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Abstract

Biotechnology has now accelerated the breeding evolution of agricultural products
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to obtain stress-tolerant crops with improved productivity to meet the increasing

global demand, which is in direct correlation with demographic trends. Nutritional
quality, food allergies, toxicity effects, and unwanted resistance and alternations in

Omid Askari-Khorasgani,' Mohammad
Pessarakli?

gene sequences are the main concerns of genetically engineered products. Despite the

numerous and overall benefits of genetically engineered crops, the questions raised by
unwanted and unpredictable consequences about their safety concerns that may harm
human, animal, and/or the ecosystem health require a long-term and a case-by-case
transparent assessment before releasing the biotech crops into the food chain.
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Introduction

Due to the increase in the world population from the current
7.3 billion to more than 9.7 billion by 2050 United Nation World
Population Prospects;' World Population Forecast,” and the predicted
adverse effects of climate change Pachauri et al.> Intergovernmental
Panel on Climate,* employing modern agriculture and biotechnology
plays a key role in meeting global demands. However, the
development and use of genetically modified (GM) crops raise safety
concerns and their impact on both organisms and environment have
remained controversial. To meet the global demand biotechnology has
been employed worldwide to modify different crops such as cotton,
maize, rice, canola and soybean Ahanger et al.’ In 2013, 93% of the
soybeans, 90% of the cotton, and 90% of the corn grown in the US
were genetically engineered (GE) for either herbicide tolerance or
insect resistance Economic Research Service.® In 2016, Levitsky’s
test results for the long-term toxic effects, namely allergenicity,
carcinogenicity, reproductive toxicity, and the possibility of mutagenic
effects of these food products on the human body and the intestinal
micro flora showed the absence of reliable scientific information
indicating the presence of the toxic properties of genetically modified

foods, and therefore of credible evidence of the dangers of consuming
these foods by humans and pets Levitsky.” The rapid development of
cutting-edge biotechnologies such as direct gene editing by “CRISPR-
Cas9” has also challenged the food regulation law. The United
States Department of Agriculture (USDA) has determined that the
current regulations are not suitable for several genome-edited crops,
therefore, on November 18th, 2015, the USDA released provisional
plans to revise its guidelines for GM crops Levitsky.” Adoption of
all GE cotton crops, taking into account the acreage with either or
both herbicide-tolerant (HT) and bacterium Bacillus thuringiensis
(Bt) traits, reached 93 percent of cotton acreage in 2016. The GE
soybean adoption rates reached 94 percent in 2016 (soybeans have
only HT varieties). Adoption of all GE corn accounted for 92 percent
of corn acreage in 2016 Economic Research Service.® Nonetheless,
improving specific plant phenotypes through either mutagenesis
in conventional breeding or transgenesis in GM crops may cause
stress and weaken plant stress responses by altering the expression
of untargeted genes Batista et al.® Additionally, long variants of the
cauliflower mosaic virus 35S promoter (Ca MV P35S), which is
used to drive the expression of transgenesis in genetically modified
plants, for both research purposes and commercial applications do
contain an open reading frame, when expressed, and might result in
unintended phenotypic changes by encoding proteins with allergenic
or toxic properties Podevin & Du Jardin.” These unintended changes
in transgenic plants might lead to unpredictable chronic diseases and
long-term toxicity of genetically modified organism (GMO) foods
such as Roundup-tolerant genetically modified maize and soybean as
reported by Séralini et al.'“!" Accordingly, this short review discusses
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both advantages and health risks of the GE crops to understand
whether the safety assessments are still necessary with the current
knowledge of biotechnology or because of its long time production
and consumption history, it is unnecessary.

Biotechnology benefits, limitations and consequences

The main advantages of biotechnology in agriculture sector are
producing tolerant crops to biotic and abiotic stresses. Optimization of
crop performance under stress conditions can increase the economic
value of crops and improve human, animal, and/or the environment
health either by reducing the levels of pollutants such as synthetic
fertilizers, herbicides, and pesticides Ahanger et al.;* Sharma et al.;"?
Gupta et al.;"* Sharma et al.;'* Singh ' or improving crop yield and
quality such as improving the f-carotene in Gloden Rice Paine et
al.”” Stein et al.;'* Tang et al.;'” Tang et al.'® However, to estimate the
accurate impact of biotechnology on humans and the environment the
challenges should also be taken into account. Corn (Zea mays L.) that
has been GE to produce the Cryl Ab protein (Bt corn) is resistant to
lepidopteron pests.

Bt corn is widely planted in the Midwestern United States,
often adjacent to headwater streams. Corn by products, such as
pollen and detritus, enter headwater streams and are subject to
storage, consumption, and transport to downstream water bodies.
Rosi-Marshall et al."” findings showed that consumption of Bt corn
byproducts reduced growth and increased mortality of Nontarget
stream insects Rosi-Marshall et al.' Stream insects are important prey
for aquatic and riparian predators, and widespread planting of Bt crops
has unexpected ecosystem-scale consequences. Rosi-Marshall et al."
explained that, in a preliminarily laboratory experiment, caddis-fly
larvae— herbivorous stream insects in the order trichoptera—fed
only on Bf maize debris grew half as fast as those that ate debris from
conventional maize. Also, caddis-flies fed high concentrations of Bt
maize pollen died at more than twice the rate of caddis flies fed non-
Bt pollen.

The study concluded that transgenic maize “may have negative
effects on the biota of streams in agricultural areas”, stating in the
abstract that “widespread planting of Br crops has unexpected
ecosystem-scale consequences” Rosi-Marshall et al.'” Although many
questions have been raised after Rosi-Marshall et al.’® publication
such as required comparisons between different GM and non-
GM maize lines and dose dependent responses both in field and
laboratory conditions Waltz % still it is clear that Bt maize in their
experiment could pose a threat to the environment. A small number
of the ecotoxicology testing reports have so far raised concerns
regarding the toxic effects and lower nutritional value of GM maize
crops Rosi-Marshall et al."” Bohn et al. 2' ;Schmidt et al.”2. Thus, long
term experiments comprised of biotech and organic crops are still
required to reach a convincing conclusion. In 2013, Gilbert published
another report in Nature, indicating the rise of glyphosate-resistant
weed species as a result of GMO evolution Gilbert # In 2008, Philips
published a report in Nature Education indicating that the vertical
gene transfers between GMOs and their wild-type counterparts
would not only put human health at risk, but also cause ecological
imbalances Philips**. For instance, it may lead to a low viability of
genetically modified fish offspring in a heritable manner Philips*.
The potential, toxic effects and health risks of herbicides and GMO
products have also been reported in several different experiments de
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Vendomois et al.;* Aris and Leblanc;? Mesnage et al.;?’ Séralini et
al.!%2830 It has been suggested that the debated alimentary chronic
risks may come from unpredictable insertional mutagenesis effects,
metabolic effects, or from the new pesticide residues de Vendomois et
al.” In a 90-day experiment, GM corn MON863-treated rats caused
growth variations and hepatorenal toxicity, hormone disturbance, the
intensity of which were dependent on sex, duration, and concentration
Séralini et al.'’ In a two-year study, GM corn NK603-treated rats
caused severe organ damage, particularly liver and kidney, increased
the trend of tumours incidence, and reduced lifespan Séralini et
al.” Due to the higher GMO mutagenesis caused by tissue culture
micropropagation processes like somaclonal variation and endogenous
DNA rearrangements, recombination, and high molecular DNA
insertions, the GE plant gene sequences might be unpredictable and
unstable Mertens;*' Maghari & Ardekani*?. Thus, based on the long-
term effects on the whole ecosystem in different field conditions and
because of the unpredictable changes in organisms (e.g., affecting
unwanted resistance and gene sequences as well as non-targeted genes
and organisms) the risk assessment of biotech crops and changes in
agrochemical inputs and crop performance should be evaluated prior
to commercialization.

Safety assessments

Despite the rapid biotechnological improvements, at this time and
with the current knowledge, safety and risk assessments of GE plants,
there are sufficient scientific data enabling qualitative/quantitative
risk estimates required for both human and the environment (crops,
weeds, animals, namely fish, insects, such as pollinisers, mammals,
and birds). This is similar to the environmental risk assessment (ERA)
of the living GM animals and should be carried out on a case-by-
case basis and not simply restricted to foods obtained through genetic
engineering [European Food Safety Authority Panel on Genetically
Modified Organisms EFSA GMO Panel®. Despite the concerns about
the GM crops, the necessity of biotechnology for crop improvement
is still undeniable. In addition to promoting crop yield and resistance
to multiple biotic and abiotic stresses, biotechnology can be employed
to improve plant quality such as nutrition and its market acceptability.
According to Tieman et al.* whole-genome sequencing and a genome-
wide association (GWAS) can be employed for the identification of
genetic loci that affect quantitative traits such as the target flavour
chemicals, including sugars, acids, and volatiles, which are necessary
for the recovery of traits ignored in modern commercial varieties
Tieman et al.>*In this context, the Russian Federation has released the
principles of safety assessments which cover

a. Molecular assessment,
b. Human health safety assessment,
c. Technological parameters,

d. Assessment of the data presented by the applicant on the examined
GMO (Russian Federation, 2013). Taken together, a transparent
and truthful risk-benefit analysis on a case-by-case basis would
create a positive impact on marketability and agricultural values
of GMOs.

Conclusion

Development in technologies based on the CRISPR/Cas9 has
less-off target effects and allows more precise gene editing. However,
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different tools of biotechnology are currently being deployed
worldwide and their long-term effects on organisms and ecosystem
health are unpredictable. Hence, transparent safety assessments on a
case-by-case basis increase the value of biotech products and avoid
their unwanted consequences.
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