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Analysis of Genetic Diversity and Relationship of ‘Tianshancaicha’
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Abstract: To explore the genetic diversity of Camellia sinensis ‘Tianshancaicha’ germplasm resources, the
genetic background of 143 ‘Tianshancaicha’ germplasm resources and their genetic relationship were analyzed by
using SSR molecular marker technology, with local tea tree germplasm resources from other production areas in
Ningde City as references. The results showed that 6 pairs of primers amplified a total of 55 alleles, with an
average of 9.166; the average observed heterozygosity, expected heterozygosity, Shannon index and PIC were
0.649, 0.779, 1.870 and 0.742, respectively. The 143 germplasm resources from different production areas could

be divided into 5 groups by genetic cluster analysis. Among them, 112 ‘Tianshancaicha’ germplasm resources
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(including wild bitter tea trees in Jiaocheng) were scattered in different groups, indicating that they might share

the same genetic background as ‘Mindencaicha’. The gene flow among different production areas was 2.225,

suggesting that the gene exchange among ‘Mindencaicha’ was relatively strong. So, there was a phenomenon of

cross-inheritance among the ‘Tianshancaicha’ germplasm resources, with significant genetic differences and rich

genetic diversity, which can assist in the selection of core and excellent resources.

Key words: Camellia sinensis; SSR molecular marker; Genetic diversity; ‘Tianshancaicha’; Cluster analysis
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Table 1 Information of 143 tea germplasm resources

R Ko i RV
Variety Number Code Material Source
‘KL% Tianshancaicha’ 37 JTO1~JT11. JT13~JT38 AR TR T RISk A
“R1lIZEZ “Tianshancaicha’ 32 PHO02~PHO6- PHOS~PH14. PH16~PH20 PH24~PH38 & &4 7+ fi iy BE 4l [X T3 A4
‘R ilI34 ‘Tianshancaicha’ 31 BZ01~BZ20. BZ23~BZ32 A T AT AR X B AT A
‘KL% ‘Tianshancaicha’ 7 BMS01~BMS07 AR TR X H Sl
FEII A AR Jiaochengkucha’ 5 KC00~KC04 A T T A X Ak A
‘B Xiapuchunbolv’ 1 XPCBL TS T T A R
‘FEIHICH 7% ‘Xiapuyuanxiaocha’ 1 XPYXC AR TR T B L S IR
“fR&KZ7% ‘Fudingdahaocha’ 1 FDDHC AR B AR A T R B S
‘MK AZE ‘Fudingdabaicha’ 1 FDDBC AR FE A4 AR 0 T SR AT A
4% K 7% ‘Fuandabaicha’ 1 FADBC TR HEFE 2 Ll

“HHPEH A ‘Tanyangcaicha’ 13 TYCCI~TYCCI11. TYCCI8. TYCC21 fE AR 22tk A
“B JZEHE ‘Guansicaicha’ 10 GSCC1~GSCCY. GSCC15 AR T E A
S 1LIH R “Wushanqingmingzao’ 1 WSQMZ R A28 A S T SR AT A
WK ‘Gelecha’ 1 GLC KRS S T KRR
<Hi&%° ‘Zaofengchun’ 1 ZFC A8 FE 24 A A T AR AT U A

1.3 HEAE (GE 2)%F 143 3 (A e b F o B2 VR AT 44, 359

KRN TS iR S ik gs B, 4iit SSR
AT, EARREY AL b, AT, B
110 9407; A NTSYS-pe 2.10 HfE ) NTedit
Bl g 8, s Ny 45 S A o i PopGene
DRTAEGE RN 51 YITE 143 43 BEIR 20 A 5T 55 5
IR AT FE TRl (Na) A 205 L DR (V) W 24 5
F£ (Ho)~ ¥HEE % & ¥ (He) A1 Shannon 48 %((1). K H
PowerMarker!" " ff 1+ 5 SSR A S Z &5 B &
(PIC), PIC=1-Y P72, Hrh, PARGRES i NEALAL
LA . FIH Megal U4, @it JEmACF 41k
(UPMGA)XT 143 73 AR 35 46 b it % U 117 388 A% AH AL
KRBT VAT R, FHA R R AR FIH
NTSYS-pc 2.10 4 Jk PCoA F ALK HT I

2 SRR

2.1 BT B IR SSR 234
KA Ot 2 8w SR Eme 6 X519

% 2 6 XF SSR A FHric 5 MF 51

Table 2 Sequence of 6 pairs of SSR molecular marker primer

W 55 MNEEAL R, @IS PopGene 73 M1 #8144t
i Nav New Hov He A1 1. Ho f¢ KN 0.867, #x/P
N 0.436; He f KN 0.913, e/ 0.627 (£ 3).
Ne 72 [R5 4% A8 S KNI FE b, L AU(E R 42
I Na B4, 3 B2 55 A7 J: R E B A o 2 AT R
B151: Ne AU Na 22 580K, 0BH S5 A7 & R 7E B A4
IIATRRANI 5T o 5 Bl DT 143 4y BB B o S5 U
B H ) N, 509508 8~12 N5 Ne N 5.835~8.670 A4,
No P34 9.166 4, Ne F¥IN 6.904 4>, it B 2%
A7 35 DRI PE A A vh o0 A1 35350 50 o 1 LA To) o I 1) 7
BAE ZREPEMRR R, AR R 3 R 2 U
B, AR Z RV E . XTSI 143 4 B
Tl R GEVE ) T 1.291~2.447, V14 1.870, £
AR AR X 2 IR P R D ) R O v, R 2 R
BEEPIC {H M =51 WY WA i 2 A H
BAEFR, 4 PIC>0.5 W, REAY AL BA & A
Z M, 24 0.25<PIC<0.5 i, N E L &M, PIC<
0.25 FNIREZ 1. 6 XFI4%F 143 4y W Ff

5% Primer IEM 5 Forward primer (5'~3") J 7] 5] ¥ Reverse primer (5'~3")
P06 AAGGGGCTCTATGGGTCAAG TGTGTAACCTGCCAAGACCA
T™M213 CATTAACTGAAACAACCC GCAACAAGCCAGCCTCC
TM341 CATGCTCCCATCCCACCT ATGCTGCTCATTCAAACCAACT
TM422 GGACTTCGTTGCTTCCTTTG CCATTCTCGACGAATCCAGT
TM337 GTGCGGCAAAGCTGTCTT ACCTCCATCTCCAAACCC
TM547 GAGAGACAGAGAGATGGGCAA TGACCACCACCAGACCACTA
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Table 3 Amplification results of 6 pairs of SSR primer to 143 tea germplasm resources

514 Primer Na Ne H, H. I PIC
P06 8.000 6.804 0.785 0.886 2224 0.844
T™M213 7.000 6.307 0.593 0.793 1.840 0.795
TM341 7.000 6.827 0.698 0.806 1.939 0.800
TM422 10.000 5.835 0.436 0.627 1.291 0.532
TM337 11.000 6.984 0.514 0.646 1.476 0.607
TM547 12.000 8.670 0.867 0.913 2.447 0.876
14 Mean 9.166 6.904 0.649 0.779 1.870 0.742

No: WUSEEALHE R Ne: BREFAIEREG Hy: EEARE L He: WIBZR 5 % I Shannon ZFEIEFEH PIC: ZEMEEE
N,: Number of observe alleles; N,: Number of effective alleles; H,: Observed heterozygosity; H.: Expected heterozygosity; /: Shannoninformation index;

PIC: Polymorphic information content.
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Fig. | UPMGA cluster dendrogram of 143 tea germplasm resources. Code No. see Table 1. The same below
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Table 4 Genetic diversity of tea germplasm resources from different origins

X Area ¥ Number A Ne H, H. I LI Gene flow (Nin)
Rk At Jitou 37 9.167 6.771 0.586 0.673 1.706
“FiiA Pinghu 32 9.333 6.731 0.601 0.714 1.721
4111 Baimashan 7 7.166 6.276 0.506 0.585 1.122
BEYTA Banzhu 31 9.333 6.631 0.572 0.632 1.631
i iR 4F Guniangping 5 6.333 5.895 0.492 0.542 0.731
#E i £ Xiapu 2 6.333 5.942 0.605 0.578 0.806
FIMIAT Bailiu 5 8.000 6.941 0.549 0.657 1.665
B A Guansi 10 7.833 6.750 0.564 0.598 1.516
#£ OAf Shekou 13 8.500 6.763 0.536 0.637 1.634
S Total 143 2225

PR R AT R4 A AL BL C. D E 5 KK
B, KA GE 2 MMETEIE. BEE 2414, C
5 344y DAL 48 43, 1 EALE 54, H A~D
4 NRBENTIRE D 2R, W mRE A IIE
e KA FERITHIA 1200, BZEHAO IS
GLC TfE—id. KR B EE2 JT ##1£ 10 . BZ
FEPR 4 4>« PH /K 5 4055 FADBC R7E—ift. 50
C FE & PH #E1K 13 1. BZ BEk 8 145 ZFC RAE
— g FEHE D R BRESSAREA Fol Joi  U 2= A
%, £ENBZ BE 9 3. TYCC #5413 GSCC
B 4 4y KC BEAK 5 4. BMS BfA 4 4. FDDHC.
FDDBC. XPCBL. XPYXC. WSQMZ £ —# 4 %
B4R RAKE DB S 1 KC B, KCOl.
KC02. KCO03. KCO04 [a] (gt f& B B4k, 1 KCO0
A 4 4 KC Pt SR AL IR B i . th4h, E
K#EE5 A, B. C. DEHET 24103, K
fil 4 NEFFR B AL AR RECEAC. Hdr, 3R
W25 F R %55 PH18. PH24 #1 BZ17 5 HAth 109
Py RS PR BHIEAEE OB SR G R R
2.3 L B RS T

X H PopGene 73T A4 Gi i 9 AN 7= X FB B
BVEH) Nav New Hov He M1 T(R 4), FETAHI N, 5
N ZRB K, NaN 9333, No N 6.631, Na5 NI
FAE N 2,702, T BB (0 SRR DR R A A b 4y
FABE]; EIREN No 5 Ne ZR RN, EiRE
] Na N 6.333, Ne N 5.942, N, 5 N. (12218 9 0.390,
Ui B R B S A R R E A A R 5 . AN
FEX A T{E N 0.731~1.721, AR[EF=X %L L2 R
PR NP> s Sk A > 48 8 >4k RS> BEAT A >
B EA>E G L>EWES IR, His ik 2R
BRI, TEsm, A 1721 BKRR

GHUREE, TEBAR, N 0.731, Hr Uil 5 4y B0 BT
A AR E R — AN R, AN I AR
WAL R R 5 D (Ho~He) Rl DA BB AR (8] H, A1 H
PR R, 2 D>0 B, REIFIESA TR
%R D<O B, REGFEREGFHRTIME: D (EK
FEIT 0 I, B IR R R A0 AR 4T TP AR . X
A= X Ho AT 9307, BoR Ho B84k R 43 51
#& 0.492~0.601 A1 0.542~0.714, 9 Nr=IX R THE
Z Ak, HAt = X B D ¥/ T 00 BB (Nm) N 2.225,
Ne>1 BF, R 7= X o B Y 2 ) P 228 O8] A2 e
SR, R XA BN P B IR ) R B R
2.4 BAEFEEABAE - IT

AL — SRy, 2 IR R BT B U I a5
FEFR BT, SR OC R . A NTSYS-pe 2.10
BAPXRR FBRRAS  ~FIAT S 10 AN X pA o 5%
R T) B A% R B A AL — BT T GR 5), &7
DX [ 0 o 5 B2 A% PR B M 0.012~0.362, i84% — 5K
PER 0.696~0.987, FHBEAT S 1Tl A+ o o2 55 U5 1)
WAL R, U8 0.012, B —FEmAk, N
0.987, Ut BHBETT AT AT 2 AN RS AL T =R
AL, SRR REOE; HUCH A S 5 RETA
2 ANEER, BALEE RN 0.019, 1AL —EE N 0.981;
b L Sl AR B R M BT B R AL R B R, N
0.362, EfE—FH M/, 5 0.696, UiBHREINEE
TRM G A2 K AR Z MEHE 1 SA BN E R,
RGRRBE. SMEKE, A R, A5
LU VB AT At 25 R0 o 57 8 U 2 A] ) 3 — Bt K
T0.900, B RIS P 5T BE IR 8] P35 45 AH AL
FEkrm, HsEE Sl MRE 10 A= X R F
JR PR AL — B SAAE 0.65 DAL, R fE L
FEEEAR, SRR RN .
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Table 5 Genetic distance and genetic consistency of tea germplasm resources in different area of Ningde

HhIX [T I 1Y N = R F ;X G v} LR T B FEAIASS =AY HEMN AN

Area Jitou Pinghu Baimashan Banzhu Guniangping Xiapu Bailiu Shanggaoshan  Guansi Shekou
B Sk A Jitou ok 0.970 0.962 0.977 0.883 0.813 0.953 0.798 0.977 0.968
“FiAT Pinghu 0.030 ok 0.962 0.987 0.834 0.743 0.937 0.743 0.981 0.970
15 11 Baimashan 0.037  0.038 ok 0.981 0.839 0.768 0.971 0.736 0.964 0.957
BETTHT Banzhu 0.023 0.012 0.019 ok 0.863 0.759 0.955 0.736 0.978 0.975
Ui iR EF Guniangping 0.124  0.180 0.174 0.146 ok 0.830 0.865 0.696 0.855 0.868
B Xiapu 0206  0.296 0.263 0.274 0.185 ok 0.824 0.798 0.787 0.771
HIMIAS Bailiu 0.047  0.065 0.029 0.045 0.144 0.192 ok 0.831 0.952 0.940
E# LA Shanggaoshan  0.225 0.296 0.306 0.305 0.362 0.225 0.184 ok 0.784 0.739
B A Guansi 0.023 0.019 0.036 0.021 0.156 0.239 0.048 0.243 Rk 0.966
#L TR Shekou 0.031 0.030 0.043 0.025 0.140 0.259 0.061 0.301 0.034 ok
AT I A RE RS, o) sk by g ft — Bk .
Below the diagonal is Nei’s genetic distance, and above the diagonal is Nei’s genetic consistency.

FIH NTSYS-pe 2.10 FAF 0K HBRkAS . Tl 2.5 PCoA FA-FRAHT

PR 10 N7 DX B AR P ot B2 3EAT B S 28 M v
REILHIE 2), g5FERW, 10 N2 X EAR N 2 A4
KIERE, BRSkAt. IR BEPTA . B REA. 4t
RS A5 I FamIa o —28, SR f—
ARG S, VB G AR EF B B A0 R S R R
ISEAE . ML HHERA « RE R AR SR M
JR B AR B s BRI E S bR R
PR IR B —2K, B BRI T 4. BRI
B S AR K AR BT S, S5 HARRE
RIS R RN B . < RISEZR T AR 4 A
F= X BRAS  SEIAT BEPTA . BB —2K, A
WAL IR S HRIUT, R 4 N7 X H R SR i
JR BRI 8 A — B i s, X5 IR IS AL R B A
BAE— SR T — 8 3P IE T I X A
Folt R R R TR (R SR 20 R

K NTSYS-pe 2.10 B A5 5ilxt ok 5 Brk At
SR EE 10 ANASIRI P IX (A AS W FhOTE B2, DAJCR
LR A8 PR BEIR 1 4 472 X AT PCoA AR5y
Bro S—TABbR. 55— ARFRAIES = ARKR 7 59 M
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Fig. 2 Nei’s genetic distance cluster dendrogram of tea germplasm resources in different area
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