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EST-SSR Genetic Diversity and Population Structure of Tea Landraces and

Developed Cultivars (Lines) in Zhejiang Province, China
QIAO Ting-Ting**, MA Chun-Lei , ZHOU Yan-Hua, YAO Ming-Zhe, LIU Rao, and CHEN Liang*

Research Center for Tea Germplasm and Improvement, Tea Research Institute of the Chinese Academy of Agricultural Sciences / National Center for Tea
Improvement, Hangzhou 310008, China

Abstract: Tea [Camellia sinensis (L.) O. Kuntze] has long history in production and consumption in Zhejiang Province, China.
Improvement of tea, therefore, is of great importance and a good understanding of the genetic diversity and population structure of
tea germplasm is a prerequisite to the improvement. In spite of great advances on the use of molecular markers in tea, achievement is
still gotton very slowly compared with in other cereal crops and woody species. Expressed sequence tag derived simple sequence
repeat (EST-SSR) is a less costly alternative way of developing new markers for genetic diversity analysis, functional markers
development and marker assisted breeding of tea plant. A total of 4 833 ESTs generated from a cDNA library of tea young root were
subjected to SSR mining using DNAstar 5.0 software, 577 EST-SSRs were identified and 416 primer pairs were designed by Primer
premier 5.0. After the determination of annealing temperatures and polymorphism of all the primers, 64 core primers were selected
and used for genetic diversity and population structure analyses of tea landraces and improved cultivars in Zhejiang province. All
selected primers were polymorphic and 232 alleles were amplified, with 3.6 alleles per primer pair on an average. Each primer pair
identified 2 to 13 genotypes, with an average of 4.3. The mean of polymorphism information content (PIC) was 0.44, ranging from
0.02 to 0.84. Observed heterozygosity (H,) was 0.44, while expected heterozygosity (H.) was 0.48. The level of genetic diversity
among landraces was slightly higher than that among improved cultivars and breeding lines. There were 226 alleles amplified in 22
landraces with 14 of them that were special. In the thirty-seven improved cultivars, however, two hundred and eighteen alleles were
amplified but only six were special. The PIC of the landrace groups varied from 0.24 to 0.36, in which Juyan Qunti was the highest
and Huiming Qunti was the lowest. Deqing Qunti was closest to Juyan Qunti in genetic relationship, but farthest from Huiming Qunti.

The genetic diversity of tea cultivars from Hangzhou was the highest with PIC of 0.41, while those from Lishui recorded the lowest
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PIC of 0.24. Population structure revealed by software Structure 2.2 and UPGMA cluster analysis showed that landraces and
improved cultivars were relatively independent. The improved cultivars were further clustered into smaller groups according to their
pedigree. Hybrid offspring from Fuding Dabaicha and Yunnan Dayezhong from different breeding organizations fell into similar
group.
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Table1l Name and origin of tea germplasm in Zhejiang province
Ne- Name Type Origin

1 43 Longjing 43 Developed cultivar Hangzhou

2 Longjing Changye Developed cultivar Hangzhou

3 Longjing Yuanye Breeding line Hangzhou

4 Juhuachun Developed cultivar Hangzhou

5 Hanlii Developed cultivar Hangzhou

6 102 Zhongcha 102 Developed cultivar Hangzhou

7 Maohong Breeding line Hangzhou

8 Shuangfeng Developed cultivar Hangzhou

9 Jingfeng Developed cultivar Hangzhou

10 Chuili Breeding line Hangzhou

11 Yingshuang Developed cultivar Hangzhou

12 Cuifeng Developed cultivar Hangzhou

13 Qingfeng Developed cultivar Hangzhou
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138 Zhenong 138
113 Zhenong 113
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117 Zhenong 117
1 Jiaming 1
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7 %Jiande Qunti
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* 2Zhujizhong
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10-27 Fuyun 10-27
9-11 Fuyun 9-11
9-6 Fuyun 9-6
8-16 Fuyun 8-16
9-22 Fuyun 9-22
0-3 Fuyun 0-3
Hongkui
11-35 Fuyun 11-35
Hongyun
Lanhai
Hangzhou Daye
? *Pingyangzhong
Daye Wupi
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108 Zhongcha 108
F1-1 Gougunao F1-1
F1-2 Gougunao F1-2
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The germplasm marked with * are the sexual lines, the rest are clone; the superscripts are individual number of the sexual lines.

1.2 DNA

a

sps [

59

DNA

0.8%

DNA



ND-1000 UV-Vis (Nanodrop Technologies, Inc., Wilmington, DE, USA) DNA
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Table 2 Number and frequency of SSR in tender root EST of tea plant
SSR SSR
Repeat type Number of SSRs Proportion in all SSRs (%) Frequency (%) Average distance (kb/SSR)
Dinucleotide 213 36.92 6.12 10.75
Trinucleotide 128 22.18 3.68 17.89
Tetranucleotide 44 7.63 1.26 52.05
Pentanucleotide 95 16.46 273 24.11
Hexanucleotide 86 14.90 2.47 26.63
Heptanucleotide 8 1.39 0.23 286.25
Octanucleotide 2 035 0.06 1145.00
Decanucleotide 1 0.17 0.03 2290.00
Total 577 100 16.57 3.97




2.2 EST-SSR
64 EST-SSR 100% 232
3.6 6 2 2~13
4.3 (PIC) 0.02~0.84 0.44
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Table 3 Characterization of EST-SSRs in tea young root and amplification results

Primer code Repeat motif Fragment To T Main allele Genotypes

length(bp) () () Alleles frequency o H. PIC
CamsinM5  (GT)15(GA)13 170-205 55.0 55 5 0.31 5 1.00 0.76 0.72
TMI125 (GAY 150-220 48.7 55 5 0.34 6 0.86 0.77 0.74
TM126 (TAT)7 260-295 45.7 55 4 0.31 5 0.64 0.76 0.72
T™127 (AATG)6 240-300 44.9 42 3 0.38 5 0.76 0.73 0.68
TM128 (AAATA)S 160-200 43.7 45 3 0.28 7 0.60 0.79 0.76
TMI129 (GTG)5 175-215 50.0 51 4 0.78 4 0.87 0.36 0.34
TM130 (CCAYT 145-170 50.9 58 3 0.79 6 0.38 0.36 0.34
T™M131 (GAGTGT)4 160-200 45.4 54 3 0.90 3 0.24 0.18 0.17
TM132 (TTGTG)3 95-—125 43.1 51 5 0.25 13 0.68 0.85 0.84
T™M133 (CCT)5 145-180 48.2 56 3 0.60 5 0.42 0.56 0.50
T™134 (CAT)8 230-260 47.8 56 3 0.46 4 0.55 0.58 0.49
TM135 (TAT)6 110-160 42.4 51 3 0.55 6 0.53 0.60 0.55
T™M136 (TTTTG)S 220-270 457 54 4 0.50 6 0.5 0.66 0.61
T™M137 (AGAGA)3 195-330 50.5 58 3 0.72 3 0.43 0.43 0.38
T™M138 (AD11 180-205 42.4 51 6 0.60 3 0.48 0.55 0.48
TM139 (ATTTTA)3 145-160 453 48 3 0.71 4 0.38 0.46 0.43
TM140 (GCACCA)3 250-290 54.5 58 3 0.52 3 0.50 0.55 0.45
TM141 (AAAAT)3 140-175 41.0 51 4 0.84 5 0.21 0.29 0.28
T™142 (TCCGAT)3 230-250 50.8 58 2 0.95 2 021 0.09 0.09
TM143 (TAC)6 200-250 448 54 5 0.33 8 0.95 0.74 0.70
TM144 (TAT)S 190-205 46.3 51 2 091 2 0.22 0.17 0.16
TM145 (TTC)7 175-200 42.5 48 6 0.56 7 0.98 0.63 0.60
TM146 (TTTCT)3 155-210 472 56 4 0.99 2 0.10 0.02 0.02
TM147 (GTG)5 150-170 49.1 48 3 0.95 2 0.19 0.09 0.09
TM148 (ACC)8 135-155 55.2 58 2 0.71 3 031 0.43 0.37
TM149 (TTTGC)3 120-130 445 51 2 0.49 3 0.35 0.62 0.55
TM150 (TTTTTA)3 220-250 46.2 51 3 0.57 4 0.64 0.52 0.43
TM151 (CATATG)4 140-205 452 51 4 0.65 4 1.00 0.52 0.46
T™M152 (TTTTA)4 150-180 43.1 48 5 0.54 4 0.49 0.61 0.55
T™I153 (ATTTTT)4 220-260 459 56 4 0.92 3 0.13 0.14 0.13
TM154 (TCA)6 200-250 479 56 4 0.67 5 0.73 0.47 0.40
TM155 (TTTTTC)4 200-225 46.3 56 3 0.39 4 0.52 0.70 0.65
TM156 (ATTTTT)S 220-255 45.5 54 4 0.36 8 0.59 0.77 0.73
T™157 (TTTTTA)S 80—120 433 51 6 0.27 8 0.43 0.80 0.77
T™158 (TCT)6 235-265 441 54 4 0.52 6 0.45 0.64 0.59
TMI159 (AT)9 175-215 43.1 51 5 0.74 6 0.37 0.43 0.40
TM160 (GAT)6 240-295 41.3 51 3 0.67 3 0.34 0.46 0.37
T™MI161 (GCACCT)3 140-155 52.5 58 4 0.80 3 0.77 0.34 0.31
TM162 (CTCA)S 100-160 48.0 58 3 0.36 4 0.61 0.73 0.68




TM163 (ATCAGA)3 145-160 49.4 58 3 0.79 3 0.18 0.35 0.32
TM164 (GCTA)5 160-170 46.6 54 2 0.60 3 0.17 0.56 0.49
TM165 (ATAA)4 220-250 46.9 56 3 0.71 4 0.51 0.43 0.37
TM166 (AAGGTAC)3 180-250 44.4 51 3 0.91 3 0.07 0.16 0.15
TM167 (TGTATT)3 105-110 41.8 48 2 1.00 2 0.00 0.06 0.05
TM168 (ATATG)3 130-150 43.5 51 2 0.79 3 0.18 0.34 0.30
TM169 (TTTTTG)4 160-210 42.8 51 4 0.56 3 0.32 0.56 0.48
TM170 (CAG)5 175-195 49.6 56 3 0.84 4 0.11 0.27 0.25
T™171 (AAGGAG)3 275-305 50.8 51 3 0.55 3 0.40 0.51 0.40
T™M172 (TTTTC)3 200-300 479 56 6 0.93 2 0.00 0.14 0.13
TM173 (TGAG)4 240-300 46.8 51 3 0.99 2 0.01 0.02 0.02
T™M174 (TTTAT)S 180-200 47.9 56 3 0.66 3 0.06 0.48 0.41
T™M175 (TCTCTG)3 90-145 46.4 54 5 0.38 6 0.56 0.76 0.72
TM176 (ACTCT)3 175-210 43.9 48 5 0.42 6 0.57 0.68 0.63
T™177 (TATTT)3 185-230 44.5 51 4 0.41 5 0.44 0.65 0.59
TM178 (ATC)S 178-220 51.6 58 4 0.66 3 1.00 0.48 0.40
TM179 (TGA)8 148-170 46.8 56 3 0.41 5 0.39 0.73 0.68
TM180 (GAAAG)3 160-175 47.6 56 2 0.46 3 0.45 0.63 0.56
TM181 (TCTTT)3 200-250 43.8 54 5 0.83 2 0.17 0.29 0.25
TM182 (TTCTT)3 240-255 46.9 54 4 0.89 3 0.12 0.20 0.19
TM183 (TA)10 110-145 414 48 5 0.42 7 0.27 0.73 0.70
TM184 (TTTC)4 120-140 44.7 54 3 0.94 2 0.60 0.12 0.11
TM185 (TTTATT)3 120-135 41.7 48 3 0.98 2 0.02 0.04 0.04
TM186 (CACCAA)3 280-300 50.6 51 4 0.43 7 0.54 0.64 0.58
TM187 (TTG)S 140-155 43.4 54 3 0.58 6 0.31 0.61 0.58
Mean — — — — 3.6 0.63 43 0.44 0.48 0.44
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Fig. 1 Comparison of genetic diversity between landraces and developed cultivars
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Fig. 2 Genetic diversity among land race groups
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Fig. 3 Dendrogram of landrace populations in tea germplasm
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Fig. 4 Genetic diversity of tea germplasms in different regions in Zhejiang province

5 Nei’s
Fig. 5 Dendrogram of tea germplasm from Zhejiang province based on Nei’s genetic distance

The codes used in the dendrogram correspond with the No. for germplasm given in Table 1.
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