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Abstract To clarify the biochemical composition characteristics and genetic diversity of indigenous tea
germplasm in Guizhou, and to screen for elite and special germplasm resources, 322 indigenous tea accessions
collected from 13 counties and cities in Guizhou were used as experimental materials. Twelve biochemical
components were quantified by HPLC, including caffeine (CAF), theanine (Thea), and epigallocatechin gallate
(EGCG). Multivariate statistical methods including correlation analysis, cluster analysis, and principal component
analysis (PCA) were used for comprehensive evaluation. The results showed that the dominant biochemical
components of Guizhou indigenous tea germplasm were EGCG, epicatechin gallate (ECG), and CAF, with
average contents of 4. 47%, 3.38%, and 2. 45%, respectively. The coefficient of variation (CV) ranged from
57.54% to 208. 45% , with a mean value of 104. 67%. The genetic diversity index (H’) varied from 0. 63 to 1. 96,
with a mean value of 1.57. The phenotypic differentiation coefficient indicated that inter-population variation was
the primary source of biochemical diversity in Guizhou tea germplasm, with inter-population variation (60. 35% )
being significantly higher than intra-population variation (14.69% ). Correlation analysis and redundancy analysis
(RDA) indicated that altitude was the most influential environmental factor affecting the biochemical composition
of tea germplasm. It was extremely significantly negatively correlated with CAF, EGCG, and epigallocatechin
(EGC) (P<<0.01). Cluster analysis classified the 13 populations into three distinct groups based on biochemical
profiles: Group I consisted of Sandu tea germplasm characterized by high content of TB and C; Group II
comprised Panzhou, Huishui, Nayong, and Pu’an tea germplasm with high content of TC, EC and ECG; Group
II included the remaining eight tea germplasm populations distinguished by high contents of CAF and EGCG.
PCA extracted four principal components with a cumulative contribution rate of 76. 01%. CAF and EGCG had
high loading coefficients in the first principal component and were the key determinants of the comprehensive
score. Liping tea germplasm achieved the highest comprehensive score due to its high contents of CAF and
EGCG. This study performed a multidimensional analysis on indigenous tea germplasm in Guizhou. The findings
can provide a scientific basis for the accurate identification of tea resources, variety breeding, and development
of characteristic tea products.

Keywords Guizhou; indigenous tea germplasm; biochemical components; genetic diversity
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Table 3 Variance components and phenotypic differentiation coefficients of biochemical components among and within

populations
o JES R A % AL AL
P - 4 I ; RMIMERI %
- . . Variance component Phenotype
Biochemical Variance component . TP
percentage differentiation
components — - - — - -
il 3 1] TN B2 il 3 1] Tl iEe N coefficient
CAF 1.98 0. 37 0.54 68.43 12.85 84.19
TB 0.94 0.20 0.40 61.04 12.92 82.53
TP 0.00 0.00 0.00 61.91 20. 64 74.99
TC 0.84 0.01 0.22 78.27 0.93 98.82
Thea 0.56 0.16 0.22 59.97 17.14 77.77
GA 0.00 0.00 0.00 46. 39 16. 44 73.83
EGC 1.55 0.93 1.16 42.54 25.57 62.46
C 1.30 0.18 0.35 71.21 9.70 88.01
EC 2.43 0. 36 0.85 66.75 9.97 87.00
EGCG 12.40 2.17 3.38 69.09 12.10 85.10
GCG 0. 60 0.42 0.66 35.76 24.90 58.95
ECG 5.67 1.18 2.17 62. 88 13.08 82.78
¥{H Mean 2.36 0. 50 60. 35 14.69 79.70

2.3 EUBOSESTHN

XF 322 153 5t M AR SRR BT Y 12 A2 A A
IR T (B Do H CAF & R EE P A
3% ~4% B R 10043, 143 LP Fp 5 (LP-36) .2 {7
WC R (WC-7.WC-17)CAF & #>5.0%; TB &
HEEERIEO0~1% 1990, %A S A FE TB &
A (>5.0%) , 45 4 43 SD # it (SD-2,SD-3,
SD-4.SD-14) .1 WM i Jlt (WM-7) ; TP % &7 #%
KR, Z B TE0.04%~0.08% ; TC & £ 5
FEFTE 0~0. 5% (261143, H A7 58y Fh i TC & 7 #%
fm(>2.0%), &k PZ # % ; Thea &% & 45 H 0~
1%(2324%) , 4 34 LP# i (LP-6. . LP-7 .LP-31) .1
B WM Ff it (WM-18) 48 2 R & 5 55 (>3. 0%0)
Y K ZBORh R GA & 5<20. 05% (254 43 ) 5 K &4 Fif
i EGC &8 <<1.0% (189 /) , & 1 f IS Flt it (JS-
10O EGC & & >7.0%; 48 K 43 F it C & it <
1.0% (23243 , B 5 F it C &l 5.0% , &b
S SD R EC & & A 24 @ 40 A X8R40 A 2 O~

1.0%(1136) . 1. 0% ~2. 0% (106 #4) , 55 A 3/ HS
Fl B (HS-1 . HS-5 HS-17DEC & it 7. 0% s K
SRR EGCG BT 2. 0% (13145), %A 156y i
i EGCG &t 10. 0%, EZ N LP M ; 46 K
YRR GCG &8 <<1.0% (27143 , A 143 NY Fh &
(NY-3)GCG & #id 6. 0% ; ZHFh i ECG & &
KT 2.0% (13540, 1 PAF R (PA-3ECG &
il 10.0%.

BAKKF , LA Thea EGCG FIECG 2 Mt iy
ZO 32 A R R o A B N TR AR SR R R R )
A A, 257 J2 F MK 75 B2 0 A X o 0B s 446 X
DR, U ] 5 M i A 2 ) A o v Ak i A R X LR ST o
2.4 KBS
2.4.1 AL AE K ST

k25 23 W A A0 823 TR A DGR (3R 4D, & R
FEAER 22 R 5455006 R o S I 08 24 1 il 401
SYIIFE YL R B, CAF 5 TB. TP, TC ¥ &)
A G (P<<0. 01D, 2= WY ufin M 6 55 7F A 45 B4
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Fig. 1 Distribution histograms of 12 biochemical components content in 322 accessions of Guizhou indigenous tea germplasm

4 AT AT R 25 S R R I I S A AR AR v
[F] B i M B 5 = 2 3 LA R (EGC FI EGCGO A A
V] 77 A6 M 23 1 AH 56 (P<<0. 01, Ul W A o 4 15 Fib
A rp R AR G A B 4L 5 AL 2R R 4L A7 AE T
] A R A0 A . Thea /b A5 b i £ 22

B B A LR 4H 7y . 5 CAF .EGCG M ECG % H %
sl O S W B 3 I A DG (P<C0. 01D, S i T 25 B
FER Y A SR AR 5 ON Tk B 0 R v G B T g

Sy R U AR B ML . = R 3L A (EGC Al
EGCG) 53 % L2 £ (C.EC M1 ECG) [A] 5471 5%

T4 120EH D Pearson HX R H

Table 4 Pearson correlation coefficients of 12 biochemical components

CAF B TP TC Thea GA EGC C EC EGCG  GCG  ECG
CAF 1
TB —0.34" 1
TP —0.267  0.39"
TC —0.71"  0.02 0.12 1
Thea 0.177 —0.02 —0.48" 0.13 1
GA 0.327  0.04 —0.267 —0.15 0.34"
EGC 0.39" —0.297 —0.417 —0.35"  0.00 0.03 1
C —0.09 0.51"  0.59" —0.277 —0.45" —0.08 —0.17" 1
EC —0.48" —0.247 —0.04 0.45" —0.03 —0.40" —0.20" —0.40" 1
EGCG  0.80" —0.25° —0.367 —0.50" 0.247 0.41" 0.527 0.01 —0.58" 1
GCG 0.34" —0.10 —0.03 —0.21" —0.00 0.07 0.04 —0.03 —0.26" 0.27" 1
ECG —0.41" 0.11 0.05 0.627 0.237 —0.14" —0.44" —0.477  0.43" —0.57" —0.06 1

T RSP IR 0. 05 F10. 01 K- B EM K. Flal.

Note:* and ** indicate significant correlations at 0. 05 and 0. 01 level, respectively. The same below.
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AN E ,EGC . EGCG 5 C . EC.ECG ¥ 4% &
& UM (P<<0.0D) , Al RE R X IR LR R 2 ] —
FIE I R AR LR RS LR, IR
FEIUH AR R R R SRR LR R B A A
NS SIEZE PIIP-S J:HE:/E Tt
2.4.2 WE-ZIEHRTFE ALK G XK,

8 A~ b B - A X 5 A= Ak Bl 43 8] 34 £ A B 3
i E MR R (KD, KWK A 2 M

Xof Y B R K A 2R B R B AR AL R A B R
FEVE . A 2 41 A Ak B3 A7 AE — B0 M 31 -4 [
Tua AR, — 4 4 CAF \EGC fl EGCG, i #k #
% oA B ARl R AR AR R L KB D i L X
HF AR R CAF (\EGC HIEGCG 7 2 8 5 5
— 4 H TC .EC M ECG, W 4k # & o0 A ik 5E g 58
PG, M b 8 T 1 G M DX, R A 2% R R R Y
TC.ECHECG & Bl .

x5 ME-SEETFS5ENMESH Pearson X RE
Table 5 Pearson correlation coefficients between geographical-climatic factors and biochemical components
EgE| : ,
It CAF TB TP TC Thea GA EGC C EC EGCG GCG  ECG
em
/E:F?i —0.66" 0.157 0.30" 0.78" —0.10 —0.39" —0.38" —0.20" 0.46" —0.66" —0.10 0.69”
Altitude
s " “ “ . “ “ . " “ " -
. 0.39" —0.32 0.29" —0.297 —0.537 —0.07 0.28 0.397 —0.38 0.41 0.28" —0.53
Latitude
7 . " “ " .
. 0.50" 0.11" —0.17" —0.58" 0.23 0.55" 0.27 0.317 —0.46" 0.60" 0.13° —0.62"
Longitude
MAT 0.20"  0.297 —0.32" —0.49" 0.22" 0.09 0.337  0.207 —0.20" 0.31" —0.07 —0.44"
TMAX 0.607 0.09 —0.22" —0.87" —0.03 0.18" 0.467 0.327 —0.50" 0.577 0.15" —0.70"
TMIN 0.57" 0.08 —0.13" —0.89" —0.15" 0.04 0.42" 0.337 —0.40" 0.46" 0.07 —0.66"
AP —0.26" 0.287 0.247 0.317 0.227 0.207 —0.46" 0.11" 0.05 —0.25" —0.13" 0.267
RH 0.597 —0.11"  0.08 —0.627 —0.11" 0.297 0.07 0.23" —0.44" 0.40" 0.26" —0.38"

G54 TUAY 70 B #E — A5 It b B -0 TR 0o 2
WA Al R 2 BV 3 55 (20, 45 R KB, RDAL
(46.9%) .RDA2(6. 4% N TUA 5 BT B 1T 5 K fiff ¢
i, BB ROIE A Y 53. 3% . IR E I RDAL

1T 1F ) SE i, 2 5K B0 255 A4 2E Al B 43 A8 S 1 OC B PR 4
A7, 55 A0 DG 0 i 45 R AH — B0, iR 4 EC LECG
FTC A5 AE Ak B A3 IE 0] 3R Bl &0 ™ CRti 3k [ 1), e
L) , K EGCG EGC Fl CAF 2 A 4k B 43 W] J2:

0.1+ , EC
EGCG :
ECG
Latitude i
Y ) ",Cilf’ v - _A_l_ ._A_ R
3\? TMAX RH//G T titude
§ Longitu
2 MAT TMIN ;
Tl AP
' V\TB
c
. . i | |
027292 -0.1 0.0 0.1 02
RDA1(46.9%)
B2 #E-SEERFSEURSOTRIN

Fig. 2 Redundancy analysis of geographical-climatic factors and biochemical components
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Fig. 3 Cluster analysis of tea germplasm from 13 provenances based on 12 biochemical components
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g.4 Variable importance in the projection (VIP) plot based on OPLS-DA
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Table 6 Results of principal variance decomposition in principal component analysis
E Wy FRAE TR/ % E I
Principal component Characteristic value Contribution rate Accumulative contribution rate
PC1 3.94 32.81 32.81
PC2 2.61 21.78 54.58
PC3 1.50 12. 49 67.08
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