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Genetic Diversity of Cypripedium tibeticum
Populations Revealed by ISSR Analysis

LI Jing', ZHANG Xiaofei’, CHEN Jueyi', WU Lingin', XU Lingling'*
(1 Key Laboratory of Plant-microbe Collaboration Research, School of Biological and Environmental Engineering, Xi'an

University, Xi’an 710065, China; 2 Xi'an Agricultural Technology Extension Centre, Xi’an 710061, China)

Abstract: Cypripedium tibeticum is a unique orchid species with high ornamental and medicinal value. As
one endangered species, it is currently listed as a national protected plant. In this study, genetic structure
and genetic diversity of 7 C. tibeticum populations collected in western China was analyzed using ISSR mo-
lecular markers. This study can provide a reference for species conservation in natural habitats of C. tibeti-
cum. The results showed: (1) 12 polymorphic ISSR markers with strong repeatability were chosen from
100 ISSR primers. A total of 136 bands were identified, and the percentage of polymorphic bands (PPB)
was 100%. Nei’s gene diversity ( H.) and Shannon’s information index (I) were 0. 318 6 and 0. 484 3, re-
spectively. The Nei’s genetic distance ranged from 0. 033 3 to 0. 170 1 and genetic similarity ranged from
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0.843 5 to 0. 967 3 among populations. The overall gene differentiation coefficient (G, ) was 0.222 9 and
the estimated value of gene flow was 1. 743 0. (2) The UPGMA and Neighbor-Joining clustering analysis

both indicated clear differentiation between populations from Sichuan and Shaanxi. The overall correlation

between genetic distance and geographical distance was not significant. This study indicated high genetic

diversity in C. tibeticum populations and great divergence between Sichuan and Shaanxi populations on mo-

lecular level. ISSR markers could be used for investigating the genetic structure, diversity and genetic dif-

ferentiation of C. tibeticum populations.

Key words: Cypripedium tibeticum ; genetic diversity; genetic structure; ISSR
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Table 1  Collection information of Cypripedium tibeticum populations in this study

HEAR A i 4 RHEH 3 A | RARnE
Population p . ; . . : Collection date
Location Altitude/m Sample size Geo-coordinate

code (year-month)
SP PU I #59% B Songpan County, Sichuan 3190~3 365 64 32.75°N, 103. 82°E 2015-06
KD P i B %€ Kangding County, Sichuan 2 891~2 945 23 30.00°N, 101. 94°E 2016-07
XJ Py il /N 4x B Xiaojin County, Sichuan 3494~3 720 26 31.15°N, 102. 76°E 2017-06
PwW pu il -3 B Pingwu County, Sichuan 3 385~3 410 13 32.58°N, 104. 62°E 2017-06
GZ pu i H B Ganzi County, Sichuan 3 780~3 826 10 31.53°N, 99. 74°E 2016-07
TB B P4 K 4 & Taibai County, Shannxi 3066~3 219 15 33.98°N, 107. 75°E 2017-06
MX BV JE B Meixian County, Shannxi 3210~3 274 12 34.02°N, 107.97°E 2017-06

BNEAT B S EIRAE T —80 CukHfsH .
1.2 A &
1.2.1 DNARRE DLk P R 22 i i d U AR
Sk LA, A B PR 20 DNA 42 BUst F1) & (Tian-
gen) $RHUIE R 20 DNAL LI 1% B I A 58 15 e ik A6 i
DNA Jii i , 3 F| NanoDrop fifl & #% R /& 111 £ I 4%
(Thermo) & DNA [k B K 20 B &6 D5 4% 5 £/
T —20 C&H.
1.2.2 ISSR3|#iFiE R PCR ¥ 38 M n&E Kk
BHE I K 2 A A B 100 4% ISSR 3@ JH 51 4 1% %1
(Bl W45 801~900) #4751 91 & L (i A T4 9
TREARNTD . 7 AT AN 2 Tl 40 591 45 Bl
MLk £ — 4~ DNA FEAX] 100 45 ISSR 5| ¥ it 17 i
e, N DNA B i 51438 kIR E K PCR 1§
WEE S BT PCR RN R R IR IE . e ¢ 18 B
12 235k 0 R R b P 3 4500 T M7 (1) ISSR 5
Wy (% 2) H T LA 2= A e ISSR-PCR 4734 &

ISSR-PCR JZ Ji & & (20 pl) f 5.2 X Taq
PCR MasterMix 10 yL(Tiangen),ISSR 5| L7/ ne
(10 mmol/L), DNA #i#z 1 pL ¥ ddH,O 8 pL,
PCR #3487 : 95 CHIZEPE 3 min;95 C 30 5,49~
59 CiRk 1 min(£ ISSR 5[y KR FETE £ 2),
72 CHEff 1.5 min, 3t 35 MEHR B )5 72 CHEfH 10
min, SMWEEHJE B8 pL PCR =¥ T 1. 5% BilE
Bl e E A7 R UK R T, R Uk R I 25 2R fE UVP
Biodoc-1T220 & & AR 7 46 i W £ 940 IR 5% .
1.3 #HE\HITE5HH

PR AE UK R — A AR 1 AN
PRic » $ I IRl — 7 B 1 A DNA 457 19 A 6 i
FPgeit AW IIeh 1, T id ok 0./ # 0/1 —JT
BRI . AR B 3 P A 22 R 2 4b T Har-
dy-Weinberg V47 /) 5 42 T . 71 5 4 50 38t 1% S 44

I H] Popgenel. 32 B 53 5l i+ 55 2 35 0 /A 40 %
(PPB) WL &5 37 56 B CNLD A 30055 A ik A2
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D BFFARSE N Z R CHO JFRE 3L 2 R
CH.) (B B [ 35t 1% 23 1k 158 £ (GO L Nei's 5t 1% R 2§
(D). Arlequin35 #4347 AMOVA 5+ 25
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erages) 1 Fl14R 32 1% (Neighbor-Joining) X} ff B 2 [f]
PEAT KT R G R AR HE 45 R 4 b
28 205 FE TH AR s R 1) 04 2 B PR B L R G 3 Ge-
nepop fF £k T. B C(http://www. genepop. curtin.
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Shannon {5 B 4850 (1) 0. 484 3, 16 [RIAY 2% Fr ji
HhRS I 3 (1 22 M B S AL H R A
P25 Hod U 1A 9 Bl R (SP) IX G 150 2 8 8 Ol
Ay Bk 129 A F 94, 85 %, T I P JE B Rh R
(MXO 1) 2 3 AL T BUR b Z 80 S H R i
%43 50k 84 ASF 61,76 % . 7 ATl E Y WL I 45 o7
SEEBINOTE 1. 617 6~ 1. 948 5 Z [a] . 45 % 25 v
HECCNOfE 1.358 6~1.500 7 Z[a], VGREA 2% 7
ASFRRERY Nei's i A 22 4 M /N 38 IR - P 0 ol B
(SP) > f i (KD) > FRAHE(PW) > KH
FEEC(TB > B B FEE(MXD > /NEFEE (XD > 1
WFhEE(GZ) EUE TS I AE 0. 295 8~0.212 5 Z i) ;
Ifii Shannon {5 B 4§ £ 3 - B FhHE (SP) > R

1 2 3 4 5 6 7 8

A

1 2 3 4 5 M 6 7 8
B

1 2 3 4 5 6 7 8 9
C

12 3 4 5 6 7 8
D

M 10

SEFRE(KD) > S RFBE(PW) > KEAFPRE(TB) >
AN (XD > JB B R (MXD > 1 R
(GZ) ,BUEIEEAE 0. 448 2~0. 320 4 Z [ (% 3),
2.3 ARAZFERES KW

XF P AN 25 7 AR ) 1 35 % A RLEE R st A% R
BTG R R 7 AR Nei's it 15 4 1
JETE 0. 843 5~0.967 3 Z[a],Nei's it & i & (D) 7
0.033 3~0.170 1 Z[&], Ky )il H A F (G 5
B 7 JE BRI (MX) 2 (8] 35 14 A 0L A, a8t 14 B
B T DU 1 /s 4 A e (XD 55 R FR R (PW) 2
(1] £ 358 1 AR AL JBE B o 8t A% IR 8 A/ (3R 4D o AR
WAL AT BN 7 AN VU R 2% FP e B 5L R 2 A
FEEC(H ) H 0.309 740,023 0, F F P 35 [F 22 B

M 10 11 12 13 14 15 16 17 18

9 10 I1 12 13 14 15 16 17 18 19 20 21 22

11 12 13 14 15 16 17 18 19 20 21 22

M 10 11 12 13 14 15 16 17 18

A 1~18 pkil K )i FEE (KD R B 1~18 54k ; B.C. 1~22 Ykt A 01| #A 7 (SPYFPBE 1~22 544 Do 1~18 Jkili il /N4
(XD Fp#E 1~18 S/ ; M. DL2000 (441 H /N8 KKK K. 100 bp, 250 bp, 500 bp, 750 bp, 1 000 bp, 2 000 bp)
1 54 810(A).811(B).834(C) 847 (D) 7E 43 Pl filk # 22 S Ui A A< Fp ISSR-PCR # 3f 4% IR
A. 1—18. Sichuan Kangding (KD) population sample No. 1—18; B,C. 1—22. Sichuan Songpan (SP) population sample

No. 1—22; D. 1—18. Sichuan Xiaojin (X]) population sample No. 1—18; M. DL2000 (band sizes from small to large are 100 bp,
250 bp, 500 bp, 750 bp, 1 000 bp and 2 000 bp)

Fig. 1

ISSR-PCR fingerprints of part C. tibeticum samples using primer 810(A), 811(B), 834(C) and 847(D)
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Table 2 Information of ISSR primers and amplification results
514015 519075 51 Woomg  SERE O ZEEREH P enantae
Primer code Primer sequence(5'—3") Tm /C O(t)? br;l:;!ner polylr\lnl(lnr:;)bhii (l))fands of polymorphic
bands (PPB)/%
810 GAGAGAGAGAGAGAGAT 53 16 16 100
811 GAGAGAGAGAGAGAGAC 54 14 14 100
834 AGAGAGAGAGAGAGAGYT 53 15 15 100
835 AGAGAGAGAGAGAGAGYC 51 15 15 100
836 AGAGAGAGAGAGAGAGYA 51 11 11 100
847 CACACACACACACACARC 54 9 9 100
855 ACACACACACACACACYT 55 9 9 100
857 ACACACACACACACACYG 54 13 13 100
876 GATAGATAGACAGACA 49 9 9 100
881 GGGTGGGGTGGGGTG 54 10 10 100
887 DVDTCTCTCTCTCTCTC 59 5 5 100
895 GTTGGTAGCTCTTGATC 55 10 10 100
it Total 136 136 100

R3I BEHKNZ 7 AFE ISSR EESHEMEKIT

Table 3 The genetic diversity statistics of 7 populations of C. tibeticum

PURIIES e ISE - QU G RV - PSE

Nei's JEH ke Shamnon (FEIEHL  ZBAERLAN  SEPEGLS A%

FhEE Observed Effective Nei's Shannon’s Number of Percentage
Population number of number of diveilizygf(mg(,) ir_lformation polymo_rphic of poly_n/mrphic
alleles (N,) alleles (N.) index (I) loci loci/ %
SP 1.948 5 1.500 7 0.295 8 0.448 2 129 94. 85
KD 1.830 9 1.423 6 0.256 6 0.393 1 113 83.09
XJ 1.794 1 1.358 6 0.2207 0.343 3 108 79.41
PW 1.757 4 1.402 6 0.240 1 0.365 1 103 75.74
GZ 1.632 4 1.360 8 0.2125 0.320 4 86 63. 24
TB 1.713 2 1.402 4 0.233 6 0.351 2 97 71.32
MX 1.617 6 1.395 0 0.225 3 0.3331 84 61.76
¥ Average 1.756 3 1. 406 2 0.240 7 0.364 9 102. 86 75.63
EVBEA Total 2.000 0 1.534 3 0.318 6 0.484 3 136 100

FEH(H )N 0.240 70, 014 8, B4 1 35 15 /> 1k
Z2E(G.O N 0.222 9, FH W (N,O K 1. 743 0, H
AN WY Ol WS N o A =
(0. 15 << G,<<0. 25) , Ffr B 1] i PR 42 555

HI 3R 5 AT LA, PO 0R) =2 7 AR B 22 1]
M 2240 4l 0. 613 3, i 5 7 22t R Ry 25. 58 %
FRREI B0 22404 R 1. 784 2, T i F Z L% K
74.42% HESH N B EKFEP < 0.001), i
VU == FEAS ] B 35 4% 43k £ ok 1T RRE 9 Y
AR Z IR ok | TR Z (8],
2.4 WM ZFMBRELSN

K 2 B8, 3T UPGMA ¥: 4 8 10 5 45 B
L DO /NG R (XD L F 8RR BE (PWD AL H 7R

(G2 TR —A43 3, 14 )1 # % (SP) LR 22 Fh fFE (KD)
BNT—A4r 3% 5 AR BRI — K 5
— K S ) F B PG K A RRRE CTB) A BLRPRE (MXO
AFHEER R (B 2, A) , JE AR LA R g 2k
WL FEBR DU /N 4 Bl e (XD H SR BE (G2 FIOF
AR BE(PW) SE Ry — A4 3, SR U5 155 U 1R
Fit T (KD) AR Ff BE (SPOR I A i — A K4 32
Ty — R 3 L) R el e P A A R R i L R T 4 A
(F 2,B), B Al WL, B R 5L F 35 4% B 28 R JUAS [
(4 5 7 v T A B 1) o B ) 2R 40 B 28 W 90 1 45 4
AT o L oy SR 2H 8 SR 359 Sk o DO )1 ol R 5 B 1 R R
ZIRIE AT — 5 KO B A x4k, A BRI
AR AN A ) B2 T 3 45 210 1 5 S 25 F 40 1 1 22 57
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x4 FEMZ=ZTAFEEL Nei's BEHEUERSEEESR

Table 4 Nei’s genetic identity and genetic distance among 7 populations of C. tibeticum

FBE Population SP KD X]J PW GZ TB MX
SP — 0.905 2 0. 896 6 0.901 1 0.878 3 0.884 3 0.876 7
KD 0.099 6 — 0.919 6 0.906 3 0.874 7 0.877 7 0.859 7
X]J 0.109 1 0.083 8 — 0.967 3 0.951 5 0.890 5 0.859 5
PW 0.104 1 0.098 4 0.033 3 — 0.927 2 0.875 6 0.853 7
GZ 0.129 8 0.133 9 0.049 7 0.075 6 — 0.867 2 0.843 5
TB 0.123 0 0.130 4 0.115 9 0.132 8 0.142 5 0.962 1
MX 0.1316 0.151 2 0.151 4 0.158 1 0.170 1 0.038 7 —

R A B AR 2R oA R L B RS

Note: Genetic identity is above the diagonal, while genetic distance is below the diagonal

x5 BEEMNZTAMBISRIZFENSFHEST

Table 5 Molecular variance analysis (AMOVA) in 7 populations of C. tibeticum based on ISSR markers

A L ey ' 7 7 2E 45y T E R
. 15“,.5!&/}5 . F Sum of Variance Percentage of P i
Source of variation df ‘ X . e 0 P value
squares components varlatlon/A
Fh AL Among populations 6 71.291 0.613 3 25.58 <20. 001
FEEPAN Within populations 158 183. 266 1.784 2 74.42 <20.001
BAE S Total 163 245. 757 2.397 5 100
[# %€ 2% Fixation index Fqe= 0.2356
A XJ 0.18
4,—: W 016}
GZ o 0.14
—T . § 0.12
— N =g
KD =5 0.10
= Y
— B 2008t
L MX o
XJ 5 0.06
0.04 e ¢ y=1.11x10 *x+0.07
GZ ' ¢ R=0.42
B PW 0.02 '
KD 0.00 : * : : * : * * !
SP 0 100 200 300 400 500 600 700 800 900
., 5
MX Geographical distance/km

SP. DUJIFAG AR RE; KD, DUJIHEE RN RE; XTI, DU/ Fh i
PW. WJIFRARE; GZ. D)1 H PR R TB. Berd K Ffp
MX. BV e H A
Bl 2 FF UPGMA 32 CA) R4 412 (B) #4229 VE JB K 22
AT RGR M
SP. Sichuan Songpan population; KD. Sichuan Kangding population;
X]J. Sichuan Xiaojin population; PW. Sichuan Pingwu population;
GZ. Sichuan Ganzi population; TB. Shannxi Taibai population;
MX. Shannxi Meixian population
Fig. 2 Phylogenetic clustering of 7 populations of
C. tibeticum based on UPGMA (A)
and Neighbor-Joining (B) method

&3 VURRAT 7 AR 5 A% HE B 5 B R
[i) AF 5% 1 43 A
Fig. 3 Correlation analysis between genetic distance and

geographical distance of 7 populations of C. tibeticum

AT REAL A P N TR R AL R 22 A G
2.5 ARMNEMEBRAESSHIEEEEMARNE
S
TR R 2 A (8] A9 38 AL AL AR R
5 b PR R G X Y A =2 OGS b R ] 6 g A
55 Mo BRLBR B 2 [ A9 A OC AE 1E AT Mantel 6 56 (4]
5 B 5 £ I L PR R R R A T Ry =
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111X10 2 + 0. 07, MCRE R H} 0. 648 1(P =
0.086 = 0.05,1 000 ¥ B AL AL . 2 B PG J 4 2%
Tl o ) 35t A% 15 5 L B 22 () DG MR S I 3,
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1y 1) b 3 43 A B

31w
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B FRATTAE T A 5= e 0 A 74 b IX 3 £ g s i Stk I
X A2 P AR ) 1) B A R R R AT AR . ARSI IS~
SR FRICH A 1253 5 /K P bx 43 A1 7 b = g 1] A
BEPa P4 1 7 A B A 7 SR =2 AR s AR 2 M s
L5 HEAT T R I %t b BE () 2647 T 84 4k 5
FEP M . AE VIR 2% b L0 15 2] 12 4> ISSR
LML B2 A o ik 10020, 1
W] ISSR 73 ¥ #5 10 5 A 7T 4 g — B &0 o 52
B, I T VU SRR 22 R a5t A% 2 I 5 40

—ANFIEE Y A A PR A A R R R /N R
B T 2 A X 2 X A R 1 35t 4% G5 A A5 2 R 7 AR
SR 3 T 52 0 2 40 P B 5 3E N O AR v
VU R 22 Bl 43 A0 b 22 oy i Y R 1L X 3l H HLA AR
o 1 A 28 M L A DX JROBE 1Y) 25 57 2 4 2%
PRALTORE B AR 23 0] 76 AR AR S N VE A 22 %
I /N R R S A A B b R A A
2H R R /N TS B0 1 5 A TR 25 () B 5 A5 30
A7 B DR R PN B AL [ R ] 7 AR st AR A
X TE B 7E P4 AN 2% — B30 5 8 B st AL 2E B 9T
H Rl SEAT B 7 UESE < o [ AR ER A B kA 2= (CL ja-
ponicum) FpRE P i85t 1% 22 B M AR R R R 35 4L Ak
KR S E L E A B A 22 (C. kentuckiense)
% Z R IR L 5t A% 404 1 3, Host % R 25 5
PR s kM S5 TV A A A 22 B A A Oeceo-
clades maculata FPRE N 35 1% 22 BE MK AR BB ]
B 3 081G oAk LR 9 A O A AR R st
AR AN [R]A E 5 FE 7 /0 B A e B 5 2 o] B S R
M) 35 1% 2 % R R AL 25 A I R 3800, B2 BRI
F12£(C. calceolus) it fl Z2 FEVE Kot % 43 (L R FE 1
J& T v AR KT FiRE (] FY 35 1% R B 5 b SRR B W 3
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