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The influence of plant genomics on plant evolution
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Abstract:
With the increasing demand for high-quality tea, the genetic basis of ideal traits of tea plants has been widely 
concerned. The research on tea tree genomics, specifically focusing on “Longjing 43”, provides significant insights 
into plant evolution and breeding. “Longjing 43” was chosen due to its complex genome and economic importance. 
The study successfully assembled its genome to the chromosome level, revealing a large and heterogeneous genome 
with numerous repetitive sequences. Comparative genomics showed that hybridization has been a key driver of genetic 
diversity and adaptability in tea plants. These findings are crucial for developing marker-assisted selection (MAS) 
techniques, improving traits such as disease resistance, flavor, and stress response. Moreover, the research underscores 
the role of tea tree genomics in preserving cultural heritage and promoting economic benefits through enhanced tea 
quality. This study contributes to the broader understanding of plant genomics by illustrating the evolutionary processes 
and potential applications in agriculture, conservation, and industry, thus offering a comprehensive tool for future plant 
breeding and genetic improvement strategies.
Keywords: Plant breeding, Tea tree genomics, Longjing 43, Genetic diversity, Marker-assisted selection 
(MAS).

1. Introduction
Tea is one of the most consumed beverages worldwide, 
with a rich cultural history and significant economic 
importance. The tea plant, Camellia sinensis, has been 
cultivated for thousands of years, and its leaves are used 
to produce various types of tea, including green, black, 
oolong, and white teas. Among the different tea cultivars, 
“Longjing 43” stands out for its superior quality and 
unique flavor, making it highly prized, especially in Chi-
na.[1]With the growing demand for high-quality tea, there 
is an increasing need to understand the genetic basis of 
desirable traits in tea plants to improve breeding practices 
and ensure the sustainability of tea production. The rapid 
advancements in genomics have provided powerful tools 
to explore the genetic diversity and evolutionary history of 
tea plants, which are crucial for the development of new 
cultivars with enhanced traits such as disease resistance, 
stress tolerance, and improved flavor.
Research on tea plant genomics has progressed signifi-
cantly in recent years, both in China and internationally. 
Chinese researchers have been at the forefront of tea 
genomics, conducting extensive studies on the genetic 
diversity, genome structure, and evolutionary history of 
Camellia sinensis. For example, the Key Laboratory of 
Tea Biology and Resources Utilization of the Chinese 

Academy of Agricultural Sciences has made significant 
contributions by resequencing the genomes of various tea 
germplasm resources, providing a comprehensive under-
standing of the genetic diversity within tea populations[1]. 
These studies have revealed the role of hybridization in 
increasing genetic diversity and shaping the evolution of 
tea plants, particularly in the domestication process, where 
traits like disease resistance and flavor were strongly se-
lected.
Internationally, research has also focused on understand-
ing the genomic architecture of tea plants. Studies in Ja-
pan and India, where tea is also a culturally and econom-
ically important crop, have explored the genetic basis of 
various agronomic traits and stress responses in tea plants. 
For instance, Japanese researchers have investigated the 
genetic mechanisms underlying the synthesis of catechins 
and other secondary metabolites, which are critical for tea 
quality and health benefits[2]. Similarly, Indian research 
has emphasized the identification of genetic markers asso-
ciated with drought tolerance and pest resistance, aiming 
to improve the resilience of tea plants to changing envi-
ronmental conditions[3].
Despite these advances, there are still gaps in our under-
standing of tea plant genomics. Most studies have focused 
on specific traits or small subsets of the genome, leaving 
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much of the tea plant′s genetic diversity unexplored. 
Moreover, while considerable progress has been made in 
identifying genetic markers and understanding the evolu-
tionary history of tea plants, the practical application of 
this knowledge in breeding programs is still in its early 
stages[4]. Therefore, there is a need for more comprehen-
sive studies that integrate genomics with breeding and 
conservation strategies to fully realize the potential of tea 
genomics in improving tea production and quality. The 
motivation behind this research stems from the need to ad-
dress the challenges facing the tea industry, particularly in 
the context of climate change, disease outbreaks, and the 
increasing demand for high-quality tea. The study aims 
to bridge the gap between genomic research and practical 
breeding applications by focusing on the “Longjing 43” 
cultivar, which is renowned for its high quality and market 
value. This research seeks to unravel the genetic basis of 
important traits in “Longjing 43”, such as flavor, disease 
resistance, and stress tolerance, by conducting a compre-
hensive genomic analysis.
The research framework involves several key steps: First, 
the genome of “Longjing 43” will be assembled and an-
notated to identify genes associated with important traits. 
Comparative genomics will then be used to explore the 
genetic diversity and evolutionary history of “Longjing 
43” concerning other tea cultivars and related species. 
Finally, the study will focus on the practical applications 
of this genomic knowledge, such as the development of 
marker-assisted selection (MAS) tools and the potential 
for genetic engineering and CRISPR technologies to en-
hance tea breeding programs. In summary, this research 
aims to provide a deeper understanding of the genetic 
architecture of “Longjing 43” and its implications for tea 
breeding and conservation. By integrating genomics with 
practical applications, this study hopes to contribute to the 
sustainable development of the tea industry, ensuring the 
continued availability of high-quality tea for future gener-
ations.

2. Tea tree genomic research
2.1 Genome Assembly and Structure of 
„Longjing 43“
Tea tree is an important economic plant with the charac-
teristics of large genome, high genetic diversity, and high 
species diversity. Researchers at the Key Laboratory of 
Tea Biology and Resources Utilization of the Chinese 
Academy of Agricultural Sciences conducted genome 
resequencing on 139 tea germplasm varieties and found 
that as tea plant cultivation spread, hybridization increased 
genetic diversity and gene flow in tea plant populations. 
These genetic exchanges not only increased the genetic 

diversity of tea plants but also influenced important ag-
ronomic traits such as disease resistance and flavor. The 
systematic analysis of tea plant evolution showed that 
during domestication, the tea plant populations experi-
enced stronger selection for disease resistance and flavor 
than the Assam tea populations. These findings provide 
important resources for marker-assisted breeding of tea 
plants and lay a foundation for further research on the ge-
netics and evolution of tea plants. Research on the tea tree 
genome not only helps understand its evolutionary history, 
but also provides scientific basis for the improvement and 
protection of tea tree. Through in-depth research on the 
tea tree genome, scientists can identify genes related to re-
sistance to diseases, flavor, and other important traits, thus 
providing guidance for tea tree breeding. This article uses 
Longjing 43 as an example to argue the genetic charac-
teristics of tea trees and their application in breeding im-
provement, as well as the role of plant genomes in human 
production and life and cultural exchanges.
The genome of “Longjing 43” has been high-quality as-
sembled to the chromosome level, covering 3.26 Gb. The 
comprehensive assembly provides a detailed map of the 
genetic structure of the cultivar, highlighting its large ge-
nome size and high heterogeneity. The genome contains 
a large number of repetitive sequences and transposable 
elements, which increase its complexity. The genome of 
“Longjing 43” contains numerous genes responsible for 
various metabolic pathways, including those related to 
flavor, disease resistance, and stress response. Functional 
annotation has identified many genes related to secondary 
metabolite synthesis, particularly those affecting the syn-
thesis of catechins and caffeine, which are crucial to tea 
quality and health benefits.

2.2 Comparative Genomics
Comparative genomic analyses with other tea cultivars 
and related species reveal significant genomic variation. 
These differences are particularly important for under-
standing the evolutionary adaptability of “Longjing 43”, 
especially its unique flavor profile and resistance to envi-
ronmental stress. Systematic phylogenetic studies show 
that “Longjing 43” has undergone significant hybridiza-
tion events, which contribute to the formation of its genet-
ic diversity.

2.3 Applications in Tea Breeding and Im-
provement
2.3.1 Marker-assisted selection

The high-quality genome assembly of “Longjing 43” pro-
vides valuable markers for breeding programs. Marker-as-
sisted selection (MAS) can accelerate the breeding pro-
cess for new varieties with desired traits such as improved 
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disease resistance, enhanced flavor, and higher yields[5]. 
For example, markers related to anthocyanin synthesis can 
help develop tea varieties with unique colors and health 
benefits[6].
2.3.2 Genetic engineering and CRISPR

Genetic engineering and CRISPR technologies can help 
researchers manipulate tea tree genomes at the molecular 
level to improve tea quality and health benefits. For ex-
ample, gene editing techniques can alter the pathway of 
catechin synthesis in tea trees to enhance their antioxidant 
capacity and health benefits[7]. These technologies offer 
new possibilities for tea tree breeding and improvement. 
The advancement of genetic engineering and CRISPR 
technologies makes it possible to perform precise gene 
editing of “Longjing 43”. By targeting specific genes, 
researchers can enhance drought resistance and pest resis-
tance, among other traits. CRISPR-based modifications 
can also optimize secondary metabolic pathways to im-
prove tea quality and consistency.
2.3.3 Gene resource conservation

Understanding the genetic makeup of “Longjing 43” can 
help conserve genetic resources. By identifying genetic 
variations and unique alleles, strategies can be developed 
to protect tea tree genetic diversity and ensure the sus-
tainability of breeding programs while preventing gene 
loss[8].
2.3.4 Human interaction and social impact

In economic importance, “Longjing 43” plays a crucial 
role in the tea industry, making significant contributions 
to the economy of tea-producing regions. Its outstanding 
quality and unique flavor combination make it highly 
sought-after in the market, influencing trade and business 
activities. In cultural significance, Tea, particularly tea 
varieties like “Longjing 43,” has significant cultural sig-
nificance in many societies. It is closely related to various 
traditions, ceremonies, and social practices. Recognition 
and protection of “Longjing 43” not only benefits eco-
nomic interests but also preserves cultural heritage.
Drinking tea is associated with numerous health benefits, 
including antioxidant properties, improved cardiovascular 
health, and potential anti-cancer effects. Genetic research 
on “Longjing 43” helps identify bioactive compounds that 
promote these health benefits, thereby promoting the de-
velopment of tea as a functional food.
One important finding of tea tree genome research is the 
role of hybridization in the evolution of tea tree. Hybrid-
ization not only increases genetic diversity of tea tree, but 
also promotes the generation of new gene combinations, 
thereby improving its adaptability and resistance to ad-
verse conditions. For example, certain tea tree populations 

acquired stronger resistance genes through hybridization, 
enabling them to survive and reproduce in harsh environ-
ments. Through genomic research, scientists can identify 
beneficial genes and introduce them into other tea tree 
varieties through breeding methods, thus improving the 
resistance and adaptability of the entire population[9].
The research on tea tree genome also reveals its evolu-
tionary process in different geographical regions. For ex-
ample, by comparing the genomes of tea tree populations 
in different geographical regions, scientists have discov-
ered adaptive variations of tea tree populations in different 
environments. These research findings not only help us 
understand the evolutionary history of tea trees, but also 
provide important information for the protection and utili-
zation of tea trees.

3. Diversity of Plant Genomes
The field of plant genomics is a rapidly developing area 
of scientific inquiry that provides invaluable tools for 
advancing our understanding of plant evolution and di-
versity. The study of plant genomes allows us to gain 
insights into the history and evolutionary processes of 
plant populations, while also providing guidance for the 
improvement of crops, the development of new drugs and 
the conservation of biodiversity. This article will examine 
the impact of plant genomics on plant evolution, with a 
particular focus on how the combination of systematics 
and genomics can elucidate the processes of species emer-
gence and extinction. It will also consider the application 
of this approach in the study of economically important 
plants, such as tea trees.
The plant genome exhibits remarkable diversity in size, 
composition, and complexity. The size of plant genomes 
can vary by dozens or even hundreds of times between 
different species, reflecting the different historical events 
and selective pressures experienced by plants during their 
evolutionary history. The composition and structure of 
plant genomes are equally diverse, with significant differ-
ences in the number of genes, gene arrangement, repeti-
tive sequences, and transposable elements among different 
species. For example, crops such as wheat and maize have 
a large number of repetitive sequences and transposable 
elements in their genomes, which play important roles in 
the evolution of their genomes[10].
Whole-genome duplication (WGD) is a key feature of 
plant genome evolution, which not only increases genetic 
complexity but also provides more genetic material for 
plants, thereby promoting the emergence of new gene 
functions and biological traits. Most flowering plants have 
undergone one or more WGD events, which have greatly 
promoted plant diversification. By studying the genomes 
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of different plants, we can see that WGD has played an 
important role in plant evolution. For example, rice and 
Arabidopsis thaliana have undergone different degrees of 
WGD, which have provided them with rich genetic vari-
ation, thereby promoting their adaptation and diversifica-
tion in different ecological environments.

4. Application of Plant Genomics
Plant genomics has widespread applications in crop im-
provement, new drug development, and biodiversity con-
servation. Through genomics research, scientists can iden-
tify genes related to important crop traits, thus providing 
guidance for breeding. For example, through studies of 
the genomes of rice, wheat, and corn, scientists have dis-
covered many genes related to resistance to diseases, tol-
erance to adverse conditions, and high yields. They have 
also introduced these beneficial genes into new varieties 
through gene editing or traditional breeding techniques, 
thereby improving crop yields and quality.
In the development of new drugs, plant genomics plays an 
equally important role. Many plants contain rich second-
ary metabolites, which have a variety of pharmaceutical 
values. Through genomics research, scientists can identify 
genes related to the synthesis of these secondary metab-
olites, and through metabolic engineering techniques, 
they can increase the production of these compounds. For 
example, paclitaxel is a natural product widely used in 
cancer treatment. Through studies of the genome of Taxus 
mairei, scientists have identified key genes in the syn-
thesis of paclitaxel and have increased the production of 
paclitaxel through genetic engineering.
In terms of biodiversity conservation, plant genomics can 
help us understand the evolutionary history and genetic di-
versity of different species, thereby enabling us to develop 
effective conservation strategies. For example, by study-
ing the genomes of endangered plant species, scientists 
can identify the level of genetic diversity and population 
structure of these species, and based on this information, 
develop conservation plans to maintain and restore their 
genetic diversity.
Plant genomics can also help us address the challenges 
posed by climate change. With the intensification of glob-
al climate change, many plant species are facing survival 
threats. Through genomic research, scientists can identify 
genes related to environmental adaptation, thereby help-
ing plants survive in new environmental conditions. For 
example, by studying the genomes of drought-resistant 
plants, scientists can discover drought-resistant genes and 
introduce these genes into other crops, thereby enhancing 
their drought tolerance and ensuring food security.
Moreover, plant genomics can promote research on eco-

system services. Plants play an important role in eco-
systems, and through genomic research, we can better 
understand the functions of plants in ecosystems, thereby 
enabling us to develop effective conservation and manage-
ment strategies. For example, by studying the genomes of 
forest vegetation, scientists can understand the ecological 
functions of different plant populations and develop effec-
tive forest management and protection measures to pro-
mote the sustainable development of ecological systems.
With the continuous advancement of genomics technol-
ogy, plant genomics research will usher in new devel-
opment opportunities. The progress of next-generation 
sequencing technology, gene editing technology, and bio-
informatics tools will enable us to decode plant genomes 
more comprehensively, thereby enabling us to have a 
deeper understanding of plant evolution and function.
In the future, plant genomics research will place greater 
emphasis on interdisciplinary cooperation. By combining 
research methods from genomics, ecology, and evolution-
ary biology, we can provide a more comprehensive under-
standing of plant evolutionary mechanisms and adaptive 
strategies. For example, by integrating eco-genomics and 
climate change research, we can predict the adaptability of 
plants to future environmental changes, thereby providing 
scientific basis for the protection and utilization of plants.
Moreover, the application of plant genomics will be more 
extensive. In addition to traditional crop improvement and 
drug development, plant genomics will also play an im-
portant role in environmental protection, ecological resto-
ration, and energy development. For example, by studying 
the genomes of energy plants, scientists can enhance the 
yield and conversion efficiency of biomass energy, there-
by promoting the development of renewable energy.
In summary, plant genomics provides valuable tools for 
understanding plant evolution and diversity. By combin-
ing systematic evolution and genomics, we can uncover 
the processes of the emergence and extinction of new spe-
cies, providing scientific basis for crop improvement, new 
drug development, and biodiversity conservation. The 
successful demonstration of tea tree genome research has 
shown the prospect of genomics in plant research. In the 
future, as genomics technology continues to advance, we 
will be able to decode plant genomes more comprehen-
sively, thereby better addressing global challenges such as 
food security, drug needs, and environmental changes[11].

5. Conclusion
This study on the genomic research of the tea plant cul-
tivar “Longjing 43” highlights its significance in under-
standing plant evolution, particularly through the lens of 
plant genomics. The comprehensive genome assembly of 
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“Longjing 43” revealed key genetic traits responsible for 
flavor, disease resistance, and stress response, which are 
critical for tea breeding and agricultural practices. Com-
parative genomics further demonstrated the role of hy-
bridization in increasing genetic diversity and adaptability 
in tea plants. These findings contribute valuable resources 
for marker-assisted selection and genetic improvement 
in tea cultivation. The significance of this research lies in 
its potential to enhance tea breeding programs, ensuring 
the sustainability and improvement of tea quality. It also 
provides a broader understanding of plant genomics, with 
implications for conservation, agriculture, and economic 
development. However, the study has limitations, such as 
the focus on a single cultivar and the early stage of prac-
tical applications in breeding programs. Future research 
should expand to other cultivars and explore more practi-
cal applications of genomic findings in real-world breed-
ing and conservation efforts.
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