_ Do01:10.14067/.cnki.1673-923X.2026.06.015

veranny RIS

Journal of Central South University of Forestry & Technol

6B

ISSN 1673-923X, CN 43-1470/S
(FPRIMARKRZZRD 202655565

IBHRE - | ARHFRARHNRCSHIERESERE RIS

B &H: ¥z, PBAF RRE . F

WFSHER :  2025-06-27

5|328 s
T BRI ARRIR 2026.46(6):153-163.
WANG CY, YINMY, WU J D, et al. Genetic diversity of natural populations of Phyllanthus
emblica and 1its correlation with habitat factors in Guangxi[J]. Journal of Central South
University of Forestry & Technology,2026,46(6):153-163.
RIS

Recommended articles
Mo £ 2 B PR L ISSR ;TR icisi Ak 2 BE 1 20 Ht

Phenotypic traits and ISSR genetic diversity analysis of poplar clones

H T SSRERTC 70 My P 7 7 45 I OR Je E (Y 8 A% 2 AR
Genetic diversity analysis of Toona sinensis natural populations in southwest Zhejiang based on SSR
markers

S SSRI P I = A b AR A% 22 FEE 2

Genetic diversity of Toona sinensis provenances in Sichuan province revealed by SSR markers

HLT- SSRFFIC )RR PRt B 5 Y 10 4% 22 MR VR AN AL 45 1
Genetic diversity and genetic structure of Kadsura coccinea germplasm resources revealed by SSR
markers

BLT-SSRARL Y FIE R A2 08 4 22 Ao PR MU AR 45 44 20 A
Analysis of the genetic diversity and population structure of Fraxinus spp. populations based on SSR
markers

FZARANRITHARE PR 15 4% 22 8 1 [0 39 20 A 55 A o i A 2
Genetic diversity retrospective analysis and core collection construction for different generations of
Cunninghamia lanceolata breeding population

Journal of Central South University of Forestry & Technology

IR FPF.RRE F T RHFRAFHNEESHERESESR FAEXMED]. &


http://dx.doi.org/10.14067/j.cnki.1673-923X.2026.06.015
https://zkxb.csuft.edu.cn/#/digest?ArticleID=6924
https://zkxb.csuft.edu.cn/#/digest?ArticleID=6883
https://zkxb.csuft.edu.cn/#/digest?ArticleID=6579
https://zkxb.csuft.edu.cn/#/digest?ArticleID=6978
https://zkxb.csuft.edu.cn/#/digest?ArticleID=6706
https://zkxb.csuft.edu.cn/#/digest?ArticleID=7321

Fa6t Hel TREMLERRERFEZR Vol. 46 No. 6
2026 £ 6 H Journal of Central South University of Forestry & Technology Jun. 2026

Doi:10.14067/j.cnki.1673-923x.2026.06.015 http: //gks.csuft.edu.cn

ITARHEHFRABFREEIHERES
4 R EFRVHE R
IRz FRAF, RRES, NFE BEAL T A

(1. P AL AZ R TIRRAFRLIFRFHT, TR M 510520;2. kb K, 2 &% 210037;
3. P A LA Z R R RE R ER RS, T H EHE 532600)
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NIRRT G, SR 13 S5 JF E SSR 73T, 3 PolyGene. GenAlEx 1 STRUCTURE ¥ {487 & H 1 #Eik
BHEZFEIERIE AL E5H, N R 5 5 AT AHOCIE R B 20 b D4R T 13 /> SSR A7 st deharill 145 ANSEA7 HE A,
PR A 11154 NN SFIIMEREE (H) « WHERERE (H) . 25MEE45% (PIC) Al
Shannon-Wiener Z EEVEFEHL (1D 42129 0.515. 0.635. 0.595 Al 1.412. 18 MEEfRH, BSLL BEAR 13845 22 L1
s o H, R 55008 0.630 F101.327, 1 GLPL #EAAE% Z FEME R AR, Ho 15370108 0494, 0.875. T HIT 4
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Genetic diversity of natural populations of Phyllanthus emblica and its
correlation with habitat factors in Guangxi

WANG Caiyun'?, YIN Mingyu', WU Junduo’, LIU Zizhe', GUO Junjie', ZENG Jie'

(1. Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, Guangdong, China;
2. Nanjing Forestry University, Nanjing 210037, Jiangsu, China;
3. Experimental Center of Tropical Forestry, Chinese Academy of Forestry, Pingxiang 532600, Guangxi, China)

Abstract: [Objective] This study utilized SSR markers to assess the genetic diversity and structure of natural Phyllanthus emblica
populations in Guangxi, China, and revealed habitat factors influencing genetic variation, aiming to provide a theoretical foundation
for germplasm conservation and elite variety breeding of P. emblica. [Method] Genetic diversity and population structure of
P. emblica were analyzed across 18 natural populations (398 individuals) from Guangxi using 13 SSR primer pairs. Genetic analyses
were performed with PolyGene, GenAlEx and STRUCTURE software, and correlation heatmaps were generated using R software.

[Result] A total of 145 alleles were detected across 13 SSR loci, with an average of 11.154 alleles per locus. The mean observed
heterozygosity (H,), expected heterozygosity (H,), polymorphism information content (PIC), and Shannon-Wiener diversity index
(1) for each locus were 0.515, 0.635, 0.595, and 1.412, respectively. Among the 18 populations, BSLL exhibited the highest genetic
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diversity, with H, and 7 of 0.630 and 1.327, while GLPL showed the lowest, with H, and 7 of 0.494 and 0.875, respectively. Dry-hot
valley populations displayed significantly higher H, and 7 than humid area populations. Genetic diversity was significantly positively
correlated with temperature-related factors (Bio6: minimum temperature of the coldest month; Bio8: mean temperature of the wettest
quarter; Bioll: mean temperature of the coldest quarter) and negative correlation with precipitation-related variables (Biol2: Annual
precipitation; Biol3: precipitation of the wettest month; Bio19: precipitation of the coldest quarter). Analysis of molecular variation
(AMOVA) indicated that 9.134% of genetic variation occurred among populations, while 90.866% within populations. STRUCTURE
analyses (Delta K=2, 3, 4) consistently group dry-hot valley populations into a distinct cluster, demonstrating significant differentiation
from humid area population. [ Conclusion] Natural P. emblica populations in Guangxi possess moderate genetic diversity, with
significant inter-population differentiation. Notably, dry-hot valley populations are genetically distinct from humid area populations,
driven by divergent temperature and rainfall regimes. Therefore, it is recommended to implement targeted conservation strategies,
including germplasm collection, preservation, and utilization-specific to distinct ecotypes such as dry-hot valley and humid area
populations. This approach will effectively conserve genetic diversity and facilitate the rational exploitation of germplasm resources for

56 1

future breeding programs.

Keywords: Phyllanthus emblica; genetic differentiation; molecular markers; habitat factors
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Fig. 1 Location of natural Phyllanthus emblica populations in Guangxi
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Table 1 General information of 18 natural Phyllanthus emblica populations from Guangxi

Jre KA H FESUN A ZE a1 3 K A BRI

No. Sample site Population  Sample size / > Longitude E Latitude N Altitude /m Site type
1 H TR AR BSLL 28 105°26'25.08" 24°51'55.44" 452 FHITH
2 T AR BSTL 23 106°21'17.28" 24°17'13.92" 334 TR
3 HEM AKX BSYJ 21 106°38'25.44" 23°58'51.60" 154 TR
4 AT CZPX 22 106°43'09.48" 22°09'43.92" 144 TP
5 ke CZFS 25 107°34'19.20" 22°26'50.28" 117 TG
6 T I A e HCDA 27 108°22'16.68" 24°00'49.32" 163 T X
7 R T T I (X NNWM 21 108°00'16.92" 23°12'06.12" 222 W X
8 SIHE T R IEX GGQT 22 109°26'47.40" 23°11'18.60" 187 TR X
9 B N REAS R~ YLBB 25 109°49'00.12" 22°07'53.04" 145 TR X
10 FEARTT P R 5 GLPL 19 110°39'41.04" 24°37'53.40" 193 TR X
11 0 T R 2 LZLZ 14 109°53'36.24" 24°44'49 20" 198 TR X
12 FFEH M EX LBXB 13 109°08'51.72" 23°34'16.32" 175 HE X
13 FrEhieSsE LBJX 24 110°02'39.12" 24°09'04.32" 216 I X
14 BT R LS QZLS 26 108°51'50.40" 22°24'14.04" 114 RiEX
15 B LR QZPB 18 109°50'54.96" 22°27'19.80" 194 X
16 FE M T R 2 WZTX 16 110°50'09.24" 23°41'25.08" 195 TR X
17 FE N T A4 B WZCW 28 111°32'41.64" 23°50'33.72" 67 H i X
18 BT B IX HZBB 26 111°45'44.64" 24°03'04.68" 103 TEIE X
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T2 KETF 13 SSRALAMHESH
Table 2 Characteristics of 13 SSR loci in Phyllanthus emblica
— T FE A
- a , , HEHIT i GenBank
(= S (50— 3D .
) , , Repeat . N, A H, H, PIC 1 accession
Locus Primer sequence (5" — 3') . Allele size P
motif No.
range /bp
F:-TGCCACCACTCAACAGTTAGTT
PEHO02 R-GGAATACTTGTGCTCACCCTCA (GTAT), 209 ~ 285 23 5 0.445 0.831 0.813 2.165 MKO017818
F:TTCCCTACACACCACTACTCCA
PEHO05 R:GCAGAGCTTCAAAGAAAGGTGG (AGCC), 261 ~ 285 4 0 0.673 0.652 0.580 1.109 MKO017800
F:CCTCTTGTTGTTGCTGAGAAGC
PEHO07 R:CTCCAGACAGAACAGAAGGTGT (TCAA), 117 ~ 137 9 2 0.567 0.656 0.596 1.324 MKO017799
F:GACAGCCTCAACCCTTTTCAAC
PEHI12 RTGTTAATTGTAATCCCACGCGC (CCT), 284 ~ 302 7 1 0.203 0.577 0.501 1.077 MKO017801
F:-TTTGCCAAATACTGATCCCCGA
PEH31 RTGCCTTTACACTGCACCATTCT (TG),o 110 ~ 164 11 0 0.606 0.720 0.685 1.583 MKO017802
F:TCCTGCTTCTGAGTTCCATTCA
PEH32 R:CTAGCACAATGGCAAGGCATAC (AG), 147 ~ 201 20 3 0.762  0.869 0.856 2.304 MKO017803
F:AGACAGGTTTATCACATCCACTGT
PEH37 R:ACAGCCATGTAGTTAACCGTGT (AT), 123 ~ 139 9 1 0.403 0471 0.442 0980 MKO017804
R:GTTTTTCCCTGCCACCAACTAC
F:ATTGTTTACGCACAGTGGTTGG
PEH47 R-GACAGGTATTATGGAGGTGGCT (TG)s 143 ~ 155 6 1 0.467 0.548 0.502 1.062 MKO017806
F:AGTGTGAGTGTGTTGTCCTGTT
PEHS1 R:AACACTAACACTCCCCCTTTCC (TG), 141 ~ 151 5 0 0.333  0.537 0.492 1.039 MKOI17807
F:AATACCCGAACCAACGATTCCA
PEHS56 R:GGCTTTGCCGTTTTAGTTCACT (CT), 240 ~ 274 11 0 0.338 0.392 0.380 0.946 MKO017809
F:ACAGCACAACACACTTCTCTGA
PEH75 R:CCCGGTGTCATATCAGTCGAAT (TC)g 196 ~ 222 11 4 0.590 0.612 0.533 1.110 MKO017810
F:TCACCCATAGCCAAATACCACA
PEH79 R:AAGAAGCTGTCTTTTCGCAAGC (GT), 115 ~ 131 10 1 0415 0.468 0442 1.014 MKO17811
PEH96 FCGTCCATTTCAAAACGTCTCCT (TC), 154 ~ 200 19 1 0.894 0921 0916 2.637 MKO017813

R:AATGACCTCGAAGTTGGTGGAA

Mean

11.154 1462 0.515 0.635 0.595 1.412

T ORI (T) 60 C; N, RRALsi A SEEEG 4, SO SMER: H, WEKREGE: H, WEKEE; PIC, £&MEHEE S E: I, Shannon-

Wiener ZFEMETEEL.

The annealing temperature (7,) was set at 60 ‘C ; N,, number of alleles per locus; 4,, number of private alleles; /7, observed heterozygosity; /., expected heterozygosity;

PIC, polymorphism information content; and /, Shannon-Wiener diversity index.

M4 FE ¥ 7 Applied Biosystems Veriti 1 #5 1z 17,
WHEWT: 94 CHAM 4 min, 94 CAME 30,
60 ‘CiIB-K 30s, 72 ‘CIEff 30s, 31 MEH; 72 °C
ZEfH 10 min, PCR F=#JE T 4 C FMrfr. F=oiEid
1.2% ) B JIE B 4 12 P VARG MU 9 38 22 15 e D), PCR
FEITE ABI 3730 XL H 374X T B4 Ik
K, {8 GeneMarker V2.2.0 450434352 B Jk B

1.3 HIESHR

{5 1 Excel 2010 % {4 % 38 L 5] 73 B4 08 I 4t
M E SRR . FIH PolyGene v1.7 31T H 4F
R B E (N « MEEREE (H)
HILEE (H,) . Shannon-Wiener 2 FEVEFREL (D
ZAMAE BB (PIC) . i R iEF Poppr LK
JHE DR R A e kRS 2, LA GenAlEx 6.51
WA BEAT 4> 1 5 Z 45 8 (AMOVA) Al B 43 43
T (PCoA) , JFil# Nei’s AL HE . FET Nei’s
WALEE, 15 MEGA 7 %44 UPGMA B2 K.

2 H STRUCTURE # A 3EAT A H 7 R 8 A% 254
7 #r, 1% B burn-in A1 Markov chain Monte Carlo
(MCMC) 510 000, JFF#0 (KD A1~ 18,
B KEEFIZ1T 10 X #% STRUCTURE 181745
B b A% % W 34 https://Imme.ac.cn/StructureSelector/
index.html, &L Delta K 18, f#H Clumpl.1.2
BAF R B R Is AT 45 R AT — B R b, N
Origin B2 il A4 A S5 44 18
AR TR RS . Wik, AR
MR 7. Hodr, 202 ANt N B Ah sl
19 > AW = A R 3 B8040 f T 5 0 8 e
(WorldClim, http://www.worldclim.org/) , % [d]
SRS N 307, N 1970—2000 4F (¥ SF 3 fH. 18
A3 IR B R T S S A (HWSD,
https://www.fao. org/soils-portal/) , 4 1971—1981
ERPEIE. R ArcGIS AT RIS RAFE SR
(AN IR 7 HedfE,  MIAT SPSS 23.0 BAFXF A
[F) A B 2R Can = FAdm] 2 A X 1 AR 85 BT 1
BEAT SRR ¢ K006 . SR R G 5 AT 0L 2 4
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VSRS A 7 18] A SR PE S #r, R 2l A 2K
PEIIA

2 HERE5SH

2.1 iEEZHEMN

FET 13 4> SSR AL FUNT T 18 MR H F RA
FEAR 398 AN FRBR I 20 A, LA I 2] 145 A 2547 £
Kl. HH, PEHO2 A fiS5f EH & Z (231 ,
1M PEHOS £ x5 5 /b (4 4D, By 55 P 35 55 47
R (N N 11.154 (£2) . PEHO2 {7 fiG i £
MIREE S K% (54 , PEHO5. PEH31.
PEHS51 1l PEHS56 A7 s A far il 2455 S5 AL L K],
YIEAr i B 1.462 MR S ZE . % SSR A7
HIMERR AT (H) « WSEMEE (H) B4
[ 43 5 A 0.203 ~ 0.894. 0.392 ~ 0.921, “F#{E
N 0.515. 0.635. {HfFFEEIE, Frffo s s
BB EmTWRRETE . Z5MHE RS E(PIC) .,

Shannon-Wiener 2 F£VEFE%L (1) 7E PEH96 £ ik
P KME (0.916 F12.637) , {E PEHS6 i i fF &
He/ME (0.380 11 0.946)
ERAR KT E (£ 3), QZLS B A fr 4

SEf N B £ (N=7.385) , GLPL #{A % /b

(N=3.769) , P A BEAEN, V3185 6.239. 18
ANBEAR TR LRI B 19 MR S B, BSY.
GGQT Bk % (4,=3) , THRIBFTA 5 ANH#E
PRI PR AT LR, TR X 13 AN EEAR Y
SANEBRASMIER . SR H AR E N
0.458 (CZFS) ~ 0.568 (BSLL) (¥~ 0.514) ,
H, 72215 0.494 (GLPL) ~ 0.630 (BSLL)
($I1E°4 0.586) . PIC Al I A ALTE 254 0.433
(GLPL) ~ 0.603 (QZLS) #110.875 (GLPL) ~ 1.327

(BSLL) , HFH1H N 0.543 F111.205, B4R &,
BSLL #fAEE Z Fetf i, 11 GLPL BRIl % £
FEPERK

£3 IAKETFRAFEEESHEML

Table 3 Genetic diversity of natural populations of Phyllanthus emblica in Guangxi

#E44 Population N, 4, H, H, PIC I

BSLL 7.308 2 0.568 0.630 0.586 1.327

BSTL 6.538 2 0.531 0.627 0.578 1.289

BSYJ 6.769 3 0.498 0.597 0.554 1.253

CZPX 6.385 2 0.515 0.609 0.561 1.262

CZFS 6.385 2 0.458 0.606 0.499 1213

Mean gjjr’jfo fﬁ ﬁiffulaﬁons 6.677+0.386 220010447  0.514+0.041  0.614+0.014  0.556+0.034  1.269+0.042

HCDA 6.846 1 0.525 0.610 0.573 1.270

NNWM 6.923 0 0.553 0.624 0.568 1.281

GGQT 6.615 3 0.483 0.583 0.523 1.204

YLBB 6.231 2 0.523 0.592 0.566 1.235

GLPL 3.769 1 0.485 0.494 0.433 0.875

LZLZ 5.231 0 0.506 0.565 0.528 1.120

LBXB 5.615 0 0.489 0.549 0.509 1.050

LBJX 6.077 0 0.547 0.600 0.567 1.259

QZLS 7.385 0 0.567 0.519 0.603 1.308

QZPB 5.231 0 0.459 0.531 0.483 1.000

WZTX 6.385 0 0.560 0.612 0.577 1.276

WZCW 6.077 0 0.463 0.627 0.520 1.227

HZBB 6.538 1 0.528 0.581 0.545 1.241

Mean gﬁ'?ﬁﬁjﬁﬁlaﬁm 6.071+£0.940  0.615+0.961  0.514+0.036  0.576+0.042  0.538+0.046  1.180+0.131
KA Mean 6.239 1.056 0.514 0.586 0.543 1.205
2 P RUBEAAR [ 22 7 . 35 M . .

Significance between two types of
populations

tONg BALAERIEREG A, RS H: MRS
ZERBEKT, P<0.05.

By H,:

WA PIC: Z&ME(E RS & [: Shannon-Wiener ZFEVEFREL.

“xr Fom

N,: number of alleles; 4,: number of private alleles; /,: observed heterozygosity; H,, expected heterozygosity; PIC, polymorphism information content; /: Shannon-

Wiener diversity index. “*” indicates significant difference at P << 0.05.
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Hr CAMOVA) , 25 3 3% B 34 8] 10 1846 28 57

SAS TR 9.134%, T BEPR A0S S b 90.866%,
R EEORIE T RER N (3R 4) o BEARIAI
AL S AL A (PRiPT) 251k F A 0.012 ~ 0.136
(3 5) , GLPL Bk 5 HADBEGRIRI0UE 2 (5K

T4 TEKRHFRARGEDFHEN

Table 4 Analysis of molecular variance of natural Phyllanthus emblica populations in Guangxi

A B 5y S P it Jr % MR EH
E%ﬂ%/}?‘f . H HE df A Y75 MS Estimation Percentage of total
Source of variation SS . e
variance variation %
J¥44 18 Among populations 17 846.269 49.781 1.555 9.134 P = 0001
FE4A P Within populations 380 5879.570 15.473 15.473 90.866 '
£l Total 397 6 725.839 17.028 100

RS5 TTAKHTFRABHEAEIZESLE (PhiPT)
Table 5 Genetic differentiation values (PhiPT) of paired natural populations of Phyllanthus emblica in Guangxi

R

Popul- BSLL BSTL BSYJ HCDA LZLZ GLPL CZPX CZFS NNWM LBXB LBJX QZLS QZPB YLBB GGQT WZTX WZCW

ation

BSTL 0.020

BSYJ 0.012 0.016

HCDA 0.066 0.056 0.060

LzLZ 0.072 0.041 0.073 0.061

GLPL 0.136 0.097 0.111 0.124 0.121

CZPX 0.026 0.019 0.030 0.054 0.049 0.103
CZFS 0.045 0.021 0.035 0.044 0.031 0.096 0.022

NNWM 0.042 0.040 0.027 0.032 0.076 0.105 0.051 0.045

LBXB 0.061 0.033 0.054 0.049 0.020 0.095 0.031 0.027 0.054

LBJX 0.068 0.061 0.066 0.064 0.048 0.136 0.068 0.061 0.069 0.045

QZLS 0.051 0.030 0.044 0.039 0.031 0.108 0.039 0.037 0.051 0.022 0.019
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Fig. 2 Genetic structure of natural populations of Phyllanthus emblica in Guangxi
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Fig. 4 Correlation between genetic diversity and site factors of natural Phyllanthus emblica populations in Guangxi
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Table 6 Differences in habitat variables between two site types
Ap i BRI T T HRIEIX P1E B RF FRITH TR X P
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