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Abstract 

 

Genome manipulation is one of the emerging fields with impressive implications for genetic modification and 

biotechnology. Targeted genome editing has the general objective of improving the quality and productivity in 

agriculture, which includes the creation of plants with improved value in terms of composition and nutritional 

properties and with characteristics that provide resistance to various biotic and abiotic stressors. On the other 

hand, the progress and development of biotechnology can be the most viable solution for a modern agriculture, 

favoring the development of sustainable production methods. In this context, the purpose of the paper was to 

provide a summary of the achievements of genomics and biotechnology with application in agriculture and 

especially the role of these modern technologies on food security, in the context of unprecedented population growth 

and climate change. The used methods included searching of the multiple databases and hand searching of the 

specialized literature with the latest publications in the field. As results, it can be appreciated that the genomics and 

biotechnology can be an alternative and sustainable management tools to such important sector like agriculture. 

Thus, the gene editing can make agricultural systems more efficient being involved in creating resistant crops to 

disease, pests, drought, or other climate change. Also, the biotechnology strategies lead to obtaining a higher yield, 

improving the quality and diversification of products, in conditions of reduced use of nitrates and other chemical 

fertilizers and the rational use of water. The development of genomic and biotechnological technologies is one of the 

few ways that can bring an extensive wave of innovation and really represents the key to effective solutions for 

solving of the main current global challenges.  
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INTRODUCTION  
 

Genetics and genomics are very closely 

related fields in biology. Genetics studies the 

whole process of inheritance and other related 

factors, while genomics studies the genome of 

organisms, i.e., the nucleotide sequences of 

DNA or RNA. Usually, genomics tries to 

determine the entire nucleotide sequence of 

nucleic acids in organisms. In addition, the 

relationships and interactions within the 

genome are studied in genomics [17]. 

Because each nucleotide sequence in genes 

encodes proteins, and therefore the properties 

of each protein are determined by genes, the 

study of genes and its coding has great 

potential in identifying important DNA 

sequences for different applications. 

Biotechnology is a top field, the development 

of which is supported both by recent 

discoveries in biology, microbiology, 

biochemistry, genetic engineering, etc., and 

by the demands of society on certain issues it 

is currently facing: energy and food crisis, 

ecological problems and bioremediation. 

Modern biotechnologies have begun to take 

shape with the spectacular advancement of 

genetic engineering techniques and have 

become a real industry, with an exceptional 

potential for innovation and a wide variety of 

activities in agriculture, food industry, 

medicine industry, environmental protection, 

biofuels industry etc. [6, 7, 31]. 
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Agricultural biotechnology is an integral part 

of the vast field of biotechnology and is based 

on the controlled artificial use of genetic 

information of plants, animals, and 

microorganisms. 

Agricultural biotechnology consists of a set of 

scientific techniques used to create or modify 

plants, animals, and microorganisms. 

Basically, the term biotechnology refers to a 

series of methods and techniques that use, as 

tools, the living cells of organisms or part of 

these cells or their products (such as genes 

and enzymes). 

Biotechnology integrates several modern 

techniques, including genetic engineering. 

The use of new methods in agriculture must 

be market-oriented, thus ensuring the 

sustainable viability of agricultural holdings 

[12, 26, 27, 28, 29, 30, 31]. 

Biotechnology can provide real opportunities 

in various fields. In addition to traditional 

agricultural products, such as food, animal 

feed and fiber, new agricultural or non-

agricultural products may appear, including 

pharmaceutical products such as oral 

vaccines, products with higher levels of 

essential amino acids or vitamins, or with a 

content improved by fatty acids. The 

elimination of allergens and anti-nutrient 

factors from food products may also become 

possible. 

It is expected that in the near future an 

increased range of better quality and healthier 

food and feed will be available in less-favored 

regions, in difficult climatic conditions, in 

drought conditions or in in the case of less 

fertile soil. Thus, the correct use of 

biotechnology can be one of the keys to this 

evolution. 

Biotechnology can provide interesting ways to 

produce energy in rural areas, thus leading to 

an increase in the income of rural areas. These 

opportunities need to be considered in the 

light of the imperatives of security and food 

supply, health and environmental protection 

and sustainable landscape management. 

Modern agricultural biotechnologies have the 

ability to solve many important problems in 

agriculture: somatic hybridization, in vitro cell 

cultures and tissues; improving plants and 

animals to obtain highly productive lines, 

resistant to diseases, pests and extreme 

environmental conditions; improving animal 

nutrition and health; preservation of plant and 

animal genetic resources; obtaining plant and 

animal products with an improved nutritional 

profile, for healthier, safer and higher quality 

food; recycling of agricultural waste products; 

soil and water bioremediation; production of 

auxiliary energy sources, based on organic 

waste resulting from agriculture, animal 

husbandry or food industry, etc. 

Advances in genomics studies have sparked a 

revolution in basic and applied research, 

primarily in fields such as medicine and 

agriculture. It is said that genomics will 

transform science and technology and caused 

an extensive wave of innovation. It is 

therefore considered that the time has come 

for the world's states to become seriously 

involved in the research and development of 

genomic technologies and to start together 

proposing effective solutions to global 

challenges [31]. 

This review paper it started with the current 

certainty of two essential global challenges: 

the population is growing, and climate change 

is setting new patterns in agriculture. In this 

context, agrigenomics is a viable solution 

because, through it, researchers can adapt 

animal breeds and plant species for ensuring 

food security. 

Agrigenomics refers to the genetic study of 

crops and animals and how genes influence 

their development. Thus, the application of 

genomics in agriculture allows improving the 

sustainability and productivity in the 

production of crops and animals. 

The paper briefly outlines some of the 

achievements of genomics and biotechnology 

with application in agriculture. These 

achievements can be effective solutions to 

some prospects that are not exactly promising 

in terms of food security, in the context of 

unprecedented population growth and climate 

change.  

 
MATERIALS AND METHODS  
 
The used methods included searching of the 

multiple databases and hand searching of the 

specialized literature with the latest 
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publications in the field. The main databases 

were Web of Science and Google Scholar as 

well as EFSA and Global Market Insights. 

The topics followed in this research were: the 

gene editing (CRISPR) technology and its aid 

in the adaptation of plants and animals to 

climate change; plant genome sequencing; 

enzymatic preparations with high cellulase 

and hemicellulase activities to improve feed 

quality and milk production; biotechnological 

methods to increase the digestion of fiber by 

ruminants and thus their performance, etc.   

By systematic and thorough search of some 

topical references, were identified a breadth of 

relevant results. Some data were transposed in 

the form of adapted tables, in order to better 

highlight the results in the field. 

 
RESULTS AND DISCUSSIONS 
 
Food security is part of the security of every 

state in the world and of global security. 

Ensuring food security means eliminating 

both obvious hunger - subnutrition and hidden 

hunger - malnutrition. Today, the issue of 

food security is a complex and global one, a 

top priority for ensuring global stability. 

Any situation that disrupts the supply and 

access to food leads to food insecurity. 

Continued productivity gains are essential due 

to unprecedented global population growth. In 

addition to this real demographic explosion 

and climate fluctuations or changes, there are 

other factors that can contribute to food 

insecurity in a very complex way, such as: 

loss of some agricultural land, civil and 

economic disturbances, COVID pandemic, 

gender inequality and labor migration, limited 

infrastructure, etc. [1, 19, 21, 25, 32, 34]. 

Genetic bioengineering is the main tool with 

which biotechnologies are continuously 

improved. The genomics of an organism 

represent all its hereditary information and its 

DNA or RNA code in the case of viruses.  

In the past, the selection of plants and animals 

was based only on phenotype, but in present, 

based on the molecular selection techniques, 

this process is faster and cheaper. At the same 

time, the selection is made with much greater 

precision. This will create improved plant 

varieties, healthier and more productive 

animals, better adapted to climate change, 

which will ensure food security for all 

mankind [2, 3, 5, 10, 11]. 

The gene editing aid in the adaptation of 

plants and animals to climate change or help 

mitigate the effects of climate change on 

agriculture [8, 9, 18] 

Nuclear DNA was first edited in the early 

1970s, chloroplast DNA was first edited in 

1988, and animal mitochondrial DNA was 

edited in 2008. However, no previous 

instrument successfully edited the plant's 

mitochondrial DNA. Some researchers from 

Japan have used this technique to create four 

new lines of rice and three new lines of canola 

[37]. Researchers hope to use the technique to 

address the current lack of mitochondrial 

genetic diversity in crops, an extremely 

vulnerable point in human nutrition. The 

mitochondrial genome of plants is huge, the 

structure is much more complicated, genes are 

sometimes duplicated, and the mechanisms of 

gene expression are not well understood. The 

four new rice lines and three new canola lines 

that Japanese researchers have created are 

proof that the developed system can 

successfully manipulate even the complex 

mitochondrial genome of plants. 

This is an important step in mitochondrial 

plant research. Researchers will further study 

the mitochondrial genes responsible for male 

plant infertility in detail to identify possible 

mutations that could create greater diversity in 

crops. The team says that the real benefit of 

the work is adding genetic diversity to crops, 

even more so than improving yields [37]. 

As for the potato, it is a genetically complex 

tetraploid species. The complex genome of 

potatoes comprises approximately 39,000 

genes. From a large genetic background, the 

researchers identified 2,622 genes that led to 

the improvement of this crop at the beginning 

of its domestication [16]. The study of the 

spectrum of genetic diversity, from the wild 

past to its cultivated present, can provide an 

essential source of untapped adaptive 

potential. 

In the near future, it will be possible to 

identify and study genetic introgressions and 

hybridization episodes throughout history in 

order to find the target genes during 
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domestication to control variance for 

agricultural traits [16]. Many of these will 

help hybridization efforts focus on ensuring 

food security, adapting to climate differences, 

combating various pathogens, or improving 

yields. 

In the context of actions aimed at helping to 

combat climate change that concern the entire 

international community, when the European 

economy aligns with the objectives of the 

Green Deal, an important achievement 

generated by the combined efforts of Corteva 

Agriscience and PepsiCo was the completion 

of full plant genome sequencing of oats. This 

great success, which has been due to a 

sustained collaboration between academia, 

government, and the private sector, aims to 

help increase the resilience of food systems, 

but also to produce more vigorous, more 

stable, tasteful and improved nutritional 

qualities of oat varieties [14]. 

The publication of the oat genome is a 

stimulus for international agronomic 

innovation, which could increase the 

resilience of the food system from several 

perspectives. One of these is sustainability - 

improvement, which aims to increase 

productivity and obtain stronger varieties, 

with increased resistance to disease and able 

to reduce crop losses. In terms of nutritional 

qualities, oats are known for fiber and 

essential nutrients they contain. In this sense, 

understanding the whole genome of the plant 

creates the possibility for researchers to focus 

on the desired qualities, being, ultimately, for 

the benefit of consumers, who want a higher 

nutritional profile of this plant and not only 

[14]. 

Among those who contributed significantly to 

the project are Corteva, through its advanced 

sequencing technology and analytical 

capabilities; Charlotte University of North 

Carolina, which provided data and studies on 

the Sequencing and Field Crop Development 

Center of the University of Saskatchewan, 

Canada, which provided the oat variety. 

Through the approach of providing free access 

to information, these institutions not only 

promote the science of oat improvement but 

thus contribute to solving the challenges in the 

field of agriculture in general but also to 

improving food and nutrition security in 

particular. 

In plant breeding programs, creating the 

desired plant could take years and 

generations. The ability of researchers to 

accurately modify plant genomes has been 

limited until the advent of genome editing 

technology [10]. Today, genome editing 

allows the same result to be achieved as with 

traditional breeding methods, but with greater 

precision and efficiency [23]. DNA 

sequencing technology has made it possible to 

decipher the complete genome sequence of 

many plant species at an unprecedented rate 

and at a low cost. Knowledge of plant 

genomes and transcripts makes it possible to 

create new varieties through molecular design 

and bioengineering. 

The CRISPR (Clustered Regularly 

Interspaced Short Palindromic Repeats) 

system is an essential feature of the bacterial 

genetic code and its immune system, 

functioning as a defense system that bacteria 

use to protect themselves against virus attacks 

[18]. Once activated, Cas (CRISPR-

associated) genes produce special enzymes 

that can act as "molecular scissors" that can 

cut DNA. Basically, CRISPR technology 

transforms a bacterial immune mechanism 

into a tool that can edit in a simple and cheap 

way the genome of all plant and animal 

organisms. 

The genome is the complete set of genetic 

"instructions" that determine how an organism 

develops. CRISPR allows the extremely 

precise "cutting" of DNA fragments from an 

organism's genome and the modification of its 

sequence, which is why it is considered a 

"genetic scissors" (Figure 1). 

This versatile technology has rapidly 

expanded its use to modulate gene expression, 

ranging from genomic sequence correction or 

modification to epigenetic and transcriptional 

changes. CRISPR technology is an engine for 

basic research. Genomic editing with 

CRISPR/Cas9 is much faster and cheaper than 

previous methods [4, 18, 20, 36]. 

CRISPR has great potential in food 

production, to improve crop quality, to 

achieve disease resistance and herbicide 

resistance. 
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Fig. 1. CRISPR is a gene-editing technology for editing 

genomes. 

Source: [39]. 

 

Unlike GMO (genetically modified 

organisms) methods, CRISPR-Cas9 does not 

involve the introduction of DNA from 

compatible plants with asexual reproduction. 

This key difference could allow genomic 

editing methods, such as CRISPR-Cas9, to 

gain wider consumer acceptance, as well as a 

slightly simpler regulatory process.  

This modern genomics technology has already 

been successfully applied to many plant and 

animal species, some of which are specified in 

Table 1. 

 
Table 1. CRISPR gene-editing system applications for 

different traits to a few species 
Species Trait 

targeted 
Genes edited References 

Banana Semi-

dwarfed 

Ma04g15900 [35] 

Maize Drought 

tolerance 

ARGOS8 [36] 

Rice Drought 

tolerance 

EPFL9 [40] 

Cattle Thermotoler

ance 

SLICK [4] 

Chicken Yield G0S2 [24] 

Goat Yield Fat-1 into 

MSTN 

[41] 

Pig Yield IGF2 [20] 

Source: Own calculation based on [18]. 

 

CRISPR also offers the opportunity to address 

the issue of food allergies by rewriting those 

regions of the gene that are recognized by the 

immune system and that cause an allergic 

reaction. CRISPR-Cas9 is also being studied 

to modify the DNA of wheat to eliminate 

gluten, making it suitable for patients with 

celiac disease. 

Climate change will further increase the need 

to use CRISPR technology to protect food and 

agricultural industries from new bacteria. 

Gene editing can make farming more 

efficient. It can reduce the global shortage of 

food for basic crops such as potatoes and 

tomatoes, and it can create crops that are 

resistant to drought and other effects on the 

environment. 

In the next years, growing demand for 

CRISPR/Cas9 technology will favour the 

gene editing market value. Thus, the 

CRISPR/Cas9 segment is estimated to register 

growth of more than 15% by 2026 (Figure 2) 

[15]. 

 

 
Fig. 2. Global Gene Editing Market 

Source: [15]. 
 

The variety of biotechnological processes is 

very large, the field of application of 

biotechnology being constantly expanding. 

The use of microorganisms for human 

purposes is not limited to the production of 

various substances by industrial microbiology, 

but also includes areas such as food industry, 

wastewater treatment, biotransformation or 

biodegradation of waste, biogas production, 

biomass production, implementation of 

symbiotic systems at plants and animals, 

genetic bioengineering, etc. 

Agricultural biotechnology includes plant 

biotechnology and animal husbandry 

biotechnology. While plant biotechnology 

refers to the use of plant cell cultures as well 

as genetic engineering techniques for modern 

and unconventional plant and animal 

breeding, animal husbandry biotechnology 
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refers, in particular to animal nutrition, 

increasing animal resistance to pathogens, 

obtaining animals with increased production 

of meat, milk, eggs, wool, etc. and 

conservation of animal genetic resources. 

The feed industry is an important sector in 

agriculture. A lot of feed additives are 

currently used, and new concepts are 

continuously developed: enzymes, pre-biotics, 

pro-biotics, dietary amino acids, metabolic 

modifiers, etc. Enzymes, for example, are the 

biological catalyst which improve the nutrient 

availability from feed stuffs, ensure lower 

feed costs and reduce anti-nutritional effects 

from some feed ingredient [22].  

Cellulases and hemicellulases have a very 

wide range of applications in this industry 

(Table 2). 

 
Table 2. Some enzymes used in feed biotechnology and 

their effects 

Enzymes Effects 
Cellulases 

Hemicellulases 

Increasing of fodder flexibility; 

Improving the nutritional quality 

of feed and animal performance 

Β-glucanase 

Xylanase 

Release of nutrients from cereals; 

Improving the absorption of 

fodder and animal performance 

Pectinase 

 

Preservation of feed quality for 

ruminants 

Source: Own calculation based on [15]. 
 

β-glucanases and xylanases have been used 

successfully in non-ruminant diets to 

hydrolyze non-starchy polysaccharides (NSP). 

The presence of high concentrations of NSP 

in the cereal-based diet leads to low feed 

conversion rates, low weight gain of young 

animals, especially of chicks [33]. 

The addition of β-glucanases and xylanases 

during feed production has led to the 

degradation of NSP and has significantly 

improved the digestion and absorption of feed 

components and weight gain by chicks and 

laying hens [33]. Carbohydrases 

supplementation has an important role in 

poultry diets with high NSP contents (Figure 

3). 

Econase XT is an enzyme preparation with 

endo-1.4-beta-xylanase as the main activity. 

The product is currently authorised for its use 

in feed for chickens and turkeys for fattening 

and reared for laying/breeding and for weaned 

piglets [13]. 

    

 
 

Fig. 3. Exogenous feed enzymes (EFE) 

supplementation with high NSP diets to improve 

energy utilization and performance to poultry 

Source: [33]. 
 

Some of the benefits of adding Econase to the 

diet of chickens are: increased flexibility in 

diet formulation; use of cheap raw materials; 

increase in the energy value of cereals; 

improved digestibility, improved feed 

conversion; clean eggs with more colorful 

yolks; less waste, etc. 

Similar results were obtained with other 

enzyme preparations with xylanase and β-

glucanase. Due to the success of these 

enzymatic preparations in the diet of chickens, 

has been promoted their use in the diet of pigs 

too. In fact, supplementing the diet with 

xylanase-based multienzyme preparations has 

reduced the cost of feeding pigs and 

facilitated the use of cheap feed [38]. Despite 

this progress, more studies are needed to 

recommend the right combination of 

hydrolyzed enzymes to be included in a wide 

range of pig diets. 

In general, there is a growing interest in the 

use of enzymatic preparations with high 

cellulase and hemicellulase activities to 

improve feed, milk quantity or ruminant 

weight gain [22]. However, the success of the 

use of these enzymes in the diet of ruminants 

depends on several factors: their stability in 

feed (during and after processing) and in 

rumen; the ability of the enzymatic 

components to hydrolyze the polysaccharides 

in the plant cell wall; the ability of the animals 
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to use the reaction products efficiently. 

Therefore, enzymatic preparations should be 

permanently characterized by in vitro and in 

vivo experiments. 

The ruminant feed diet, which contains 

cellulose, hemicellulose, pectin and lignin, is 

more complex than the one based on cereals 

for chickens and pigs. Enzyme preparations 

with high cellulase, hemicellulase and 

pectinase content have been used to improve 

the nutritional qualities of feed [22]. However, 

the results of adding enzymatic preparations 

containing cellulase, hemicellulase and 

pectinase to the diet of ruminants are still 

insufficient. Some studies have shown 

substantial improvements in feed digestibility 

and animal performance, while others have 

reported adverse effects or non-effects [22]. 

Considerable fundamental and applied studies 

are needed, along with the use of improved 

enzymes to increase the digestion of fiber by 

ruminants and thus their performance. 

Attempts have even been made to clone 

cellulase and xylanase genes to produce 

transgenic animals that may secrete the 

necessary enzymes in the gastrointestinal tract 

to facilitate efficient digestion of feed [38]. 

Such a study would have a considerable 

impact on understanding the role of cellulases 

and related enzymes in feed digestion and 

animal performance. 

The huge advances in genome structure and 

function (based on the transition from single 

gene analysis to whole genome analysis, 

complete genome and transcriptome 

sequencing, and understanding how genes are 

expressed together) provide the opportunity to 

genotypically select organisms based on 

whole genome sequences or some SNP 

(single nucleotide polymorphisms) matrices 

of the whole genome [31]. 

 

CONCLUSIONS 
 

The discoveries in the field of genomics and 

bioengineering are the ones that currently 

have the greatest influence in terms of 

understanding the mechanisms that coordinate 

the functions of organisms and the way of 

transmitting data that provide the specific 

features of an organism. Genetic editing can 

make agricultural systems more efficient, 

reduce the overall food shortage for basic 

crops, and create resilient crops that are not 

affected by disease, pests, drought, or other 

climate change. 

In the near future, it will be possible to 

identify and study genetic introgressions in as 

many plant and animal species as possible, in 

order to find the target genes during breeding, 

which will control the variability for the 

desired agricultural traits. Many of these will 

help hybridization efforts focus on adapting to 

climate differences, fighting different 

pathogens, or improving yields. The progress 

and development of biotechnology can be the 

most viable solution for a modern agriculture, 

favoring the development of sustainable 

production methods, obtaining a higher yield, 

improving the quality and diversification of 

products, in conditions of reduced use of 

nitrates and other chemical fertilizers and the 

rational use of water.  

Some of the most important advances in 

genomics and biotechnology, which offer the 

hope of future food security, are the 

following: obtaining of the new cellular lines 

for many interest products; production of 

proteins, amino acids, vitamins, enzymes and 

other organic components for human or 

animal consumption; increasing the resistance 

of plants and animals to pathogens and 

tolerance towards adverse environmental 

factors; conservation of plant and animal 

genetic resources, etc. 

However, these opportunities need to be 

considered in the light of the imperatives of 

human health and environmental protection as 

well as a sustainable landscape management. 
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