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K ®] 50 MEEALEEN, P EA SR (N N 54, FEEREAHNE (Ne) 5 2.4835 4~; 14 Shannon
fEEIEE (1) 08592, FHMIMZAE R (Hy) 9 0.4518; PGB (He) M 0.4387, V14 Nei’s HEH L EEE
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BRI, TR I 8 AL BE B R M IR B R SE A AH G . Structure A EABKRIMTLE SRR, JRBERAAER RIS, T
BRERN4y . GE L, WSR2 R 2RO T E, BEITAS R 0T S H VG e X A O R 2 R A G R R
HEHS AR

SIS BPARJETE; SSRARID; BESAEM:; BELEH

hE SRS S682.31 ZEARIRAD: A
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Abstract: Paphiopedilum hirsutissimum (Lindl. ex Hook. f.) Stein is a rare and endangered plant in China with high
ornamental value. In order to explore the genetic characteristics of wild P. hirsutissimum resources in Southwest China,
and contribute to the protection and utilization of the wild resources, this study used SSR molecular marker to analyze
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the genetic diversity and population genetic structure of 190 P. hirsutissimum resources which collected from six popu-
lations in Guangxi, Yunnan and Guizhou provinces in Southwest China. In this study, the results showed that ten pairs of
primers with good amplification effect were selected from 115 pairs of primers, and 50 alleles were detected by 10 pairs
of SSR primers of 190 P. hirsutissimum. The average number of alleles (N,) was five and the average number of effec-
tive alleles (Ng) was 2.4835. The average Shannon information index (I) was 0.8592. The average observed heterozy-
gosity (Hy) was 0.4518 and the average expected heterozygosity (He) was 0.4387. The average polymorphic information
content (PIC) was 0.3996 and the average Nei’s expected heterozygosty (h) was 0.4370. In this six wild P. hirsutissimum
populations, the number of alleles (N,) was from 2.8000 to 4.3000. The number of effective alleles (Ng) was from 1.9655
to 2.4060. The observed heterozygosity (H,) was from 0.3891 to 0.4839. The expected heterozygosity (He) was from
0.3795 to 0.4683. The Shannon information index (1) was from 0.6584 to 0.8369, and the Nei’s expected heterozygosty
(h) was from 0.3648 to 0.4382. In the six wild populations, the genetic diversity of Guangxi Yachang (GYC) and
Guizhou Wanfeng Lake (QWF) populations was generally higher (h=0.4382, h=0.4276), while the genetic diversity of
Guangxi Mulun (GML) population was relatively low (h=0.3648). Analysis of molecular variance (AMOVA) results
showed that genetic variation mainly occurred among individuals within the population (94%), while genetic differen-
tiation within populations was very small (6%). UPGMA cluster analysis based on genetic distance showed that the ge-
netic distance of the six P. hirsutissimum populations was very small, there was no obvious group division and the ge-
netic distance was not completely related to the geographical location. The results of Structure and principal coordinate
analysis were consistent with those of UPGMA cluster analysis. Structure and principal coordinate analysis results
showed that there was homogenization among the populations, and there was no obvious group division. In summary,
the genetic diversity of Paphiopedilum hirsutissimum resources is relatively rich, which can provide a theoretical basis
for the protection and utilization of wild P. hirsutissimum resources in Southwest China.

Keywords: Paphiopedilum hirsutissimum; wild populations; SSR; genetic diversity; genetic structure
DOI: 10.3969/j.issn.1000-2561.2023.11.009
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FRAE 14 2R A 56 SCRR T 2% 0 S B e 15
B, REKRBE TS RARDAXN ., =
AN 34 (X) B9 6 MR, 3t 190

frResh, HARREGEEILE 1 ME 1, HE)
iR (GML) Fl=mii: (YDZ) JE#fadr g
Moy, BER A, FICRERIMFEA
B AAR XA o SRR A J A [ ) b 2 B g
KF 10 km, #REHERT 10 m, HICHHRFE,
AN FARRR AR BT R I R 26 A A U RE A O YRR E
BT, THEEH.

x1 6 NMEHHREER

Tab. 1 Sample information of six populations
JERE () TR P B4
Population system (abbreviation) Collection site Sample quantity Sample No.
GML JUTRE FIR IXEMTE AR S 13 GML 01-13
GYC JUVRAE R R 2K & 39 GYC 01-39
YDZ TSSO IR S 9 YDZ 01-09
YFD BRA SN VGRS 40 YFD 01-40
QWF BN e BT WA 58 QWF 01-58
QIS BN M SCHTRS 1L 31 QJS 01-31
98°E 100°E 102°E 104°E 106°E 108°E 110°E 112°E
A
z 1 #
S &
z &
2 18]
Z
Z o
& 13
™~
Z 1#
N N
o 5 6335
e _
=z | 0 160 km 1: —100 | z
:?1 1 1 1 1 1 1 1 1 g
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B1 HRRERSHE

Fig. 1

1.2 FHik

1.2.1 A FH4 DNA#RR 4] DNA LS
HEAR S0 28 o RS = R YR 2 JE 4] CTAB $2HL
T AT SR SE N 20 DNA JH 1%BR iR iisE e
FLUKAS N 2 B A 5E 46 4%: , F-FH Nanodrop 2000 fi{i

Geographic distribution of sample locations

Sy IEIEEETE (Thermo, &R ) ALk B A, H
A7) DNA B IR T-20 C, % H.

122 SSRIl#init SHARLIEILTFHGE
EEESEAUBRIT Z 51 P, O 115 x5 |4
i 10 X9 HERCR 4P % SSR 51# (£ 2). 5l
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Tab. 2 Information of ten SSR primers
P& 197 (5-3") B GREE CIVGE S R B
Locus Primer sequences (5'-3") Annealing temperatue/C Repeat motif Size range/bp
DYO011 F: CGAAGCACGGGTCTCTTTCT 60.0 TTC (7) 107
R: ACCACCGACATTACCTGCAG
DY356 F: TGCAGATGAGCCCATGCATT 60.2 GAA (6) 260
R: TCACGCCTGTATTTCTGCGT
DY376 F: GGCACTTACAGCAAGGCTCT 60.1 CTG (6) 102
R: GAGACCTGGGCCCATCAAAA
DY383 F: ACGCGGCAAAAATGATGAGG 58.9 TCA (6) 100
R: AGGAGGGTTCATGCAGTAGT
DY413 F: CAGGCTCCAAAACAAGGCAC 60.0 CAG (7) 263
R: GGGACTGGGGAGTAAAAGGC
DY669 F: CAAACCTCGCTCGGAAGACT 60.0 TCGAC (6) 259
R: AGGGTTTCTATCGCTTGGCC
DY687 F: GCTGCCAATTCGAATGGAGG 59.9 GGC (6) 203
R: GCTGCCGATTCTCCTTCCTT
DY716 F: AGCTATGAGGAACTGCGCTG 60.1 GGC (6) 182
R: TGTTGACATGATCCGTGGCA
DY800 F: AGCTTGAAGTACTTGGGGGC 59.6 TGG(8) 146
R: TCCACCTTCTCCTCCTCACT
DY877 F: GGCGATTGACCTCTGCTGAT 60.1 CGC (6) 217

R: TCGGCTTTGGTTGCTGAGAT

Y TAEY TR (L
NN
1.2.3 PCR #¥&n 5 1E C1000 Touch SZHE
it PCR Y (Bio-Rad, [ ) L7/, PCR X
MiAZ (20 uL): 10xbuffer 2.0 uL, dNTPs 1.5 pL,
RS 1945 2.0 uL, Ex Taq 0.2 uL, DNA 3.0 uL,
ddH,0 9.3 pL, PCR ¥ 3 W AR F 2 94 CTHiAE
5min; 94 ‘C75ME30s, 65 Cilk 30s, 72 CHEfi
40s, fEH 10 ¥K; 94 CAME 30s, 60 CiEk 30,
72 CHEMH 40 s, PHIF 15K; 94 ‘CAEME30s, 55°C
Bk 30s, 72 CHEfH 40 s, EFF 10 ¥k 72 CHEH
10 min; 4 ‘CH-A7. PCR F=Hfdi FH 2% i pEE A L
WA, A6 IE A E R R A R TR
PRI FFH AR SSR HLH 438
1.3 EiEAIE

K Excel 2010 3k {444e i1 IF 22 B SSR JE [H 43
IR . FIFH Genalex 6.501%° 1 PopGene 1.321%%
AT Z 8 AL S R (PPB ), S 3L L
(Na). AREMIEFE (Ne). Shannon {7845
(1), WMMZLARE (Hy). WIEEARAE (He).
Nei’s R ZREEFEEL (h ). Nei’s /& ( Gy ).
AL AR (G ) FIEE P I ( N )45 11 PIC-Cale
B AEZEERSE (PIC), M Genalex
6.50 122 Vi 0 kAT 26 T a8t AL 15 B 1 35 40 4 A
(PCoA ) F153FJ5 2253 ( AMOVA )., #IJ1] Mega
7.0 A A AT ¥ (UPGMA ) 47 3R 2%
Grtr, P EE TSN RIEE ., FH

) B A R m AL R

Structure 2.3 4PV AT IBAL GE R A0, BEE K
{64 1~10, XPAFR K E#ET 10 REEEH . i
A 5 R ] K 4% ¥ ( Markov’s Chain Monte Carlo,
MCMC ), & burn-in & 100 000 ¥X, run-length A
100 000 KIEAY, Z )5 FFEL B4 Structure harvester
( http://taylor0.biology.ucla.edu/structure harvester/ )
HRAEAK W (R SR fRe o 2, Rl
SER AT IA

2 GHEREHSH
2.1 SSRIRIEEZAM

I 10 XF SSR 5 [4H%F 190 FyH 5 22 4k
T SSR MM (£ 3), W 3wk, A
F] 50 1~ Na, Na7E 2~9 Z ], “F¥JHA> SSR #rid 5
ANEELT LR ONe K 1.0269~ 6.7468 , F-H4{E Jy 2.4835.,
| 7€ 0.0843~2.0272 Z[i], “F¥IMEN 0.8592, Ho 7E
0.0265~0.8677 Z[a]l, “F-¥{HEk 04518, He 7E
0.0263~0.8540 Z [0, V¥ {H°H 04387, h 7E
0.0262~0.8518 Z [, “F-H{H K 04370, PIC 7E
0.0260~0.8346 Z ], “F-¥J{H K 03996, =M
BOTSTEIN %527V H fit -0 35 DR A8 S5 75 v ARG 114
PIC #8645, A 4 M (DY383, DY687. DY716,
DY800 ) &L AN (PIC>0.50), 4 M
(DY356. DY376. DY413, DY669 ) ZHELE
PEAL A (0.25<PIC<K0.50 ), 2 Miis& (DYO11 .
DY877 ) EAREZAMALL (PIC<0.25),
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Tab. 3 Polymorphism analysis of ten SSR primers

[ WWSGIEME AACFUIE Shnon (EME  WMAAE  MBAAE  EHZHEE Zxpaam
Locus Na 50 Ne pydl Ho He  h PIC
DYO11 4 1.0269 0.0843 0.0265 0.0263 0.0262 0.0260
DY356 4 1.3741 0.5840 0.2707 0.2730 0.2723 0.2588
DY376 4 1.4707 0.6174 0.3457 0.3209 0.3200 0.2966
DY383 9 6.7468 2.0272 0.8360 0.8540 0.8518 0.8346
DY413 2 1.9886 0.6903 0.4811 0.4985 0.4971 0.3736
DY 669 5 1.3824 0.5774 0.2919 0.2774 0.2766 0.2592
DY687 5 2.9327 1.1811 0.6667 0.6664 0.6590 0.5916
DY716 7 3.6963 1.4146 0.8677 0.7314 0.7295 0.6817
DY800 5 3.1602 1.2554 0.6878 0.6854 0.6836 0.6202
DY877 5 1.0567 0.1603 0.0437 0.0538 0.0537 0.0532
Y 5 2.4835 0.8592 0.4518 0.4387 0.4370 0.3996

22 EEHEnffsHEE

GO R S i B P A c Y TRl EAE N
F 4, 6 NEFNEZEMENMAS LR (PPB) £
70%~100%2Z (8], FFHEHR 88.33%. NafE 2.8000~
4.3000 2 [a],F-YME A 3.3833 . Ne i 1.9655~2.4060,
SR Y 2.1901, | 7E 0.6584~0.8369 Z Ji], Il

1 0.7425, Ho 7E 0.3891~0.4839 Z[a], “F-H{H K
0.4465 . Ho 7E 0.3795~0.4683 ZZ [A], SF-X4{H K 0.4205 .,
h 7E 0.3648~0.4382 Z[i], “F-34{E K 0.4008, K] 6
A 2 R RS 2, H) PR
(GML) isfEZHEMRAL, T PHER (GYC) FiIst
MITIER] (QWF ) istfE 2R MER R

F4 ET 105 SSRIIMIFMRE 6 MEHHBEESHNE

Tab. 4 Genetic diversity for the six populations of P. hirsutissimum based on ten SSR primers

JE SRR AR A% Shannon f5EJE  WINZEAE  WpEZespr LR ZRM
Population PPB/% Na Ne il Ho He 8% h
GML 70 2.8000 2.1056 0.6584 0.3891 0.3795 0.3648
GYC 100 3.9000 2.2820 0.8245 0.5070 0.4452 0.4382
YDZ 90 2.9000 1.9655 0.6753 0.4222 0.3981 0.3742
YFD 90 3.2000 2.2494 0.7453 0.4839 0.4683 0.4135
QWF 100 4.3000 2.4060 0.8369 0.4132 0.4329 0.4276
QJS 80 3.2000 2.1323 0.7143 0.4633 0.3988 0.3864
YHE 88.33 3.3833 2.1901 0.7425 0.4465 0.4205 0.4008

23 EEEffIL

W g = R B R 3T 7 208 (AMOVA ) 45
IR, A b g 2 TR R B L AR AU 6%, T
JEREN LR S 94%, 4RI iE s 5k
HEAEAS TR RERI TR (26 5), ULBAEF AR AT g 22 ¥
VR B A% ZREME LUBRBEN AR 5o &, BREN Y
R = 1D [E1 B e A A
2.4 BRMELIERSH

10t % B B R 5 A% AL 2 A SR R O R
EEAEAR, 6 NEBERI Nei’s A E (Gy)
AR MBI (G) W3R 6. 6 DNEFEN Gy 7£

0.0169~0.1330 Z[H], GifE 0.8755~0.9832 ZJd],
Hrh GML #il YDZ JE#EE ) Gefe K (0.1330),
GYC il QWF JE#EM] ) Gt/ (0.0169 ), GYC
1 QWF JEH#FIAI Y G 5 K( 0.9832 ), GML Fl YDZ
JERERIEY Gife/ly (0.8755 ),

R EHEE Y Nei’s #tfLH 2 R UPGMA
BT RES (K 2), R ExR, TTHRK
(GYC) MBINTIEW (QWF) HIER NN —K,
AR AR MNAE 1D (QIS). =g} (YFD),
=M (YDZ) R4, &5M)TEARRE (GML)
AL SRR TR 5% PR 55 5 M 3R 2 0
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Tab. 5 Molecular variance analysis (AMOVA) among P. hirsutissimum populations

7 S R FI H75 %

975 i 22

Jr 2485y

G E

P
Source of variation df SS MS Variance components ~ Percentage of variation/%
S 1] 5 64.978 12.996 0.284 6 <0.001
JRBEN 184 828.037 4.500 4.500 94 <0.001
Bt 189 893.016 4.784 100
F6 WHRZ=FEHEMBMEES (Gy) MBEHEMUE (G)
Tab. 6 Nei’s genetic distance (Gq) and genetic identity (G;) of P. hirsutissimum
J&## Population GML GYC YFD QWF QJS
GML 0.9107 0.8755 0.9209 0.8926 0.8862
GYC 0.0936 0.9458 0.9597 0.9832 0.9613
YDZ 0.1330 0.0557 0.9285 0.9508 0.9604
YFD 0.0824 0.0412 0.0742 0.9750 0.9592
QWF 0.1136 0.0169 0.0505 0.0253 0.9751
QIS 0.1208 0.0395 0.0404 0.0416 0.0252
TE: XA T I Nei's L 8RR (Gy), X AL TN Neis IEAHLEME (G
Note: Below diagonal is Nei’s genetic distance (Gg), and above diagonal is Nei’s genetic identity (G;).
GYC ]
[ -
Si% gve
| QWF I~ & -YDZ
o YFD
= - QWF
3 JS
QIS )
Coord. 1 (31.63%)
YFD . e e
B3 ETF Nei’s BEESHNELIRSTE
Fig. 3 Principal coordinate analysis diagram based on
] YDZ Nei’s genetic distance
ML ST RN KAE 1~10 Z 8], K4 2 B, AK HC

0.0500 0.0400 0.0300 0.0200 0.0100 0

B2 HTF Nei’s ZlEEMNHEHR=EH#NRER
Fig. 2 Cluster of the population of P. hirsutissimum based
on Nei’s genetic distance
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QJS
B 5 A Z/EE Structure BELER (K=2)
Fig. 5 Clustering results of P. hirsutissimum (K=2)
3 it 1=0.1582, h=0.1282) R FAWFFH RIAL T PEA

30 wHREZE#ENEESHENE
B Z PRI — R AL T ) AT
SRR AR ST, R 2K, W)
i 7 FR B AR AL I fE ) B, e 2 B 00, AR
FEFTEENY 6 D RBERAL K E M 2013 774G,
T A T SRk T 4 2R 22 A S s A T A B )
T A R, P SN T (QWF ). SR MIAS
1t (QIS). =@k (YFD) M= (YDZ)
X 4 R REA R B OO AT AT ARG
ARBFFTNT 6 4 s Y 22 FE A A SSR S I 25 S
T, YRR (1=0.8592, h=0.4370 ) FlJE#E
JK3F ( PPB=83.33%, 1=0.7425, h=0.4008 ) [ E
HEE AL 2R 5N Y2 B R YL
ZREVERTIEMILL, TR H T ] SRAP #R
WCA TR 8 FhYE =it fE 2% ( PPB=80.26%,
1=0.4241, h=0.2879 ), M5 T2 a2 | ] ISSR
FRICAMTI 7 AR50 2% FE B AG i8  Z FEE( PPB=
96.04%, 1=0.4889, h=0.3244 ), i & T HUANG %'
FIH] ISSR #1 SRAP FRics3#Hri) 15 A58 2= Fa it
(55045 Z2 K1 ( ISSR: PPB=80.28%, 1=0.4236; SRAP:
PPB=70.67%, 1=0.3301 ), b T% H2 %A
ISSR FRICAMHT Y 8 A~ AL 2 SR HE Y 15t 1% ZAE 1k
( PPB=78.33%, 1=0.4191, h= 0.2808 )., 75 i &5 214
FIFH SRAP FRigAHT ) VAR H AR ORI X 1) 40
oy B Al i R 22 (Y s G 24 PE (PPB=24.22%,

WEAR AR B PEAR (GML) myistfs
ZREME (PPB=70%, 1=0.6584, h=0.3648 ), il Al
AESAMIFE R HIHY SSR Aic HA 3 & ) 2 85 Al
TP K L4 %, CHEN U2 F SSR FRic 4y
Brg T PR A SRR X 32 BF AR iy 22
M 3 1% 2 BEPE ( Na=2.9300, Ng=2.2200, He=
0.5313 ) W& AW P RAL T PURER H AR
PR (GYC) By ZREME (Na=
3.9000, Ne=2.2820, He=0.4452 ), AHFZEX; 6
R R SR S T VEARIE (GML) 1
BT ZHEERAR, VIR (GYC) Myt 24
PRE# R, R AT BE A, T HER H AR R X s i
YRR, WAL T AR AR XY JE A
NG S ARBFGE S AT S SR W] 9 b ) Z2 T3 4
PRECESRIA, Arnt gt 2Rt EE, &
R UL I TSP T
32 HMAEZEHENEEREN

AL AL I s L 25 40 B TR A . AT
75l it AMOVA 431, 94%H gL b &
TEEREN, JEREESRAL RN (6% ), Blaif
go 2 FERE Ak AR RN SRR AR L 2
FHE AR ISSR FRiC o 7 AN i g 22 e i
7 AMOVA it s, B2 FE R (60.4% )
38 14 725 K TR EEIA] (39.60% ). HUANG %16
FIFH ISSR F11 SRAP FRic ¥ 15 AR 053 2% & it
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H A HET SSROBRICHY P R Ml DX A I O 22 B IRGR AL S AR AT 2215

T AMOVA 4341, ISSR hric 4 S fh 7 A - o1 2%
FEN (69% ) IRALAR S RKFJR#EA (31%), SRAP
FRich SR s ik g0 22 JR AR (75% ) AL AR
FRFIEBER] (25% ), ZHZZEFH ISSR 4
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