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Research on the Genetic Diversity of Phenotypic Traits of Ancient Tea
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Abstract: To identify and evaluate the phenotypic trait genetic diversity of 200 ancient tea tree germplasms in Lincang,
correlation analysis, principal component analysis and cluster analysis were used to study the genetic diversity of their phenotypic
traits. The results showed that 28 qualitative traits exhibited rich variation degrees in the tested germplasms, and the genetic diversity
indices of each trait had significant differences, ranging from 0.056 to 1.106, with an average genetic diversity index of 0.670. The
coefficient of variation of 14 quantitative traits ranged from 5.03% to 34.30%, with an average of 20.97%. Correlation analysis
indicated that most phenotypic traits had significant or extremely significant correlations. Principal component analysis extracted 14
principal components, with a cumulative contribution rate of 70.97%, which mainly reflected the characteristics of the main vein hair,
back hair, petiole hair, petal color, leaf area, leaf length, leaf width, leaf size and petiole length of tea trees. When the Euclidean
distance was 20, the 200 ancient tea tree germplasms in Lincang could be divided into 4 major groups. Cluster analysis did not
completely follow the geographical distribution, but mainly relied on the genetic diversity characteristics of phenotypic traits. The

research results indicated that the phenotypic variation of ancient tea tree germplasms in § counties (districts) of Lincang was rich,
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and the genetic diversity level was high, showing good potential for tea tree breeding. This research provides a basis for the protection
and sustainable utilization of the ancient tea tree resources in Lincang.

Key words: Lincang; ancient tea tree resources; phenotypic traits; genetic diversity
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Table 1 Distribution of 200 ancient tea tree resources in different tea-growing areas of Lincang

P55 Number SRAEELX Sampling z?*i#(% ' W% PR T
county Sampling quantity Tree age Resource number

1 I ¥ X 27 EEDN 1~27
2 pea 44 EE Y 28~71
3 KUK 25 HEM L 72~96
4 KA 15 EE Y 97~111
5 B 29 AL 112~140
6 kD 16 HAEE 141~156
7 HUE 25 EE 157~181
8 BT 19 HEULE 182~200
2 REMHREWERE
Table 2 Quality traits and their scoring criteria

Jii MR Quality traits T AE AR ifE Assignment

WY Tree type

R Tree posture

43 B %% ¥ Branching density
M FEADRE Leaf attitude
I F K/ Leaf size

7% Leaf shape

5 £ T Petiole pubescence
ik #H - Midrib pubescence
I8 Leaf color

15 T Abaxial pubescence
Ml Leaf surface

& Transection shape

I Jiii Leaf texture

I F 52 Leaf brightness
158 B Leaf tooth sharpness
1585 £ Density of leaf teeth
15 B Leaf tooth depth
3£ Leaf base

143 Leaf apex

4 Leaf margin

1% (1% Calyx anthocyanin colouring
#EHHEE Calyx hair
EMHI Petal color

1M Petal texture

e EE Petal down

F 55 #HEE Ovary pubescence
2L Stylet cracking location

WA S AH X = B Pistil stamen relative height
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The descriptions outside the brackets are the trait descriptions, and the values inside the brackets are the quantified assignments of these traits
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211 REMREBIERS TS ZHEM DI 200 43 b AR5 I8 10 5 S HRAE 0 A g5 Bk 3 fos, H
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FERN A i, MESS SHESSIOAR K2 A TSRk . 28 MREMRIEL Z R (HD 18

0.056~1.106 2 [f], “F-¥JA 0.670, Mk BB AR R K/ MERESSARGT SR . il . BRI, 2
#24 1.106. 1.088. 1.075. 1.054. 1.026; L= AFERIA/DN, v 0.056, IXFRHH 200 1 v b6 Ff o 58 YR AE
FEERA . R RN 5 MR BRI F 3 A8 5 28, X SRR AT MR N A0 S Ak B S 8% B R 1)
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Table 3 Distribution Frequency and diversity Index of quality traits

SHRABAEE (%)
AFHIRAGII AL LR ()

Bt R Quality traits Frequencies of different phenotypic levels . .
Shannon-wiener index
1 2 3 4 5
WAL Tree type 1.50 38.00 60.50 - - 0.735
B2 Tree posture 17.00 46.00 37.00 — — 1.026
43 k%% ¥ Branching density 4.50 50.00 45.50 - - 0.844
7 AOIRES Leaf attitude 28.00 14.00 53.50 4.50 — 1.106
i F oK/ Leaf size 1.00 26.00 49.00 24.00 — 1.088
7% Leaf shape 5.00 0.00 66.50 28.00 0.50 0.804
IH % £ Petiole pubescence 12.00 88.00 - - — 0.367
F: ik EH E Midrib pubescence 11.00 89.00 — — — 0.347
€4 Leaf colour 2.50 1.50 65.50 30.50 - 0.795
-5 E Abaxial pubescence 11.00 89.00 - — — 0.347
T Leaf surface 20.50 44.00 35.50 — — 1.054
i £ Transection shape 34.00 56.00 10.00 - — 0.922
i Leaf texture 8.50 68.50 23.00 - - 0.807
I} 5 Leaf brightness 4.00 96.00 — - - 0.168
4548 % Leaf tooth sharpness 24.50 59.00 16.50 - - 0.953
5% % Leaf tooth density 13.00 75.50 11.50 - — 0.726
7R B Leaf tooth depth 52.00 44.00 4.00 - - 0.830
-5 Leaf base 84.00 16.00 - — — 0.440
2R Leaf apex 5.50 79.50 12.50 2.50 0.694
%% Leaf margin 52.00 43.50 4.50 - — 0.842
1€ {47 Calyx anthocyanin colouring 99.00 1.00 - - - 0.056
LHEE Calyx hair 95.50 4.50 — - - 0.184
TEIHI Petal color 21.00 78.50 0.50 — - 0.544
AEMEFi . Petal texture 26.50 57.00 16.50 - — 0.970
1L FHE Petal down 97.50 2.50 - - — 0.117
FJ5HE Ovary pubescence 4.50 95.50 — — — 0.184
TeFEZEAT Stylet cracking location 8.50 18.50 73.00 — — 0.751
W S RE X 75 B Pistil stamen relative height 30.50 43.50 26.00 - — 1.075

— RN ARRTIZ TR AR B 2B BRI

—: represent that the qualitative trait has not been assigned a value

212 HEMRKNERS SRS g Tl A S0 14 MEENEIREAT S i, WK 477
B, BB 14 DEETEIRI A R IR E 1.18~98.07 Z[A], “F¥IH 12.65, 285 RHTE 5.03%~34.30%
Z 18], P08 20.97%, X SPRAR 7 RBOUNEIL, 14 DEEVEIRT, KA R AR



(34.30%) , FLRARVAMTEAR (31.12%) « Mk 2L (25.18%) « L AR (24.53%) « fEilE K (23.83%) -
TEIMEL (23.52%) 5K (22.53%) « WERIRERE, KA 6.90~19.76 cm, H9EJy 3.25~8.21 cm,
TN 15.94~114.01 cm?, K BEHN 1.81~2.99, HAFK N 2.43~11.80 mm, M HKXTECH 6.00~21.00
X, ERECN 5.00~8.00 £, K 3.00~8.83 mm, fLiEE L 2.10~6.57 cm, 1K 0.99~3.41 cm, f£
IE£L 3.00~13.00 #, T 55%13.00~5.00 =, FELIF5E%L 2.00~5.00 %, fEHKE 0.34~5.29 cm, @it X}l
RS R BE MR 5 KRR IR AT ZEA L, R 200 43R5 AR ECE MR AR e iz,
BEZ AT . KR AR R fon B MR I A 2= RN 3, U R B MRR O I 7E F A
BRIRTE SR Oy T B B T

R4 HEMRGIT ISR

Table 4 Statistical analysis Results of quantitative traits

E/EALRIN HR/ME NI FHIE bR AR S AR5 R
Quantitative traits Min. Max. Mean SD CR (%) CV
K (cm) Leaf length 6.90 19.76 12.79 2.21 12.86 17.26
% (cm) Leaf width 3.25 8.21 5.43 0.85 4.96 15.59
AR (cm?) leaf area 15.94 114.01 49.99 15.56 98.07 31.12
K5t Leaf aspect ratio 1.81 2.99 2.37 0.23 1.18 9.90
% (mm) Petiole length 2.43 11.80 6.61 1.49 9.37 22.53
ko # () Vein pairs 6.00 21.00 11.59 2.92 15.00 25.18
R (FD Calyx number 5.00 8.00 5.04 0.25 3.00 5.03
K (mm) Calyx length 3.00 8.83 461 0.95 5.83 20.60
1€ EH 4 (cm) Corolla diameter 2.10 6.57 3.70 0.91 4.47 24,53
1EK: (cm) petal length 0.99 3.41 1.71 0.41 2.42 23.83
TEMAL (K Petals number 3.00 13.00 6.90 1.62 10.00 23.52
TH5% (%) Ovary number 3.00 5.00 3.38 0.68 2.00 20.02
FESLTFZ% (24 Stylet dehiscence number 2.00 5.00 3.37 0.68 3.00 20.25
TEHKE (cm) Stylet length 0.34 5.29 1.24 0.43 4.95 34.30

2.2 HFEWMMRERRERERD 57

ER TR 2 AR B REAE N D B LA SR A TR AR, A RS, RN S A bR s AR S
O SRFERT o DURFIEE R T 1 AR hnitE, 42 MRAVERB ALy 14 DRI, R TTEREIL 70.97%,
W VIR RN FEEE, S TEEHE T (K5 o K, B RHEE R 7.60, TTEREN
18.10%, XtRFPRHIEIA RS EMKEE. HREE. HEEBAEREIIGRAREY), NEEMAXET; 52
FRITFHEIE S 4.29, TTERAA 10.220%, XFHHTEAR . G, SR, IR RN R R BUR s B =3
IMRFIEAE N 2,70, TTHREON 6.43%, UMK S8 LEANI R . %% HAR o otk R 2RI 5%. 25 Erirak
W, ERKEE. MEES. WWES. ERZ0. i, s w58, 1R RN SRS PEIR 2 1E A
AR AR R R ) R

x5 REMIRMERS D
Table 5 Principal Component Analysis of phenotypic traits

=E 4y Principal component

PR Traits

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PCl11 PCl12 PC13 PCil4
F 4 ON -0.82 0.26 0.11 -0.11 -0.02 0.13 -0.07 0.13 -0.05 0.15 0.14 0.04 0.09 -0.02
1 B CD -0.81 0.29 0.06 0.17 -0.16 -0.02 0.01 0.10 0.02 0.03 0.06 -0.01 -0.03 -0.08

FIkEE MP 080 -010 019 002 -018 012 -0.06 017 -0.03 0.25 0.16 0.08 -020 0.10
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g LW
RN LS
AR PL
M55 EE LTD
K5t LAR
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eI FiH PT
N HCN
e F CAC
e EE PD
TEAEZAL SCL
MR LTS
HHR LA

W& TS

HT SR LB
B LT

T HE OP
M LB

MR AR LA
HEfiF{H Eigenvalues

TIER®E (%) Contribution

rate
BilTTikE (%)
Accumulative contribution

rate

-0.79
-0.78
0.77
0.75
-0.68
0.60
-0.58
0.50
-0.45
0.43
0.43
0.47
0.36
0.44
-0.37
0.09
0.24
0.10
-0.25
0.25
0.12
-0.18
-0.22
0.13
0.09
-0.32
-0.05
0.04
0.13
0.09
-0.21
-0.14
0.17
-0.07
-0.21
-0.07
0.12
-0.02
7.60

18.10

18.10

0.16
0.24
-0.03
-0.08
0.18
-0.01
0.30
0.32
0.34
0.06
0.86
0.82
0.82
0.80
0.54
-0.36
0.14
0.15
-0.08
0.32
-0.15
0.19
-0.20
-0.25
0.07
0.28
0.21
-0.12
0.03
0.04
0.01
-0.04
-0.06
0.08
-0.08
-0.11
-0.26
0.00
4.29

10.22

28.31

0.08
0.13
0.19
0.22
0.08
-0.13
0.12
0.29
-0.02
0.32
0.05
-0.16
031
0.04
-0.10
0.08
-0.79
-0.73
0.38
0.36
0.01
-0.18

-0.09
-0.29
0.08
0.11
-0.20
-0.12

34.74

39.25

0.09
-0.04
-0.20
-0.21
-0.30
0.08
-0.07
0.07
0.22
0.30
-0.06
-0.08
-0.02
-0.04
-0.03
-0.25
-0.12
-0.14
0.05
-0.05
0.02
0.25
-0.08
-0.48
0.41
-0.33
-0.10
0.14
0.35
-0.09
0.19
0.13
0.37
0.07
0.04
-0.29
0.09
0.24
1.68

3.99

43.24

46.98

50.56

-0.04
0.15
0.18
0.12
0.02
-0.08
0.28
0.05
0.28
0.14
-0.05
-0.01
-0.08
-0.07
0.01
0.19
0.10
0.13
0.11
-0.23
0.02
0.03
-0.05
0.17
0.10
0.04
0.12
0.07
-0.11
-0.07
-0.29
-0.56
0.46
-0.39
-0.22
-0.12
-0.03
0.33
1.49

3.54

54.10

57.27

60.34

0.09
0.14
0.22
0.24
0.10
0.06
0.08
-0.08
0.11
0.08
0.03
0.05
0.01
-0.04
-0.06
-0.19
0.06
0.06
0.18
-0.12
-0.15
0.04
0.02

-0.14
-0.08
-0.13
0.34
0.35
-0.34
0.07
0.01
-0.44

-0.14

-0.17

0.41

1.23

2.93

63.27

0.00
0.04
0.08
0.03
0.07
-0.06
-0.12
-0.09
0.02
-0.02
0.06
0.07
0.03
0.05
0.14
0.08
0.10
0.09
0.10
-0.14
0.52
-0.38
0.28
-0.18
-0.11
-0.03
0.25
0.17
0.04
-0.16
0.39
-0.01
0.08
-0.13
0.18
-0.05
0.03
-0.20
111

2.65

65.92

68.49

0.03
-0.03
0.13
0.12
-0.11
-0.06
0.04
-0.05
0.02
-0.04
-0.03
0.00
-0.05
-0.05
0.18
0.03
0.08
0.05
0.11
0.07
0.09
0.12
0.09
-0.06
0.21
-0.11
0.14
-0.22
-0.12
-0.22
0.16
-0.25
-0.10
0.38
0.35
0.05
-0.23
0.38

2.48

70.97
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A FIPER T IR DGR AR AT A Bt — PR AL 3 SR DU HAH DGR B T 32 2 R, E TSR T8 7 2%,
AR B T A IR, I 200 f ol 2R RN T B 42 AN RAPRIRBEATASCIE AT, AR LIS 1. oA A
H5OBCEE. e RSN HRES. FREE. HERE. Wi, S RS, .
MR BN #8101 SHPRIRAFE R B2 IEMOG G & WAL SIS B, M3, fEd B, TEMl
B ThE. HESROTRE. TR, WL S5 B AR 45 HPRIRE B35 IEA G, MR SR
KL, R EHRK., EK HRER. B, B 7R ST REG B0 SR,
M. ERHEE. HEHES. RN 75 MR BRI S R EE. EhES. Hm.
M2, G IR WRS R RERE S HIB, MR KNS K8 LA 44 SRR 2
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Fig. 1 The results of phenotypic trait correlation analysis
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Fig. 2 The results of phenotypic trait cluster analysis
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Table 6 Comparison of phenotypic characters among different groups
ZEI1ZEHE Group 1 FIEHE Group IT FEIIZEEE Group 1T IV Group IV

PR Traits - — - —— - - —— -

FRESRMERE  BRARB CTPIHEAREE A5 R FEMEERHEZE  RRARE FEE

Mean + SD (%) CV Mean + SD (%) CV Mean + SD (%) CV Mean

B TT 2.6740.49a 18.35 2.5440.64a 25.13 2.4439.50ab 20.54 2.00b
W% TP 2.1840.72a 32.96 1.9340.81a 4217 2.3840.59a 24.89 1.00b
I3 K% B BD 2.4140.58b 24.05 2.6820.48ab 17.76 2.2740.59b 26.04 3.00a
A AEARES LA 2.4040.94a 39.18 2.1840.90a 4153 2.2540.95a 42.01 1.00b

R/ LS 2.7740.42b 15.15 1.9340.26¢ 13.60 3.8440.37a 9.65 4.00a



% LS 3.1140.61a 19.49 3.1440.89% 28.35 3.3140.70a 20.99 3.00a

R PP 1.8740.33ab 17.88 1.6840.48b 28.33 1.9840.13a 6.80 2.00a
FkEE MP 1.8940.31a 16.56 1.7140.46a 26.84 1.9640.19a 9.62 2.00a
7, LC 3.2440.57a 17.72 3.3240.67a 20.16 3.2240.66a 20.45 3.00a
HEEE AP 1.89+40.31a 16.56 1.7140.46a 26.84 1.9640.19a 9.62 2.00a
- LS 2.0640.71bc 34.28 1.610.69c 42.64 2.5620.60ab 23.46 3.00a
M TS 1.7620.65a 36.78 1.610.63a 39.13 1.80+40.52a 29.08 1.00 b
HE LT 2.1140.55a 25.97 2.3620.49 20.70 2.1540.56a 26.03 2.00a
R LB 1.9540.21a 10.71 2.0020.00a 0.00 1.98+40.13a 6.80 2.00a
MBI LTS 2.000.57a 28.73 1.8640.71a 37.97 1.7540.70a 40.09 2.00a
Y% LTD 1.9840.47a 23.66 2.2140.57a 25.66 1.89+40.50a 26.29 2.00a
YR LTD 1.490.54ab 36.05 1.6840.61a 36.45 1.4940.63ab 42.56 1.00b
LB 1.1840.39a 32.79 1.18+40.39a 33.09 1.09+40.29a 26.60 1.00a
2 LA 2.1740.52a 24.03 2.1140.42a 19.76 2.0740.50a 24.31 2.00a
2% LM 1.4640.57ab 38.91 1.574).69a 4391 1.644.56a 34.01 1.00b
L 4% CAC 1.0140.10a 9.45 1.0410.19a 18.25 1.000.00a 0.00 1.00a
H T CH 1.0340.16a 15.93 1.0440.19a 18.25 1.0920.29a 26.60 1.00a
TEIMEGi 2, PC 1.7740.42a 23.75 1.684).55a 32.64 1.9140.29a 15.20 2.00a
1B b PT 1.854).69a 37.13 1.9640.51a 25.86 1.934).66a 34.38 2.00a
LI PD 1.0140.10a 9.45 1.0440.19a 18.25 1.0540.23a 21.73 1.00a
ThHTE OP 1.9840.13a 6.77 2.0040.00a 0.00 1.950.23a 11.78 1.00b
AL SCL 2.580.68a 26.43 2.7530.44a 16.03 2.7320.59a 21.70 1.00b
e RS AR O 5 )% PSRH 1.8740.76a 40.34 2.0440.64a 31.30 2.0440.82a 40.06 2.00a
HK LL 12.2540.95¢ 7.72 9.4940.91d 9.59 15.42-4.14b 7.40 19.76a
55 LW 5.2940.45¢ 8.44 4.1240.43d 10.45 6.3140.49b 7.71 8.21a
A LA 45.7945.93¢ 12.96 27.67+4.32d 15.63 68.6548.57b 12.49 114.01a
K itk LAR 2.3440.23a 9.83 2.3340.25a 10.83 2.4640.22a 8.80 2.43a
R PL 6.52+41.38b 21.16 6.26+1.75b 27.94 6.88+1.39b 20.23 11.80a
ikt 3 VP 11.4742.80b 24.40 10.1842.93b 28.81 12.3942.71b 21.91 20.00a
B CN 5.0340.16a 3.19 5.0040.00a 0.00 5.0740.42a 8.29 5.00a
#=hH¥K CL 4.6340.96a 20.66 4.60+1.20a 26.08 4.560.80a 17.61 5.40a
R HE# CD 3.67+40.88b 23.93 3.97+1.24ab 31.20 3.6040.75b 20.79 4.60a
LK PL 1.7140.40a 23.50 1.8140.41a 22.94 1.6440.41a 24.94 1.90a
TEHEL PN 6.92+.67a 24.06 7.57+1.89% 25.02 6.52+1.28a 19.62 7.00a
T-5% ON 3.4020.66ab 19.40 3.5740.88b 24.61 3.2140.56ab 17.51 4.00a
k3L %44 SDN 3.3840.67ab 19.81 3.5740.88ab 24,61 3.2140.56b 17.51 4.00a
TEREKRE SL 1.234).35a 28.64 1.24+40.29a 23.02 1.2640.60a 47.36 137a

[FATEE 5 A F /NS FRERIRTE 0.05 /K EEREE CGSRER HED
Different lowercase letters following the data indicate significant differences at the 0.05 level (comparisons among groups)
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