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inserting a gene from another organism, removing a gene, or changing a gene’s function to generate a desirable trait.
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1. Introduction

One of the marked public health achievements in modern history has been the acceleration of global food production in

recent decades. The Green Revolution of the 1960s led key staple grain crops yields to significantly rise to cover the

calorie demands of a growing population worldwide . Technological innovations partly motivated this achievement,

particularly the introduction of new synthetic chemical fertilizer and pesticide types in the 1940s, the development of

higher-yielding grain varieties, agricultural labor being mechanized, and high-yield practices being adopted, including

monocropping . Unfortunately, malnutrition is still a leading risk factor for health consequences and death globally.

Recent research reveals that 2 billion people are deficient in one micronutrient or more, almost 820 million people go

hungry, and approximately 26.4% of the world’s population is affected by moderate and severe food insecurity . Finally,

the most recent available analysis reports that undernourishment is associated with 3 million child deaths a year or half of

all child deaths in the world .

As look forward, facing one of the most formidable challenges of the 21st century: global food demand is expected to

steeply continue to rise. A United Nations (UN) report states that the world population is expected to reach 9.8 billion by

2050 . On the one hand, this increase poses colossal food production challenges because crop yield rates do not feed

the world’s population . On the other hand, economic expansion, globalization, and population growth have brought

about structural shifts in consumption patterns worldwide. Surprisingly, meat demand has grown the most in the world,

and the cattle industry has been identified to emit the most greenhouse gases. This rising demand has significantly

impacted carbon emissions and land use . Moreover, climate change and less cultivable land have resulted in an

additional challenge to cover growing food demand . Climate change is associated with rising temperatures and more

extreme weather events, such as hurricanes, floods, droughts, and rainstorms. Apart from altered environmental

conditions under which food production operates, there are fewer pollinating insects, increasing water scarcity, and

alterations to relations linking pests, crops, weeds, and pathogens . The analysis revealed that these situations could be

daunting if no action is taken . Here, researchers contemplate the potential of genetically modified (GM) crops to

enhance sustainable food production .

The concept of “genetically modified organisms” (GMOs) refers to those organisms whose genome has been altered by

inserting a gene from another organism, removing a gene, or changing a gene’s function to generate a desirable trait.

These genes can come from the same species or a different one. Thus, species boundaries may be crossed to produce

novel crops . Depending on the final destination, GMOs can be classified as GM food when the direct consumers are

humans and as GM feed when products are intended only for animals. It has been estimated that 70–90% of all GM crops

are employed as animal feed . The market share of GM products has grown since the first generations of GM crops

were commercialized in the 1990s. The four leading biotech crops are maize, cotton, soybeans, and canola. Based on the

global cultivated area for individual crops, 32% of maize, 80% of cotton, 77% of soybeans, and 30% of canola were

biotech crops in 2017 (Figure 1). Herbicide tolerance has been a consistent dominant trait which, in 2018, covered 46%

of the global area (a 1% drop compared to 2017) . Today, the commercial use of GM crops also extends to other foods,

such as sugar beet, papaya, eggplant Solanum melongena, potatoes, and apples .
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Figure 1. Percentages of the main

biotech crops in 2017. Adapted from .

In recent decades, technological molecular biology and genetic engineering (GE) advancements have enabled crops to

be developed with improved traits, such as herbicide tolerance, good insect resistance, or better yields . Moreover,

interest in developing GM crops with improved nutritional properties is growing, such as higher levels of essential

microelements, healthier crops by altering their fatty acids profile, or plants with delayed ripening . Ever since the first

GM food was introduced, the debate about the risks of releasing GM crops has been substantial. Lawmakers, scientists,

and consumers have been divided on the subject of using GMOs to produce food and feed. Supporters believe that new

crop enhancement advances could be a promising solution to ensure food security and cover increasing food demands

.

2. Legislative Framework of Genetically Modified (GM) Crops

Both GM crops and their products must be rigorously evaluated before being commercially released. The legal framework

that regulates GM food and feed attempts to ensure high protection levels for human and animal health and also for the

environment . Worldwide, the authorities responsible for evaluating GM products have adopted specific strategies based

on the amount of experience and scientific knowledge acquired in the past few decades to assess their safety . These

principles were first submitted in 1993 by the Organization for Economic Co-operation and Development (OECD) and

were further detailed by an international body jointly established by the Food and Agriculture Organization (FAO) and the

World Health Organization (WHO) of the United Nations .

In 1963, the FAO and the WHO created the Codex Alimentarius Commission. The Codex develops international food

standards, guidelines, and codes of practice to protect the health of consumers and to ensure fair practices in food trade.

Moreover, it promotes the coordination of all food standards work undertaken by international organizations . In 1999,

the Codex established the Ad Hoc Intergovernmental Task Force on Foods Derived from Biotechnology (Figure 2). This

group is responsible for developing and setting up guidelines, standards, or recommendations for foods that derive from

applying modern biotechnology. The Task Force published three documents in 2003 that were adopted by Codex:

Principles for the Risk Analysis of Foods Derived from Modern Biotechnology; Guideline for Safety Assessment of Foods

Derived from Recombinant-DNA Plants; Guideline for Safety Assessment of Foods Derived from Recombinant-DNA

Microbes . The first document is a framework for performing risk analyses on either whole food derived from using

biotechnology or the components of those foods. It discusses risk assessment, risk management, and risk

communication. The Plant Guideline contains further details about the principles for risk analyses of foods derived from

modern biotechnology. Specifically, paragraph 18 describes the framework for making such a safety assessment of food

derived from a recombinant-DNA plant. This safety assessment framework follows a stepwise process to address relevant

factors  (Figure 2).

Figure 2. Development of standards and

recommendations for products resulting from biotechnology.

Labeling GMOs is also essential for helping consumers to make informed decisions. Consumers care about certain

details, such as source, if food is processed, and if it contains additives . GMOs are surrounded by plenty of

controversies. Since the first GM products were commercially released, the debate about the real perceived risks of using
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GMOs has been underway. While dispute rages on, the public’s GM crop concerns have prompted governments to step in

and adopt legislation that insists on GM products being labeled . Notwithstanding, no agreement has been reached by

government agencies about mandatory labeling, which renders the strategy ineffective and also makes transportation and

trade extremely difficult .

The dispute over GMO labeling is structured on how much information consumers should receive and if this information

provides enough knowledge about the contents to help consumers make better decisions. A difference exists between

voluntary and mandatory GMO labeling. Voluntary labeling informs consumers that products do not contain bioengineered

substances. Mandatory labeling goes much further because it expects all food products that contain GMOs to include

warning labels . Both these labeling schemes have their pros and cons. Consumers have the right to know what their

food contains, and labeling must help them make purchasing decisions. However, as consumer knowledge about new

technology such as GE is limited, they cannot often establish whether GM products spell danger or how to measure any

given risk against potential benefits. Hence, individuals rely on those people they perceive as being trustworthy experts to

reach informed conclusions, which they might use to form their own views. Consequently, trust is critical in layperson

evaluations of GM foods .

The first labeling legislation on GM foods was framed by the European Union (EU) in 1997. Later, more modifications

were made to legislation on GMO derivatives . In 2007, the Codex Alimentarius Commission made an attempt to

produce labeling guidelines for biotech products, but it was prevented because no consensus was reached by different

countries . Nonetheless, an increasing number of countries have been involved in labeling with distinct regulatory

characteristics . At least 64 countries worldwide, such as the EU countries, China and Australia, expect some form of

GMO labeling . Policies and the extent to which they are adopted differ from one country to the next. The Codex

Committee has addressed the costs incurred to implement and enforce labeling, as well as potential advantages. Test

requirements, agricultural production traceability, processing and distribution, document verification, analytical method

feasibility and detection limits, and consumer education are only some of the main concerns being addressed. It would

appear unlikely that a worldwide agreement will be reached in the near future because the USA strongly opposes labeling.

The US GM labeling position is based on the “substantial equivalence” (SE) premise . This concept first appeared in

1993 and embodies the notion that if a novel food has the same composition and features as conventional food, then it

must be taken as safe as conventional food . Proponents of the SE principle state that requiring labeling is not

necessary because customers are more concerned about health and safety, functionality, and food usage than about

manufacturing processes. Mandatory GMO labeling gives an impression, and even serves as a warning, that these foods

differ or are less safe than their non-GM counterparts. The EU takes a “precautionary stance”. As the perceived or true

risk of GMOs in long-term exposure remains unknown, labeling is vital for traceability considerations, along with consumer

“right to know” legislation. According to the EU, it is no easy task to contemplate and measure the effects of these foods

because the population has not been exposed for very long. Lack of evidence does not rule out the time-lag potential

between exposure to health/environmental dangers and their consequences .

The EU Regulatory Framework of GMOs

The EU has set up a legal framework to disseminate GMOs on markets to ensure high protection levels for human/animal

health and the environment. The aim of this regulatory framework is to confer in the authorization process a high degree

of transparency. It is based on three basic principles: pre-market authorization based on a prior risk assessment;

traceability; labeling . GM foods and feeds in the EU can be approved provided that they successfully pass rigorous

safety assessments . The procedures to assess and authorize GM foods and feeds appear in the following documents:

(1) Directive 2001/18/EC, which regulates the authorization of deliberate releases and placing GMOs on the market; (2)

EC Regulation No. 1829/ 2003, which provides a specific authorization procedure of GM foods and feeds . These

documents provide rules for GMO safety assessments by regulating GM food and feed production, GMO imports, and the

release of GMOs into the environment .

A GMO authorization is granted as long as no adverse health or environmental effect is identified. In the EU, the

European Food Safety Authority (EFSA) plays the main role in risk assessments . The EFSA’s role is to assess the

safety of new GMOs and to provide scientific advice before Europe’s risk managers make decisions (the European

Commission and EU Member States). EFSA assessments are made according to applicants’ scientific dossiers and any

other relevant scientific data. They bear in mind these aspects: (1) molecular characterization; (2) comparative analysis

between the GM plant and its conventional counterpart; (3) evaluation of potential toxicity and allergenicity; (4) evaluation

of potential environmental impacts. According to EU legislation, all Member States can decide about cultivating GM crops

in their territories. Once a GMO is authorized, it usually receives a 10-year EU market license. Later, it must be re-

assessed by the EFSA before any more re-authorization decisions are made .

Labeling and traceability rules guarantee operators and consumers access to crucial GMO information . In line with EC

Regulation No. 1829/2003 on GM food and feed and No. 1830/2003 on the traceability and labeling of GMOs, products

consisting of or containing authorized GMOs or produced from GMOs must be clearly labeled as such. These

requirements do not apply to foods containing < 0.9% authorized GM material as long as the GM material is technically or

adventitiously unavoidable . The EU framework sets a traceability and labeling threshold for approved GMOs, and a

“zero tolerance” policy exists for unapproved GMOs. What they mean is that unapproved GMOs in the EU cannot be sold
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. Several EU Member States have enacted their own national regulations that permit the voluntary labeling of ‘‘GMO-

free food or feed” or ‘‘food that originates from animals not fed GM feed” .

The EU GMO regulation includes effective enforcement provisions. Those applicants who wish to place GMOs on the EU

market must set up and submit an acceptable detection method, positive and negative control samples, and certified

reference material. These methods form part of the national authorities’ control and inspection systems to make sure that

any GMOs placed on the market have been duly approved and labeled according to legislation .

3. Myths and Realities of GM Crops: Risk Assessment

Humans have been altering plant and animal genomes for thousands of years . Since ancient times, selective

breeding, also called artificial selection, has been a routine method in agriculture . For instance, humans have driven

maize evolution from a plant with many branches and small cobs to a plant with fewer larger stalks and larger kernels,

which result from the selective seed selection of plants with highly desirable traits . Something similar has taken place

with tomatoes, which are the product of applying careful genetic selection to alter their size, shape, seeds, and taste

(Figure 3) . Although the process of creating new traits takes time because it requires spontaneous genetic mutations,

the development of GE tools has accelerated the production of GMOs .

Figure 3. Selective tomato breeding. Icons made by

Freepik and Smashicons from www.flaticon.com (accessed on 1 December 2021). Adapted from .

The first transgenic plant was created in 1983: a tobacco plant that resists antibiotics . Nevertheless, the first GM food

was not marketed in the USA until 1994: the Flavr SavrTM late-ripening tomato. Although the Flavr SavrTM tomato study

was a scientific success, public opinion forged its commercial failure . One reason for its commercial failure was that

GM foods inspired moral debate that was closely tied to views on what is considered “unnatural”. Religion is generally

associated with opposing GE, and some people believe that it is like “playing God” . Nonetheless, there is evidence

that gene transfer between species is not as unnatural as researchers think. For instance, Elysia chlorotica is a marine

gastropod mollusk that has integrated a gene from an alga into its genome, which confers on it a photosynthetic capability

.

Anti-GMO activists argue that GM crops occupy much space and are related to intense monoculture systems. Despite

monoculture agriculture offering many advantages, it is still a very controversial issue in modern agriculture.

Monocropping implies lots of disadvantages, including biological diversity loss. As biodiversity is lacking, crops are more

susceptible to pests, and these threats spread more quickly. Consequently, farmers apply more herbicides and pesticides

to safeguard crops. These pollutants normally sink into the earth and pollute both soil and groundwater. As monoculture

farming exhausts soil by depriving it of biodiversity, farmers will wish to artificially enhance the fertility of their affected

fields and apply chemical fertilizers. Artificial nutrients severely impact the natural soil composition and, thus, have a

destructive effect on the ecosystem as a whole. Applying herbicides, pesticides, and other chemicals strongly impacts

bees and other pollinators (Earth Observing System). Yet monoculture is essential for feeding the world population and

has extended nearly 5-fold since 1900. From the agronomic viewpoint, it is the monoculture size (temporal and

geographical) that makes it beneficial or harmful. Farmers face the challenge of implementing long-term crop

management strategies, crop rotation, and farm management to protect soil health and biodiversity. In relation to GM

crops, and based on the history of such practice, they have nothing to do with monocropping’s origins. Farmers have

performed monoculture farming worldwide long before GM seeds appeared on the market. Employing GM crops

enhances yields and reduces deforestation and other damaging activities carried out to generate farmland. Nowadays,

more and diverse fruit and vegetables are available than ever before. GM seed varieties created specially to include

genes from other plants and bacteria widened the genetic diversity of large commodity crops in the 1990s  (Genetic

Literacy Project).

Recently, a survey revealed that consumer GM food views have barely changed since they were introduced in the mid-

1990s. Europeans perceive that GMOs are unsafe, and they believe that they can harm not only consumers but also the

environment . According to the 2005 Pew Initiative, 50% of Americans are unaware of GM foods and oppose them
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being introduced into the food system . However, the acceptance of GM foods appears to depend on their development

and intended use. For example, modifications made to increase nutritional values are more widely accepted than those

made to simply increase crop yields. On the other hand, based on the sort of genetic alteration conducted, “cisgenic”

changes are preferred over “transgenic” modifications  (Figure 4). The conclusion is that “the more distant the relation

between the organisms, the less accepted the modification seems to be” .

Figure 4. Cisgenic and transgenic modification.

Icons made by Freepik and Smashicons from www.flaticon.com (accessed on 1 December 2021). Adapted from .

Many prevalent GE myths exist and cover wide-ranging themes, from health and safety to other environmental safety

areas. Allergies, toxicity, possible horizontal gene transfer (HGT) to the environment or other species, and several

anomalies such as metabolic disturbance, tumor genesis, or infertility have all been related to the consumption of GM

crops. Overall, the considerable scientific consensus holds, insofar as currently marketed GM food does not pose a higher

risk than traditional food .
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