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Abstract	

With	the	continuous	growth	of	global	population,	there	is	an	increasing	demand	for	high‐
yield	crops,	and	how	to	improve	the	yield	of	maize,	as	an	important	food	and	feed	crop,	
has	 become	 one	 of	 the	 important	 directions	 of	 agricultural	 research.	 Although	
traditional	breeding	 techniques	have	made	progress	 in	 improving	high‐yield	 traits	 in	
maize,	 their	 long	 cycle	 time	 and	 low	 efficiency	make	 it	 difficult	 to	meet	 the	 rapidly	
growing	production	demand.	The	emergence	of	genome	editing	technologies,	especially	
the	CRISPR/Cas9	system,	has	brought	new	opportunities	for	maize	high‐yield	breeding.	
This	paper	systematically	reviews	the	application	of	genome	editing	technology	in	maize	
breeding,	focusing	on	the	methods	of	target	gene	screening,	optimization	of	editing	tools	
and	evaluation	of	high‐yield	 traits,	and	describes	 the	 research	 results	of	 the	 current	
technology	 in	enhancing	maize	yield.	The	potential	application	value	of	novel	editing	
tools	in	the	maize	genome	editing	process	in	future	efficient	breeding	was	analyzed.	This	
study	provides	theoretical	support	and	technical	guidance	for	the	use	of	genome	editing	
technology	to	realize	the	precise	improvement	of	high‐yield	traits	in	maize.	
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1. Introduction	

Maize is a major food and feed crop that is widely grown globally, and its yield is directly related 
to food security and livestock development[1]. As challenges such as population growth, 
declining arable land and climate change intensify, improving maize yields has become 
increasingly important[2]. Traditional breeding methods have made some progress in maize 
high-yield trait improvement, but these methods usually require multiple generations of 
hybridization and screening, with a long cycle and low efficiency, which is difficult to meet the 
current rapid development of agricultural needs, and there is an urgent need to develop new 
and efficient breeding tools to achieve rapid and precise improvement of maize high-yield traits. 
Genome editing technologies, especially CRISPR/Cas9, which has been rapidly developed in 
recent years, have provided a revolutionary tool for maize breeding[3]. Through this 
technology, targeted gene editing can be realized to precisely improve yield-related agronomic 
traits[4]. Compared with traditional breeding methods, genome editing technology is not only 
more advantageous in terms of time and cost, but also able to avoid the uncertainty of genetic 
background, realizing the high efficiency and precision of maize breeding. Currently, significant 
progress has been made in the application of genome editing in maize and other crops, 
especially in the areas of stress resistance, yield increase and quality improvement, showing 
great potential for application. 



Frontiers	in	Science	and	Engineering	 Volume	4	Issue	11,	2024

ISSN:	2710‐0588	
	

57 

The aim of this paper is to systematically analyze the application of genome editing technology 
in maize high-yield breeding, focusing on target gene screening, optimization of editing tools, 
and improvement strategies for high-yield traits[5]. The article will introduce the current 
development of maize genome editing technology, analyze the technical challenges and safety 
issues faced in the application process, and look forward to the future application of novel 
genome editing tools in maize high-efficiency breeding[6]. This study not only provides a 
theoretical basis and technical support for high-yield maize breeding, but also offers potential 
solutions for realizing global food security. 

2. Overview	of	Maize	Genome	Editing	Technology	

Maize genome editing technology has developed rapidly in the past decades, especially the 
emergence of the CRISPR/Cas9 system, which has greatly facilitated the application of 
biotechnology in agricultural breeding[7]. Traditional genome editing methods, such as zinc 
finger nuclease (ZFN) and transcription activator-like effector nuclease (TALEN), have been 
limited in their application due to their complex design and high cost, despite their better 
performance in editing specificity[8]. In contrast, the CRISPR/Cas9 system has the advantages 
of easy operation, precise editing, and low cost, making it rapidly become a mainstream tool for 
genome editing and bringing new possibilities for plant breeding, especially maize breeding. 
Yield Prediction Based on Genetic Factors: 
 

𝑌 ൌ α ൅ βଵ𝐺ଵ ൅ βଶ𝐺ଶ ൅ ⋯ ൅ β௡𝐺௡ ൅ 𝜖                                                   (1) 
 

In plant genome editing, CRISPR/Cas9 technology targets target genes by designing specific 
guide RNAs (gRNAs), triggering reparative mutations in the genome and ultimately altering 
specific plant traits. This technology has been widely used in the breeding of important crops 
such as rice, wheat and maize[9]. In maize research, CRISPR/Cas9 has been used not only for 
editing genes related to yield and disease resistance, but also for quality improvement, showing 
significant application prospects[10]. By editing drought-resistant genes in maize, the 
adaptability of maize under drought conditions has been improved; by knocking out genes that 
inhibit growth, yield-increasing effects have been realized; and after editing genes that regulate 
sugar accumulation, the nutritional value of maize has been significantly improved. These 
application examples show that genome editing technology has a wide range of prospects in 
maize high-yield breeding,showed in Figure 1 : 
 

	
Figure	1.	Yield vs Temperature with Genetic Factor as Regression Control 
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Compared with traditional breeding methods, genome editing technology has significant 
advantages in terms of efficiency, precision and stability. Through this technology, researchers 
can quickly realize the fixed-point modification of target genes, avoiding the lengthy screening 
process in traditional hybridization methods, thus significantly shortening the breeding cycle. 
Genome editing can also realize the synergistic editing of multiple genes, thus meeting the 
demand for simultaneous improvement of maize in terms of high yield, disease resistance, 
stress resistance and other important traits. With the continuous development of new genome 
editing tools (such as CRISPR/Cpf1 and gene editing transposons), the potential application of 
maize genome editing technology in efficient breeding will be further expanded. Genome 
editing technology is expected to become a major tool for high-yield maize breeding, providing 
important support for meeting global food demand and realizing sustainable agricultural 
development. 

3. Application	of	Genome	Editing	Technology	in	The	Improvement	of	High	
Yielding	Traits	In	Maize	

Genome editing technology has shown great potential in the improvement of high yield traits 
in maize, especially in the regulation of key genes for maize growth and development, 
improvement of stress tolerance, and optimization of nutritional composition. The following 
discussion will focus on how genome editing can be used to enhance maize yield in three main 
areas: precision editing of key yield genes, improvement of stress tolerance traits, and 
optimization of nutritional quality. 

3.1. Precision	editing	of	key	yield	genes	
Factome editing technology provides a powerful tool for precision editing of key yield genes in 
maize, enabling researchers to efficiently identify and modify gene loci that directly affect yield. 
Editing technologies such as CRISPR/Cas9 allow for targeted modification of genes directly 
related to maize growth and yield, resulting in significant yield improvements. By knocking out 
suppressor genes that control the height of maize plants, researchers have obtained maize 
varieties with shorter stalks and higher yields, which not only contribute to higher yields, but 
also enhance the stability of the plants in extreme environments such as wind and rain. 
In the study of maize yield genes, the screening and validation of key genes is an important part 
of improving editing efficiency. Genome editing technology makes it possible to manipulate 
these genes in an efficient and targeted manner. By editing genes for key traits such as maize 
plant shape, ear length, and kernel size, researchers can directly optimize the growth structure 
of maize. Knocking out or enhancing the expression of specific genes related to kernel 
development can effectively increase the number of kernels in a single ear, which in turn can 
significantly improve yield. This kind of precision editing not only shortens the screening time 
required in the traditional selection and breeding process, but also reduces the cost of selection 
and breeding. Antioxidant Activity: 
 

𝐴 ൌ ଵ

ଵା௘షೖሺ೟ష೟బሻ                                                                       (2) 

 
Genome editing technology can also enable synergistic editing of multiple genes, thus playing a 
role in the joint improvement of multiple traits. High-yield traits in maize are often co-regulated 
by multiple genes, and with tools such as CRISPR/Cas9, researchers are able to edit multiple 
yield-related genes at the same time, resulting in maize varieties with higher yields and better 
adaptability. Editing multiple genes involved in photosynthesis and nutrient uptake can 
improve the efficiency of light energy utilization and nutrient accumulation, ultimately 
resulting in an overall increase in yield. 
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With the advancement of genome editing technology, new editing tools such as CRISPR/Cpf1 
and base editing have brought more options for precision improvement of maize high yield 
traits. These novel tools not only improve editing efficiency and accuracy, but also expand the 
range of editable genes, making it possible to study and apply more key yield genes. With the 
continuous optimization and maturation of these technologies, precision editing of maize high-
yield genes will gradually achieve larger-scale applications and make greater contributions to 
global agricultural production and food security. 

3.2. Improvement	of	stress	tolerance	traits	
Genome editing technology has shown remarkable potential in the improvement of maize 
stress tolerance traits, especially in coping with unfavorable environments such as drought, 
high temperature, and salinity. By editing key genes associated with stress tolerance, 
researchers can endow maize with greater adaptive capacity in the face of adversity, thereby 
improving its stability and yield. In the context of global climate change, the improvement of 
stress tolerance traits has become an important issue in maize breeding. Genome editing 
technology provides a more precise and rapid means to meet this challenge, offering new ideas 
to enhance maize's resilience,showed in Figure 2 : 
 

 
Figure	2.	Correlation Heatmap for Key Agricultural Factors 

 
In terms of drought resistance, CRISPR/Cas9 technology is widely used to edit genes related to 
water regulation to help maize maintain normal growth under drought conditions. By editing 
genes that regulate stomatal opening and closing and reduce water transpiration, researchers 
can enhance the physiological tolerance of maize under water-deprived conditions. Certain 
genes can control the water retention mechanism of maize, and enhancing their expression 
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through gene editing technology can effectively reduce water loss and improve the drought 
tolerance of maize, providing technical support for maize cultivation in drought-prone areas. 
High-temperature tolerance is also one of the key areas of maize stress tolerance breeding, 
especially in the context of the increasing trend of global warming. It has been found that some 
heat stress response-related genes can help maize maintain photosynthesis and cell membrane 
stability under high temperature conditions. By enhancing the function of these genes through 
genome editing, the growth performance of maize in high-temperature environments was 
significantly improved. Certain protein molecules help stabilize the cell membrane structure at 
high temperatures, and the researchers enhanced the expression of these proteins through 
CRISPR/Cas9 technology, which allowed maize to grow and reproduce better at high 
temperatures and improved heat tolerance. 
Genome editing technology has also been applied to enhance the salinity tolerance of maize, 
which is important for agricultural production in coastal and salinized areas. Editing of salt 
tolerance genes can help maize absorb water and minerals more efficiently in saline soils, 
thereby reducing growth barriers. By editing genes that regulate ion homeostasis and salt 
exclusion capacity, researchers are able to enhance the adaptability of maize in saline 
environments. With the further development of genome editing technology, the improvement 
of resilience traits will provide a strong guarantee for the widespread cultivation of maize in 
extreme environments, contributing to the realization of sustainable agricultural development. 

3.3. Optimization	of	nutritional	quality	
Genome editing technology has important application prospects in optimizing the nutritional 
quality of maize, which can significantly improve its nutritional composition and meet the 
higher nutritional demands of humans and animals. As an important food and feed crop, 
enhancing the content of key nutrients such as proteins, fats, and vitamins in maize can not only 
help to improve the quality of human diets, but also provide better feedstuffs for livestock. 
Genome editing provides a new technological tool for optimizing the nutritional quality of 
maize by precisely modifying nutrition-related genes. 
In terms of protein content and quality enhancement, editing technologies such as 
CRISPR/Cas9 have been used to regulate the accumulation of amino acids in maize seeds, 
especially essential amino acids such as lysine. Since maize is naturally low in protein and 
deficient in some of the essential amino acids, researchers have significantly increased the 
amount of nutrients such as lysine by modifying the genes encoding amino acid synthesis 
through genome editing. By editing key genes in the seed protein synthesis pathway of maize, 
the composition of proteins can be optimized, enhancing their nutritional value and providing 
a more balanced source of nutrition for humans and animals. The composition of maize oils and 
fats is also one of the important areas for nutritional optimization. By regulating lipid metabolic 
pathways through genome editing, researchers were able to increase the amount of 
unsaturated fatty acids, which are beneficial for cardiovascular health, in maize 
seeds.CRISPR/Cas9 technology can be used to knock out or enhance specific genes that affect 
fatty acid composition, thereby adjusting the ratio of fatty acids in the fat. By enhancing the 
expression of genes related to oleic acid synthesis in maize, the proportion of oleic acid can be 
increased and the content of saturated fatty acids can be reduced, making maize oil more 
suitable for human health needs. 
The enhancement of vitamin and mineral content is also an important direction in the 
nutritional improvement of corn. Researchers have utilized genome editing technology to 
increase the content of vitamin A, vitamin E and other antioxidant components in maize, 
enhancing its nutritional value and health effects. For example, editing genes related to vitamin 
A synthesis can increase the content of carotenoids, thus effectively improving the dietary 
structure of vitamin A deficiency. In addition, by regulating genes that regulate the absorption 
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and accumulation of minerals such as iron and zinc, the micronutrient content of maize has also 
been enhanced, providing a better food source for malnourished regions. As genome editing 
tools continue to advance, the optimization of maize nutritional quality will gain wider 
application. Novel editing techniques such as base editing and in situ mutagenesis offer the 
possibility of precise regulation of nutritional genes. Transforming maize into crops with higher 
nutritional value through genome editing will not only meet the growing global demand for 
food and nutrition, but also effectively improve human health and animal feed quality, 
providing new solutions for food security and nutrition improvement. 

4. Challenges	and	Prospects	of	Genome	Editing	Technology	for	High	Yield	
in	Maize	

In terms of precision editing and multi-gene improvement, genome editing tools such as 
CRISPR/Cas9 have made significant progress, but in complex plants such as maize, effectively 
and precisely targeting multiple target genes remains a technical challenge. The maize genome 
is large and complex, with multiple genes acting together to affect yield, and editing of a single 
gene is often difficult to produce the expected yield increase. How to design precise editing 
strategies to ensure that multiple genes are optimized simultaneously and synergistically is an 
important issue that needs to be addressed. 
The efficiency and off-target effects of genome editing technologies are also key factors affecting 
high-yield maize breeding. Although modern editing tools such as CRISPR/Cas9 have 
dramatically improved editing efficiency, there is still a certain off-target risk, which may lead 
to unwanted gene mutations or even adverse consequences. How to further improve the 
accuracy and safety of editing, reduce off-target effects, and ensure the stability and 
sustainability of the maize genome remains a major challenge in the development of the 
technology. The development of more efficient and precise editing tools or the use of more 
advanced genome repair mechanisms are important directions for future research. 
Commercialization of high yield genome editing technology for maize,Genome editing 
technology has achieved many successes in the laboratory, but its large-scale application is still 
limited by policies and regulations. There are differences in regulatory policies for gene-edited 
crops in different countries and regions, which may affect their promotion and 
commercialization. Public acceptance of transgenic and genome-edited crops is also highly 
controversial, and different views of social opinion may affect the application of maize genome-
editing technology. The establishment of a reasonable regulatory framework and the 
enhancement of public understanding and acceptance of genome editing technology have 
become important safeguards to promote the application of the technology. 
The prospect of maize high-yield genome editing technology is still broad,With the continuous 
progress of genomics, computational biology and plant breeding technology, the accuracy and 
efficiency of editing tools will be further improved, and in the future will be able to more 
accurately synergistically optimize multiple key traits of maize. Genome editing technology can 
also be combined with other modern breeding technologies, such as genomic selection and 
phenomics, to further enhance the efficiency and precision of breeding. With the global focus 
on food security and sustainable agriculture, maize high-yield genome editing technology will 
play an increasingly important role in solving agricultural production challenges, increasing 
food production and addressing climate change. 

5. Conclusion	

The application of maize genome editing technology in high-yield breeding is promising, and 
significant progress has been made in several fields. By precisely editing key genes related to 
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maize, researchers are able to effectively improve maize yield, stress resistance and nutritional 
quality, providing new solutions for global food security and sustainable agricultural 
development. In particular, genome editing technology offers unprecedented possibilities for 
improving maize in terms of combating climate change, increasing food production and 
optimizing the nutritional value of crops. 
The application of the technology still faces some challenges, such as editing efficiency, off-
target effects, and legal and ethical issues. How to improve editing precision, reduce adverse 
effects, ensure genome stability, and formulate a reasonable policy and regulatory framework 
are still the keys to promote the widespread application of maize genome editing technology. 
With the continuous development of genomics, precision breeding technology and big data 
analysis, genome editing technology will be more precise and efficient, providing stronger 
support for high-yield improvement of maize. As an important tool for modern plant breeding, 
maize genome editing technology has great application potential and broad development 
prospects. With the continuous maturation and optimization of the technology, maize breeding 
will usher in a more precise and rapid improvement process in the future, which will make a 
positive contribution to the response to global food demand and the goal of sustainable 
agricultural development. 
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