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Abstract ; Paphiopedilum micranthum is a rare and endangered orchid known as slipper orchid. Its survival had
been so seriously threatened that it lead to a drastic decline in number and range of wild populations because of
commercial need and habitation destruction. In order to assess the influence on genetic structure of P. micranthum
and provide fundamental information for its protection,167 samples from seven populations under the different dis-
turb circumstance in the germplasm collection area-southeast yunnan limestone region were drawn to detect its ge-
netic diversity and structure within and among populations by sequence-related amplified polymorphism ( SRAP)
technology. Molecular marker revealed that it had a high level of genetic diversity at species level (PPB =81.25% ;
1=0.3709) despite small population sizes,a quiet low level at population( PPB =47.92% ; 1 =0.2348) ,a moder-
ate mean genetic distance among population( D =0. 1268 ). Analysis of molecular variance(AMOVA ) indicated that
the contribution(66. 27% ) of variability came within population level and account for 33. 73% of total variability,
which was consist with the coefficient of genetic differentiation among populations ( Gst = 0. 3568 ). P. micranthum
maintained significantly higher population differentiation compared to other outcrossing orchid species ( Nm =
0.902). The 7 populations could be divided into two subgroups at genetic similarity coefficient of 0. 863. There was
no significant correlation among population genetic distance and geographical distance. The current studies suggested

that mating system, selective collection, habitats destroyed, and fragmented lead to loss of genetic diversity within
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populations and aggravated gene differentiation. In addition, gene drift and adaptation evolution were very important

reasons responsible for a high genetic differentiation. While genetic flow might be not the main factor for differentia-

tion.
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cies of Wild Fauna and Flora) ¥ — 2R 3748 W) , X
Ry, WY 22 (P, micranthum) 77 T =M &
B B PE AL ER 7 PG AR A R LR AR KT
HEEFR 1000 ~ 1700 m FR) 47 B LIS A Fp sl BE AR
HAET A 20 e 80 AR BLLIK , DL 5 S
ARt SR, Pl B PR R R ICRAZS , J T Al g 22
Hrke R R A A T FELAS 4 /0N R 3 B Y
HAE
UTAER B g 22 BFSY ST e T AR b H A |
fery A2 B Rk R RS AL S5 A ). A,
Fowlie ™ FI Z. H. Tsi %5 Xof [ i i 51 22 14 b 34 43
A 0 B PR/ N A T ST AN A 5 SIS A B o i 2
R YR 22 PR, BN B AR AR T,
R BE 22 25 S AR e R, N TR e A H
120 d f M 578 RE 35 9% 2 b K R K, l ik
32.4% ') ;2= By AR Gz A ) A O 43 B xR i g
22/ INRUBE S L R 382 4% 742 S 1) 20 AT 4 SR BEA T 9T, 4
SRR A SR 22 R gt 4% 8 S A 2 8] b 19 53 A
EREYOR B SRR R (3 ~4 m) WRI
F YA DG TER R B PN 2 B S 2 1 SRAF G
TR /N 2 19 1) 2R I 2 e ) i g
I S EERIES HAT  TEAR B 8 A A L X AT
AEJE L 22 AR IR P AN A TPl S8 22 TR R B Y
A1 R DX R AR S b [l U5 2 P A ) e ST AT

DX AR P EA 3 DX R SN )04 AR T A
R A TP R B M X

VEN R AR I 1 e R, A E A 28 1E 5 5
& EEN A AEBEAT . TR R LK T I8k i 4
I A O 22 A O M R BER AR X, T
O A AT IR S L DX AR BE | IBORE 9 A 55 TR X
I, 284 1 JOAR 5 N A R B o HL st A% 4 A4 52 i 14 T
FUARIE

TEASEAL AT BT TR BRI Y P i S AR ) 1
JOE AN R S i, 52 1l R A DR B SR et R
TG AR T, HH OG5 5 4 £ 35 HE (SRAP, se-
quence-related amplified polymorphism ) E% i, Zfj 3t )i
JH 0 J5 B3 A% 78 S RIS AB 2 R A A RS
0 3 AR B A0 A DX 5 56 S R S35
3AHIXHY 7 AN AR O 0 B B S B, R ]
SRAP HARHEAT JE BEE L 45 MBS, B 12X 1% X 35
S RTAE O 22 a5 AL 2R R AL S A TP
filh, LA AR SRR
1 MR57AE
L1 #HEREMLLE

R ok SCHFIRRIESE 3 4 X 1A
[FISR AR e g XSG 7 D RARTEREAE BT SEXT R .
TR AR BEREIR A 52 0, Rl 2 MRV
2250,7 DEREILER 167 D ASAT AR (F 1) .
BB 16 B ot O AR, AR 2 [ B g 22 /0
2m PLE R MR A DK G, A ISR = - 70 C
TRAT

F1 BEMHRZTNEERFER

Table 1 Habitation traits of samples collection sites of seven P. micranthum populations
PR Y AR TR JERESZ TR ZJE il 3
Collection site Code No. of sample Vegetation type Degree of population disturbance Longitude Latitude
e, [ MG 23 AR 1 B TEA T 104. 17 23.01
L Je I JHQ 20 MV BT 2 T o] - A BETH 104. 24 22.53
et b GLQ 30 P A K i i bR REETH 103. 58 22.48
p QIR DZ 25 V. A 2 T i b KIRFHHE 104. 23 23. 14
XMt YLJ 19 WA 1 A THEA HEE T 104.19 23.11
ST XBZ 19 AR A7 IR HEA BET 104. 20 23.22
JRAEY T30 TB 31 AR 7 A HEA RIRFIHE 104. 47 23.11
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1.2 E DNA ZH

BTS2 L DNA B3R BCR HIEC R 9 CTAB

TENY DNA HREEZE 0. 8% SRR MEE A LUK A T /5 K

DNA BESH BN 30 ng/ul., —20 CLA7RH

1.3 5[#fFiE PCR # 1B H =¥
AR JE B BEALAIIR 3 K 5 E 4T SRAP-

PCR B0 , 51 WFFIRIET G. Li 50 M. Fer-

riol %V H Y. Zhang 7 I & g S 14, 3k

1150 DA, AR 10 X REFEE B3 7 AR 2%

WIHW e BRI GIAHE (R2),

x2 ARGIMASHIEHR

Table 2 Amplified results of SRAP primer combinations

S G ¥ Siit B2 i N SR
Primer combination ~ Total bands POL (% ) PPB
mel/emd 30.0 20.0 66. 67
mel/EM5 37.0 31.0 83.78
me2/eml 36.0 31.0 86. 11
me3/Em9 33.0 32.0 96.97
me4/EM3 30.0 24.0 80. 00
me4/em3 20.0 16.0 80. 00
me5/em3 24.0 17.0 70. 83
ME6/EM2 22.0 19.0 86. 36
ME7/eml 34.0 26.0 76.47
ME7/EM2 22.0 18.0 81. 81
- Mean 28.8 23.4 81.25
A Total 288 234

PCR 434 AR 2 20 pl SOBAR R P 1.5
mmol/L Mg”* ,0.3 mmol/L dNTP, 10 x PCR buffer,
0.5 pwmol/L primer,1.6 U Taqg DNA 25,100 ng
DNA 5t §"HFEIF 7 :94 C B 5 min, 94 C
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AP 1 min,35 CIB K 1 min,72 °C #EfH 2 min,5 >
ﬂ@%;94 C 244 1 min ,50 °C1 Bk 1 min ,72 C #EAHf 2
min,35 MEFF,72 CHEM 5 min,

28 6% M7 VE RIS BRI BEIC , 248 30 min Fil
HL K, IR YK (U =1500 v,P =75 w)1 h 30 min,
e 28 [ ARGy | RN S 4 R
1.4 HipsbiE

WAL VK B 3% 1 ladder marker AR5 1 X4

B S EA T 0 T i TR — D 1S R 4y
AR A AN [F) — i, FL K PR3 A B

FES I 3G F A BTG IE %, A IR 1, ol I
{50 0,15 2 JF B , FH PopGen 32 FAFTTHEUL
IS HE KB (Na ) A RLEFALIE L (Ne)  Nei's Jik
KIZ M1 (H) Shannon's $5 50 (1) (AW A L3R
(PPB) G2 A% 0 A R KL (Gst) FIFE R (Nm) 5 2T
Nei's WHEHE B NTSYS-pe 2. 1 #04F5#E4T UPGMA J5
AT IR RGO R L 438 B 8 S (4 5 2240 W
(AMOVA) #1 Mantel 30 GenALEx #{f1i15E
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M 150 XF 51 W2 A i 10 X8 FH ot i) 2t s
WAEAR SR oA ds 7 AN IE S A 7 AN
19, 10 X531 1 288 A, Horp 228
fR8 234 4>, Z ML A L 3RIK 81.25% , 473 f
SR TR /INE 50 ~2300 bp Z 0] (& 1), FEXT5 149
SRR A 28. 8 AL, AR Z AT A LR
EIS YA N me3/Em9 ik 96.97% (£ 2) .
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1~ 15 i MEREA 16 ~26 . e FEEHEA ;M. 100 bp DNA Ladder Marker

1-15; GLQ population samples,16-26 :JHQ population samples,M:100 bp DNA Ladder Marker
1 5|4 ME7/eml & HERHNXRERHYEER

Fig.1 Amplification result of population GLQ and JHQ by prime ME7/eml
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6], A R 50 B RBUAE 12915 ~ 1. 1980 Z [H], Nei's
K ZREEAE YA A 0. 2422, FE TR BEKSE I
0. 1550 ; Y Fh7KF- 14 Shannon’s $8%0A 0. 3709, Ji&

R3 EHREZTANEHNEESHEREY

YLJ B BE i Z M fe m (Ne = 1.2915; H =
0.1735;1 =0.2632) , MG J& FEEAK ( Ne = 1. 1980;
H=0.1162;1=0.1752) . FRIEEH; TB %?ﬁ)ﬁﬁﬂ%
K GLQ BT m Bt 5 Z IR R R, st
R ZFEER 0. 2411 JBHEN AL ZHEMEIL 0. 1550
(£3),

Table 3 Genetic diversity index of seven geographical populations of P. micranthum

JETE pURIIE A AR Nei's $:H Shannon's E2 5 cRVNE] Mgt % JERE A S
Population BEHEL Na BEREL Ne ZREH BT 532 (% ) PPB FerE Hy A Hy
L MG 1.3438(0.4758) 1.1980(0.3305) 0.1162(0.1803) 0.1752(0.2610) 34.38

JJEH JHQ  1.4618(0.4994) 1.2763(0.3655) 0.1606(0.1977) 0.2401(0.2839) 46. 18

HME GLQ 1.5069(0.5008) 1.2874(0.3648) 0.1685(0.1962) 0.2537(0.2814) 50. 69

3}1f DZ 1.5069(0.5008) 1.2392(0.3262) 0.1460(0.1814) 0.2253(0.2630) 50. 69

Tt YL 1.5382(0.4994) 1.2915(0.3556) 0.1735(0.1927) 0.2632(0.2768) 53.82

JNMILTXBZ  1.4688(0.4999) 1.2599(0.3454) 0.1550(0.1902) 0.2344(0.2754) 46. 88

FH 31 TB 1.5278(0.5001) 1.2777(0.3520) 0.1655(0.1913) 0.2516(0.2751) 52.78

JERE Populations 1. 4792(0.4966) 1.2614(0.3486) 0.1550(0.1900) 0.2348(0.2738) 47.92

YIfh Species  1.8125(0.3910) 1.4026(0.3520) 0.2422(0.1823) 0.3709(0.2518) 81.25 0.2411(0.0330) 0. 1550(0.0165)

5 PR AR

The digital in the brackets represent deviation

Na : Observed number of alleles, Ne ; Effective number of alleles, H: Nei gene diversity,/: Shannon’s information index, PPB ; The percentage of polymorphic

loci, Hy : Total gene diversity, Hy : Gene diversity within populations
2.2 HEHEZEHEREESMELLR

Wt Nei's BHERIEES |7 AN REE S AL BE 25
0.1268, DZ J& FEM YL) J& 18] () 38t 4% I 2 A
0.0659,1f XBZ J&#E Al MG 5 B 18] 4 e K gt (L #E
B,00.1916, 7 DR —BUE RSN DZ
A YLY JEEE, 15 0. 9362, ik J& MG #1 DZ JEEE, ik
0. 9355 ,XBZ Fll MG J&#EE] A9t 45— B e/, AU
0.8256( % 4), HT UPGMA T Hr, 7EHH K &
ik 0.863 W, 7 NIEHERK 2 733, 5 1 43 3K
MG DZ 1 YL JERFA AL, 55 2 S H GLQ JHQ \XBZ

FTB JE R R (B 2) o 7 /5 B 0 b 3 0 25 7E
12 ~ 115 km, MR S HE XBZ 5 TB A & KLY
SRYEAR ITIHES JERE DZ XBZ 1 YLJ(12 ~22 km)
TEFRG R R R L B AR, X — 25 RAAT
AR AL 25 R v ) BB S PR B A iz F Mantel
R0 65 A A JoE [ 3547 1 25 5 b PR 5 1) 4 O
ERFH. N ERPAHCRE r=0.298(P >
0.05), Mlrl <0.3 F/ARPHE RS, X —545
AR TE S T AR (] 35 4% 1 5 5 b TR A G 2 A
Kt

x4 EMHHEZTANFEER Nei's BE—BE(NAKLS) EEER (MHBLETH)

Table 4 The Nei’s genetic identity (above diagonal) and genetic distance ( below diagonal ). among seven P. micranthum populations
J&#E Population H[E MG JeIEH JTHQ R GLQ }-1f DZ I YL) /N XBZ 3 TB
[ MG 0. 8578 0. 8502 0. 9355 0. 8977 0. 8256 0. 8299
JFETE JHQ 0.1534 0.9232 0. 8704 0. 9101 0. 8844 0. 8745
M GLQ 0.1623 0. 0799 0. 8641 0. 9067 0. 8960 0. 8813
s}iH DZ 0. 0667 0. 1388 0. 1461 0. 9362 0. 8530 0. 8484
Bt YL 0.1079 0. 0942 0. 0979 0. 0659 0.8797 0. 8694
/NI XBZ 0.1916 0.1229 0. 1098 0. 1590 0. 1282 0.9174
0 TB 0. 1865 0. 1341 0. 1264 0. 1645 0. 1400 0. 0862
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Fig.2 Dendrogram generated using UPGMA analysis

showing relationships among seven populations
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7 AN ERE R L L R (Gst ) 15 0. 3568, Hi AH

FMIFFE, — 7 A1 ol e A 4 38 15 AL R (Gst)

363 A RBEE AL AR 5 A 18.98% R %
Eﬁi'—ﬁim DZ YL] LSRR, B X Ja i ]

(388 A% A AL R 1 B S AP S Ly b DX B AR KT
DX [) 8% A0 5 11 25 S U0 B W 1 2 3 A4 i IX o f) 4 7
b ] 35t 1% A8 S 7K 7 #08  SAE S 1 30% LA
I b X AR I s A5 oAk 5 IR B B DZ MG
FYL) (A5 A8 S AL 20 % 1 2 2k I T J& B

Fx5 ET SRAP WARERKTFWENFZFEEH AMOVA 7317

Table 5 Analysis of molecular variance( AMOVA ) at different hierarchical level for 167 individuals based on SRAP
A SRR B R ST Y15 A5 541 5y BRETHE(%) Wi
Source df SS MS Estimate of Percentage of P

variation variation

oL JE ] Among all populations 6 2151.908 358. 651 13.972 33.73 <0.001
JJEREP Within all populations 160 4392.332 27.452 27.452 66.27 <0. 001
il 3 AN EEERE] 2 617.572 308. 786 13. 474 32.19 <0.001
(Among XBZ,YLJ and,DZ)
il 3 AN EEE 60 1703. 364 28. 389 28. 389 67.81 <0.001
( Within XBZ,YLJ and,DZ)
3¢ 3 AN EHRER] 2 47. 000 23.500 0.832 18.98 <0. 001
(Among JHQ,GLQ and,MG)
3 AEREN 70 248. 562 3.551 3.551 81.02 <0. 001
( Within JHQ,GLQ,and MG)
T o 5 R S B R ] 3 1219. 033 406. 344 14.751 35.42 <0.001
( Among MAGUAN and MALIPO)
T b R N 100 2688. 967 26. 890 26. 890 64. 58 <0.001
( Within two regions)
SCLL S PR T3 s e ] 3 1075. 339 358. 446 14.232 32.93 <0.001
(Among WENSHAN and MALIPO)
T i R R Y 90 2609. 300 28.992 28.992 67.07 <0. 001
( Within two regions)
3530l E R 5 1620. 663 324.133 13. 196 32.98 <0.001
(Among MAGUAN and WENSHAN)
Vb B Y 130 3486. 396 26. 818 26. 818 67.02 <0. 001
( Within two regions)
WL JE R ( Among DZ, MG ,and YLJ) 2 372.353 186. 176 7.105 19.96 <0.001
%% JE#EP (Within DZ, MG ,and YLJ) 64 1823. 140 28. 487 28. 487 80. 04 <0.001
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FEPE S BLAELE SR P 03— a5, s 4 Py A4
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PEVERERE ) (B4R HF st A% 78 S FBE R T A 1k
ZRAE, AR A SR 25 S 3 R HRR IR AE 16 0 S 80U
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