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ISSR analysis for genetic diversity of Cypripedium
in Changbai Mountain area
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Abstract: [Objective] The objective of this article was to analyze the genetic diversity of Cypripedium
plants with different colors. [Method) The genetic diversity of 11 Cypripedium individuals belonging to 8
color types in Changbai Mountain area was analyzed using ISSR marker. Nei’s genetic diversity index and
Shannon information index were calculated using Popgen 32 software. Cluster analysis was also conducted
using UPGMA. [Result] Eleven primers were selected and applied for PCR amplification. A total of 94
bands were produced and 86 of them were polymorphic with the PPB of 91. 5%. The average effective num-
ber of alleles,Nei’s gene diversity and Shannon information index were 1.418 2,0. 250 0,and 0. 369 7,re-
spectively. The distance between 11 individuals was 0. 010 5—0. 969 7. [Conclusion) Cypripedium plants
in Changbai Mountain area had comparatively great genetic diversity. Clustering analysis results were gen-
erally consistent with morphological taxonomy results.
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MR AL BLTEAR S IR A ANFRZ SR AR . 1922
Ji L A0 AT ) A R TS AL 486 3 A= T T 2 4F = 55 R 48
3 3 B AR A e s AR O il i At P O A

FKHAE “lady’s slipper”, B4 #E 22 B MY
AETE 235 B0 TN ok 2R 22 5 L 0B M (LA 5

W3z bl Z 2 RATH B 2% PR IR 2 R A N
FARS o #9228 1 043 A R B0 =2 S R b A
AAEE Y 50 RFA LB ALY Iz A AR AE L
24 Bl A 0 PR L AR I AL 56O T R o3 A
st FREM LR R R R R
PRAERI 22 B IR Z RE b RGP A A G )i
PR 2B ALY 32 Fh ke 1 AR O AR OR 4
I s E A A R A 4 AT 2k 36 B, 1 AR
i b 21 o R 1S o R A R A R (R L
TR R R DI AR LM X3 A iR 22 SR A A K
FER) 22 BEAERT 22 KT 22 I B R A 22 4 P SR HAE
R T AR RN R XOBR T R A 22 R A
P AM B A AR AT 22 P A 22 EAE R X £
FEARIUHL X B R U8 B A 22 i R AR AR A
FUAT A9 22 @A h T R MRz 2 HEH I
X 38 RCHCRD RO T R B b TR E AR
BB CEY 2L Sl AR ) 0 fe W) b [ B 52 5 2 249 ) B DR 37
JERE L RN L 2 R R 2 B R
X B 58 A8 A 3 R ARG BN T K 4 i) 8 B B
L X T 52 A7 19 G W b T 5 F 9 HL 2t A% 2 A1
X 16 ) ol 1) A TIOR3 AR 22 R I PP B O
gl

®1 ftdn=

ISSR(Inter simple sequence repeats) X FF fa B
T YK ] & Zietkiewicz 51 G 2 I B 4y
TARICH AR . B IEAE SSR 43 FARriC 0 3L all b g <7
EK . 5 SSR 43 FAric AH L JC 5 F1iE DNA J7 51
W5 B EE M4, 5k T RAPD 4y F AR id AN Fa e
Ml fEEBAEY DM TR DNA 53 i)z, B
78 S PR, R ISSR 51 4% i 1L A2 DNA 741 i
3971 BEAE PR A A HY 22 S 62 5 PG ISSR ARid
TEAE Y s AL B RS AR B T i . BAER 228
GERZ/NiOR0 TN U ST 8

AT I R ) ISSR 73 7 32 £ AR XK 1l XA
[] 46 0, 1 A% =2 8 AR ) AT B SR AR 1) o L st AR 2 A
PELL K R 5 5C R HEAT 20 b, A TN R 4 XA
2% @ i 5 R A 3 A% 2 AR D80 B R AR DR
AREFERE B 3205 5 AR, LU B4 X i £

VIR AT AR
1 ME5 %k
1.1 #&#

AR BER A TR B X 2 i R AR 2
(Cypripedium macranthum Sw.)  ZHILF) 2 (Cyp-
ripedium X ventricosum Sw. ), #J2= (Cypripedium
calceolus L. ) I PG 22 (Cypripedium shanxiense
S. C. Chen)4 />Ff, DL A B X 73, 36 8 B 11
AL BRI 1 R, T 2012-06 SR 4R 45 Al
Prgr e it R E T ok & b [l 1 — 80 CHR il vk A r
.

BEY B R

Table 1  General information of tested Cypripedium plants
9 il 44 Eoyygih ETRE i HERBEG
Number Species Sepals color Number Species Sepals color
L KR B s R HE
: Cypripedium macranthum Sw. Baby pink 7 Cypripedium calceolus 1. Maroon
b kAR (i e oty
? Cypripedium macranthum Sw. White s Forma of Cypripedium Purple
b KR BRI s Wk e
s Cypripedium macranthum Sw. Radiance I Cypripedium shanxiense. S. C. Chen Brown
b ek B N o
* Cypripedium X ventricosum Sw. Pink-white 10 Cypripedium X ventricosum Sw. Purple
b M P b iR e
N Cypripedium calceolus L. Purple 1 Cypripedium shanxiense. S. C. Chen Brown
N A Bwoe
N Cypripedium macranthum Sw. Pink
1.2 A & BRI A %E OD.go / ODsso S ODagy /ODss, 5 K il
1221 A R4 DNARREZKEAMN RH  DNAFERMLLE SKE,

CTAB 3" B A AR Y 11 AR SR 4
DNA.Jf ] 10 g/L Byt g 0l 5 e vy Tk A6 I 56 [ 26
DNA J5t &t . BE AR R 48 (UVP GelDoc-It TM #4)
A, R 77 . B Bi-PHotomete (EPpendor 2 &)

1.2.2 ISSR-PCR # ¥ 5 &k U5 H &2 L
K2 R AR 3 T 6 ISSR 51 4 F0 AR 56 SC ik 4
M1 By bt = A R A R AT
ONEVE AL 37 A, IR R SR A T WL 2 A
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NI, S K L AN [R)2E 64 22 Ja 4B W0 it 4% 22 R P Y TSSR A3 47 139

PR EIEL 5. 25 R [R5 00 38 KR
K I BE PCR 85 5451 90 1918 IO B2 . 9735 J
M 7E PCR(f# i Eppendorf Mastercycler personal)
P A AT, ISSR R AR & 25 pl: 1.5 pl
DNA #47 (20 ng/pl) . 1.5 pL 514 (10 pmol/L) .2
pL ANTP (2.5 mmol/L, EAY T (K#E) AR
A1) .2.5 ul 10X PCR buffer,0. 15 uL Tag DNA
RAEMG U/pl, Y TR (KE) ARAFD;
17.35 pl ddH,O, PCR § B ¥, 94 C FiAs bk 4
min,94 C7Z8#E 1 min; 55~57 CiB & 1 min.,72 C
FEMH 1.5 min, 35 M ;72 CHEMf 10 min,4 C 15
min Z 1E RN, TR W 60 g/ L SN It R B
JiE L 3k (1< TBE) A& , 560 V HL LYKk 1 b, P&
FUAR B0 10 Y0 Bt 2 15 W 11 52 30 min, 4R %% 10 min, 3
Bl 5% B2 450 T O L A O R 25 R . A ik
WHESE 2 K.
1.3 #HEHEiIt54H

JH SR VA M T e 86 e X 7 3 7 ) R AT 43 B S S %
ML Ok AT N Lty o Horb g 2 o 1A 20 745
LTSI LA AL BL 250 bp DNA lad-

der R br i, XF 5 52 Vg 1 2% EAT G0t TCie i 55
A WS R 1, TSR 0, BRI A TE 1) F& 4 i 0,
W BB iy A KK S L T NTSY S-pe 0 E Xt AN TR
TEAO A 22 8 A W 22 ) 1 AE 8L 3R B0EE AT 40 . R K
UPGMA 3543 Bk S 8] 1 35t 4% G 3R AT R M .
JH Popgene32 B AE 43 B WL 1) %5 457 3 AL (na)
TR0 S B (ne) . Nei” s JEH £ B (He) o
Shannon {5 B 880 (Ho) Flis {4 I &5 .

2 iR 55

2.1 ISSR-PCR 3| 4 i ik % ™ 3%

BEALE 3 1 i M4 BHVE B AT 4 1 L 45
R TE 3T G Y L 14 DA TEW VB A
251 B 14 51853 IR 11 63 4 8}
TR0 B i U 3G RO B 11 A5 (R
2). 5% UBC835 Xf 11 A () DNA $ 14 &%
WWE 1, 81t 11 A5y 3l 94 F& 44, °F
VI 519 3k1s 8.5 A4 Hh Z Bk 5&F 86
2 A FFN BN 91.5% (K 2).,

2 MU BHZEEYHRT EYURFHN ISSRIIYFIIRSEESNT
Table 2 Sequences of ISSR primers and polymorphic analysis

ElR] il B/ C P 1 S B E2oF S8 L35 A )
Primer Sequence Annealing temp. Nb Npb Ratio
UBC811 (GA)sC 56 4 3 75.0
UBC826 (AC)sC 57 7 6 85.7
UBC827 (AC)G 58 8 8 100. 0
UBC834 (AG)sYT 55 15 15 100. 0
UBC835 (AG)sYC 57 13 11 84. 6
UBC836 (AG)s YA 57 5 4 80.0
UBC840 (GAYT 57 9 9 100. 0
UBC841 (GA)sYC 55 8 8 100. 0
UBC844 (CDsRG 56 9 9 100. 0
UBC855 (AC)YT 57 9 8 88.9
UBC856 (AC)sYA 57 7 5 71.4
Bt Total — — 94 86 91.5

Marker

2000 bp

1000 bp

750 bp

500 bp

Bl 1 514 UBC835 X 11 344 22 J& AH %4 KL 1 ISSR-PCR 4" 1 25 R
Fig. 1 ISSR-PCR amplification of 11 Cypripedium plants by primer UBC835
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2.2 MZEH#EYH ISSR R 4R PESAT A FE L WL 3. & 3 T LA B %k

Bl 2.3 4351 k5149 UBC844 , UBC856 X} 11 4y A KAEF > B, FIBEAMKN L B, fF i ikZ .,
FI2J@ A b R BE R 20 DNA (9 B 45 0, AR 50 3 5 4682 B L0 KRB 22 B, (541
LI KSR AET 9 KRR RS BAR R AR BoSA 1 FRERESN.

B, B, B, By B, B, B; B, B; B, B Marker

2000 bp

1000 bp
750 bp

500 bp

Bl 2 5% UBC844 X 11 347 = J@ ¥ #4 KLy ISSR-PCR 14 45 2
i Sk TR SRR SR Rl T R
Fig. 2 ISSR-PCR amplification of 11 Cypripedium plants by primer UBC844

Arrows indicated the specific bands,the same below

B, By, By, By B By B, B, B, B, B, Marker

2000 bp

1000 bp

750 bp

500 bp
K3 5% UBC8S6 X 11 /i34 2 J@ 5 ¥ #4 KLY ISSR-PCR 1§ 45 5%
Fig.3 ISSR-PCR amplification of 11 Cypripedium plants by primer UBC856

R 3 MZEHEYH ISSR HFRERIZER
Table 3 Specific markers for Cypripedium samples

FE & 4 5 i B ¥y kul TSR D
Sample code Species Sepals color Specific marker

B KN 22 Cypripedium macranthum Sw. K41 8 Radiance UBC844 15 000 bp,900 bp; UBC856 1 200 bp
Bs H122 Cypripedium calceolus L. 4746 Purple UBC840 2 000 bp
Bs KAWL Cypripedium acranthum Sw. AT (5 Pink UBC855 2 000 bp
By H122 Cypripedium calceolus L. {6, Maroon UBC834 500 bp; UBC856 2 000 bp,1 000 bp
Bio HALH 22 Cypripedium X ventricosum Sw. L4744, Purple UBC844 1 000 bp

2.3 MZEHEYMEESHENY FEPE B KAA R 0. 500 0, F/ME A 0. 000 0; Shannon

R4 BRI MR A BEE RN ECY FERSEURRME N 0. 693 1, F/NME K 0. 000 0, 7]
1.418 2,73 Nei’s JEH Z M 0. 250 0, P8 W& niistfe MR EATER K ZE .
Shannon {5 B 45 % K 0. 369 7, Hth Nei’s K £

1 AEEEHNZBEMMENIEESEYE

Table 4 Genetic diversity of Cypripedium plants with different colors

FE FEAR RN N s 45 437 PR A TR Nei’s H K Z FE Shannon {5 &7 £&
Sample code Sample size na ne He Ho
By 4 1.000 0 1.000 0O 0. 000 0 0. 000 0
B, 4 2.000 0 1.600 0 0.3750 0.562 3

Bs 4 1.000 0 1.000 0 0.000 0 0. 000 0
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&R 4 Continued table 4

FE i A KN LI 114 S5 457 PR 55 A TR Nei’s 3 [H Z # Shannon {7 B 5%
Sample code Sample size na ne He Ho
By 4 2.000 0 1. 600 0 0.3750 0.562 3
Bs 4 2.000 0 1. 600 0 0.3750 0.562 3
Bg 4 1.000 0 1.000 0 0. 000 O 0.000 0
B7 4 1.000 0 1. 000 0 0. 000 0 0. 000 0
Bg 4 2.000 0 1. 600 0 0.3750 0.562 3
By 4 2.000 0 1.600 0 0.3750 0.562 3
Bio 4 2.000 0 2.000 0 0.500 0 0.693 1
B 4 2.000 0 1. 600 0 0.3750 0.562 3
V¥ Mean 4 1.636 4 1.418 2 0.250 0 0.369 7
2.4 MZEEYHEEEFMEMURE ) Z 18] (38 4% BB die /v . O 0,010 53 B, RAEA 22

11 PR AL B B s G AL R A 5. QRMIZL{) 5 B 22 (5 an ) & By 1764922 (3
%5 BoRREAR MY EAERE o 0. 010 5~0. 969 7, )5 B RILH 22 CEa ) e B X R KN
Ho B, KM 2GR A5 B, AILH 22 (B A 0.969 7,

%5 FARHEHEIEREYNEAEE HALU T MANEREHEEULD)

Table 5 Nei’s genetic distance (above diagonal) and identity (below diagonal) of Cypripedium plants with different colors

EEh)

Code B B, B; By Bs Bs By Bs By Bio B
By * o x % 0.840 6 0.977 3 0.715 2 0.897 9 0.447 7 0.841 7 0.269 1 0.758 9 0.628 6 0.422 4
B, 0.159 4 * %% % 0.633 4 0.664 7 0.664 7 0.341 6 0.210 2 0.438 2 0.823 5 0.604 4 0.686 3
Bs 0.022 7 0.366 6 * XK ¥ 0.491 9 0.2537 0.741 9 0.742 3 0.2327 0.292 1 0.893 9 0.7127
B, 0.284 7 0.3353 0.508 6 X X XX 0.030 3 0.989 6 0.491 0 0.696 6 0.961 9 0.441 2 0.202 1
Bs 0.102 1 0.3353 0.746 3 0.969 7 * oK K% 0.048 7 0.663 6 0.752 2 0.048 7 0.637 4 0.483 3
Bs 0.552 3 0.658 4 0.258 1 0.010 5 0.951 3 * X % x 0.125 5 0.728 7 0.731 3 0.607 3 0.884 0
By 0.158 3 0.789 8 0.257 7 0.529 1 0.336 4 0.874 7 * % % % 0.211 8 0.339 8 0.814 6 0.3655
Bg 0.730 9 0.562 0 0.767 3 0.303 4 0.247 8 0.2713 0.789 8 * oK X X 0.524 8 0.705 6 0.434 6
By 0.2411 0.176 4 0.707 9 0.038 1 0.951 3 0.2687 0. 660 2 0.475 2 * X X% 0.030 1 0.922 4
Bio 0.371 4 0.395 9 0.106 1 0.558 8 0.362 6 0.392 7 0.185 4 0.294 4 0.969 7 * % % % 0.785 1
B 0.577 6 0.3137 0.287 3 0.797 9 0.516 7 0.116 0 0.634 5 0.565 4 0.077 6 0.2151 * % % %

2.5 MZEHEYHNERESH LR AL R K 0. 66 I K 1 25k 4r 6
50 8 AL 11 ASH) 22 & Al 4 S 1K 1) KRN R —2H 5 2 Ko 2 4.2 P e
ISSR KK, TEAHLLRE R 0. 62 B 4 11 D41k PR E 5 2 Ffb i AR Je ) 250 — 41, 2 FP ik
IR 2 284 FEUE N RIER 250 —2 . 00 — KN PG A 22 5Hy 22 AR ool — 2]
2 PAE AR 2 RAEAY 2 PR 2L DL R R L
B

0.59 0.64 0.69 0.74 0.79
LR

Coefficient
B4 11 A2 @AY 1 R3S B e 2R
Fig.4 UPGMA dendrogram of 11 Cypripedium plants
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3.1 M=ZEEYrEEsEY

ARWFFEERFY] K H I XA 22w Y 228
SR L s e 91, 506, -3 Nei” s i [/ 2 K
(He) X 0. 250 0,F 3 Shannon [ B3 % (Ho) N
0.369 7, FRIHH 193845 ZAE . Takeshi %
X H AL S Wi e R AEA 2% 14352 4% Z AR PERIF 90 45 21
R AL RN 2= B B R iR E Z e, 2
AN AT AL Bk 6200, WL Y A A B R
L. 85, A 3 S S P Bk 1. 28, Nei”s JE[H ZHEE N
0.187,Shannon 1 B 48 %M 0. 163. WK H 1L XY
22 )@ 4 W 5t A% 2 B PEAIG Brzosko 45 58 R W
C. calceolus\) 35 A5 2 ¥EVE (£ 5 F K A7 5 A R
46 20 WL f) S5 SR ECR 1. 73, Nei”s JEH 2 M 1
0. 156, Shannon 15 B 8%k h 0. 18O W b [ 1l
DAY 22 SR A AR T 2 BE A5 SR RAPD #1ic
Xz T A B AR 22 R S 2 AR EAT T Y B
HZ AP 5 H ol 82, 69% . Nei”s 3 [N Z#E 4k
4 0. 288 4, Shannon 15 B #8%(M 0. 431 2; Michael
SRR B RN PG AL R AN 22 1 22 25 5 R A EG i
82. 500 WL fr) 4 {37 B [ K 1. 278, Nei”s JE[H £
FEPEH 0.40~0. 53, A WL LA - 3 DX 22 ) A 4 2
BRI XA 22w A s A Z Rk . HE T B AR
22 5% 5 78 3 B DR Y o PR N S T SR
2 0 HHAT R AT AR 2 AT D#E# AR
PRAP X o e A 85 B £ 37, A R R TR AZ L D
SR T P BT ) SR A 5 2 A SR BB R ™ EE Y b X AT DA
T fr g
3.2 MZEBEYHEESW

P2 Ry R E T 2R 2w 5 HoAb 2= B
Yy —#F AR B T A ) L 2 SV B 9 L b ) 2 R
[ HRRE AR 5C . 2= BHAE Wy 22 35 0 1R 4% By o 46 0 R AT
O I e RS N AR A L TE A AR e s R
TR R SEAR 2 P BRI 28, — i 2K OB 2527
32, AWFFER A ISSR 43 7 ARIC O % XK L
X 8 FAIRI AL 8 11 A 22 @ A WA R R AT T 432K
BRI TARIC R R IR IR E I RS
R —EREN—80E . KA 2 B, &2 KN
AR AR R S B o sl
M SRR A AT, R B 22 5 by 20 8 1 RAER)
2B KRR ERER B TR, X5
B R R —BG MR 22K 22 5 KR =
Y RARZR S AEBITE B AS B HIn TR %

WEM 2R —2, g al WL RIER 22 58 2 0k
AW Ry, M2 AR R (B R T, H AR R A AR
HA 2 Jeq6. R BiE SR L0, 88 B0 o 3
@ A OB BE S 22 AL e oh L T AE
AR NI AE R PR R 5P A
2R AT By A T2 5 A 2= Z [ 5 — A
AR ARTEA S I SCHK P IR ol . 2 — B R L
AW TN FLR s Ay 2R R R AR B H S 10
PIR 2R — 28, Al W S IR 22 R G R R
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