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Preface

The tea plant, Camellia sinensis (L.) O. Kuntze, originated in the southwestern part
of China. Tea is the largest non-alcohol healthy beverage next to water in the world.
According to the Annual Bulletin Statistics of International Tea Committee (2023),
the tea plant has been cultivated in more than 50 countries with 5.32 million ha of
plantation and 6.48 million tonnes of made tea in 2022. It is a very important cash
crop for family income and social welfare in many countries, such as China, India,
Sri Lanka, Turkey, Viet Nam, Kenya, Malawi, Japan, etc., and scientific research in
tea plant is booming.

The tea plant is cross-pollinated, largely self-incompatible, with high heterozy-
gosity, and a very large genome (~3.0 Gb), which has greatly hindered research and
breeding in this crop. In recent years, modern genetic and genomic tools have con-
tributed to the development of significant valuable resources for tea genetic improve-
ment. Consequently, a book providing comprehensive and updated information on
tea plant genomics and molecular breeding approaches is needed to fill a gap in the
current literature on the tea plant. The chapter authors are top and highly reputed
researchers in the field.

This book, The Tea Plant Genome, includes 20 chapters that cover the most rel-
evant and hot topics in tea plant genetics and genomics. A first set of chapters
includes its global economic and health importance, the botany and taxonomy, and
main quality and functional components. A second group of chapters deals with
genetics and breeding and includes genetic resources, commercial breeding, genetic
transformation techniques, as well as the use of marker assisted-selection (QTL,
GWAS). This is followed by a set of chapters on omics, including genomics, tran-
scriptomics, metabolomics, proteomics, organelle genome, small RNA and DNA
methylation. Two chapters are devoted to biotic and abiotic stresses, followed by
two others focused on the SNP array and databases for molecular design breeding.
Finally, a chapter deals with future perspectives in the omics era for tea breeding.

We hope that this book will be useful not only to the world tea community to
enhance the understanding of tea genetics and omics, promote the progress of global
tea breeding, and help us breed more desirable new tea cultivars to meet the demands
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of different markets and consumers in the increasing world market, but also as a
reference for other woody perennial species.

The publication of the book is partially supported by the National Natural
Sciences Foundation of China, the China Agriculture Research System (CARS-019)
of MOF and MARA, etc.

We would like to express sincere thanks to Professor Chittaranjan Kole, Chairman
of Professor Chittaranjan Kole Foundation for Science & Society, President of
International Climate Resilient Crop Genomics Consortium, President of
International Phytomedomics & Nutriomics Consortium, and President of Genome
India International, for his critical guidance. We would like to thank Drs Zhao-Tang
Ding, Qing-Sheng Li, Hui-Ling Liang, Chun-Lei Ma, Ze-Jiang Pan, Jie Qiu, Bin-
Mei Sun, Lu Wang, Ming-Le Wang, Peng-Jie Wang, Tian-Li Wang, Wei-Wei Wen,
En-Hua Xia, Zhi-Qiang Xia, Yong-Quan Xu, Shi-Xiong Yang, Zi-Yin Yang, Meng
Ye, Chuan Yue, Liang-Sheng Zhang, Qun-Feng Zhang, Qun-Jie Zhang, Wei Zhang,
Xing-Tan Zhang, Zhao-Liang Zhang, Zheng-Qun Zhang, Chao Zheng, Xin-Qiang
Zheng, etc., for their constructive peer reviews and revisions. The editors want to
express special acknowledgment to Ms Amanda Laverick for her professional lan-
guage editing.

Hangzhou, China Liang Chen
Hangzhou, China Jie-Dan Chen
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Chapter 1
Tea Plant: A Millennia-Old Cash Crop
for a Healthy and Happy Life Worldwide

Check for
updates

Chang-Jian Pan, Xu-Lin Yang, and Liang Chen

1.1 Introduction

As an ancient crop, the tea plant has a long history and diverse cultural backgrounds.
Tea is a popular drink with rich nutritional health benefits that bring many advan-
tages worldwide. This section introduces the origin and spread of tea plants and then
provides an analyses of the current situation of the global tea industry, including
planting, production, and trade, and the importance of the tea industry to life and
international exchange of tea.

1.2 The Center of Origin and Dissemination of Tea Plants

There is great interest in the scientific issues related to the origin and birthplace of
the tea plant, and the origins of the tea plant have been explored from many histori-
cal sources and its geological heritage. The overall consensus is that the tea plants
was discovered long ago and has been utilized for thousands of years. The home of
the tea plant is the southwestern region of China, specifically Yunnan province.
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1.2.1 The Origins of Tea Plants

Origin is the natural process from zero to one. Evolution is the process from less to
more and from simple to complicated. It is a challenge to explore the origin of tea
plants. Historical traces and evidence do however provide substantial support for
the origin of tea plants, allowing people to understand and explore it in depth and
from various perspectives. With the continuous development of scientific technol-
ogy, this question has gradually received scientific conclusions (Chen and
Yang 2011).

According to Chen (1994), tea plants evolved from Camellia species, and
Camellia sinensis appeared 40 million years ago. Analysis by botanists found that
the origin of tea plants was 60—70 million years ago (Yao and Chen 2012).

The origin of tea plant is the distribution area before its domestication. There is
more evidence to support the claim that the tea plant originated in China than the
claim of Indian origin (CTSS 2022). Some scientists believe it is the same as the
original center. The origination of tea plants from China has been acknowledged as
being the case for a long period of time. A dispute was raised after a so-called wild
tea plant was found to have originated from India in 1824. Actually, there are no real
“wild tea plants” in Assam, India. A renowned taxonomist, Chang (1981), reported
that, following careful investigation, the tea plant in India was the same as the
widely distributed and cultivated large leaf tea plants in Yunnan province, China.

Tea plants originated from China. Only, there are different views about the actual
origination center. A world-famous taxonomist of Theaceae and other families,
Chang (1981), reported that over 90% of the genus Camellia species distributed in
the southwest and south of China, centered on the Tropic of Cancer along Yunnan,
Guangxi and Guangdong provinces, the adjacent area of Yunnan, Guangxi, and
Guizhou provinces. So, this adjacent area is considered the original center for the
genus Camellia species. Wild tea plants were first discovered in Yunnan Province in
southwestern China, where abundant and diverse wild tea plants were found grow-
ing in the primeval forest (Yu 1986). Yu also found that Yunnan is the origin of tea
plants according to the results of tea germplasm investigation, the theory of species
origin, the quantity of species, the discovery of new species, the regularity of hori-
zontal and vertical species distribution, and the morphological characterization of
species in Sect. Thea (L.) Dyer in Yunnan. Yu further indicated that the long-narrow
region of Wenshan and Honghe cities (southeast of Yunnan, China), located at
22°40’-24°10" N, 103°10-105°20’, is the original center for tea plants, based on the
geological history and concentrated distribution of primitive species of sect. Thea in
the southeast of Yunnan, China. Another famous taxonomist of Theaceae, Min
(2000), pointed out the Sect. Thea is evolved from sect. Archecamellia Sealy. The
subtropical limestone area of southeast of Yunnan, west of Guangxi, and southwest
of Guizhou is the original center of Sect. Thea plants. In further studies, Yunnan is
believed to be the original center of tea plants, based on Yunnan having high levels
of species diversity of tea plants (wide distribution of tea plants and its wild related
species) (Chang 1981; Yu 1986; Min 2000); high levels of phenotypic diversity (Yu
1986); Chinese Tea Encyclopedia shows that China possesses the largest number of
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wild tea plants and the richest genetic diversity of tea germplasm resources, and
southwestern China has the most Camellia plants. Among them, Yunnan tea plants
[Camellia L. Sect. Thea (L.) Dyer] have the most species, the richest variants, and
the closest affinity to Camellia spp. (Chen and Yang 2011). Yunnan tea plants also
exhibit high levels of biochemical component diversity (Jin et al. 2014), high levels
of DNA genetic diversity (Yao et al. 2012), and, in particular, whole genome level
diversity (Wang et al. 2020).

In conclusion, the southwest of China, specifically Yunnan, is the original center
of tea plants.

1.2.2 The Dissemination from the Origin to the Rest
of the World

The spreading of tea plants includes the spreading from the original center Yunnan
to other tea-growing places in China, the dissemination from China worldwide, and
the spread of tea from China to the world.

1.2.2.1 From the Origin to the Other Parts of China

Chemical experiments and DNA marker tests have demonstrated transmission
routes from Yunnan province, Guangxi Zhuang Autonomous Region, and other tea-
growing regions in China. Yao et al. (2012) used simple sequence repeat (SSR)
DNA markers to analyze the genetic diversity of 450 accessions of Chinese core tea
germplasms. The genetic diversity (H) and polymorphic information content (PIC)
decrease as the distance from the center of origin (Yunnan province and the neigh-
boring Guangxi) toward the north and east regions increases. Lower allele numbers,
H and PIC, are observed as being farther away from Yunnan and Guangxi provinces.

The ratio of linalool and geraniol (terpene index,
(Linalool + Linalool oxides )

Tl = — - - —) in tea volatiles was used to explain the
(Llnalool + Linalool ox1des) + Geraniol

origin and dispersion of tea plants (Tadakazu et al. 1992). The tea plants growing in
Yunnan province, which is proposed as the original center of tea plants, had a TI of
near 1.0, and the TT of tea plants in the rest of China decreased gradually from near
1.0 in Yunnan to very low in the east of China. They proposed four possible disper-
sion routes of tea plants from Yunnan to other parts of China: (1) spreading along
the sea, from Yunnan to Guangxi, Guangdong, Fujian to Zhejiang, (2) dispersing
from Yunnan via Sichuan to Shaanxi, (3) spreading from Yunnan, via Sichuan,
Hubei, to Anhui and Jiangsu along the Yangtze River, and (4) dispersing from
Yunnan via Sichuan to Guizhou, Hunan, Jiangxi, and Zhejiang.

The path of the spread of tea plants from southwestern regions to Jiangxi,
Zhejiang, and Fujian provinces can also be corroborated from the perspective of
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historical and cultural transmission. In this process, Taoism and Buddhism played
an important role in the spread. According to the Chinese Tea Encyclopedia, Taoist
priests and monks brought tea from Yunnan to Sichuan and Jiangxi among
other places.

1.2.2.2 From China to the Rest of World

Chinese tea planting techniques and tea processing technologies have gradually
spread to other parts of the world. From China, the tea plants spread to other Asian
countries, as well as to Africa, Europe, and the Americas, and adapted to local cli-
matic and soil conditions, developing distinctive varieties of tea. During the Sui
dynasty in China, tea was introduced to Japan by Buddhist monks. Tea use spread
during the sixth century AD (Kiple and Ornelas 2000). During the twentieth cen-
tury, tea plants and the production technology were distributed to Africa and other
parts of Asia, such as Guinea, Mail, Algeria, Pakistan, etc., by the Chinese govern-
ment (Chen and Yang 2011; Ma and Chen 2018). The main force and channel
through which the tea plant spread to other countries and regions, besides royalty
and religion, was via ancient traders. They brought tea seeds and tea, ceramics and
silk, etc., to other countries in the world along the land-based and also sea-based
Silk Road.

1.3 The Worldwide Tea Industry

The tea industry is a global industry, and many countries or regions have been
involved in tea planting, production, and trade, and even some countries or regions
that have never planted tea before have begun to develop a tea industry. The tea
industry occupies an important position in the economy of some countries and has
also become an important link for socioeconomic cooperation among the countries
concerned. The tea industry has an important role to play in the global socioeco-
nomic development of quality.

1.3.1 Global Tea Planting and Production

To 2022, the world’s tea plantation area reached 5318 kilo-hectare. According to the
Annual Bulletin of International Tea Committee (ITC 2023), the top ten countries
and regions with the largest tea planting areas in 2022 were China (Mainland),
India, Kenya, Sri Lanka, Vietnam, Indonesia, Myanmar, Turkey, Bangladesh, and
Uganda, accounting for 94.19% of the world’s tea acreage (Fig. 1.1).

To 2022, total global tea production reached 6477 kilotons, an increase of 1456
kilotons compared to 2013. The top ten countries and regions of tea production in
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Fig. 1.1 Top ten countries and regions of tea plantation in 2022 (kilo-hectare). (Data source:
Annual Bulletin of International Tea Committee 2023)

2022 were China (Mainland), India, Kenya, Sri Lanka, Turkey, Vietnam, Indonesia,
Bangladesh, Uganda, and Argentina (see Fig. 1.2).

The countries and regions of the world producing tea were mainly in Asia and
Africa. Tea production and its share in each continent are shown in Fig. 1.3. Asian
countries are the major players and contributors to the global tea industry. The major
tea-producing countries and regions in Asia include China, India, and Sri Lanka.
China is the home of tea and has vast tea-producing regions. Major tea-producing
provinces include Fujian, Zhejiang, Anhui, Yunnan, Guizhou, Sichuan, and Hubei.
India is the second largest tea producer in the world, with major producing areas
including Assam, Darjeeling, Kangra, and Nilgiris. Sri Lanka is an important tea
exporting country, with the main producing areas located in the central highland and
southern inland areas of the island. Bangladesh is located in the South Asian sub-
continent, neighboring Myanmar and India. The country produces mainly black tea
and, to a lesser extent, green tea in Moulvibazar and Habiganj which are the main
producing areas. Turkey is now one of the most important tea producers in the
world; all tea gardens in Turkey are established through seedlings and show great
heterogeneity. The tea industry in Turkey consists of black tea production and a
small amount of green tea, mixed with some fruits. In addition, tea improvement
activities which concentrate on clonal selection to decrease seedling populations



