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Fingerprinting Construction and Genetic Structure Analysis of the
Main Cultivated Tea Varieties in Guizhou Province
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Abstract: Guizhou has the largest tea planting area in China, which also has the abundant tea plant
germplasm resources.Accurate identification of the authenticity and genetic structure of the cultivars is the
pivotal to germplasms identification and parents selection in hybridized breeding.In this study, 54 tea plant
germplasms including the cultivars or improved cultivars in Guizhou province were used as materials, the
genetic identification of them was conducted using 35 SSR markers, firstly.A total of 317 alleles were detected,
yielding the polymorphic information content ( PIC ) ranged from 0.22 to 0.92, with a mean value of 0.73.The
genetic differentiation of each SSR marker was evaluated by P/ and Plsibs, which showed that any two pairs of
primers could distinguish the tea plant germplasms in this study.Five core SSR markers were selected to generate
the fingerprinting of these tea plant resources, which provided the resolution sufficient for identification of the
individuals in larger groups.Additionally, by using the genotyping-by-sequencing ( GBS ) approach, the genome-
wide SNP were identified with the 54 cultivars or improved cultivars, and a total of 698117 high quality SNP
were identified. The phylogenetic analysis, principle component analysis ( PCA ) and genetic structure analysis

of the 54 tea plant samples were performed.The 54 tea plant germplasms were divided into 4 sub-populations,
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and the genetic backgrounds of the cultivars and the improved cultivars were highly overlapped.According to the

results, the general breeding model of tea plants in Guizhou in the previous was speculated, which revealed that

the germplasms utilization of early tea plants breeding in Guizhou depended too much on Fudingdabaicha and

the local tea plant germplasm resources of Yunnan province, and it was also shown that increasing the hybrid

utilization of the excellent tea plant cultivars in other provinces and the ancient tea plant resources in Guizhou

would contribute to the germplasm innovation and the breeding of new tea plants in the subsequent breeding

practice.

Key words: tea plant ( Camellia sinensis ( L. ) Kuntze ); fingerprinting; SSR ; SNP; genetic structure
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Table 1 Detailed information of the 54 tea plant samples used in this study
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Table 2 The character of the SSR markers used in this study
o 31807791 mpn O TR
Primer name Original Primer sequences ( 5'-3") Repeat motif Cw (t?p ) Reference
code Tm Size

TP1 TMO043 F: TAAATTCTGTCCACCCATCT (TTTC)S 56 130~146 [26]
R: GTAACTAAATCTCCCTCCTTCT

TP2 TM044 F: CACGAAGAATAACCCAAGAT (TC)10 56 123~147 [26]
R: GAAGATACATGCGAATACATAC

TP3 TMO046 F: AACACCATAAGCTCATCTAC (AG)12 56 102~131 [26]
R: ACTCCATTCACCGCTACTAT

TP4 TMO55 F: CAGGGTATGATTGATGAGGA (CAC)6 56 266~295 [26]
R: CAAGCAACTTATTTCGTGGT

TP6 TMO080 F: AGATCCAAGCGAGTGTCCTA (CT)11 56 100~120 [26]
R: CAAATAGAGGCAATTCACCA

TP7 TMO089 F: CTATGATGCCTCCTTCAGTTT (AT)10 56 236~260 [26]
R: TGTACTTGTATAACACGACCC

TP8 TM099 F: CTGCCCGTGAAGTTAGTTTT (TC)10 56 236~268 [26]
R: ATCGAATCAACCATTAGAAAGT

TP9 TM103 F: GTCCCCATTGCTCTTAGTTT ( TATGTG )4 56 195~220 [26]
R: ATCATTGACCACCACATCAT

TP13 TM153 F: CACCCTTACCCTTCACA (ATTTTT )4 56 222~236 [27]
R: CCTTCCCACTACTTCCA

TP14 TM281 F: TTGGCAAACACCATTCAC (CT)10 56 156~182 [27]
R: GCTTGTGCTGGGAGGAG

TP16 T™227 F: TGCGCTAATCCTTTGTCTTCC (TTTTTA )3 56 140~158 [27]
R: CGTTCATCGGCATTTCCA

TP17 T™M221 F: TCCGGACATCAAAATAGTA (CACCAA)3 56 90~108 [27]
R: AAGCCTCATGGACAGCC

TP19 T™212 F: GAAGCAGTCACAAGAGGC (TC)9 56 241~265 [27]
R: CCATCCCCAAATACCAAG

TP20 T™M213 F: CATTAACTGAAACAACCC (TAGGGT )3 56 205~ 230 [27]
R: GCAACAAGCCAGCCTCC

TP21 TM205 F: CAAACCCCTGAAGCACAA (ACC)6 56 123~160 [27]
R: GGACCCATCAACATTCC

TP22 T™M207 F: TCCGCTTAGATCGCATA (AAGAA)3 56 243~265 [27]

R: GGGCATCAGGTGAGGTG
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TP23 T™M208 F: CCTATTGTTTGCATCCC (TTTTTG )3 56 128~158 [27]
R: GACATTTATTGCTGCCACT

TP25 TM188 F: TACACCGAAACAATCACC (AAGAA )3 56 215~230 [27]
R: AAGTATAGCTTGGAGGAC

TP26 TM190 F: CACAATCAACCCCAATAA (TTTTC )5 56 105~135 [27]
R: CAGTGGGTTTGGAATCAT

TP27 T™M048 F: CAGTTTGGTCTTTGTACTGT (AG)9 58 139~174 [26]
R: CTCAAATTCAATCCCTTTCT

TP28 TMO050 F: CAACCCATCTCCATTCATCTC (CT)10 58 114~144 [26]
R: GGACTCCGCATCCATTACAG

TP29 TMO051 F: AATCATGCCCAAGGACATTC (GGT)6 58 160~188 [26]
R: CAACCACTACCCATTTCACT

TP30 TMO052 F: CCCAGCAATCTTTGCTCAAT (AG)9 58 136~164 [26]
R: GTTGGCTTTCTGACCTATCC

TP31 TMO057 F: CTCGCTCCAACTCATCACAA (CTT)9 58 320~352 [26]
R: TGAAGGCCAGGAGAAAGAAA

TP32 TMO058 F: CATTATCCCTTTCCTTGTCCA (TCA)6 58 253~295 [26]
R: GGAGGGAGTAGGAGGTGGTCT

TP33 TMO060 F: CTTGTGCTGGGAGGAGTTAT (CT)8 58 158~178 [26]
R: CTTTGGCAAACACCATTCAC

TP34 TM062 F: TGAGACTCAGCCTCAGAACC (CT)15 58 108~140 [26]
R: ACCGATTGCTTTATCACCAG

TP35 T™MO070 F: GCAGAAGGCGTTAGCAAATA (CT)11 58 150~186 [26]
R: GGAAGAGTGGGTGCGTGAAG

TP36 T™MO075 F: ACCCCTGTTTTCGTCTTTAC (CT)16 58 157~179 [26]
R: GTTGCTGTTGATTCGTCTGA

TP37 TMO083 F: CGAAGACGTCCTCACTAGAT (TGAGT )4 58 210~230 [26]
R: TGTCTGTTGTTTCCAGGTAT

TP38 TMO087 F: GGAACTCTTCTCCCTCCTTT (CT)17 58 203~253 [26]
R: CCTACTCAATCATAACAGCA

TP39 T™107 F: TGTGGAATAAACAATCCTCCTG (TTTGT )4 58 135~160 [26]
R: TCAAAGCAAAGCCCCTCAAT

TP40 T™114 F: AGACCTACCGAAGCGACCAA (AT)9 58 202~224 [26]
R: ACAGCCCAATCCATCCAAAT

TP41 T™137 F: GGACTTGGAACTCGCTCT (AGAGA )3 58 210~225 [27]
R: ATCAGCAGCAACAGAACG

TP42 TM140 F: CCGGTGCATGATGTCTC (GCACCA )3 58 264~300 [27]
R: CCGCAATCTCCTCCAAT
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Table 3 Statistics of the 35 SSR markers
bric FHA LA S B PRIE TG ZHEE I Plsibs
Marker [K45i*% MAF  Genotype No. Na Ho PIC
TP1 0.19 22 9 0.53 0.84 0.04 0.33
TP2 0.20 19 11 0.28 0.83 0.04 0.33
TP3 0.24 26 14 0.52 0.86 0.03 0.32
TP4 0.36 15 7 0.30 0.76 0.07 0.38
TP6 0.24 19 11 0.66 0.84 0.04 0.33
TP7 0.14 26 14 0.42 0.89 0.02 0.31
TPS 0.20 26 14 0.37 0.89 0.02 0.31
TP9 0.28 15 6 0.76 0.75 0.08 0.38
TP13 0.71 3 3 0 0.36 0.39 0.63
TP14 0.34 18 10 0.35 0.80 0.05 0.35
TP16 0.56 9 4 0.39 0.55 0.21 0.50
TP17 0.49 7 4 0.87 0.59 0.18 0.47
TP19 0.42 10 8 0.71 0.71 0.10 0.40
TP20 0.62 5 4 0.04 0.47 0.28 0.55
TP22 0.59 6 4 0.05 0.51 0.25 0.53
TP21 0.51 14 10 0.39 0.67 0.12 0.43
TP23 0.44 12 6 0.74 0.70 0.11 0.41
TP25 0.52 9 5 0.40 0.59 0.18 0.47
TP26 0.35 12 5 0.41 0.71 0.10 0.40
TP27 0.20 19 13 0.52 0.87 0.02 0.31
TP28 0.23 22 11 0.83 0.86 0.03 0.32
TP29 0.20 23 10 0.60 0.84 0.04 0.33
TP30 0.16 26 12 0.60 0.88 0.02 0.31
TP31 0.27 25 12 0.66 0.82 0.04 0.34
TP32 0.20 21 12 0.32 0.84 0.04 0.33
TP33 0.35 18 9 0.33 0.80 0.05 0.36
TP34 0.11 37 16 0.87 0.92 0.01 0.29
TP35 0.18 29 16 0.71 0.88 0.02 0.31
TP36 0.21 23 12 0.54 0.86 0.03 0.32
TP37 0.86 3 3 0.23 0.22 0.59 0.78
TP38 0.13 22 16 0.33 0.91 0.01 0.30
TP39 0.36 12 5 0.64 0.68 0.12 0.42
TP40 0.41 16 12 0.35 0.71 0.10 0.40
TP41 0.54 7 4 0.45 0.55 0.21 0.50
TP42 0.50 5 5 0 0.57 0.20 0.48
44 Mean” 0.35 16.60 9.06 0.46 0.73 45x107 3.6x107"

" X T PLAN Plsibs , S IOER T bRic G s 214 R II g

". For the PI and PIsibs, the values are the combined probabilities, which are the products of the P or Plsibs of all individual loci
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A': Evaluation of the probability of identification of the SSR markers, B: Allele sizes and frequencies for the five core SSR markers.
Bl 1 SSRARIZAERRHERRIIES LR

Fig.1 Evaluating the fingerprinting power of SSR markers in tea plant samples
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Table 4 The fingerprinting codes of the tea plant samples based on five SSR markers
= SSR HRECHIY = SSR HRECHINY
1D SSR fingerprinting code” ID SSR fingerprinting code”
BHI1 A0B152C130-138D275-295E110 J1 A0B152-134C130D278E120
C550 A283B152C128-132D286-298E118-132 JG1 A283-289B0C132-142D269E114-138
CQl A295B152-134C130-138D278-286E110-118 LJ43 A289-295BOCODOE110
DH1 A277B152C130-140D289-292E120-140 MP1 A292-295B152-134C132D278-286E112-120
DH2 A292-295B152C130D259-275E110-118 MS131 A295B0C130-138DOEO
DH3 A286-292B0C128D278E112-122 NwW A283B152C130-136D0E114-120
DH4 A277B158-145C0D275-286E122-128 QC1 A295B146-128C128-138D289E112-134
DH5 A295B0C130D272-275E0 QC7 A295B152-134C126-140D272E112-118
DH6 A289B158-152C134-142D286E118-134 QC8 A294B146-126C128-137D292E120-129
D71 A292-295B152-134C0D286E0 QF4 A295B146-128C126-134D278-286E112
DZz2 A286B152-140C132-136D295E112-120 QM308 A283B158-134C0D272-272E114-136
DZ3 A292-295B158-134C0D275E124 QM419 A295B152-134C130-138DOE112
FDO05 A277B152-128C126-136D278E110-122 QM502 A274B152-134C124-130D278E116-122
FD06 A295B0C134-144D275E120-126 QMo601 AO0B158C0OD286E130-140
FD1 A292B0C128D0E114-126 QM701 A286-292B158-152C130-134D269-275E116-126
FX1 A295B0C132-136D272-289E114-122 QM809 A283-283B146-128C130-138D253-286E118-136
FX2 A283B152-128C126-134D286E112-124 QZ1 A286B152-134C130-134D272E0
GY8 A289B152-128COD278E110-122 Qz2 A286B152-128C132-142D278E122-122
GYH1 A295B158-146C134-142D289E118-136 TB0322 A295B0C130-142D286-295E112-134
GYHI10 A289B152C132-142D272E114 TC12 AOB152C134-144D272E114
GYHI2 A283B152-146C132-136D286E118-130 TX1 A292B146-128C132-140D278E126-136
GYH2 A292B158-134C130D272E120-130 X2 A295B152COD278E110-128
GYH4 A277-295B152-134C132-138D286E118-124 TX3 A295B152-134C134-144D272-292E124-138
GYHS A283-292B152-128C130D0E114-122 TX4 A289-295B152C130-142D272E110-116
GYH7 A283-295B152-134CODOEO YG0843 A295B146C134-142D292E118-138
GYHS8 A289B158-134C124-134D275E120-132 ZJ1 A274-289B158-134C134-142D275E116-130
GYH9 A295B146-139C124-128D265-289E110-134 771 A283-295B152-134C130-136D269E116-126

" A.B.C.D.E/MilF/R514) TP4, TP23, TP28, TP32 il TP34;“0" M TA 44
A ,B, C, D and E represent the primer TP4, TP23, TP28, TP32 and TP34, respectively, “0” indicate no amplification

2.5 EHE SNP X ERBINEED T

XF 3 B9 3535 4> 25 B AR P — 20 b X
2 225 S A AL %) T RE VR B AR B (http: //www.
plantkingdomgdb.com/tea_tree/data/fun/ ), H: /1 1275
A S AL X # GO 28 1 1 A= W i 2 Biological
Process . 487 1~ 3 Al bk X 2] GO 2 5 %) 4l it 21 73
Cellular Component ., 1823 4~ 3 [ Lt %} £ GO 2 Jll
1 43 ¥ IJ i€ Molecular Function ( ¥ 3 ), X} F 4=
¥y i 2 Biological Process 2% I T #5 K AQ i} i 72
metabolic process ( GO: 0008152 ). 4l fifd i #2 cellular
process ( GO: 0009987 ) Fll ¥ 4 21 i #2 single-
organism process ( GO: 0044699 ) %5\ 25 it Jt [F %%
Hix % ; X T 412 43 Cellular Component 25 5l
W & I membrane ( GO: 0016020 ). 4 2 cell ( GO:
0005623 ) FIZ IR 4> cell part ( GO: 0044464 ) .2k
R H 5% 2 5 X453+ PI1HE Molecular Function
FN T W K254 binding (GO: 0005488 ) FlEE Ak 1

P catalytic activity ( GO: 0003824 ) V2 it R4 H
ISEN
2.6 ETE=EREH SNP HIREEHSHT

LT R Y 42 3 K SNP X 54 103 25 W B4 )
s AL S RIEAT A AT . MR 0 A% BE B 1) R Ge kAL
R 54 Oy BERERT LAY R 4 A2 B (R 4A) 5 AR 3im
CRIYHR A B FE B, Hoh FX1 L FX2 ., FD05 . FD06
F1QMB809 # 5 A7 i 4 K 1 25 (FD1) 35 1% 1 5,
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S TEHE S AR AE T ST Ah, TB0322
J& QC1 I H SRS HbR L QF4 o QMA419 Iy Fh 4/
WS, BT BIRAE T —if % RN T
JZTHESE T EANTRBAE SR, RIS g 3 T4
FLIH SNP JEA 70 B4 8 I T SE . o BT i)
SR 5 R G I a5 A m E— 2 (1 4B ), [F] A
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Fig.2 The distribution statistics of the identified SNPs
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Fig.3 Gene Ontology classifications of the identified genic SNP-associated tea unigenes
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