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SUMMARY 

 

Analysis of Cold Resistance of Different Wheat Varieties and Cloning of 

Cold Resistance Genes. – Manuscript.  

Qualification thesis on the specialty 162 «Biotechnology and Bioengineering». 

– Kyiv National University of Technologies and Design, Kyiv, 2024.  

Wheat is widely planted in China, and its production is very important for the 

sustainable supply of grain in China. In the north of China, the lowest temperature in 

winter can reach -44.3℃, and cold in spring often occurs. With the continuous 

increase of extreme climate, the ecological conditions are getting worse, and cold has 

become one of the main factors restricting the development of wheat. In order to 

reduce the harm of abiotic stress to wheat industry, besides improving environmental 

conditions, a more effective method is to explore key genes through genetic 

engineering breeding and improve the adaptability of plants to adversity. The cold 

adaptation of wheat is realized by activating a group of cold response genes to encode 

cryoprotective proteins that protect cells from cold-induced damage. Currently, there 

is increasing evidence that CBF and the ICE1 transcriptional cascade pathway play 

important roles in regulating freezing resistance in plants. In this study, several wheat 

varieties with different cold resistance were selected for cold and chilling resistance 

experiments, and two varieties with different cold resistance were screened out (Tai 

113 and C8178). Then follow-up experiments were conducted, mainly using RT-PCR 

to analyze the expression of some pairs of common cold-resistant genes at the 

transcriptional level, and the screened cold-resistant genes (CS4A02G433200 and 

CSIA02G137500) were cloned to provide genetic resources for cold-resistant 

breeding in wheat. 

Key words: wheat, Cold stress, Gene cloning, CBF, ICE1. 
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INTRODUCTION 

 

This paper summarizes recent advances in wheat cold tolerance research and 

the application of these findings in wheat production and breeding practices. With the 

intensification of global climate change and the frequent occurrence of extreme 

weather events, the impact of cold stress on wheat growth and production has become 

more and more significant. Therefore, improving the cold tolerance of wheat has 

become an important challenge for current wheat breeding and production. 

Firstly, we explored the cold tolerance of different varieties of wheat in depth 

through a variety of methods, such as germination cold tolerance experiments, soil 

cultivation method of planting and seedling cold tolerance experiments. These 

experiments not only involved the determination of phenotypic data, but also 

combined with gene expression analysis, thus revealing the genetic basis and 

molecular mechanism of cold resistance in wheat. The results of these studies 

indicate that there are significant differences in cold resistance among different 

varieties of wheat, and that such differences are closely related to the expression 

levels and regulatory mechanisms of genes. 

In order to further reveal the molecular mechanism of cold resistance in wheat, 

we successfully identified a number of genes related to cold resistance using RNA 

extraction, cDNA library construction and qRT-PCR validation. The expression 

changes of these genes in different varieties of wheat showed a high degree of 

consistency with their cold resistance performance, which provides an important 

theoretical basis and genetic resources for breeding cold resistance in wheat. 

During the in-depth study of these cold-resistant genes, researchers also 

discovered their key roles in the response to cold stress in wheat. These genes 

enhance the survivability and adaptability of wheat in low-temperature environments 

by regulating its physiological and metabolic processes. In addition, the researchers 

have successfully cloned some of the cold-resistance genes by using modern 

biotechnological means, which lays the foundation for subsequent gene function 

studies and applications. 
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In addition to research at the gene level, this paper also summarizes the 

research progress in wheat photosynthetic characteristics, cold resistance mechanism 

and genetic basis. These studies not only contribute to a deeper understanding of the 

physiological and ecological basis of cold resistance in wheat, but also provide 

theoretical support and practical guidance for the improvement of wheat cultivation 

technology and the selection and breeding of excellent varieties. For example, by 

optimizing wheat cultivation measures such as planting density and fertilizer 

application, the cold resistance and yield of wheat can be effectively improved. 

In addition, this paper introduces the key genes in the plant cold response 

mechanism, as well as the characterization and expression patterns of ICE-CBF-COR 

genes in wheat. These genes play important roles in plant cold stress response by 

regulating the expression of downstream genes, which in turn affects the cold 

resistance of plants. The in-depth study of these key genes not only helps to reveal 

the molecular mechanism of plant cold response, but also provides new perspectives 

and strategies for cold tolerance breeding. It is worth mentioning that this paper also 

focuses on other issues in wheat production practice, such as the research and 

development of high-yielding wheat varieties and supporting cultivation techniques, 

the application of hydroponically grown wheat seedlings in animal husbandry 

production, and the effect of potash fertilizer on the effect of hydroponics on wheat 

seeds. These studies not only demonstrate the wide application of modern agricultural 

science and technology in wheat production, but also provide new ideas and methods 

for the sustainable development of wheat production. 

In summary, this paper summarizes the recent progress of wheat cold 

resistance research and its application in production and breeding practice. Through 

in-depth research on the physiological and ecological basis and molecular mechanism 

of wheat cold resistance, combined with the application of modern biotechnological 

tools, researchers have provided important theoretical basis and practical guidance for 

wheat cold resistance breeding and production. These research results not only help 

to cope with the challenges of climate change on wheat production, but also inject 

new impetus for the sustainable development of the wheat industry. 
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However, despite the remarkable progress we have made in wheat cold 

resistance research, there are still many issues that need to be addressed. For example, 

how to further improve the expression efficiency and stability of cold resistance 

genes? How can these genes be effectively applied in wheat breeding practices? In 

addition, we need to strengthen research on the association between cold resistance 

and other traits in wheat in order to breed new wheat varieties that are both cold 

resistant and high yielding and high quality. 

In the future, we can continue to promote the research and application of cold 

resistance in wheat from the following aspects: first, to strengthen the mining and 

functional verification of cold resistance genes, to provide more excellent genetic 

resources for breeding cold resistance in wheat; second, to deepen the understanding 

of the molecular mechanism of cold resistance in wheat, and to reveal more genes 

and signaling pathways related to cold resistance; third, to explore the balance and 

synergy between cold resistance and other traits, and to breed new wheat varieties 

with excellent integrated traits; third, to explore the balance and synergy between 

cold resistance and other traits, and to breed new wheat varieties with excellent 

integrated traits. Third, to explore the balance and synergy between cold tolerance 

and other traits, so as to cultivate new wheat varieties with excellent overall traits; 

fourth, to strengthen international cooperation and exchange of research on cold 

tolerance of wheat, so as to jointly respond to the challenges of global climate change 

on wheat production. Wheat cold resistance research is a field full of challenges and 

opportunities. Through in-depth research and practical exploration, we are expected 

to provide more effective theoretical support and technical means for cold-resistant 

wheat breeding and production, and contribute to the sustainable development of the 

wheat industry. 

The relevance of the topic is analysis and cloning of unknown pit-cooling 

genes in wheat by using known molecular biology methods. 

The purpose of the study is to study wheat cold resistance genes at the 

transcriptional level. 

The objectives of the study provide theoretical support and genetic resources 
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for wheat cold resistance breeding. 

The objects of the study are cold stress response of wheat, identification of 

cold resistance related indexes in wheat and cold resistance related genes in wheat 

The subject of the study are wheat varieties studied were Tai 113 and C8178. 

And the genes studied mainly consisted of genes related to cold resistance in wheat, 

including CBF and ICE1 (two key cold resistance gene families).  

Research methods Bioinformatics, qRT-PCR. 

The scientific novelty discovery and cloning of unreported genes. 

The practical significance of the results obtained is Used to create wheat that 

is more cold-tolerant. 
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CHAPTER 1  

LITERATURE REVIEW 

 

1.1 Wheat cultivation in China  

Wheat is a major cereal for meeting global food demand [1]. In major wheat-

growing regions of the world, such as China, the United States, Europe, and Australia, 

low temperatures often hamper its growth and yield [2]. Cold conditions also limit 

active root water uptake, leading to stem water deficit and triggering drought stress 

[3], which inevitably impairs wheat growth. In recent years, wheat growing areas in 

the Yellow River and Huaihe River in China have frequently suffered from inverted 

spring cold, which disrupts normal growth and reduces the final yield of wheat. The 

frequent occurrence of cold damage in this region resulted in a significant reduction 

of final grain yield by 30-50% in severe cases, affecting nearly 42% of the wheat 

sown area [4]. 

Low temperature is a frequently encountered environmental stress during the 

plant life cycle and has significant effects on crop growth, development, yield and 

quality. Cold stress, including cold above 0 °C and freezing below 0 °C [5], poses 

severe challenges to plant growth and development. To cope with these challenges, 

plants have evolved a variety of signal sensing and response mechanisms, resulting in 

complex changes in morphology, biochemistry and physiology. Currently, research 

on cold tolerance in wheat covers multiple levels, including morphology, cytology, 

physiology and biochemistry, and molecular biology. The study of winter wheat cold 

resistance is not only related to the division of winter and spring wheat areas, but also 

an important basis for seed selection, introduction and cultivation technology 

determination [6], and most importantly, it is directly related to national food security 

and other issues [7]. 
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1.2 Cold stress response in wheat   

Cold damage is the damage to plant production and development caused by 

low temperatures above freezing point [8]. It usually occurs during the gestation 

period of wheat growth and mainly affects seedling growth and grain yield. When 

crops are affected by cold, rice and maize often appear in the form of rotting seeds, 

hard or even dead seedlings, as well as wheat, where the ears are damaged in whole 

or in part, as evidenced by tasseling or delayed empty ears. Global warming has led 

to warm winters in recent years, and as wheat enters the tassel stage, its high water 

content and soft tissues make it more sensitive and less resistant to sudden low 

temperatures. Frost damage is damage caused by freezing in plant cells or tissues as a 

result of low temperatures below freezing point, and can be divided into winter frost 

damage and spring frost damage [9]. The former, with loss of cellular stress, 

chlorophyll destruction, and change of leaves from green to brown, occurs with low 

probability and weak extent, with underground parts almost unaffected and low 

seedling mortality. The latter is affected by the lowering of chilling temperatures and 

the degree of damage varies according to the stage of development. 

At the stage of nutritive growth, the seedling stage of wheat where the growth 

of nutritive organs such as roots and leaves are mainly carried out. If this stage is 

subjected to cold stress, it results in poor malting and slow seedling growth, thus 

affecting the yield and quality of wheat in later stages. In the stage of concurrent 

nutritive and reproductive growth, wheat carries out the differentiation and 

development of spikes on the one hand, and continues to grow roots, leaves and 

tillers on the other. If this stage is subjected to cold stress, it will affect the 

photosynthesis of wheat, leading to a decrease in dry matter accumulation, which in 

turn affects the yield and quality of wheat. Moreover, low temperatures can also 

cause yellowing and dieback of leaves where wheat growth is severely affected. In 

the reproductive growth stage, the growth center of wheat is transferred to the 

reproductive organs, and at this time, if cold stress is encountered, it will have a 

serious impact on the flowering and fertilization of wheat and the formation of seeds, 

resulting in a decrease in the grain weight of wheat and a reduction in yield [10]. In 
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addition, vernalization requirements may not be fully met, resulting in delayed 

flowering and exposing the plant to different biotic and abiotic stresses [11]. 

Overall, the main effects of cold stress on wheat are that it can lead to stunted 

growth and development, reduced enzyme activity for yield and quality, damage to 

the membrane system, and cellular water loss [12]. 

 

1.3 Cold resistance related genes in wheat 

When wheat is subjected to low-temperature stress, it undergoes a delicate 

physiological response process. First, the wheat plant acutely senses the decrease in 

external temperature, which is the starting point of its self-protection mechanism. 

Next, this cold signal is rapidly transmitted within the plant, ensuring that the 

information is quickly and accurately transmitted to all corners of the cell. Ultimately, 

this series of signals induces the expression of downstream genes that encode 

proteins that help wheat adapt to and withstand cold temperatures. Transcription 

factors play a crucial role in this complex and precise response pathway [13]. They 

are able to bind to the promoters of specific genes and regulate the transcriptional 

activity of these genes, thus affecting the response of wheat to low temperature. 

Among them, the key role of CBF and ICE genes in black wheat crops 

involved in abiotic stress response has been demonstrated [14]. ICE (inducer of CBF 

expression), a member of the MYC family of transcription factors, is characterized by 

its ability to induce CBF expression. The main structural feature of ICE is that it 

shares the highly conserved CBF (C-repeat-binding factor)/DREB transcription 

factors belong to the AP2/ERF multigene family, which is a key regulator region for 

freezing tolerance in plants [15]. ICE factors are positive regulators of CBF 

expression upstream of the low-temperature signaling pathway. CBF transcription 

factors are independent proteins involved in stress signaling [16], and are essential for 

cold domestication and freezing tolerance in plants [17]. CBF is a key component of 

the ICE-CBF-COR pathway, which is rapidly activated after brief exposure to low 

innocuous temperatures, has been isolated and characterized in Gramineae in cold-

sensitive (rice and maize) or frost-tolerant species (wheat, barley, and rye) for a 
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variety of elements of the family [18], and it is one of the most relevant mechanisms 

for activating the adaptive responses to cold and drought in wheat, barley, and rye. 

The ICE-CBF-COR pathway is activated through an increase in intracellular 

Ca2+ is activated to concentrate through rigidified or ligand-activated channels in the 

plasma membrane. After calcium influx into the cytoplasm and binding via calcium 

sensors such as calmodulin, a calcium-binding protein (CBP)-based signaling cascade 

is initiated to target ICE (inducer of CBF gene expression) transcription factors that 

upregulate the CBF genes [19]. The ICE transcription factors belong to the MYC 

family and the MYC subfamily of the bHLH (basic helix-loop-helix) and have been 

referred to as CBF positive expression regulators [20] and are thought to act upstream 

of the low-temperature signaling pathway [21]. The ICE-CBF-COR pathway cascade 

response results in the activation of effector genes that alter plant metabolism and 

confer cold tolerance [22]. Understanding the complex mechanisms and regulation of 

the CBF gene clusters carried by the homologous chromosomes of cold-resistant 

genes in plants in wheat has great potential for genetic improvement of wheat. 

 

1.4 Identification of Cold Resistance Related Indicators in Wheat     

Cold tolerance in wheat, as a key indicator of its adaptability and yield, is 

particularly important in cold northern regions. In order to comprehensively and 

accurately assess this trait, researchers need to adopt a series of refined identification 

methods. The most basic of these methods is visual assessment, which is used to 

initially determine the cold tolerance of wheat by observing its growth status, leaf 

color change and other external characteristics under cold conditions. In addition, 

field counting is also an important identification tool to quantitatively assess the cold 

tolerance of wheat varieties by counting the number of wheat plants affected by frost 

damage. These characterizations not only provide an important basis for wheat 

breeding, but also provide guidance for wheat growers to select appropriate varieties 

in cold regions.  

(1) Visual assessment 
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In assessing the cold resistance of wheat seedlings, we first carried out a 

detailed classification and analysis based on their growth characteristics and 

morphological features. Specifically, we categorized wheat seedlings into three well-

defined classes based on their growth postures in cold environments in order to more 

accurately evaluate the strength of their cold resistance. 

First, we defined the third level of cold resistance type as prostrate. Wheat 

seedlings in this class grow almost completely close to the ground when faced with a 

cold climate, showing an advective growth attitude. This growth attitude not only 

reduces the light area of the leaf surface and affects photosynthesis, but more 

importantly, it significantly increases the portion of the seedling that is in contact 

with the ground, exposing more leaf tissues to lower temperatures and thus 

exacerbating the damage caused by low temperatures to the seedling. As a result, 

creeping wheat seedlings typically exhibit weaker cold resistance. 

Second, we defined a secondary cold resistance type as semi-prostrate. Wheat 

seedlings in this category remain off the ground when exposed to low temperatures, 

although the tip portion of the leaf touches the ground, the main portion of the leaf 

blade remains off the ground. This semi-prostrate growth not only ensures a certain 

light area and maintains the efficiency of photosynthesis, but also reduces the contact 

area of the leaf blade with the ground to a certain extent, thus alleviating the damage 

caused by low temperature to the seedlings. As a result, wheat seedlings of semi-

prostrate type showed a moderate level of cold resistance. 

Finally, we defined the first level of cold resistance type as erect type. Wheat 

seedlings in this category were able to maintain their leaves in a fully upright growth 

position under cold conditions. This upright type of growth not only ensures the 

maximum light area of the leaf blade, which is beneficial for photosynthesis, but also 

minimizes the contact of the leaf blade with the ground, which reduces the damage of 

low temperature to the seedlings. As a result, wheat seedlings of the upright type 

usually show a strong resistance to cold. 

(2) Field count identification [23]. 
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This method is based on the changes in the number of stems in the field before 

and after overwintering, and determines the number of dead stems after freezing 

treatment, so as to assess the cold resistance. This method is not only characterized 

by intuition and operability, but also the results can more accurately reflect the cold 

resistance performance of crops in actual production. We evaluated the cold 

resistance of Tai 113 and C8178 by the field counting method. 

Although the field counting method is simple and easy to use, some details 

need to be paid attention to in the process of implementation. For example, we should 

try to avoid missing or repeated counts to ensure the accuracy of the data. At the 

same time, the effects of humidity and the size of the growing environment on the 

cold resistance of the crop should also be taken into account in order to assess the 

cold resistance of wheat in a more comprehensive manner. 

  

Conclusions to chapter 1 

1. These two assays play an indispensable role in the assessment of cold 

tolerance in wheat. These determinations not only help us to get a 

comprehensive understanding of the physiological conditions of wheat in 

cold environments, such as growth rate, leaf changes, etc., but also reveal 

the potential characteristics of its nutritional quality and resilience. Through 

these careful observations and statistics, we can more accurately assess the 

adaptability and yield potential of wheat varieties and provide a solid 

scientific basis for wheat cultivation and breeding. Of course, due to the 

diversity of experimental purposes and conditions, the specific 

measurement methods and indicators may need to be adjusted and 

optimized according to the actual situation to ensure the accuracy and 

reliability of the assessment results. 

2. In recent years, the frequent occurrence of extreme climatic events has 

significantly affected agricultural production, with low-temperature freezing 

being one of the main factors leading to a significant decline in wheat yield. 

In view of the complexity of the cold resistance mechanism of wheat, we 
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need to deeply analyze its response characteristics under cold stress from 

diversified perspectives and levels. 

3. In this study, several wheat varieties with different cold resistance were 

selected for cold and chilling resistance experiments, and two varieties with 

different cold resistance (Tai 113 and C8178) were screened out. Then 

subsequent experiments were conducted, mainly using RT-PCR to analyze 

the expression of some pairs of common cold resistance genes at the 

transcriptional level [13], by which key differentially expressed genes were 

identified and key candidate genes were targeted. Eventually, we expect to 

elaborate the genes that play important roles in cold and cold resistance in 

wheat, which not only has important theoretical value for enhancing the 

cold resistance of wheat, but also provides a strong scientific basis for 

agricultural production practice. 
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CHAPTER 2  

OBJECT, PURPOSE, AND METHODS OF THE STUDY 

 

2.1 Materials for testing  

In the current research, we focused on comparing the cold tolerance of two 

wheat varieties, Tai 113 and C8178, through hydroponic growth experiments. Tai 

113, a novel winter wheat variety, was jointly bred by the Institute of Crop Science, 

Shanxi Academy of Agricultural Sciences, and the Biotechnology Research Center of 

Shanxi Academy of Agricultural Sciences [24]. Its development began in 2003, 

through sexual hybridization of Jinmai 66 and Baofeng 104. This variety was selected 

due to its promising agronomic traits and potential for cold tolerance. On the other 

hand, C8178 is a novel wheat variety developed through hybridization in our 

laboratory. The choice of this variety was motivated by its potential to exhibit 

superior cold tolerance, which could be valuable for breeding programs aimed at 

producing wheat varieties that can withstand harsher environmental conditions. 

To conduct this study, we carefully selected seeds of both Tai 113 and C8178, 

ensuring they were large, full, and of uniform quality. These seeds were then sown on 

December 26, 2023, in the experimental field, with twelve replications set up for each 

variety. The first sampling was performed on March 15, 2024, where the seedlings 

were exposed to a cold treatment of 4 °C for 24 hours. This treatment was chosen to 

simulate mild cold stress conditions that wheat plants may encounter during the early 

stages of winter. For the second sampling, conducted on the same day, the seedlings 

were exposed to a more severe cold treatment of -18 °C for 3 h. This extreme 

temperature was chosen to assess the cold tolerance of the two varieties under more 

challenging conditions. Finally, for the third sampling, the seedlings were thawed at 

4 °C for 24 h on March 16, 2024. This step was crucial to evaluate the recovery 

ability of the seedlings after cold stress exposure. 

From each sampling, two replicate groups of seedlings were selected for 

further analysis. These seedlings were quickly frozen in liquid nitrogen to preserve 
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their physiological state and labeled clearly for identification. They were then stored 

at -80 °C for subsequent experiments, which would involve gene expression analysis, 

biochemical assays, and other techniques to gain a deeper understanding of the cold 

tolerance mechanisms in Tai 113 and C8178. 

 

2.2 Test methods  

2.2.1 Hydroponic cultivation of wheat seeds 

In this study, we employed a rigorous protocol to assess the cold tolerance of 

two wheat varieties, Tai 113 and C8178. Starting with the selection of healthy, pest 

and disease-free seeds, we ensured that 150 seeds each of both varieties were chosen 

for the experiment. The use of purified water as the germination medium was crucial 

to eliminate any potential contaminants that could affect the germination process [25]. 

Before germination, the seeds were thoroughly washed with water and gently stirred 

to ensure that any impurities on their surfaces were removed. To further ensure 

sterility, the seeds were sterilized with alcohol, minimizing the risk of fungal or 

bacterial growth during the germination process. To promote water absorption and 

germination, the seeds were soaked in water for a few minutes. This step not only 

cleaned the seeds but also helped them to absorb water, which is essential for 

germination. The germination environment was carefully prepared. The soaked seeds 

were then placed in a fixing basket that contained an appropriate amount of water. 

Each basket held approximately 50 seeds, ensuring that there was adequate spacing 

between the seeds to prevent overcrowding [26].  

The baskets were then covered and placed in a 25 °C constant temperature 

incubator. To mimic natural conditions, the incubator was set to a 16-h light and 8-h 

dark cycle. Additionally, to maintain a moist environment, a small amount of sterile 

water was sprayed into the incubator at the same time every day. 

Once the malt had grown to a length of 1-2 cm, it underwent a series of cold 

treatments. First, the malt was pretreated in a 4 °C refrigerator for 10 d. This gradual 

exposure to low temperatures allowed the malt to acclimate to the colder environment. 
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Following this, the malt was frozen in a -20 °C freezer for 12 h. This harsher cold 

treatment tested the malt's ability to survive extreme cold conditions. 

After freezing, the malt was moved back to a 4 °C refrigerator to thaw for 24 h. 

This step allowed the malt to recover from the cold stress and resume growth. Finally, 

the malt was kept at 4 °C for another 24 h to ensure that any lingering effects of the 

cold treatments had subsided. 

During each stage of the cold treatments, the total number of malt and the 

number of surviving melt were carefully recorded. Specifically, these measurements 

were taken on the 10th day of pretreatment at 4 °C, the 12 h of treatment at -20 °C, 

and the 12 h of thawing treatment at 4 °C. These data provided crucial insights into 

the cold tolerance of the two wheat varieties. 

Based on the recorded data, we calculated the survival rate of the malt after 

each treatment. This metric allowed us to directly compare the cold tolerance of Tai 

113 and C8178 and assess which variety performed better under cold stress 

conditions. 

 

2.2.2 Growing wheat by soil culture method 

(1) Preparation of soil: As the basis for crop growth, the quality of soil directly 

determines the growth of crops. Therefore, before planting, we need to carefully 

prepare the soil. First of all, the selection of nutrient soil, this soil can provide 

adequate nutritional support for crops. Second, the soil is mixed, this step not only 

helps to improve the physical structure of the soil, make it looser, increase the 

permeability of the soil, which is conducive to the respiration and growth of the crop 

root system; it also improves the water retention capacity of the soil, to ensure that 

the crop in the process of growth to obtain sufficient water. The soil after mixing 

should maintain the appropriate humidity and temperature to create good 

environmental conditions for the growth of crops [27]. 

(2) Selection and treatment of seeds: The quality of seeds is crucial to the 

growth of crops. In order to improve the germination rate and growth rate of seeds, 

we need to strictly select and treat seeds before sowing. First of all, we need to select 
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healthy, full, disease and pest-free seeds, which is the basis for ensuring seed quality. 

High-quality seeds not only have a higher germination rate, but also reduce the 

occurrence of pests and diseases, and improve the yield and quality of the crop. 

After selecting seeds, we need to carry out seed soaking treatment. Soaking 

seeds in a growth promoter for a period of time is a step that can accelerate seed 

germination, improve germination rates, and promote robust seedling growth. 

However, during the seed soaking process, we need to be careful to control the 

soaking time and the concentration of growth promoter. Too long soaking time or too 

high concentration of growth promoter may cause unnecessary damage to the seeds 

and affect their germination and growth. 

In addition, it is also crucial to sterilize the seeds. Through sterilization, we can 

effectively kill germs and insect eggs on the surface of seeds and reduce the 

occurrence of pests and diseases. Common sterilization methods include ultraviolet 

light irradiation, hot water immersion and so on. When choosing disinfection 

methods, we need to choose according to the characteristics of the seeds and the 

actual situation to ensure the disinfection effect while avoiding damage to the seeds. 

(3) Sowing: Sowing is an important part of the planting process, which 

determines the planting density and growing space of the crop. Before sowing, we 

need to determine the appropriate sowing depth and density according to the growth 

characteristics of the crop and soil conditions. Generally, treated seeds should be 

sown at a depth of 3-5 cm below the soil surface [28]. This depth can ensure that the 

seeds are in full contact with the soil, which is favorable for the seeds to absorb water 

and nutrients in the soil. At the same time, it avoids sowing too deep resulting in seed 

germination difficulties. 

During the sowing process, we need to pay attention to maintaining the 

uniformity and consistency of sowing. This can be achieved by using a seeder or 

sowing by hand. Make sure that each seed has enough room to grow so that it can 

absorb nutrients and sunlight in a balanced way as it grows. After sowing, we also 

need moderate soil compaction and watering to promote seed germination and growth. 
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(4) Field management: Reasonable water and fertilizer management is crucial 

to the growth of wheat during the growing period. We need to water the wheat every 

other day to ensure the water and nutrients needed for wheat growth. Meanwhile, in 

order to avoid damage to wheat caused by spring winds, we need to move the pots to 

a well-lit place indoors to ensure that the wheat can carry out normal photosynthesis. 

In addition, weeding and pest control are not to be neglected in field 

management. Weeds and pests will seize the nutrients and growing space of wheat, 

affecting its growth and yield. Therefore, we need to regularly weed and carry out 

pest control to minimize the impact of these unfavorable factors on wheat growth. In 

the process of weeding and pest control, we need to pay attention to the use of 

environmentally friendly and safe methods to avoid harming the environment and 

human health. [29]. 

(5) Seedling Cold and Cold Resistance Experiments:In order to evaluate the 

cold tolerance of two wheat varieties, Tai 113 and C8178, a series of controlled 

experiments were conducted. Specifically, three pots of Tai 113 and three pots of 

C8178, all exhibiting similar growth height and tiller number, were selected for the 

experiments. Each variety was divided into three experimental groups, with one pot 

serving as the control group and the other two pots representing experimental groups. 

The first group, the control group, remained in stable room temperature 

conditions throughout the experiment. This group served as a baseline for comparing 

the cold tolerance of the other groups. The second group, the first experimental group, 

underwent a specific cold stress protocol. Initially, the seedlings were pretreated in a 

4 ℃ incubator for 24 h to induce a gradual decrease in temperature. Following this 

pretreatment, the seedlings were then transferred to a -18 ℃ incubator for a duration 

of 3 h, exposing them to a more extreme freezing environment. This rapid drop in 

temperature was designed to test the seedlings' ability to survive and recover from a 

severe cold shock. The third group, the second experimental group, underwent a 

different cold stress protocol. Like the second group, the seedlings were pretreated in 

a 4 ℃ incubator for 24 h. However, after the pretreatment, they were not subjected to 

the freezing temperature but instead were kept in the 4 ℃ incubator continuously. 
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This group served to evaluate the seedlings' response to a sustained low temperature 

stress. 

All experimental groups were maintained under identical photoperiod 

conditions, with 16 h of light and 8 h of darkness each day. To ensure adequate 

hydration, the same amount of tap water was poured into each pot every evening, 

every two days. The seedlings were carefully monitored, and phenotypic changes, 

such as discoloration, wilting, or any other visible signs of stress, were observed and 

recorded daily. These observations provided crucial insights into the cold tolerance of 

the two wheat varieties under different stress conditions. 

 

2.2.3 Determination of phenotypic data 

When evaluating cold tolerance in wheat, plant height and stem thickness serve 

as crucial physical indicators that provide valuable insights into the plant's growth 

potential, robustness, and adaptability. These measurements are not just arbitrary 

numbers; they are indicators that reflect the inner vitality and resilience of the plant.  

(1) Plant height: Plant height is a key indicator of a wheat variety's growth 

potential and adaptability. As the plant grows, the height increases, reflecting its 

ability to absorb nutrients and sunlight efficiently. By regularly measuring and 

recording the growth height of wheat samples, we can track the plant's growth rate 

and growth trend at different stages. This data allows us to assess the variety's 

potential for high yields and its adaptability to varying environmental conditions. For 

instance, a wheat variety with a consistently high growth rate may indicate a strong 

potential for high yields, while a variety that maintains stable growth under stress 

conditions may demonstrate good adaptability. 

(2) Stem thickness: It is a critical indicator of the robustness and stability of 

wheat plants. A thick and sturdy stem provides better support for the plant, enabling 

it to withstand external forces such as wind and rain. Moreover, a thick stem indicates 

a healthy and vigorous plant, which is more likely to produce high yields. By 

measuring the stem thickness of wheat samples, we can understand the plant's 

supportive ability and resistance. This is crucial for assessing the yield and quality of 
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wheat, as a weak stem can easily be damaged, affecting the plant's growth and 

development. 

(3) Photographing method: To accurately record the growth of wheat and 

compare the performance of different varieties, we employ a photographic method. 

This approach allows us to visually capture the growth status of wheat samples and 

compare them over time. To ensure clear and true colors in the photos, we select 

wheat samples with similar numbers of tillers and use a black background with a soft 

and concentrated light source from outside. This setup eliminates any potential 

distortions or reflections, ensuring that the photos accurately represent the true colors 

and growth status of the plants [30]. During the photographing process, we take 

photographs at crucial time points. This includes before the freezing treatment, as 

well as at specific intervals after recovery from the freezing treatment. By capturing 

images at these key stages, we can observe any changes in plant height and stem 

thickness over time. This allows us to assess the recovery rate and cold tolerance of 

different wheat varieties. For example, we take photographs at 0 d before the freezing 

treatment, 5 d after recovery, 10 d after recovery, and 18 d after recovery. This 

provides us with a comprehensive set of data that we can analyze and compare. 

By combining regular measurements of plant height and stem thickness with 

photographic records, we can obtain a comprehensive understanding of the growth 

status and cold tolerance of wheat varieties. This information is crucial for breeders 

and farmers, as it helps them select varieties that are suitable for their specific 

growing conditions and have the potential for high yields. Additionally, by 

comparing the performance of different varieties, we can gain insights into the 

genetic factors that contribute to cold tolerance in wheat, which can guide future 

breeding efforts. 

 

2.2.4 RNA extraction and cDNA library construction 

In molecular biology experiments, RNA extraction and purification is a crucial 

step. To ensure the accuracy and reliability of the experimental results, we followed 

the detailed instructions of TaKaRa MiniBEST Plant RNA Extraction Kit to extract 
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RNA samples precisely and without errors [31]. The kit is specifically designed for 

plant RNA extraction and can efficiently isolate high-quality RNA from plant tissues. 

After the extraction was completed, we rigorously tested the integrity and 

purity of the RNA using the Ultra-Micro Nucleic Acid Protein Assay. This step 

ensured that the RNA samples we obtained were not contaminated or degraded, 

providing a solid foundation for subsequent experiments. 

Next, to remove genomic DNA from the RNA, we used 5×gDNA Eraser 

Buffer and gDNA Eraser to construct a 20 μl reverse transcription reaction system. 

The reaction was carried out at 42 °C for 2 min, which effectively removed the 

genomic DNA from the RNA sample and avoided its interference with the results of 

subsequent experiments. When the reaction was completed, we cooled it to 4 °C and 

added PrimeScript RT Enzyme Mix I, RT Primer Mix*4 and 5×PrimeScript Buffer 2 

for amplification, which successfully reverse transcribed the RNA into cDNA, 

providing high-quality cDNA for subsequent gene expression analysis or other 

molecular biology experiments library for subsequent gene expression analysis or 

other molecular biology experiments. 

 

2.2.5 qRT-PCR verification of gene expression  

In this study, we explored in depth the mechanisms of gene expression in 

plants under cold conditions. First, we screened six potential key cold resistance 

genes from the rich transcriptome database, including three yet-to-be-reported CBF1 

genes, two CBF genes, and three ICE1 genes. These genes may play important roles 

in plant response to low temperature stress. 

To verify the cold-resistant functions of these genes, we employed qRT-PCR to 

determine the expression of these genes under different temperature treatments. In 

our experiments, we carefully designed specific primers for these genes, which are 

listed in detail in Table 2.1. In order to accurately quantify gene expression levels, we 

chose an internal reference gene, β-actin, as a control to correct for quantitative 

differences in the cDNA used as a template. 
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Next, we extracted total RNA from the leaves and successfully synthesized 

first-strand cDNAs using the M-MuLV First Strand cDNA Synthesis Kit. qRT-PCR 

experiments were subsequently performed using a fluorescent PCR quantifier to 

accurately measure the expression levels of these genes at different temperatures. In 

the data analysis stage, we adopted the 2^-ΔΔCT method to calculate the relative 

gene expression and used GraphPad Prism 9.5.0 software to draw intuitive and easy-

to-understand graphs to make the experimental results more clear and concise. [32]. 

Table 2.1 – List of cold-resistant gene qRT-PCR primers 

Gene ID Gene name Primer sequence              

CS4A02G433200 

 

CS4A02G433300 

 

CS6A02G256900 

 

CSIA02G137500 

 

CSID02G133000 

 

CS4A02G263300 

 

CS4D02G051600 

 

CS7A02G311800 

CBF1 

 

CBF1 

 

CBF1 

 

CBF 

 

CBF 

 

ICE1 

 

ICE1 

 

ICE1 

GACCAGTACAACTACGGCGG 

CCAGATGCGGGACTTCTTGT 

GCAAGAAGTCCCGCATCTGG 

GAGGAATTCGTCGCGTCTTTG 

GGAGGTAGCAGTTGCACCAA 

GTCTCCGACAGTCGCTGAAG 

AAGATGGCAGCCAC GGAC 

CGGAAGAGGAAGATCCCGTG 

GAAGAC GGCAGCCACAGAC 

CGGAAGAGGAAGATCCCGTG 

GCGTGAAGGAGGAACTGACA 

ATCCTTGCACTCGGCCTTG 

ACATCCGCATGATGTGCTCT 

GCACTGCTCAGCCTTGAAGA 

GATGGGGCAGGAGGCTG 

TTGAGGAGCGGGAACATCTG 

 

 

2.2.6 Gene cloning and expression 

In an in-depth exploration of the mechanisms of cold resistance in plants, we 

first searched and obtained the sequence information of two key genes, CBF and 

ICE1, in the National Center for Biochemistry Information (NCBI) database. In order 

to study the functions of these genes in plants more precisely, we designed highly 

specific oligonucleotide primers based on these gene sequences using Primer 5 

software (Tab. 2.2). These primers were designed to ensure that the target gene 
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sequences could be accurately and efficiently identified and amplified during 

subsequent PCR amplification and gene cloning. 

During the process of gene cloning, we added a variety of key enzymes and 

reagents to the cDNA system. First, DNA polymerase is indispensable to synthesize 

new DNA strands based on template DNA. Second, we added DNA restriction 

endonuclease, which recognizes and cuts specific sequences on the DNA strand for 

subsequent gene recombination and ligation. In addition, T4 DNA ligase was used to 

join two DNA fragments to form a complete gene sequence. Finally, we added four 

dNTP (deoxyribonucleotides), which are the basic raw materials for DNA synthesis. 

[33].  

To verify the success of the gene cloning, we used the classic technique of 

agarose gel electrophoresis. Agarose gel electrophoresis utilizes the molecular 

sieving action of the agarose gel and the dual effect of electrophoresis to separate 

DNA fragments according to their size and charge properties. By observing the gel 

image after electrophoresis, we can clearly see the number and size of DNA 

fragments, and thus determine whether the gene cloning process is successful or not. 

This step not only provides an important reference basis for our experiment, but also 

lays a solid foundation for the subsequent research. 

 

Table 2.2 – List of primers for gene cloning 

Gene ID Primer sequence 

CS4A02G433200 ATGGACCAGTACAACTACGGCGGCGGC 

TCAGTAGCTGAGCGCGACGCC 

CSIA02G137500   ATGATGCGTAAGAAACTTTCGGGCGG 

CTACTGGCCATCCTCGGGGAAGCGCGA 

 

Conclusions to chapter 2 

1. To further elaborate on our research methodology, Tai 113 and C8178, 

two distinct varieties of wheat, were chosen as the experimental materials in 

this study. We employed both hydroponic and soil cultivation methods to 

cultivate the wheat seeds, aiming to observe and document their growth 
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patterns under different cultivation conditions. To assess the physiological 

status of the wheat plants, we utilized various physiological index 

measurement kits, such as those for chlorophyll content and catalase activity. 

These measurements allowed us to gain insights into the plant's vitality and 

metabolic status. Furthermore, phenotypic data measurements, including plant 

height and stem thickness, were also taken to provide quantitative insights into 

the growth and development of wheat. 

2. As we delve deeper into understanding the cold resistance of wheat, the 

next phase of our experiments focused on gene expression analysis. Firstly, we 

extracted RNA from the wheat samples and constructed a cDNA library, which 

serves as a template for subsequent molecular analysis. This step was crucial in 

identifying the genes that are actively expressed in response to cold stress. 

Subsequently, we utilized qRT-PCR, a highly sensitive and quantitative 

technique, to verify the expression levels of these genes. By analyzing the gene 

expression patterns, we aimed to gain a comprehensive understanding of the 

molecular mechanisms underlying wheat's cold resistance. This integrated 

approach, combining phenotypic and molecular data, will not only enhance our 

knowledge of wheat cold resistance but also provide valuable insights for the 

improvement of crop resilience and food security. 
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CHAPTER 3  

EXPERIMENTAL PART 

 

3.1 Cold resistance of different varieties of wheat seeds at germination 

stage 

During our rigorous experiments with hydroponically grown seeds, we delved 

deep into the nuances of germination and survival under various conditions. Our 

observations were particularly striking when comparing the two wheat varieties, 

C8178 and Tai 113. Prior to the application of cold stress, we found that the C8178 

seeds exhibited a notably higher relative germination number compared to Tai 113. 

This early indicator suggested that C8178 might possess some inherent resilience or 

genetic predisposition towards successful germination. However, the real test came 

after subjecting the seeds to cold treatment. Here, the differences became even more 

apparent. The survival rate of C8178 seeds was significantly greater than that of Tai 

113 (Tab. 3.1). This result underscores not only the seeds' ability to germinate, but 

also their robustness in adverse environments. 

Intriguingly, we observed that the Tai 113 seeds that failed to germinate 

successfully displayed clear signs of deterioration. Their endosperm, the nutrient-rich 

tissue that supports the embryo, was weakened to the point that it even flowed out. 

This physical degradation indicates a lack of resilience in the Tai 113 variety when 

confronted with cold stress. 

In contrast, the C8178 seeds displayed a marked resilience, even under the 

same cold treatment conditions. Their ability to germinate and survive in such an 

environment tentatively suggests that C8178 possesses a stronger performance in 

terms of cold resistance compared to Tai 113. This finding holds promise for future 

breeding programs aimed at developing wheat varieties that can withstand harsher 

environmental conditions. 
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Table 3.1 – List of Survival of wheat seeds 

Cultivates Germination number before cold treatment Survival rate after cold treatment 

 

Tai 113 

42/50 35.7% 

41/50 36.6% 

40/50 35.0% 

 

 

C8178 

45/50 82.0% 

46/50   84.1% 

43/50 80.5% 

 

3.2 Phenotypes of cold resistance of different wheat varieties 

In the cold tolerance study targeting wheat seedlings, we paid special attention 

to the performance of two varieties - Tai 113 and C8178 - under low temperature 

environment. After a period of low temperature domestication at 4 °C, we further 

subjected these two groups of wheat to a more extreme cold treatment of -18 °C for 3 

h. During the subsequent recovery process, we measured the plant height and stem 

thickness of the wheat at regular intervals. From the data in Table 3.2, it is obvious 

that the plant height and stem thickness of C8178 grew more than that of Tai 113 as 

the number of days of recovery increased, which further confirms that C8178 showed 

stronger resistance in the face of the cold environment. (Fig. 3.1, Tab. 3.2). 

Table 3.2 – List of Wheat seedling phenotype 

Cultivates Processing days Plant heigh Stem diamet 

 

Tai 113 

5d 12.83±0.26 0.17±0.02 

10d 17.70±0.14   0.24±0.06 

18d 27.23±0.22 0.30±0.02 

  

 

C8178 

5d 12.98±0.31 0.19±0.03 

10d  20.07±0.20 0.25±0.01 

18d 32.83±0.09   0.34±0.03 

After 30 d of low temperature domestication at 4 °C, the wheat varieties were 

started to undergo cold treatment at -18 °C. The plant height and stem thickness of 
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wheat at different times of growth were determined, and the results are listed in Table 

3.2. Low temperature stress had a significant effect on the growth of different 

varieties of wheat [13] (Fig. 3.1), and the plant height and stem thickness of Tai 113 

increased to different extents compared with that of C8178. Leaf curling and 

drooping started to appear after 5 d of treatment in Tai 113, and most of the tender 

leaves close to the ground began to turn yellow and soft, with poor resistance to 

stunting, and the yellowed leaves began to dry up at 15 d of treatment, some of which 

were in a state of basic death. At 18 d after the cold treatment, C8178 was in the best 

growth condition, with the plant height and stem thickness reaching the maximum 

values during the observation period. C8178 was not significantly affected by the 

cold treatment, and the plant was very upright for 18 d after the treatment, and a 

small amount of yellowing started to appear on the lower leaves close to the soil after 

15 d of the treatment. From the comparison of morphological indexes, the expression 

rate of physiological phenomena produced by cold stress in C8178 after cold 

treatment was significantly smaller than that of Tai 113, the ability of C8178 to resist 

abiotic stress was higher than that of Tai 113, which indicated that there was indeed a 

cold-resistant gene with a high expression level in the C8178 variety.  
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Figure 3.1 – Wheat photos 

3.3 Cloning of cold resistance genes 

After an in-depth analysis of the RT-PCR results, we revealed significant 

changes in gene expression in wheat under cold stress at -18 °C not only on a 

statistical level but also in a biological sense. Through ANOVA (Analysis of 

Variance) and Significant Difference Analysis (Fig. 3.2), we were supported by 

conclusive data that provided strong evidence for revealing the molecular 

mechanisms of cold resistance in wheat. Among the many genes examined, two 

specific genes, CS4A02G433200 (CBF1) and CSIA02G137500 (CBF), showed 

particularly significant up-regulation of expression in the C8178 line. This finding 

not only gave us a clearer understanding of the cold resistance mechanism in wheat, 

but also made us realize that these two genes may play a central role in the low 

temperature response of wheat. We hypothesize that these two genes may encode 

some crucial proteins under low temperature conditions, which significantly enhance 

the cold resistance of wheat through various pathways such as improving cell 

membrane stability, enhancing enzyme activity or promoting metabolite synthesis. 

Meanwhile, we also noticed that the expression of two genes, CS4D02G051600 

(ICE1) and CS7A02G311800 (ICE1), although also increased at -18 °C, the increase 

was smaller compared with the first two genes. This observation led us to speculate 

that these two genes may play a more indirect or auxiliary role in the cold tolerance 

response of wheat. Although their effects on cold resistance may not be as significant 

as those of the first two genes, their expression changes under low-temperature stress 

still provide us with new perspectives to study the mechanism of cold resistance in 

wheat. It is noteworthy that among all the genes examined, their expression remained 

stable under ambient conditions, both in the C8178 line and in the other lines. This 

finding further confirms that temperature is a key factor influencing gene expression 

in wheat, and that this effect is realized by regulating the expression of specific genes. 

This not only provides clues for us to understand how wheat adapts to different 

temperature environments, but also provides a possible direction for us to improve 

the cold resistance of wheat by means of genetic engineering. In conclusion, through 
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in-depth analysis of the RT-PCR results, we not only revealed significant changes in 

gene expression in wheat under low-temperature stress, but also identified several 

genes that may play key roles in the cold resistance mechanism of wheat. These 

findings not only provide a new perspective for us to understand the cold resistance 

mechanism of wheat, but also provide an important reference for future improvement 

of cold resistance in wheat by genetic engineering. 

For the increased expression of three genes, CSID02G133000 (CBF), 

CS4A02G433300 (CBF1), and CS4A02G263300 (ICE1), at -18 °C, we further 

hypothesized that these genes were activated under extreme low-temperature 

conditions and were involved in the cold-resistance mechanism of wheat. Under low-

temperature stress, these genes may enhance the cellular adaptation of wheat by 

encoding specific proteins to improve its cold tolerance. 

At the same time, we also noticed that at 4 °C, the expression of these genes, 

although decreased, was still higher than the expression level under room temperature 

conditions. This may imply that these genes are still responsive in the suprazero 

temperature range, and this responsiveness may be important for the growth and 

development of wheat in the cold season. 

As for the low expression of CS6A02G256900 (CBF1) at -18 °C, we do 

believe that this may be related to the insufficient freezing treatment time. In future 

experimental designs, we will consider increasing the freezing treatment time to gain 

a more comprehensive understanding of the role of this gene in the cold resistance 

mechanism of wheat. In addition, this finding also reminds us that we need to strictly 

control the various treatment conditions during the experiment to ensure the accuracy 

and reliability of the results. 
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Figure 3.2 - Relative expression of cold resistance genes 
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3.4 Cloning of cold resistance genes 

According to Fig. 3.3, According to the data provided in Figure 3. we can 

clearly see that the expression of the two genes, CS4A02G433200 and 

CSIA02G137500, was significantly higher than that at room temperature versus 4 °C 

in the C8178 variety of wheat after -18 °C cold treatment. This result suggests that 

these two genes are particularly sensitive and responsive to cold stress in the early 

stages of cold resistance in wheat. In view of their importance, we decided to perform 

cloning operation on these two genes in order to further study and explore their roles 

in the cold resistance mechanism of wheat in depth.  

By searching https://plants.ensembl.org/index.html, an authoritative gene 

database, we successfully obtained the sequence information of these two genes, 

which provided a solid foundation for the subsequent experiments: 

（1） CS4A02G433200： 

ATGGACCAGTACAACTACGGCGGCGGCGTGGCCTACTACGGCAGCA

CCACCGGCGGCGTAGGCGACAACGGCCAGGGCGGCGGGTACGCGACGGT

GACGTCGGCGCCGCCGAAGCGGCCGGCGGGGCGGACCAAGTTCCGGGAG

ACGCGCCACCCGGTGTACCGGGGCGTGCGCCGGCGCGGCGCGGCCGGGC

GGTGGGTGTGCGAGGTGCGCGAGCCCAACAAGAAGTCCCGCATCTGGCT

CGGCACCTTCGCCAGCCCCGAGGCCGCGGCCCGCGCCCACGACGTCGCCG

CGCTCGCGCTCCGGGGCCGCGCCGCCTGCCTCAACTTCGCCGACTCGGCC

ACGCTGCTCGCCGTCGACCCCGCCACGCTCCGCACCCCCGACGACATCCG

CGCCGCCGCCATCGCGCTCGCCGAGACCGCGTGCCCCGCCGCGCCCGCGT

CCTCGTCGTCCGTGGCCGCCGCCGTGGCGTCCGCGCCGGCGCCCCCGATG

ACGATGATGCAGTTTGACGACTACGCGATGCAGTACGGCGGCATTGGGG

ACTTGGACCAGCATTCCTACTACTACGACGGGTTGAGCGCCGCCGGTGGC

GACTGGCCGAGCGGCTCGCACATGGACGGAGCCGACGACGACTGCAACG

GCAGCGGTGGCTACGGCGCCGGCGAGGTCGCGCTCTGGAGCTACTGA 

（2） CSIA02G137500： 

ATGATGCGTAAGAAACTTTCGGGCGGCGGAATGGACGCGACGGTGG

ACGAGCTGAGCGCGGCGTATAAGGAGTTCGTGGCGGCTGCGGTGGCCGT
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GATGGAAGCTCGCGAGCAGTCGGGCGGCCAGAAGATGGCAGCCACGGAC

GCGGCGCTTGAAGCCTTCAAGCAGCGATGGGAGCTCTTCCGCGTCTCCTG

CGACCACGCCGAGGAGCTCGTTGAGTCCATCCGCCAGCGCATCGGCTCCG

AGTGTCTCGTCGACGAGGCCACGGGATCTTCCTCTTCCGCCTCCACGCCC

GCAAGCGTCGCGCTGGCTGCCCCCGGCATCAAGCCAATCAGCGCCGTCCG

CCTCGAGCAGATGAGCAAGGCCGTCCGCTGGCTCGTTATCGAGCTTCAGC

ACGGCGTCGGAGGGCCCTCAGCTGCCGGACCTGGCGGTGGCGTCTCAACC

CCGGCTGCCGGCGCCGGAGGGCAGCATGTGCACGGCGGGGTCGAATCGC

GCTTCCCCGAGGATGGCACCCAGTAG 

In the process of in-depth research on the mechanism of cold resistance in 

wheat, we accurately selected the genes CSIA02G137500 and CS4A02G433200 in 

C8178 cultivar, which had particularly significant changes in expression under cold 

stress, through analysis of variance (ANOVA) and analysis of significance (ANS). In 

order to verify whether the two genes were successfully cloned, we used BM2000 

DNA marker for agarose gel electrophoresis experiments. Figure 3.3 demonstrates 

the detailed electrophoresis results, from which it can be clearly seen that the 

electrophoretic band of the CSIA02G137500 gene corresponds to its expected length 

of 157 bp, while the electrophoretic band of the CS4A02G433200 gene accurately 

reflects its length of 237 bp. The clear display of the bands of these two genes not 

only proves the initial success of the gene cloning experiment, but also lays a solid 

foundation for our subsequent in-depth study of the functions of these two genes. 
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Figure 3.3 - Cloning results 

 

 

Conclusions to chapter 3 

1. The results of a comparative cold treatment experiment with C8178 and Tai 

113 wheat varieties were exceptionally interesting. It was not just a simple 

comparison, but a vivid demonstration that vividly presented C8178's 

excellence in cold resistance. In the early stages of seed germination, C8178 

showed amazing resilience. In both germination and survival rates, C8178 

significantly outperformed Tai 113, and under further cold stress conditions, 

C8178 seedlings showed remarkable resilience. Their leaves were green, 

straight and strong, and the whole plant grew taller and more vigorous. The 

superiority of this growth pattern was not only visible to the naked eye, but 

also verified by dry weight measurements. The higher biomass 

accumulation of C8178 under low-temperature stress is further evidence of 

its superiority in cold resistance. This finding, undoubtedly, provides a new 

direction for the breeding of cold-resistant wheat, and C8178 is undoubtedly 

a highly promising candidate. 
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2. Subsequently, we conducted an in-depth analysis of the expression of key 

cold resistance genes in C8178 and Tai 113, which provided us with more 

in-depth insights into the molecular mechanisms behind the cold resistance 

of C8178. Among the many cold resistance genes, CBF1 and ICE1 are 

undoubtedly two crucial players. In both varieties, the expression levels of 

CBF1 and ICE1 genes were significantly higher in C8178 than in Tai 113, a 

finding that makes us wonder about the role of these genes in the cold 

resistance of C8178. Perhaps, it is the high expression of these genes that 

conferred stronger cold resistance to C8178. They may promote the 

production of protective proteins or metabolites by activating downstream 

signaling pathways, thereby mitigating the damage caused by low 

temperatures to the plant. In addition, the combined action of multiple cold 

resistance genes may also have provided C8178 with more comprehensive 

cold resistance. This discovery not only provides a new perspective for us to 

understand the mechanism of cold resistance in wheat, but also provides 

strong support for us to breed new cold-resistant wheat varieties. the 

excellent cold resistance of C8178 gives us hope to ensure food security 

under harsh environmental conditions. In the future, we hope to introduce 

the excellent genes of C8178 into other wheat varieties through breeding 

technology, and breed more wheat varieties that can thrive in cold 

environments, thus contributing to global food security. 
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CONCLUSIONS 

1. After cold treatment, we observed that the expression of cold resistance 

genes in different wheat varieties showed significant changes. This was specifically 

manifested in the following aspects: 

(1) CBF genes: CBF genes play a pivotal role in the plant cold resistance 

mechanism, and they belong to a class of key cold resistance genes, which encode 

transcription factors that can effectively regulate a series of genes closely related to 

cold resistance. In our study, the expression of CBF genes in C8178 wheat showed a 

significant upward trend after cold treatment. This phenomenon usually started to 

appear within a few hours after treatment, and the increase in CBF gene expression 

further triggered a series of physiological and biochemical responses, which helped 

wheat to better adapt to the low-temperature environment, thus enhancing its cold 

tolerance. 

(2) ICE1 genes (antifreeze protein genes): In addition to the CBF genes, we 

also paid attention to the changes in the expression of antifreeze protein genes. The 

expression of these genes is also increased under low temperature induction. In 

particular, the increased expression of antifreeze protein genes helps to lower the 

freezing point in the cell, thus effectively preventing the cell from freezing damage. 

Although the rise in expression of these genes after cold treatment may not be as 

significant as that of the CBF genes, they also have a non-negligible role in 

improving cold resistance in wheat. Therefore, when researching and breeding cold-

resistant wheat varieties, we should comprehensively consider the changes in the 

expression of multiple cold-resistant genes in order to more comprehensively 

evaluate and enhance the cold-resistant performance of wheat. 

2. With the increasingly severe global climate change, wheat production is 

encountering unprecedented challenges, especially the problem of low-temperature 

cold damage, which has become a difficult problem that cannot be ignored. In this 

paper, we analyzed the cold resistance of two wheat varieties, Tai 113 and C8178, 

and successfully cloned the related cold resistance genes, which opened up a new 

path for the research of cold resistance breeding in wheat. However, this is only the 
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starting point for exploring the mystery of cold resistance in wheat, and we still need 

to deepen this research in the future. 

3. Looking ahead, it is critical to deepen our understanding of the mechanisms 

of cold resistance in wheat. At present, we have initially identified some of the genes 

and proteins associated with cold resistance, but this is only the tip of the iceberg. 

With advancing biotechnology, especially high-throughput sequencing and 

proteomics, we can hope to comprehensively and systematically reveal the molecular 

response mechanisms of wheat under low-temperature stress. This will not only 

improve our knowledge of wheat's adaptation to low-temperature environments, but 

also provide a solid theoretical foundation for breeding wheat varieties that are more 

resistant to cold. Translating theoretical knowledge into practical applications is 

equally important. Using gene editing techniques such as CRISPR-Cas9, we can 

precisely modify wheat genes to enhance its cold resistance [34]. This technology 

offers the possibility of breeding new cold-resistant wheat varieties, but we must be 

prudent in the application process to ensure that the edited crop is both safe and 

efficient. 

4. In addition to biotechnology, combining traditional breeding with modern 

methods is crucial. Traditional breeding has yielded excellent wheat varieties, yet 

there's still room for cold resistance improvement. Integrating biotech tools can 

enhance precision in selecting high-yield, cold-resistant wheat. Multidisciplinary 

approaches, especially agronomy and bioinformatics, offer new avenues for wheat 

research. Bioinformatics can pinpoint key cold-resistance genes. Future studies 

should integrate theory and practice, deeply explore cold resistance mechanisms, and 

bravely experiment with new breeding methods, all while considering ecological 

adaptability and sustainability to ensure food security. 

5. Despite the many challenges, research on cold resistance in wheat holds 

great promise. In this process, we must maintain patience and determination, not be 

impatient, and work steadily. We hope that through continuous research and practice, 

we can breed more high-yielding, high-quality and cold-tolerant new wheat varieties 

to contribute to global food security. 
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