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Abstract: With the progress of science and technology, genetic modification technology has
seen rapid development, and genetically modified foods have been invented in this context.
Genetically modified (GM) food has been controversial since it came out. Some people
think that genetically modified food is the product of the development trend of science and
technology, and we should accept and vigorously develop it. However, some people believe
that GM food is not naturally produced and may be harmful to human health. In this paper,
the development status, influencing factors, advantages and potential hazards of transgenic
food at home and abroad are analyzed and discussed, and the development direction of
transgenic food in China in the future is proposed.

1. Introduction

Genetically modified (GM) food refers to food and food additives produced by animals, plants
and microorganisms that use genetic engineering technology to change genomic composition/ the
composition of genomes [1]. According to their properties, GM food can be divided into transgenic
plants, animals, microorganisms and food processed from them. At present, more than 95% of the
approved GM foods on the market are GM plant products, so the GM foods sold on the market are
mainly processed foods made from GM plants.

2. Development Status of Genetically Modified Food
2.1. Types of GM Crops

By 2021, the most widely used transgenic crops in the world are mainly divided into four types:
soybean, corn, cotton and rape [2]. As shown in Figure 1.

50



10000

2000
8000
7000
@ 6000
g
@ 5000
S
<C 4000
3000
2000
pord
o]
soybean corn cotton rape
Crop types

Data is from Agbioinvestor GM monitor, as of December 2021
Figure 1: Categories of GM crops to be planted globally in 2021 (unit: 10000 hectares)

It can be seen from the figure that GM soybeans are the most important GM crops, with 91.9
million hectares (48% of the planting area), followed by corn (60.9 million hectares), cotton (25.7
million hectares) and rape (10.1 million hectares). In addition to the four major crops (corn, soybean,
cotton and rape), other GM crops include 27 kinds of crops and fruit trees such as alfalfa, beet,
tomato, tobacco, rice, potato, pumpkin, papaya, sugarcane, safflower, eggplant, apple, pineapple,
banana, wheat, chickpea, pigeonpea and mustard. Compared with conventional crops, these crops
not only have higher economic value and ecological benefits, but also have better properties, which
provide more choices for food producers and consumers.

China is not backward in GM food research and development, second only to the United States
and Canada. At present48 and 49 transgenic crops have entered the stage of intermediate trial and
environmental release respectively; In terms of food crops, the research on transgenic food crops in
China has made rapid progress, mainly in cereals and grains, including rice, wheat, corn, soybeans,
peanuts, potatoes and so on. China has approved the safety certificate of transgenic production and
application, and the crops within the validity period are cotton, rice, corn and papaya [3]. At present,
there are only two kinds of transgenic crops approved by the Ministry of Agriculture to be planted
in China: cotton and papaya. As cotton is not used as food, there is only one kind of papaya. The
approval has been completed, but it has not been commercialized. There are two kinds of rice and
corn in the experimental state.

2.2. Planting Area of Transgenic Crops

Since GM crops were allowed to grow commercially on a large scale for the first time in 1996,
the planting area of GM crops has increased year by year (see figure 2). By 2021, 29 countries had
planted commercially approved GM crops, including 24 developing countries and 5 developed
countries, with a total area of 195.5 million hectares, an increase of 3.7% over 2020.
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Figure 2: Area of GM crops in the world from 1996 to 2019 (unit: million hectares)

International Organization for Agricultural Biotechnology Application Services (ISAAA), the
same below.

According to ISAAA data, by 2019, the United States, Canada, Brazil, Argentina and India are
far ahead of other countries in planting GM crops in all countries around the world. These five
countries have planted more than 90% of the world's GM crops (see figure 3). In particular, Brazil,
Argentina and India are ahead of other developing countries in terms of GM crop acreage.
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Figure 3: Area and Proportion of Genetically Modified Plants in Countries in 2019 (Unit: million
hectares, %)

The United States was the first country in the world to conduct research and development of
genetically modified crops, and its genetically modified crop planting area is far ahead of other
countries. According to the latest data released by the U.S. Department of Agriculture: By 2021, the
U.S. has planted a total of 8550 hectares of GM crops, including 37.54 million hectares of corn,
35.46 million hectares of soybeans, 4.69 million hectares of cotton, 810,000 hectares of oilseed rape,
470,000 hectares of sugar beets, and 6.53 million hectares of alfalfa, an increase of 5.4%, 2.1%, -
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2.6%, 9.8%, respectively over the previous year. 0.1%, -0.7%; the total area is close to 40% of the
global GM crop cultivation area

2.3. Planting Scope of Transgenic Crops

When GM crops were first grown commercially in 1996 [4], there were only five countries,
including the United States, Canada, Australia, Argentina, and Mexico; today, there are more than
70 countries involved in GM crop cultivation or citation. The United States, Brazil, Argentina,
Canada, and India are the first tier, with more than 10 million hectares of GM crops planted
annually; Paraguay, China, South Africa, Pakistan, Bolivia, and Uruguay are the second tier, with
between 1-5 million hectares; the Philippines, Australia, Myanmar, Sudan, Mexico, Spain,
Colombia, and Vietnam are the third tier, with planted areas between The other countries have very
small areas.

China had been the first country in the world to plant GM crops, and in 2000, China was the
global leader in GM crop acreage [5]. From Figure 4, it can be found that the area planted with GM
crops in China increased year by year from 1999 to 2004, but tended to plateau from 2004 to the
present, due to the restrictions of relevant national policies and the fact that the safety of GM foods
has been controversial, resulting in the application of GM foods being very hindered.
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Figure 4: China's transgenic planting area from 1999 to 2019 (unit: million hectares).
3. Advantages of GM Food
3.1. Reduce or Eliminate the Use of Pesticides

Currently, the conventional way to deal with crop pests and diseases is to use agrochemicals.
Although the use of pesticides can increase the yield of crops, large amounts of spraying can cause
pesticide residues to exceed the standard, and the resulting processed food is digested and absorbed
by the human body, which can cause serious harm to people's health in the long run. On the other
hand, the long-term use of herbicides and pesticides will make weeds and pests resistant, leading to
a decline in the effectiveness of control. Farmers will inevitably spray more pesticides for better
profit, which leads to ecological environment contaminated by pesticides, and the serious
exceedance of pesticide residues will endanger human health [6]. In contrast, many transgenic crops
are inherently resistant to pests and diseases, so they do not need to apply pesticides, which not only
solves the problem of pesticide residues, but also eliminates the pollution caused by pesticides to
the environment.
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At present, the only conventional way to deal with crop diseases and pests is to apply pesticides.
Although the use of pesticides can increase crop production, a large amount of pesticide spraying
will cause pesticide residues to exceed the standard, and the processed food will be digested and
absorbed by the human body, which will cause serious harm to people's health for a long time. On
the other hand, long-term use of herbicides and insecticides will lead to drug resistance of weeds
and pests, leading to a decline in control effect. Farmers will inevitably spray more pesticides in
order to better benefit, thus causing the ecological environment to be polluted by pesticides, and
serious excessive pesticide residues will harm human health [6]. Many transgenic crops have the
characteristics of disease resistance and insect pests, so they do not need to apply pesticides, which
not only solves the problem of pesticide residues, but also eliminates the problem of pesticide
pollution to the environment. It has been estimated that the GMO technology has reduced the use of
plant protection chemicals by 37% [7]. Studies have shown that growing GM crops with insect and
herbicide resistance has reduced global pesticide use by 553 million kg (kilograms), which is
equivalent to 8.2% less pesticide spraying [8]. If we look at the Environmental Impact Quotient
(EIQ), this corresponds to a 19.1% reduction in the environmental harm caused by pesticides [9, 10].

3.2. More economical and Efficient use of Land

Although China is a vast country, the arable land per capita is only 0.007 square kilometers due
to the large population, so the arable land is very valuable. With the same yield, transgenic crops
occupy less arable land, which can play a positive role in "returning farmland to forest" and
reducing soil erosion. At present, saline- and drought-tolerant transgenic maize has been
successfully cultivated [11-13], marking the possibility of cultivation in saline and arid areas, which
can increase food production on the one hand and expand the range of maize cultivation on the
other.

3.3. Higher Economic Benefits

Growing GM crops has higher economic benefits than conventional crops, and ISAAA reports
that the annual market for GM crop seeds has exceeded $3 billion worldwide. In the U.S., planting
GM soybeans has increased earnings by about $50 per hectare, planting GM cotton has increased
earnings by about $40 per hectare, and planting GM corn has increased earnings by more than $20
per hectare. Insect-resistant maize has been shown to increase yields by an average of 7% to 9%
compared to non-GM controls of the same variety in the United States and Canada [7], while
reduced pesticide use can reduce input costs [14] and increase income and improve quality of life
for farmers in developing and poor countries.

3.4. Reducing CO2 Emissions

According to ISAAA, researchers have re-evaluated the climate benefits of increased production
from growing GM crops by including the opportunity cost of carbon (COC) as a consideration,
showing that if GM crops were widely grown in the EU, greenhouse gas (GHG) emissions could be
reduced by 33 million tons of carbon dioxide equivalent per year, equivalent to 7.5% of total GHG
emissions in 2017. This is equivalent to 7.5% of the total GHG emissions from EU agriculture in
2017. The above indicates that the cultivation of GM crops is more environmentally friendly than
conventional crops and more in line with the concept of sustainable development [15, 16].

54



3.5. Better Quality

In 1994, the world's first commercialized genetically modified (GM) food, the extended ripening
and storable tomato, was approved for marketing by the United States. Dr. Ingo Potrykus invented
"golden rice" [17], which uses transgenic technology to produce f-carotene in the endosperm of rice,
which is also called golden rice because of its golden color. Converted to vitamin A, which can
reduce the occurrence of blindness and immune deficiency symptoms caused by vitamin A
deficiency. Research also reports that the GM plants are expected to produce therapeutic
recombinant protein and vaccines in the future [18].

4. Potential Hazards of Transgenic Plants

The emergence of any new thing has its two sides, and transgenic technology is no exception.
Genetically modified crops not only bring huge economic benefits to human beings, but also bring
some hidden dangers.

4.1. May Cause Allergic Reaction

Because transgenic technology inserts a new gene into the original gene sequence, the products
expressed by these new genes may cause allergies [19], such as inserting a peanut gene into the
potato gene. People who are allergic to peanuts will not be allergic to conventional potatoes, but
eating genetically modified potatoes containing peanut genes may cause allergies. Anaphylaxis is a
serious problem that can cause intense reactions in the immune system and may lead to tumors in
the long term.

4.2. Increase Drug Resistance

The commonly used transformation method in plant transgenic technology is Agrobacterium
tumefaciens transformation. After transformation, certain concentration of antibiotics should be
used. It is suspected that after the transgenic food containing antibiotics is digested and absorbed by
the human body, antibiotics will remain in the human body, which may increase drug resistance for
a long time in the past [20], or the food containing antibiotic genes may contact with the flora in the
digestive tract, These bacterial groups may change into drug resistant strains when exposed to
antibiotics.

4.3. Possible Impact on Ecological Environment

Some experts believe that because GM crops are not naturally occurring, the sudden release of a
large number of products from this new technology into the environment will cause damage to the
original ecological environment. Other experts believe that GM crops will hybridize with inbred
weeds through pollen dispersal, and that hybrid weeds may acquire the insect and herbicide
resistance of GM crops through genetic inheritance and form "super weeds" that are difficult to
remove, and affect the normal growth of crops and ecological balance [21].

5. Factors Affecting the Development of Genetically Modified Food Conclusions
5.1. Consumer Attitude

The key to measuring the success of a product is whether consumers pay for it, and GM foods
are no exception. Only if consumers are willing to buy GM foods can they directly contribute to the
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development of GM foods. If there is no demand or little demand for GM foods to consumers, the
produced GM foods lose their value and become "worthless". From the study of Huo L [22], Xu R
et al [23], it was found that Chinese consumers generally have low awareness of GM foods,
although most of them have heard of GM foods, they do not understand the principles of GM foods,
and in addition, they are concerned about the safety of GM foods, therefore, it is crucial to improve
the awareness level of consumers to change their attitude.

5.2. Public Opinion Guidance of Network Media

In the information age, people rely on the Internet media for a large part of news and information.
The results of a survey by Li L et al [24] on college students’ knowledge of genetically modified
foods in Kunming, China, showed that the Internet was the main source of information about
genetically modified foods for college students, and it is evident that the Internet has become the
main way for college students to obtain knowledge. Nowadays, the publicity, reporting and
evaluation of something by online media can cause a great effect, and the reports of online media
can even influence people's judgment and behavior for those who lack knowledge. Therefore, the
attitude of the online media toward the propaganda of GM foods will, to a certain extent, influence
the future development of GM foods.

5.3. Scientific and Technological Level

The development of transgenic technology cannot be separated from the progress of science and
technology level, which plays a decisive role in the development of transgenic technology. The
main direction of the current international research and development on transgenic technology
focuses on precision and safety. At present, a variety of safe GM technologies have been reported,
which can be divided into the following four categories according to their principles and purposes:
safe marker gene method, marker gene rejection and gene superposition, chloroplast transformation
method to prevent gene drift and gene splitting method, and gene targeted modification technology
[25], and the development of the above mentioned science and technology will affect the future
direction of GM food to a certain extent.

5.4. National Attitude and Policy towards Genetically Modified Food

As the birthplace of transgenic technology, the United States has obtained a lot of benefits from
transgenic food. Therefore, the attitude towards transgenic technology is very open, and the
approval of the United States Department of Agriculture on genetically modified crop seeds is very
loose. The principle of substantial equivalence holds that if the generally modified product contains
substantially equivalent ingredients present in the conventional product, then no further safety rules
are required [26]. On the food label, food producers can choose whether to add the label of
genetically modified food according to the principle of voluntariness. However, according to US
Public Law 114-216, from January 1, 2022, food producers in the United States will be required to
label foods containing genetically modified organisms (GMO), which indicates that the United
States has begun to be strict in its attitude towards the label of genetically modified food [1].
Compared with the United States, Europe has a strict attitude towards genetically modified food.
Since the experience of the "food crisis” [27], Europeans have paid special attention to food safety
issues. Therefore, the EU has a strict attitude towards genetically modified food [28, 29], which
mainly stipulates that all foods with genetically modified components accounting for more than
0.9% of the food ingredients must be labeled. In addition, the EU also requires and stipulates that
restaurants If the food sold in coffee shops and other places contains genetically modified
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ingredients, it must be marked on the menu. Japan adopts a combination of mandatory labeling and
voluntary labeling to supervise the labeling of genetically modified food [30], which is more
consistent with the purpose and requirements of the labeling system of genetically modified food.

China's attitude towards genetically modified food is similar to that of the EU, which also
requires mandatory labeling [31]. On May 9, 2001, China issued the Administrative Regulations on
the Safety of Agricultural Genetically Modified Organisms and promulgated three corresponding
administrative measures, namely, the Administrative Measures for the Safety of the Import of
Agricultural Genetically Modified Organisms, the Administrative Measures for the Labeling of
Agricultural Genetically Modified Organisms and the Administrative Measures for the Safety
Evaluation of Agricultural Genetically Modified Organisms. The method clearly stipulates that all
agricultural genetically modified organisms listed in the label management directory and used for
marketing shall be labeled; Those not marked or marked as required shall not be imported or sold.
Strict policies and systems have protected consumers' right to know and improved the safety of GM
food on sale. However, the labeling system also has certain restrictions on the development of GM
food.

6. Summary

According to experts, the world population will be close to 10 billion in 2050. On the one hand,
the traditional planting of chemical agriculture has caused heavy pressure on the earth's
environment, and on the other hand, due to the reduction of arable land and the lack of traditional
food production is extremely prone to food crisis, so the planting of higher yielding genetically
modified crops is one of the optimal choices. Although China's grain production is increasing year
by year, it is mainly wheat and rice. Data show that China's share of global grain imports has
increased from 5% to 30% over the past 20 years, and today China relies on imports for 85% of its
soybeans and 10% of its corn, of which more than 80% are genetically modified varieties. This
indicates that China's soybean and corn production is insufficient and very dependent on imports.
On the contrary, in other countries, the planting area of GM crops has been increasing year by year
since the commercial planting in 1996, which has brought huge economic benefits to the countries
growing GM crops on the one hand; on the other hand, it has made great contributions to solve the
problem of food and clothing in many developing and poor countries.

At present, the development of GM food in China faces many problems, especially in
commercial cultivation, safety certification and labeling system, which need to be solved by
multiple departments. In addition to GM crops, the focus of future GM food development in China
should be on improving consumer awareness of GM food and GM food safety.
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