient 
of the population is already a weed or has the potential to 
become more invasive by acquiring specific transgenic 
traits, it might become more invasive in natural habitats. 
For example, if wild or weedy rice acquires transgenes that 
confer salt tolerance and faster growth rates, it will become 
more invasive in brackish and saline habitats.

Another question concerning the consequences of gene 
flow from a transgenic crop relates to the magnitude of the 
transgene-derived fitness benefit and whether this will affect 
the population dynamics. This will largely depend on the 
extent to which insect and disease pressures regulate the 
wild relative populations. Therefore, fundamental ecological 
studies of wild populations are needed to help address this 
question. In wild sunflowers, for example, the expression of a 
single Bt transgene resulted in less damage from insect larvae 
and a large boost in fecundity in field-grown experimental 
plants in Nebraska, USA [22]. Therefore, if certain transgenes 
can enhance the fitness of wild or weedy species, it is 
important to evaluate 1) the potential for creating more 
invasive weeds, 2) any possible harm to non-target species, 
such as beneficial insects, and 3) any possible effects of gene 
flow on the long-term durability of insect-resistant and 
glyphosate-resistant crops [23,24].

For the estimation of long-term persistence and 
spread of transgenes in crop wild populations in relation 
to the fitness change, several key factors should be taken 
into consideration: 1) genetic mechanisms (e.g. genetic 
relationships and compatibility) that allow the transfer of 
transgenes into wild populations, 2) the degree (gene flow) 
to which transgenes are transferred to wild populations; 3) 
the fitness of early hybrids relative to their wild parents, and 
4) possible fitness costs or benefits that are associated with a 
particular transgene [25]. If a transgene can move from a GM 
crop to its weedy or wild relatives, and at the same time the 
escaped transgene can be normally expressed and inherited 
in the wild relatives, it is then very important to continue the 

risk assessment in order to understand whether or not the 
transgene will change the ecological and evolutionary fitness 
of the recipient wild relatives. This is because if expression 
of the transgene causes changes to the fitness of recipient 
wild relatives, the pattern of persistence and spread of 
the transgene in a wild population may vary significantly. 
Transgenes may have a strong expression pattern due to 
activation by a special promoter, and have very unique 
functions that may not be found in natural situations. 
Expressing a transgene may considerably alter the ability of 
wild relatives in terms of their survival, competition, and/
or reproduction. These changes may affect the persistence 
and spread of transgene in wild populations in a spatial or 
temporal dimension.

To establish crop-wild hybrid-and progeny populations 
(e.g. producing F1 hybrids, self-pollinated F2, F3 progenies, 
and backcrossed BC1, BC2 progenies) under experimental 
conditions through artificial crosses between a GM crop and 
its wild relatives will facilitate data generation for any fitness 
analysis required during the biosafety assessment. However, 
to appropriately measure any fitness changes (sometimes 
the change can be very minor) of wild plants brought about 
by the expression of a transgene, and to properly incorporate 
the collected fitness data into the biosafety assessment 
system remains challenging. A well-designed fitness study 
can take a very long time to complete, especially when data 
may be required from multiple generations. It is important 
to point out that fitness is a measurement of the successful 
survival and reproduction of wild plants, which can be 
affected by many components throughout the life cycle in 
a given environment, e.g. seed dormancy and germination, 
seedling establishment and vegetative growth, individual 
viability and fecundity. Even though the determination of an 
adverse effect and the eventual success of a risk assessment 
largely rely on the prediction of any fitness change caused 
by transgenes, it is not straight forward to identify the 
components crucial for accurately predicting the fitness 
of recipient wild plants. Therefore, a few aspects need to 
be taken into consideration when studying fitness for the 
biosafety assessment [26].
 

Xia, et al. [27] measured the fitness effects of cultivated 
rice insect resistance transgenes that had been introgressed 
into various weedy rice lineages. The relative fitness effect 
of the transgene varied with both environment (level of 
insect infestation) and genotype (genetic background of 
the different lineages). Correspondingly, the Special Issue 
includes a review of field studies of the fitness effects of 
crop transgenes with wild or weedy ancestors [28]. The 
review reveals that the relative fitness of lineages that are 
the result of gene flow between a transgenic crop and wild/
weedy relative cannot easily be predicted a priori. The 
presence of transgenes sometimes correlates with increased 
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relative fitness, decreased relative fitness, or no change in 
relative fitness. Likewise, enough studies have accumulated 
to demonstrate that genetic background and environment 
can sometimes play a key role in determining the direction 
and magnitude of transgene fitness effects. Two decades 
after the commercial release of genetically engineered crops, 
gene flow has enabled crop transgenes to move into and 
apparently persist in free-living populations. The known 
cases are relatively few and mostly involve feral canola 
[29]. Thus far, the economic and environmental impacts of 
transgenes in free-living populations have been nil or, at 
worst mild. As noted above, gene flow between traditionally 
improved domesticates and their wild relatives sometimes 
results in lineages that are not so benign. 

Loss of genetic diversity in crop landraces and 
wild relatives 

There is great concern that the extensive cultivation of 
GM crops will pose potential threats to the genetic diversity 
of traditional crops [10]. The loss of genetic diversity of crops, 
in general, will reduce the capacity to breed more productive 
and stress-resistant crop varieties. The concerns of genetic 
erosion are twofold first, the extensive adoption of GM crops 
may lead to rapid losses of traditional crop varieties because 
of the continuous replacement of the traditional varieties by 
more commercially advantageous GM varieties. For example, 
after only a decade of adopting GM cotton, the current 
cultivation area of insect-resistant GM cotton (Bt) comprises 
more than 70 % of the total cotton cultivation area in China, 
and more than 40 % of the total cotton cultivation area in 
India [30,31]. A similar situation is found with GM soya 
beans and GM oilseed rape in northern America. However, 
the counterargument is that losses to genetic diversity in 
traditional crop varieties have already taken place prior to 
the introduction of GM crops into modern agriculture, with 
its landscape fragmentation, adoption of improved crop 
varieties, and degradation of the agricultural environment. 
Second, the spread of transgenes from a GM crop variety to 
non-GM traditional varieties through gene flow may change 
the integrity of the traditional varieties if the transgenes 
have a selective advantage. During the process of cultivation 
and seed production, hybrids containing any beneficial 
transgenes may gradually accumulate unintentionally during 
selection to ultimately replace the original genotypes of the 
traditional varieties

Wild relatives of crop species are widely viewed as 
valuable resources of genetic diversity for future breeding 
[6]. Even if these wild relatives are somewhat weedy, 
germplasm experts believe that these reservoirs of diversity 
should be protected from population extinction and genetic 
“swamping,” which results from a heavy influx of crop 

genes. To some people, the more presence of transgenes 
in the wild germplasm of crop relatives represents a form 
of “contamination” or “genetic pollution”. There are two 
scenarios for the unwanted effects of transgenes on genetic 
diversity. First, it is theoretically possible that strong selection 
for fitness- enhancing transgenes could generate selective 
sweeps in which portions of the crop genome that are linked 
to these transgenes displace corresponding portions of wild 
genomes [6,32]. This process is expected to be more common 
in self-pollinating species than in out-breeders, which have a 
greater potential for the mixing and dilution of crop alleles 
during sexual reproduction. 

Also, selective sweeps could be favoured by clonal 
reproduction, which might allow more vigorous transgenic 
crop-wild hybrids to out-compete the non-GM plants at 
the local level. The potential for rapid selective sweeps in 
most self-pollinating plants seems remote because 1) few 
transgenes seem likely to confer fitness benefits that are 
strong enough to lead to selective sweeps in wild populations, 
and 2) the extent of pollen-mediated gene flow is typically 
very low. However, massive transgene flow to wild relatives 
through recurrent pollination may pose threats to wild 
germplasm, particularly for out-breeders. Second, in some 
situations, a large influx of fitness-reducing transgenes could 
contribute to population declines or even local extinction 
of small, isolated populations of wild plants that occur near 
the crop [33]. In populations of 100 individuals or more, 
frequencies of fitness-reducing transgenes would diminish 
due to the purifying force of natural selection. Therefore, 
current information suggests that gene flow from self-
pollinating GM crops may not threaten the genetic diversity 
of wild and weedy relatives to a greater extent than the 
current gene flow from conventional varieties [6,32].

Evolutionary Consequences of Gene Flow 
through Pollen from Transgenic Crops to 
their Wild Relatives

The effect of gene flow is to reduce genetic differences 
between populations, thereby preventing or delaying the 
evolution of the populations in different geographical 
areas into separate species. As Ellstrand, et al. [34] already 
pointed out, gene flow between a crop and its wild relatives 
can have two potentially harmful ecological/evolutionary 
consequences: enhanced weediness in the wild/weedy 
relatives by introgression of certain crop traits and extinction 
of wild relatives through genetic swamping or outbreeding 
depression. For example, the evolution of enhanced 
weediness in one of the world’s worst weeds, Sorghum 
halepense, is assumed to be a result of introgression from 
the crop Sorghum bicolor. Transgenes may enhance these 
chances, depending on the specific traits encoded. 

https://medwinpublishers.com/JENR/
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The evolution of novel weeds and invasives need not 
involve domesticates at all. Natural gene flow and subsequent 
admixture involving only non-domesticated taxa are known 
to have preceded the evolution of dozens of new weedy and 
invasive lineages [35]. Examples include plants, animals and 
microorganisms. Recently, an increasing number of studies 
have revealed that even within-species admixture appears 
to have played a role in the evolution of many invasive 
lineages [36]. In that case, admixture depends on multiple 
introductions [37]. Likewise, a small, but growing, number 
of examples of invasives that evolved from intertaxon 
hybridization have been shown to be the result of multiple, 
independent hybridization events. One such example is 
the tumbleweed, Salsola ryanii, evolved in California as 
recently as a few decades ago and is certainly no more than 
a century old. An allohexaploid derivative of hybridization 
between Salsola australis and Salsola tragus, its known range 
expanded from a few isolated populations in California’s 
Central Valley to a broad distribution in that Valley as well 
as California’s coastal valleys in roughly a decade. Despite its 
recent origin and rapid spread, molecular analysis by Welles 
and Ellstrand [38] demonstrates that this neo-invasive is the 
result of three independent admixture events and that gene 
flow among the individual lineages is just beginning, leading 
to within-species admixture.

Conclusion

Gene flow is not a risk because it is a natural process 
and a part of evolution that happens incessantly and 
permanently. Transgene escape from a GM crop to its non-
GM crop counterparts and populations of wild or weedy 
relatives through gene flow may pose potential biosafety 
problems for food and health, environment, and socio-
economics and ethics. Potential environmental consequences 
from transgene escape essentially depends on whether or 
not the transgenes will express normally in wild relatives, 
and whether or not the transgenes will change the fitness 
of introgressed plants, which will determine the dynamics 
of populations that have maintained the transgene under 
selection pressure. There is general agreement that gene flow 
from pollen of GM crops to sexually compatible wild relatives 
can occur. Experimental studies have shown that GM crops 
are capable of spontaneously mating with wild relatives, 
however at rates on the order of what would be expected 
for non-transgenic crops. Much empirical information about 
crop-wild relative hybridization is now available indicating 
that such hybridization occurs when sexually compatible 
wild relatives are present in close proximity to the crop, 
albeit at low (and variable) rates. Hybridization between 
conventional (non-GM) crops and their wild relatives has 
occasionally caused problems in ecological and evolutionary 
times. There is no evidence yet, that GM crops pose any 
greater risk than do non-GM crops, but our knowledge of 

the fitness consequences of transgenes in wild populations 
is incomplete. It is difficult to judge a priori whether a 
transgenic phenotype will have a special fitness advantage 
relative to a non-transgenic counterpart and if an advantage 
exists, whether this will result in increased weediness. 
The data published so far indicate that serious ecological 
consequences have not been observed. Based on biological 
knowledge, the possibility of transgene escape can be 
assessed effectively, as well as the potential environmental 
consequences created by any transgene outflow. 
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