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a b s t r a c t

Modern agriculture provides the potential for sustainable feeding of the world's increasing population.
Up to the present moment, genetically modified (GM) products have enabled increased yields and
reduced pesticide usage. Nevertheless, GM products are controversial amongst policy makers, scientists
and the consumers, regarding their possible environmental, ecological, and health risks. Scientific-and-
political debates can even influence legislation and prospective risk assessment procedure. Currently, the
scientifically-assessed direct hazardous impacts of GM food and feed on fauna and flora are conflicting;
indeed, a review of literature available data provides some evidence of GM environmental and health
risks. Although the consequences of gene flow and risks to biodiversity are debatable. Risks to the
environment and ecosystems can exist, such as the evolution of weed herbicide resistance during GM
cultivation. A matter of high importance is to provide precise knowledge and adequate current infor-
mation to regulatory agencies, governments, policy makers, researchers, and commercial GMO-releasing
companies to enable them to thoroughly investigate the possible risks.
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1. Introduction

Genetically modified organisms (GMO) when consumed
directly or after processing are rendered as genetically modified
(GM) food or feed. These foods undergo artificial genetic modifi-
cation during the phase of raw material production. The most
common sources of raw material for GM foods are GM plants,
which are genetically transformed to resist diseases, tolerate her-
bicides and/or insect pests. In addition, male sterility, fertility
restoration, visual markers, and other metabolism related charac-
teristics can also be influenced (Southgate et al., 1995). The esti-
mated revenue generated by biotechnology in the United States
(US) for 2012 was 323.8 billion US$, of which 128.3 billion US$ was
generated from GM crops. US biotech revenue has had an observed
growth of >10% over the past decade (Carlson, 2016). Similar rev-
enue generation is expected for other countries that have adopted
GM crops, as the International Service for the Acquisition of Agri-
Biotech Applications (ISAAA) has reported a forecasted increase in
GM crop cultivation in Asian countries (www.isaaa.org; Carlson,
2016). Global commercial cultivation of GM crops has reached to
an aggregate land mass of two billion hectares over the last two
decades, with total generated benefits of 150.3 billion US$ (Brookes
and Barfoot, 2016). The so-called 20th anniversary (1996e2016) of
GM crops resulted in significant net economic benefits (through
yield and production gains as well as from cost savings) ultimately
reducing yield gaps, reduced pesticide application, and conserva-
tion of zero tillage (Brookes and Barfoot, 2016; Taheri et al., 2017).
However, although cultivation of GM crops and their use in food
and feed has not delivered what was expected in terms of accom-
plishment and GM technology has attracted an ever-increasing and
an extremely emotional and complex scientific and political debate,
involving a very wide community of different groups ranging from
environmental conservationists and ecologists, to evolutionary bi-
ologists, politicians, biotechnologists, and epidemiologists. This
broader debating platform has raised certain questions, such as
whether GM food and feed are safe for human and animal con-
sumption and whether they will have harmful impacts on envi-
ronment health and biodiversity. Such questions clearly need to be
addressed by scientific experimentation. In an attempt to minimize
such uncertainties, many laws, restrictions, and legislations have
emerged, and in most countries legislative procedures for the
approval of any GM crop used for food or feed now exist
(Waigmann et al., 2012; Yaqoob et al., 2016).

The consequences of cultivating and using GM plants as food/
feed can be divided into two categories. First, cultivating GM plants
could have unintended impacts on ecosystem health, such as un-
natural gene flow (GF), diminished genetic diversity, effects on
non-target species, weediness, reduced pesticide and herbicide
efficiency, herbicide and insecticide toxicity, and modification of
soil and water chemistry and quality (Mertens, 2008). Similarly,
cultivation of GM plants could have damaging repercussions on
ecosystem complexity by diminishing biodiversity (Lovei et al.,
2010). Second, the use of GM plants as human food and animal

feed could represent a hazard to health (Suzie et al., 2008). Globally,
the debate on the environmental implications of GM food and feed
is still ongoing. Recent reports, including a review by Domingo
(2016), the National Academy of Sciences (NAS, 2016), and the
letter signed by more than one hundred Nobel laureates (http://
supportprecisionagriculture.org/) in opposition to Greenpeace
and in support of modern “precision agriculture”, highlight the fact
that in order to feed growing populations, there is no alternative to
“precision agriculture” (GM food and feed). The objective of the
current updated review is to reconsider the pros and cons of GM
food and feed. With reference to recent scientific reports that
consider the short- and long-term risks to human and animal
health, the environment, and biodiversity, we consider the argu-
ments in support of either the Greenpeace stance or modern
“precision agriculture” and biotechnologically bred foods.

2. Gene flow and its implications

The movement of gametes, individuals, or group of individuals
from one location to another causes changes in gene frequency,
which is referred as gene flow (GF). Among the major evolutionary
forces that modify gene frequencies, GF along with selection, ge-
netic drift, and mutation, are considered the most prominent ones.
This major evolutionary force has been proceeded for millennia
between cross-compatible species (Ford et al., 2006). GF, being a
natural force, is not a hazard as such; rather it is the genetic
contamination of recipient species that have acquired transgenes
that poses risks. The movement of gametes or genes is contingent
upon many factors related to environment as well as species. Apart
from sexual cross-compatibility, other important factors are rele-
vant, particularly in the case of plants, such as floral morphology,
synchrony of reproductive period, and the ecology of both donor
and recipient species (Lu and Snow, 2005). Given the acknowledged
outcomes of this natural evolutionary force, there would appear
inevitable consequences of GM cultivation, such as evolution of
pathogens, pests, and superweeds, displacement/extinction of ge-
netic diversity and species, ecological disturbance, and diminished
biodiversity. Transgenes controlling unique characteristics and
having strong selective advantage can escape into related cross-
compatible species and could lead to modify regional as well as
international trade policies in agricultural markets (Dong et al.,
2016).

The possible routes of GF from GM plants to non-GM plants are
pollen-mediated GF, seed-mediated GF, and vegetative propagule-
mediated GF. Pollen-mediated GF has been reported at various
levels in most GM crops, such as maize, rapeseed, rice, barley,
cotton, and beans (Ford et al., 2006; Han et al., 2015; Yan et al.,
2015). Fig. 1 shows the factors affecting the frequency of GF.
Transgenes in GM plants have certain features that favor successful
introgression into cross-compatible species, including dominance,
location on chromosomes, and non-association with lethal alleles
(Yan et al., 2015).

Transfer of the CP4-EPSPS (enolpyruvulshikimate-3-phosphate
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