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Table 1 Sample collection information

R B L SR ST A TP A O 2 B R A g 2
FEVEPEAG HRAE FhAE 11 98 PR X Hp A9 0 M DR 4 b A T
FEXE LS WA 15 75 F AR DR X 22 0 B i 5 22 B A
FRER AL ZHEIE . 1258 1k B R A KT g 22
AL 22 BEPE MU PR 45 49 05 T A9 0 . AR 6 T IX
Tl A [G] T AE > P 19 52 22 T W) b 1Y 3t A% 23 i B Al dk
DT

PR, A I 5 S R A Tz W T A T
JUPEAY 231 4 [R] € 98 22 A SR 22 R AL T AT SSR
PRICTT & R 47 8 A A B 5, T AR TEAS [ I 4E > P 1Y)
[F] €00 51 22 R O 22 B9 8 A AR K P RR R AG H K
Hogte e .

1 MB5FE

L1 ##

FETVESRAE TR@ YL 5 A4 HARFRHERY 80 AMFF
At LUK IR SR 22 7 A BARFRRERY 151 AR (GR D)
BT EHRFREEFE A2 RERET LR LR
£ T [RJE Y A 3 AN 3T G A, 43 0l S A B B 22 (P
dianthum) R IEIE YR 22 (P. mali poense) FIH 0 ¥ 22
(P.micranthum) , BT %R & K%L 3 MM, H
TR SR 22 Jm W R BAT VAR L D T gk A R A B [
—HRAEAR T R A R 2 (8] 2D [E] BR 10 m, ff
P8 A B T 73 ) SR B A% AL R 1) RIS I R

b R 4 b 25 Eadi's S FEE S RAEEL

Species Collection site Longitude Latitude Population 1D Sampling number
P. concolor Pairu Village, White-headed Langur Nature 107°42'E 22°50'N TS-PR 3

Reserve
Hugyo Village,AEncheng Town, Daxin Coun- 107°60'E 29°46'N TSHG 30
ty,Chongzuo City
J‘iuhan Vi‘llage, Fuxi‘r} Town, Tiandeng 107°10'E 29°54'N TSTH 10
County, Chongzuo City
Weiping Village.AYalong Town,Dahua 107°52'E 23°59'N TS-WP 15
County, Hechi City
Mingiang Village,Shanglong Town, Long- oz gl cop! _ .
zhou County,Chongzuo City 106753 E 2226'N TSMQ 22

P. hirsutissimum lLaya Gorge, Yarchang Nature Reserve 106°19'E 24°48'N DY-LX 15
grchid Germplasm Gene Bank of Yachang 106°25'E 24°51'N DY-YC 23

ature Reserve

Xiakairong, Mingmo Station, Mulun Nature 107°58'E 25°60' N DY-XKR 30
Reserve
Huangjiang Village, Luofu Town, Nandan 107°21'E 25°50'N DY-HJ 20

County, Hechi City
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Continued table
L/ e 4R Hh A £y 3 4 TS R EL
Species Collection site Longitude Latitude Population 1D Sampling number

Jingxi County,Baise City 106°30'E 22°55'N DY-JX 10
Poji Town, Tian'e County, Hechi City 107°80'E 25°12'N DY-PJ 29
Tianlin County,Baise City 105°39'E 24°31'N DY-TL 24
P.micranthum  Tianlin County,Baise City 105°39'E 24°31'N YY-TL 3
P.dianthum Tianlin County,Baise City 105°39'E 24°31'N CB-TL 3
P. malipoense Tianlin County.Baise City 105°39'E 24°31'N MLP-TL 3

Note:several populations were not accurate to the towns and villages.
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KEZE ETFSSRE AREBR=F =R ST

AR R AR E T 12 MRS B A B AR R
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4y 25 (T_USDA_TEX) . %+ /K pH {H(T_PH_
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JE(T_ECE) . ) » 3 B a8t 4% 43 1k 72 5, b 38 B
DA B 12 AR 3 P 31 b5 48 i 14T Mantel #5115
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2 FEREHMH

2.1 BEEZHEEMFEERT

FE 231 AN [A) 0 98 2% Ay ik g 22 kP, 10 A4S
SSR v 23 Kz A9 F- 25 Na b 2.4,F) Ne h 1.6,
Horp T B B A7 5 DL21(1. 093) . F ik Ay & DL23
(0.147)., Ho Ml He 47 32k 0.029 - 0.629 Al
0.081—0.571, A8 MF¥ F {E40.081 (£ 2),

Spearman MICPE R L, If AT 9 999 WA ks 45
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Table 2 Primer information and polymorphism analyses of the SSR

RIS SV S A

A

PURIIEIS

" T 14 1 eH e o
R IR BIREC AIE(Ho ooee R
frg  EEAEF i/ T ’i?ﬁf"bj( (Na) (Ne) D Obser- %E(i”d) )
l’”“ Repeat . g gl . . /PP Number of Number of Shannon vation xpecte Fixed
Locus . Upstream/Reverse primer Size - . - - hetero .
motif /b observed  effective infor hetero osit index
range/ bp alleles alleles mation zygosity z;ﬁ_]s ) y (F)
(Na) (Ne) index (1) (Ho) ¢
. TTCCTTCCCTACCCTTTCCA/ _ _
DL14  (CTC)6 CAGCGGTGTCGTTGATGTT 259 — 267 2.4 1.3 0. 453 0.268 0. 248 0. 062
. GGCCAAGTACATGCACCCAT/ _ . _
DL20 (GCO6 TTCCCACCTCGGTTATGCAC 290 - 314 2.0 1.3 0. 317 0. 208 0.185 0.104
A GCAAATCCATTCAGCCCTGC/ _ _
DL21  (CAG)6 CGACATGGTCTGAGAGGAGE 95-219 4.5 2.6 1. 093 0.629 0.571 0.096
\ CTTGGGACTCTTTCCTCGGC/ PO .
DL23 (AGA)6 CCAGGAGGCTCTCAGCTTTC 235 - 270 1.7 1.1 0. 147 0. 029 0. 081 0.528
S CAGGTTGACAGCAATGTCGC/ _ _
DL30  (CCG6 GCCGCAGCTTTTCGGATAAG 202208 1.9 1.3 0.291 0.180 0.174 0. 027
. AGCGTGTTTGGACTAGAGCA/ _
DL32 (AAAO)S5 TCGGGGATGCACATGGAAAA 249 — 284 2.4 1.9 0. 692 0.106 0.409 0.710
. GGGTGGGGAGAGTAGGAGTT/ _
DL34 (CGGH6 GCCACAACTTGTTTTCCCGG 239 — 251 2.4 1.5 0.452 0.234 0. 256 0.153
. CCACGTGTGACAGAATCCCA/ _ _
DL36 (CGT6 GGCTCCCGACGAGGAATTAC 246 — 255 1.3 1.2 0.154 0.132 0.102 0.209
- CCACCAGCTTTCATATCCTCCA/ _
DL39 (ATO6 GCCCATGCTGTGCAAAAAGA 223 — 259 2.7 1.9 0.618 0.331 0.341 0.028
AAGAAGTGGCTTCCATGGCA/ . _
DL40  (TCD6 GCAAAACCAAGGTGTCGTCC 227 - 242 2.5 1.8 0.603 0.403 0. 359 0.110
Mean 2.4 1.6 0.482 0. 252 0.273 0. 081

L L A ] O 2 384 Z AR KO R B Al
MYE 22 Y (0. 619) 29 4 [a] €8 58 2 (0. 2900 By 2 15, JF
H H Ho (0.335) fl He (0.354) ¥ #% & % (P <
0.001) & TR 5 2% (Ho = 0. 136, He = 0. 159), 7
JUT A FRE e, A D0 2 172 Na Al Ne 43510 0.9 —
3.2M0.8-2.0, M ERE LF. B DY-XKR Hl
TSJTH FREAL HRF BRI B G 6K (F>0),
AN BRI 45 R o, [l A58 2 8 TS-HG fl TS-

MQ FiREAEFE S 25/ 300500 (P <<0. 05) , 177 4 i 58 >
ST A T RE 35 R AEAE B BN (P =>0. 05,3 3),

AMOVA 581 (£ 4) R a7 b 50 2% f s L 48 55
FER A MR (77.5%) [ A 48 2= AN [E] (45. 9%0)
FASR P (40. 5260 1Y 35t 7 78 S A0 > AN ) Fl ke |1 A
THF V) 1 A5 S R A /b, i R 22 A 7. 494, [A] 8 91 22 A
13.6%.,
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Table 3  Genetic diversity and bottleneck effect in populations of P.
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concolor and P. hirsutissimum

PURIR =S e e s ARG B W 2y 45 B WG B
N Na Ne B 0 e R eI A
R B (Na) B (Ne) EHCD (Ho) (He) I 7 7 LB
Populatio Number of Number of Shannon Observation Expected (F) Bottleneck
pulation observed effective information heterozygosity heterozygosity Fixed index(F) effect?
alleles (Na) alleles (Ne) index (1) (Ho) (He)
TS-HG 2.3 1.3 0.269 0.105 0.130 0.116 *
TS-JH 1.6 1.4 0. 260 0.180 0.156 -0.013 NS
TS-MQ 2.5 1.7 0.434 0.132 0.223 0. 225 *
TS-PR 0.9 0.8 0.109 0.033 0.072 0. 400 -
TS-WP 2.0 1.5 0.376 0.232 0.214 0. 050 NS
Mean" 1.9 % = 1.3 0.290 x * x 0.136 % * x 0.159 x * * 0.156 NS -
DY-HJ 2.4 1.8 0. 555 0.310 0.323 0.015 NS
DY-JX 2.5 1.7 0. 600 0. 330 0. 349 0. 087 NS
DY-LX 2.9 1.7 0. 634 0. 353 0. 359 0. 029 NS
DY-PJ 3.2 1.8 0. 650 0. 327 0. 360 0.028 NS
DY-TL 2.8 2.0 0.722 0. 402 0.411 0.017 NS
DY-XKR 2.7 1.7 0. 597 0. 351 0. 348 —0.048 NS
DY-YC 2.8 1.6 0.578 0.271 0. 325 0.117 NS
Mean” 2.8 % % 1.8 % 0.619 % * = 0.335 % * * 0.354 % % * 0.035 NS -

Note:" represents the significance of the bottleneck effect test;” represents the significance of the z-test; NS, # , * % and * * % represent the sig-

nificance of P=>0. 05, P<C0. 05,P<C0. 01 and P<C0. 001, respectively;“ — " indicates missing data.

F4 FELEZMEHEMEZEH AMOVA 547
Table 4 AMOVA analysis of P. concolor and P. hirsutissimum

7 i 0
- . A I BRI %
.. ) Sum of Variance Percentage
Source of variation Df L )
squares components of variation/ %
P. concolor Among populations 4 35.4 0.2 13.6
Among individuals 75 165. 3 0.8 45.9
Within individuals 80 54.0 0.7 40. 5
P. hirsutissimum Among populations 6 54.1 0.2 7.4
Among individuals 144 331.0 0.3 15.1
Within individuals 151 250.0 1.7 77.5

2.2 RGERBERRAREELEN

FEARIKF 19 UPGMA B A 7R K19 NT B3
BoRFEE M2 AR R 1 LE 1),
(b) T (AR BT R 5 2% PR 338 90 % R i o 2%,
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PCoA 45 R 5 NI M 73 07 1ty 25 LA — 340, v] LA

Bt DX 435 I g 22 ] € 5 2 AR P, B 1 R
2 AR BR B 3 R AR A B R 4 00l 54, 8% NI
12.2% [ 1(e) ],

XA YRR Structure 70T B8 K =2 1953 #f
e e S R E AR B N RN L T o S
(a) . (b) ], [ €850 22 Fiafy i 91 22 (Y 40 57 Structure 53
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(2) UPGMA tree among populations (b) NJ tree among individuals
of 5 Paphiopedilum species of 5 Paphiopedilum species

P. concolor
—— P, hirsutissimum
—— P malipoense
—— P micranthum

— ad YY-TL
> dianthum MLP-TL
(c) Principal coordinate (PCo) components ©® DY-HJ
among individuals of P. concolor ® DY-IX
and P. hirsutissimum —
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o vy )
0 ry ‘ AA A ® DY-TL
S e, "% 9 ® DY-XKR
o L4 } o0 Ap E
S [ ] [ ]
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=~ °
3 A TS-HG
A A
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A a A TS-MQ
A A TS-PR
@ A
A A TS-WP
°
=2
-1.0 -0.5 0.0 0.5 1.0
PCol (54.8%)
K1 RGRE 50 A FE A AR 3
Fig. 1 Phylogenetic analysis and PCoA
2.3 EfESL.IBD #0 IBE M3 [E] (1 Hb BB B 5 3t 1% BE B S L W I A G (R =

WAL A A 45 LI 3 Ca) Tl R, 4 I o 22 0. 300, P <C0. 05) ., % BA Hiu FH f5 25 ] BE 2 1k P4 9
PR L] (-2 For o4 0. 077, [ € 58 2% 5 195 i 1 1) ] iy 3545 Jr A . SR, For 5 12 MUK MEFR S A 1
BISE3 For R 0,237, 10 B A~ 40 Rl (9 B RE 8] 49 S 2 [E] ) Mantle #6556 3548 @ 2%, & B IBE #2078 9K 8h 77
For 8 0.572, 3K 8) T8 & oAbk, IR gE % P 5L 2 R ] € 5 22 R G Ak o AR b i VR AT BB
AR B L A B HEAT IBD MR (& 3(bH ]/ KR,

IBE #2586 [& 3(c) ], Hd,IBD K56 W 12 > Fp it
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Fig.3 Genetic differentiation analysis,IBD tests and IBE

tests

BESHES

ARBFFE A 10 N2 &M EST-SSR v 5 b T
DU 2 - 6 70 ) €5, 90 22 R A 2R A R Al i g 2 0
Z R KOE L I & BRI 1 8t % Z MK BE R T
JG . PRI AL 2 R T BE 32 B 40 A0 3 L R
VEZ B 78 43 A 1 Wil f ) Fh i) 382 1% 22 B 1 KT A
R O D R S I N L i A
(Paphiopedium Subgen. Brachypelalum )84 ) —
T4 T A F oY 45 SR 0 H R AR TR 2L Y F AR
A3 AT DX B 2 4 /NS T P G R b X R O R B R Y
SR A 0 LR/ B A 2800 B 5 it AT BB R R T I £
YRL AR AL 2R . T 2 Y R L 2R
Al BE 5 AR E s AR 5 A ¢, AMOVA 45
AN L I LI N S IR N <R e A v
77.5% X SR N MR 5T 45 R AR i A g 22
ok B A N B 5 A8 A8 ARy 40. 5%, I Ah, P F
14388 1 22 RE 7K T 38 1T Rl 52 31 22 4% 4k 1 FRE 1E 16 1T
SRS T A, P 2 B AR & Bt 5]
(Vitex rotundifolia) 5 & 3 (V. trifolia) W) Fh B
2 7 WO L S BT P AR s 2,
PR 200 A Jt P A 8 T i — 2 N LR BR R
J1s TOEBASEFAON Y L R B AR A W FORE B
BN 2 B B AL AN T Y . AR BIF 5 AE [R]85
2P R 4 R v R T SRR (H A A
G v SRR B, 2 B A AR IE B D s e G 3 )
SR TT B B0 0 90 2 2 SR A 1 st A% R

AWFFE A Y 22 1) DY-YC F#EF DY-XKR
FiRE > 0] 5 1 55 AT FSE P R GYC M GML Fh B
e Ui — 25, AR A ST PTAR 118 79 A Sl O 4 R R 14 38t A%
ZREMEMAR T & PR g R, AR T
ST A B ol G i o 25 R ) e, 9 22 2 MY SSR
6L Ao PR M 3 AV 6 A B — W o e A 72 S T AR X
SF L ITTARAR 7 Rl RS 5 B . LA, A ] 08 SR HEAS 1A
FISRAE B i n] BB 52 Wi X Fh BE 24 5 B 1 ITAG . X
SRR DX PN A T I 022 o 1) 35 4% 22 FE P 1 LA
SESRLFUA L3 AN AR X N A e R B R RE A 2 35
PEFEH(DY-XKR. I =0.597;DY-YC,I =0.578;DY-
LX.T = 0.634) 7 5 BF A= Bl #¥E (9 A5 1 (1 = 0. 555 —
0. 722) gt M AR 370 0] DL g b P 49 S A A7 oo o 2% 1) st
e ZREME . SR AT US4 Sk R R R % B 4R
P49 X ] € 58 22 Ff B (TS-PR, T = 0. 109) it & Z kE
PEWMIE T I 4 ASEFA R A 022 R, Rk, B T



I AR E,2023 ££,30 %, 5 6 #§ Guangxi Sciences,2023,Vol.30 No.6

B o DR ) € o 22 Y BB A B O — BT R A AR
PRAP DX A 3 161 2 3 45 5 3 b R AP R i

AMOVA Fiiig 4% 7346 73 1) 45 2R 34 o L A
YRS R R A R T R SRR B
WAL Sy AL B R R R 2 B0 g0t JE R
K 22 SR IV k2 03 14 SR s 27 330 76 £ 3 5% e XU
AR 5 38 H AR T — 0L R A 0 H BRI B
(¥ 50 2 8 1 348 2 5l A7 AE R TR BRI HES B4
X SEHR A BE-F 2k ALK BOE B SR BRI 2R
S R e N 1 P D WU = O S | R SRR 1
J7 360 LI Ao 25 AT 3R Y a3k R %y =X
AT DL SO A Rl R RS ™ O, I A n] BESS fin A R ]
B P2

FE DR A2 BR 0T BE A b b B S ok R B
X 5 VF 2 WG BURAT R RO AL 552 0L T b
WS WML Silene ciliate™™ | wr E A6 J7 i1 1 BT %
W (Rosa rugosa)™ W E A WE T =R
(Cephalotaxus oliveri )P4 1BD #1 IBE [ 4% 3£ 3
B, P 5 2 B ) [] €2 E = JRT I 1 2 iR 35 4% 43
By B Z I PR IR B s e AN . A I T —
BEAT TR AN 3 A 1 b A N I 22 AR A B )
AT AR JR) o R B — B 58 A i s A 22 AR 2 AU
AR AT | i 2 2 B P 29 AR OR B AR S K 28 UR A
XEYR % JE R W B [ SR B A A A% e B Y
Mg 49 R AR 5 I oK S B $5E A A X [ 8 o %
A A L B W, — O, AR
O f77E T RE 23 HI 55 IBE /952 W, 4 5] )2 25 18 2717 i
8 2% ) 0 g 22 B A A R 2 2 AR R s 5 — T
T FH T ASBIF 50 B0 SR A S0 T JRy BR 7 74 S A A X /N Y
KRR IBE f/E Al BEJF AN B W, AUt %) IBE A%
AL TE 22 Jm Wy Fh bR 23 Al i 72 b i VR T A0 3k — 2D R
G B O TR AR A

[F] 2 ot 2% o 22 g vh 2 UL U ZR T AE ALY AL
R SIS I T R el A A = ) o (28 ]
B AE 2 3 AR A3 A T AR T 3 AR DX R RO
W 38 A T J A W) o 2 B ) 2 58 A B R R —
O E R L3 NP R P B R, DU R H £ B
i35 oK, I HL AR T 4 b PR 47 7 2E 90 22 B0, i XS
DR EE Y/ R R I W o L R s ey
(P. armeniacum ) . it 98 2= A1 [F] €5 50 22 %) 16 P4
A& K A S A A [ €05 5 22 XA I O 22 Y 2 52 4
FRI L35 930 190 L — T 22 R R A 1 5%
G5 5 Fa 300 D) 2% 38 5 RE B L i AS B 5T N

A UPGMA #4255 R 76 5 A5 2 @b,
FlEy s 5H MM R & T LR RE, Hi,
AT AR g i L e =P S o
AOMARGE R B FIEIE SR, AN XERGERE X
FEBETVUH TS RN BT R SHIES,
filhn, 78 UPGMA #f b & #L[R] € 50 2% (1 TS-JH Al
TS-WP Fh#E 547090 22 5 DY-HJ Fh B 8 4% 1 5
Py Sy 43 R U 3 S8 o mT DL A S A S I R 4 58
IR, SRS T SSR 7 f 4R b iy A% (5 A
BEL X T 50 22 @ WA ] R 40 K 8 O & 1Yk — 25 W iE
T LA Bl o 4 T SR D ALAE B G 8 £ ik R 4 B 4 dk
PSRRI

5% 3Lk

(1] XA fd, BR.C R, BRAVE 4 P ESE 2 A (M. b
B R 5 2000.

(2] JFEZ, AR, S5, G822 JE A Y A 0 R 45 B oY B e
(1], #4231, 2022, 43(4) 1 T69-778.

(30 Xfifd sl 03, fae ey B, 46, [a) €8 98 2 T HoR G RE O BT
5[V, = F LT 5T . 2000,22(4) :390-394.

(4] ko, 28]k, sl 5, 45, b [ 9L 22 ) 98 9% 30 )% AL 4 3
oAtk L ESAEHE T LI] MY EE %M.
2022,46(1) :40-50.

(6] E3Che, ik ik £ R, 5. 4 it 98 22 5 AN A= Ja i 3R Al
ZREPE AT ] H ) AR B2 4. 2020, 21 (5) : 1196~
1206.

(6] #a . ERHG . 5 2E, 55 . 2T Wi fe A 4 e T T 8 1 33t 1%
SR R e ], H BT . 2023,43(1) :51-58.

[7] HUANG]J L,LIS Y,HU H. ISSR and SRAP markers
reveal genetic diversity and population structure of an
endangered slipper orchid, Paphiopedilum micranthum
(Orchidaceae) [J]. Plant Diversity, 2014, 36(2) : 209 -
218.

[8] TONG Y W,DURKA W,ZHOU W M,et al. Ex situ
conservation of Pinus koraiensis can preserve genetic di-
versity but homogenizes population structure [ J]. Forest
Ecology and Management,2020,465:117820.

(9] womneR. S IR, ke, i i 90 22 3845 Z R PR 1Y SRAP
GrATLI . R 5 AR 2 4. 2014,45(10) : 1734-1738.

(100 fR & PRZO6. ) £ R 4F. 26T SSR AR ic 1Y P4 /g Ml IX
W A= i R =2 B IR AT 2 AR MR XA LT/ OL . Vi 1E 9
2#42,2023:1-11[2023-08-10]. http://kns. cnki. net/
kems/detail/46. 1019. S. 20230216. 1655. 008, html.

[11] DOYLEJJ,DOYLE] L,BALLENGER ] A.et al. The
distribution and phylogenetic significance of a 50-kb

chloroplast DNA inversion in the flowering plant fami-



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

KERE ETSSRH ARBREMEMHREZEESHEESN

ly Leguminosae [J]. Molecular Phylogenetics and Evo-
lution.1996,5(2) :429-438.

XU Y F,JIA R D,ZHOU Y H,et al. Development and
characterization of polymorphic EST-SSR markers for
Paphiopedilum henryanum (Orchidaceae) [J]. Appli-
cations in Plant Sciences,2018,6(5) :e01152.
PEAKALL R,SMOUSE P E. GenAlEx 6. 5: genetic
analysis in Excel. population genetic software for teach-
ing and research:an update [ J]. Bioinformatics, 2012,
28(19) :2537-2539.

PIRY S,LUIKART G,CORNUET J M. Computer
note. BOTTLENECK: a computer program for detec-
ting recent reductions in the effective size using allele
frequency data [J]. Journal of Heredity,1999,90(4) .
502-503.

TAMURA K,STECHER G,PETERSON D,et al.
MEGAG6 : molecular evolutionary genetics analysis ver-
sion 6. 0 [ J]. Molecular Biology and Evolution, 2013,
30(12) :2725-2729.

PRITCHARD J K,STEPHENS M,DONNELLY P.
Inference of population structure using multilocus gen-
otype data [J]. Genetics,2000,155(2) :945-959.
EVANNO G,REGNAUT S,GOUDET ]. Detecting
the number of clusters of individuals using the software
STRUCTURE:a simulation study [J]. Molecular Ecol-
0gy»2005,14(8) :2611-2620.

EXCOFFIER L,LAVAL G,SCHNEIDER S. Arlequin
(version 3. 0) :an integrated software package for pop-
ulation genetics data analysis [J]. Evolutionary Bioin-
formatics Online,2007,1:47-50.

GITZENDANNER M A,SOLTIS P S. Patterns of ge-
netic variation in rare and widespread plant congeners
[J]. American Journal of Botany, 2000, 87 (6); 783 -
792.

GONG W,GU L,ZHANG D X. Low genetic diversity
and high genetic divergence caused by inbreeding and
geographical isolation in the populations of endangered
species Loropetalum subcordatum (Hamamelidaceae)
endemic to China []J]. Conservation Genetics, 2010,
11(6) :2281-2288.

INE R, AR A, R, AF. T OSSR 4> F AR ic 1Y & 5
TR Y 9 35 4% 22 e B st iR 256 A ML . b I
24435 ,2021,46(15) :3824-3831.

RUAN X X, WANG Z,WANG T,et al. Characteriza-
tion and application of EST -SSR markers developed

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

from the transcriptome of Amentotazus argotaenia
(Taxaceae) ,a relict vulnerable conifer [J]. Frontiers in
Genetics,2019,10:1014.

WU F Q,SHEN S K,ZHANG X, et al. Inferences of
genetic structure and demographic history of Rhodo-
dendron protistum var. giganteum :the world's largest
Rhododendron using microsatellite markers [ J]. Flo-
ra,2017,233:1-6.

RE LV IG5 B TR R A 35 A% 5 10 B
MA ot 4% 2 FE P RS AL S5 AT [T, R b2y 2 3k,
2020,45(4) .838-845.

FREL RN, B =L 5 T E YA 2 R
I Al B g At Z REPELT . AR BL2EBF 5T . 2021.34(4) 1 13-
21.

KA TR B L AR g R B A % B A N SR R g A 4
Fyp s ], 5 XS, 2020,37(3) :715-721.

I B L PN AR AR RUR YD 22 AL R AR ) 2 ST
FEEREBEEL) ], A F.2019,38(3) :88-92,96.

TRIRLE T AT, SRR R R T R E R K
HE W &R MY 438 5 9E R % 4. 2013,
35(1) :33-40.

MORENTE-LOPEZ J, GARCIA C,LARA-ROMERO
C.et al. Geography and environment shape landscape
genetics of Mediterranean alpine species Silene ciliata
Poiret. (Caryophyllaceae) [J]. Frontiers in Plant Sci-
ence,2018,9:1698.

XU J J,ZANG F Q,WU Q C,et al. Analysis of the ge-
netic diversity and molecular phylogeography of the en-
dangered wild rose (Rosa rugosa) in China based on
chloroplast genes [ J]. Global Ecology and Conserva-
tion,2021,28:e01653.

LIU H J,. WANG Z,ZHANG Y L, et al. Geographic
isolation and environmental heterogeneity contribute to
genetic differentiation in Cephalotaxus oliveri []].
Ecology and Evolution,2023,13(3) :e9869.

YEP C,WU J Y,AN M T,et al. Geographical distri-
bution and relationship with environmental factors of
Paphiopedilum subgenus Brachypetalum Hallier
(Orchidaceae) taxa in southwest China [J]. Diversity,
2021,13(12) :634.

FLHIE RAR K K . 4 Tl 0 22 R R Y A 58 4
PERFSELCL. Hp 03¢ Fd 20 5% 3k i 2011, 4R I b
Mol At 2011 :227-232.

Rk Fbr 2w 22 e F AR LT] )RR R
%,2005,32(4) :25-27.



I AR E,2023 ££,30 %, 5 6 #§ Guangxi Sciences,2023,Vol.30 No.6

Genetic Diversity of the Paphiopedilum concolor and P. hirsut-
issimum in Guangxi based on SSR

ZHU Xianliang' ,ZHU Shujing'?,ZOU Rong', TANG Jianmin',LUO Yajin’ , WEI Xiao'" "

(1. Guangxi Key Laboratory of Plant Functional Phytochemicals and Sustainable Utilization, Guangxi Institute of Botany, Guangxi
Zhuang Autonomous Region and Chinese Academy of Sciences.Guilin, Guangxi,541006.China;2. College of Life Sciences,Guangxi
Normal University, Guilin, Guangxi,541006, China;3. Yachang Orchid National Nature Reserve Management Center of Guangxi,
Baise, Guangxi,533209 , China)

Abstract: Evaluating the genetic diversity and population structure of perpetual blooming Paphiopedilum
concolor and spring blooming P. hirsutissimum and exploring the genetic differentiation among different
flowering habit Paphiopedilum species will provide a theoretical basis for the sustainable utilization and con-
servation of wild resources of genus Paphiopedilum. In this study,a total of 231 individuals from 12 popula-
tions of P. concolor and P. hirsutissimum were genotyped using 10 polymorphic EST-SSR loci,and then ana-
lyses of genetic diversity, bottleneck effect, phylogeny, genetic structure, genetic differentiation, isolation by
distance and isolation by environmental were carried out. Our results showed that most indicators of genetic
diversity were significantly (P<Z0.05) lower in the P. concolor population than in the P. hirsutissimum pop-
ulation,and Analysis of Molecular Variance (AMOVA) revealed less variation between populations in both,
but higher within-individual genetic variation in the P. hirsutissimum than in the P. concolor. Significant bot-
tleneck effects (P<C0.05) were detected in two populations of P. concolor ,while none were detected in the
P. hirsutissimum populations. Both the Unweighted Pair-Group Method with Arithmetic (UPGMA) tree at
the population level and the Neighbor Joining (NJ) tree at the individual level showed that the phylogenetic
relationships between P. concolor and P. hirsutissimum were close and each clustered into two clades. Re-
sults of principal coordinate analysis (PCoA) and Structure also supported the phylogenetic analysis. In addi-
tion,the genetic differentiation coefficient (Fg¢) confirmed that population differentiation between the two
species was high. Narrow natural distribution and past population bottlenecks may have contributed to the
loss of some genetic diversity in P. concolor. Geographic isolation is the main driver of genetic differentiation
between populations of P. concolor and P. hirsutissimum ,to a lesser extent, the effect of environmental isola-
tion.

Key words: Paphiopedilum concolor; P. hirsutissimum ; genetic differentiation; population bottleneck; geo-
graphic isolation; EST-SSR
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