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Analysis of Genetic Diversity and Fingerprint Construction of
96 Cymbidium Based on ISSR Markers

WEI Xiaoyu, LIU Hong, MA Hui, BIE Tongde, SUN Ye
(Institute of Agricultural Sciences for Lixiahe region in Jiangsu, Yangzhou 225007 )

Abstract: In order to strengthen the protection and utilization of Cymbidium resources in China, ISSR
markers were deployed to conduct the genetic diversity and fingerprint construction in this study. A total of 67
bands were detected with 11 primers in 96 samples, and the average of polymorphic bands rate is 73.63%, the
number of alleles (N,) is 1.925, the number of effective alleles (N,) is 1.450, the genetic diversity of Nei's is
0.277, and the Shannon index () is 0.427, the percentage of polymorphic loci (PPL) is 92.54%, the genetic
diversity within populations (H,) is 0.1934, the genetic differentiation coefficient (G,) is 0.3009, the total
genetic diversity (H,) was 0.2767, and the average gene flow among populations (N,) of Cymbidium is 1.1619,
the fixation index of pairwise genetic differentiation among populations ranged from 0.002 to 0.527, with an
average of 0.325. The systematic clustering results indicate that Cymbidium has high degree of genetic
differentiation, which was divided into three groups by systematic clustering analysis, Cymbidium. goeringii and

C. sinense were assigned to one category, while C. kanran, C. goeringii var. longibracteatum, C. faberi, C.
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tortisepalum and C. ensifolium were in the second category, the hybrids were in a unique category, which has a

large genetic distance from the other two categories. Principal coordinate analysis indicated that C. fortisepalum

and C. goeringii showed a distant genetic relationship. 6 pairs of primers were selected to construct fingerprint QR

codes for 96 species. Collectively, this study provided an important basis for the breeding and variety

identification of Cymbidium in the future.

Key words: Cymbidium ; ISSR marker ; genetic diversity ; fingerprint

2 J& (Cymbidium Sw.) &K1 14 H (Asparagales
Link) 22 %} (Orchidaceae Juss. ) ) EHE g 2z — , H i
B LI HL A RS 4n 4R 22 (Cymbidium goeringii) .3
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Table 1 List of 96 Cymbidium resources
i G5 ¥ Hirs R Fi e G R Fif
No. Code No. Code Name Species || No. Code Name Species
1 C-1 33 CJ-9 i) el |65 A-5 LS =
2 C-2 34 CJ-10 KEL o HEl |66 A-6 HiE 2
3 C-3 35 CI-11 ESIILEES w8 |67 A-7 HFeE FE
4 C-4 36 CJ-12 K HE |68 A-8 ARk FE2%
5 C-5 37 M-1 FIACHAH B/ 69 A9 FER 2
6 C-6 38 M-2 i fuf #2170 A-10 KA IE=
7 c-7 39 M-3 2EPHZAR #2171 A-11 HHREE FE=
8 C-8 40 M-4 il |2 |72 A-12 gegE e
9 Cc-9 41 M-5 wota B |73 J-1 AR RN Y =
10 C-10 42 M-6 R EAR X #2174 J2 g i
11 C-11 43 M-7 ARl B |75 13 ESSE( jey
12 C-12 44 M-8 H [ #2176 J-4 FRAETKAL =
13 L-1 SEREE |45 M-9 Rt B |77 15 ZIR SR e
14 L-2 FEMR: |46 M-10 e B |78 1-6 EAW ¥ fEi
15 L-3 VERR |47 M-11 Je R &= |79 J-7 HAEZR =
16 L-4 FEMEE |48 M-12 kL #2180 J-8 AL AUGF jz:
17 L-5 M |49 H-1 SRE e |81 1-9 AR =
18 L-6 ERE= |50 H-2 L w2 |82 J-10 i H =
19 L-7 MR |51 H-3 2 fa ;W |83 J-11 41 H jz
20 L-8 M |52 H-4 Vi AL A W |84 J-12 iR ey
21 L9 VERE |53 H-5 Tt #H |85 Z-1 ARLE-A Pl
22 L-10 MR |54 H-6 fifD. ;W |86 Z-2 KK e AT
23 L-11 TEME: |55 H-7 T R #E |87 Z-3 ettt FeAEFh
24 L-12 VR |56 H-8 FEA |88 Z-4 ES e fh
25 Cl-1 HE |57 H-9 NI e |89 z-5 5 R SRl
26 CJ-2 Bl |58 H-10 L7 w2 |90 Z-6 FERK FeAEFh
27 CJ-3 #H |59 H-11 e #H2 |91 z-7 TLILR FeAcHh
28 Cl-4 & |60 H-12 PRAEM ;W |92 Z-8 B A FRACT
29 CJ-5 61 A-1 fE = JEX |93 Z-9 U FeAE T
30 CJ-6 62 A-2 PRI FEX |94 Z-10 BN ZAc
31 CI-7 63 A-3 T £ |95 Z-11 EE AT
32 CJ-8 64 A-4 Ui e JE |96 Z-12 1113 A2 T

12 Ak 20 ng/uL, 77 F-20 CARAE 45

1.2.1 DNARE HUFA B A KA R BT EEnt Fr
AR P20 i ok ) CTAB 232 B DNA, 75 CTAB
PEHGR N 2 %1 B-5i 0L LT, 7E 1 %It AR EE AL
HL YK R RS M ERE TG DNA S5 S e s i 2

1.2.2 S|#0%1E K% ISSR-PCR ¥ # ISSR 5| ¥)%
JH EF A& WK 2% (UBC, The University of British
Columbia) 2% #i ) 100 4% ISSR i i 5| ¥ I %
UBC801-UBC900, HA= T A9 T2 (i) Befn A PR
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o8\ AR, R RO A B 2 100 wmol/L,
F-20 CARIR VKA RAT 5

Z: P it 2B B BT R Ok
TaKaRa PCR Ex Taq Kit(% H EAYH AR (L) A
PR F] ), ISSR-PCR 43 e hwj 44k 32 4y 25 pL, Hir
1 uL DNA TAF#,2.5 uL 10xEx Taq Buffer, 1 uL 5|
¥, 0.125 uL Ex Taq, 2 puL dNTP Mixture, 7] 43 F
ddH,O #ME .

FEARRAFIRE T A P RE W BEFLREAS TR A 5 1
R R RE B TR AR B, XF 100 4% ISSR 3 51 9
UBC801-UBC900 15 & 6 ™6 B (11R KL, F i
TEREY 1S h I M A S 1 IR EE R B 49 °C |
51 °C .53 °C.55 °C .57 °C .59 °C, Akt 11 451
Yy (3£2), FXxt 96 13 Fh BT A B3 54 BRI . 7R
Agilent Sure Cycler 8800 PCR ¥ | iFfT PCR §"44,
SN AR K 94 CHIAE 2.5 min; 94 CHIAEME: 45 5
49~59 CiR ‘k 45 s, 72 CHEAH 2 min, 35 1 3F 5
72 CHEM S min;4 CORE. § 8 Y)F 1.5 %5l
FEEE I HL 9K (1XTAE 28 8P, 200 A, 60 min) #1743
B, Gred R YR (AL E B w AW HEARHRA
H)) YL 4, 75 Biotop Bt 15 & 4t (Fluor Shot EVO
SC805, Hr = ) AR IRAE
1.3 #iEsE

N T2 i G 3 P i 27 50
bR e e e R U A VA W SR = i RS A M
TCAIE 07, LA Ay & 0. 1 B 46 1 . AL
Genalex 6.501 Fll Popgen 1.32 #4158 2 5 A5
Fe 5] (PPL, percentage of polymorphic loci) | 55 v J&
REC(N,) A REN KR (N,)  Shannon Z #1445
(1) Nei's e ZREPEFEE(H) Nei” s 84 1 25
(D) FEH(N,) FER L (G,) | Bastfl Z ek
TREC(H,) PR N5 Z R T8 50 (H,) Fist L 734k
EFSRU(F) %, FHNTSYSpe #oiHg g=lE kL 20
F ¥4 7 (UPGMA, unweighted pair-group method
with arithmetic means) 22 2% & , GenAlEx 6.5 JT Ji&

&3 ISSRE|¥¥ =M &A1

PCoA 77, Excel 21 F AR R 1A .

HRIEE 1Y) 4571 19 0 VR AR, AR UK 11 25514
SR R B (LA A AR L BT B, R AR A
TYERSERAE (http s //cli.im/) A2 R 96 10 2% g BT AY 45
oy R i

%2 ISSR3|#EE

Table 2 Information of ISSR primers
EIL /BN SIFEI(5 —3")
Primer name Primer sequence(5'—3")
UBCS11 GAGAGAGAGAGAGAGAC
UBCS823 TCTCTCTCTCTCTCTCC
UBC824 TCTCTCTCTCTCTCTCG
UBCS825 ACACACACACACACACT
UBC826 ACACACACACACACACC
UBC827 ACACACACACACACACG
UBC845 CTCTCTCTCTCTCTCTRG
UBC854 TCTCTCTCTCTCTCTCRG
UBC857 ACACACACACACACACYG
UBC864 ATGATGATGATGATGATG
UBC866 CTCCTCCTCCTCCTCCTC

2 HRESHR

2.1 SIMIMSEEST

HR A L Ik 25 5, 100 255 |9 Pk sk H mT 7 1
HE T S5 1 11 255 10 (3R 3) , AT I X 43 96 17
FisE . 11551 90%F 96 A 2% J& S Bl k4747 34 , Sk
Kl 2 67 4~ Z A PE 564, P2 2B LB
73.63%, 11 5551 PI7E 8 e h B R A ) 2 25k
55 BA S B A 2~ 102 ], 474
SRR Z 5 )2 UBCS 1L, 760 = v 4
10425417, ol 925 44007 5 T 18 2 B
B4 UBC826, £ > rh 4 1 2 45ty , Horf
2. K1 A5 UBC824 3 2 1y
CER7 & i 8

Table 3 Polymorphism of amplification products by ISSR primers

. e . S e . L %61
514 LA 75 N a5 2 -
. . C. . C. C. o L C. C. goeringii var.
Primers Polymorphism Hybrid . ) C. ensifolium C. goeringii ) .
kanran tortisepalum  sinense faberi longibracteatum
UBC811 PR 7 8 10 8 8 8 9 5
ZAMIREL 7 8 9 7 5 8 8 5
LM LB (%) 100 100 90 87.50 62.50 100 88.89 100
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514 et e e EE g w55 o
Primers Polymorphism = Hybrid 'C' ‘C' C. ensifolium C. goeringii C- goeringit var
kanran tortisepalum  sinense faberi longibracteatum
UBC823 B S AL 6 6 5 6 5 4 4 5
LML 4 5 4 4 4 3 2 5
ZERMEATHH (%) 66.67 83.33 80 66.67 80 75 50 100
UBC824 PGS AL 7 7 5 4 5 6 6 3
LML 7 7 4 4 5 5 3 2
LR HH (%) 100 100 80 100 100 83.33 50 66.67
UBCS825 P B 4 5 5 4 4 4 4 4
ZAMAAEL 3 4 3 2 2 3 3 3
ZAMEIA L (%) 75 80 60 50 50 75 75 75
UBC826 I F3iiEA 5 3 5 3 2 3 4 5
LML 5 3 4 2 2 3 3 5
ZRMESATIH(%) 100 100 80 66.67 100 100 75 100
UBCS827 b S B 5 6 6 5 3 5 6 5
LML 3 5 5 2 2 5 4 2
ZARMESAT B (%) 60 83.33 83.33 40 66.67 100 66.67 40
UBCS845 b S B 4 4 5 3 5 5 4 5
ZAMEAEL 4 4 5 2 5 5 4 4
ZERMESATHHI(%) 100 100 100 66.67 100 100 100 80
UBC854 1 AR 4 4 4 4 3 3 3 4
LML 2 3 3 3 2 1 2 3
ZAMEAAT B (%) 50 75 75 75 66.67 33.33 66.67 75
UBC857 I F 318 7 7 8 7 7 7 7 8
EAYRE i 7 7 7 5 6 6 3 6
ZAMESAT (%) 100 100 87.50 71.43 85.71 85.71 42.86 75
UBC864 I F3iiEA 5 6 6 6 5 5 6 6
ZAMEAEL 2 3 2 3 2 3 3 3
ZAMEIRA I (%) 40 50 33.33 50 40 60 50 50
UBC866 I F i 4 3 4 4 4 4 4 4
EAYe2 i1 2 1 1 1 1 1 1 1
ZAMEZRAT HLH (%) 50 33.33 25 25 25 25 25 25
Ait B SR 58 59 63 54 51 54 57 54
Sum
ZAMESATEL 46 50 47 35 36 43 36 39
ZARMESATIH (%) 79.31 84.75 74.60 64.81 70.59 79.63 63.16 72.22
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BAHCT 1~96 A3 1 96 (2 JBAP T FHIR, 11 VBT 1~7 A4 15 454 ; M : 2000 bp DNA Marker
The black numbers 1~96 are 96 Cymbidium resources of table 1, the white numbers 1-7 are amplification bands
El1 5[4 UBC824 7£96 1 = BH B g &4
Fig.1 Amplification profile of 96 cultivars of Cymbidium using primer UBC824

22 EESHEESH FER ZREPEFE %0 0.277, Shannon 2 AL M8 50K
2 4 0] H1L ZEYFIOKSE || 22 )8 8 N Fh eI 45 0.427, A5 FL B 92.54%

A7 5L R BCR 1.925, A 50 56 RECR 1,450, Nei' s

*4 ETISSROTFHRCHRESHEEER

Table 4 Genetic diversity information based on ISSR molecular markers

i SOt Acstoemy o o Shamon R S
Population N, % TS HA A (%)
H 1 PPL
J€2% C. kanran 1.687 1.352 0.215 0.330 68.66
Z&28 A Hybrid 1.746 1.408 0.240 0.364 74.63
SEIE C. tortisepalum 1.702 1.374 0.219 0.333 70.15
2% C. sinense 1.522 1.282 0.164 0.248 52.24
2% C. ensifolium 1.522 1.287 0.171 0.259 52.24
2% C. goeringii 1.642 1.326 0.199 0.305 64.18
H > C faberi 1.537 1.264 0.160 0.246 53.73
H4 C. goeringii var. longibracteatum 1.582 1.307 0.180 0.273 58.21
V45 Average 1.618 1.325 0.193 0.295 61.76
PRk Species level 1.925 1.450 0.277 0.427 92.54

PPL: Percentage of polymorphic loci

8 AN FRE ) S5 57 3 R R 1.522~1.746, BI{EH Ky
1.618; AR LA 1.282~1.408, 4{H M 1.325;

DL HE BN 74.63 %, 585 RN 2 i ZAEVERUN,
BB %I AR 3 PRUBC R 1.522, A R S v LBk

Nei's 3 [ ZHEEFE RN 0.160~0.240, {4 0.193;
Shannon ZFEHEHEEH 0.246~0.364, 214 0.295,

Fe A8 Rl ORE Y 22 R M B K, AR 3 R BN
1.746 , 43 30 5551 55 R ECh 1.408, Nei ' s FER 2 HE 1
$6%0°4 0.240, Shannon ZFE TR KN 0.364, 2254

1.282,Nei’s FE[H ZFEPEFE XM 0.164, Shannon Z£f
PEFEECH 0.248, Z5VENT s HL B 52.24% , B4 1Y
LG Ar LRV R 1.522, A7 056 A JE R R 1.287,
Nei's [ Z #1478 500 0.171, Shannon 22 F£ 14 5
BN 0.259, ZAVEAL LR 52.24%
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2.3 ThEFEREESERST

H 4 Popgen 73 BT AEE )8 AL 4540 (2 5) , LA
Ak BE T LR 0.0347~0.9016, 35 [R i A4 3 L M
0.0545~13.9015, == @ FIHE1- 1 Bt t Z Ak e 4k
J90.2767 (FRifENR 224 0.0251) , FivEE N 3514 2 AR
FEHCH 0.1934 (bR 224 0.0133) , JEE 4L By

K5 MErEESEASH

Table 5 Genetic structural parameters of Cymbidium

0.3009, FE R~ 1.1619, £ R AR fk #a 3 5 5L A
AR EE AR I, PR A B BRI , BE R b Ok . A
SHALEE BR A 30.09% [t & Z A7 T R
5], 1117 69.91% H)ist% ZHEPEAEALE TR EENTS . Rl
() () - 25 5 DR 230 1, 1 B A5 AP (R ™= A T —
FREE RS A

B 2R RN

RIRfEZEE PSS

. PEIREL  ZRERERAL %ﬂg&g o PERREL  ZRERERAL %ﬂﬁmg e
H H, : " H H, : "

UBCS811-1 0.1091 0.0925 0.1517 2.7949 UBC825-4 0.309 0.2847 0.0788 5.844
UBCS811-2 0.4746 0.2254 0.5252 0.4521 UBCS825-5 0.0731 0.0698 0.0446 10.7139
UBCS811-3 0.4791 0.2956 0.383 0.8056 UBC826-1 0.4914 0.2025 0.5879 0.3505
UBCS811-4 0.4857 0.2107 0.5662 0.383 UBC826-2 0.2458 0.2339 0.0485 9.7989
UBCS811-5 0.3069 0.2257 0.2646 1.3896 UBC826-3 0.2884 0.1714 0.4055 0.7329
UBCS811-6 0.4085 0.3445 0.1565 2.6942 UBC826-4 0.3064 0.2264 0.2612 1.4144
UBC811-7 0.3458 0.3053 0.117 3.7724 UBCR826-5 0.1995 0.1502 0.2469 1.5248
UBCS811-8 0.1652 0.1516 0.0828 5.5413 UBC827-1 0.2987 0.178 0.4041 0.7373
UBCS811-9 0.2525 0.2243 0.1117 3.9775 UBCS827-2 0.1339 0.1027 0.2333 1.6427
UBCS811-10 0.0844 0.0784 0.0709 6.5495 UBC827-3 0.3827 0.3282 0.1424 3.0109
UBC823-1 0.479 0.3509 0.2675 1.3694 UBC827-4 0.3155 0.2742 0.1309 3.3195
UBC823-2 0.4534 0.2572 0.4327 0.6556 UBC827-5 0.2156 0.1708 0.208 1.9039
UBCS823-3 0.2022 0.0199 0.9016 0.0545 UBC827-6 0.1809 0.1323 0.2686 1.3612
UBCR823-4 0.0834 0.0795 0.0473 10.0785 UBC845-1 0.4823 0.3533 0.2674 1.3696
UBC823-5 0.0649 0.0578 0.1089 4.0908 UBC845-2 0.4918 0.4404 0.1046 4.2803
UBCS823-6 0.1665 0.1501 0.0987 4.5666 UBC845-3 0.3046 0.2918 0.0421 11.3629
UBC823-7 0.0873 0.0752 0.1388 3.102 UBC845-4 0.2214 0.2049 0.0745 6.209
UBC824-1 0.4178 0.218 0.4782 0.5456 UBC845-5 0.0627 0.0601 0.0414 11.571
UBC824-2 0.4203 0.1909 0.5457 0.4162 UBC854-1 0 0

UBC824-3 0.3827 0.2449 0.3601 0.8884 UBC854-2 0.4797 0.3193 0.3344 0.9951
UBCS824-4 0.0421 0.0403 0.0445 10.7279 UBC854-3 0.3508 0.3171 0.0962 4.6972
UBC824-5 0.2908 0.251 0.1371 3.1479 UBC854-4 0.2405 0.1579 0.3437 0.9548
UBC824-6 0.3311 0.2896 0.1253 3.4916 UBC857-1 0.3914 0.1381 0.6472 0.2726
UBC824-7 0.0523 0.0505 0.0347 13.9015 UBC857-2 0.349 0.2005 0.4255 0.6751
UBC825-1 0.4974 0.1574 0.6835 0.2315 UBC857-3 0.4817 0.3919 0.1863 2.1833
UBC825-2 0.3045 0.2712 0.1093 4.0732 UBC857-4 0.396 0.3311 0.164 2.5482
UBCS825-3 0 0 UBC857-5 0.3748 0.3129 0.165 2.5299
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fir A5 éﬁ%gﬁ ﬁﬁw}iﬁ% ML (|8 Eﬁ%zﬁ ﬁ]w}ﬁ% HEMESE

Leeus PEFERC  ZREPEE S G N, Loens PEFERC  ZREPEE S G N,
H, H, ) H, H, ’ '

UBC857-6 0.4941 0.3793 0.2324 1.6518 UBC864-6 0.3166 0.2931 0.0742 6.2419
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UBC864-1 0 0 UBC866-3 0.1339 0.1027 0.2333 1.6427

UBC864-2 0.2903 0.1023 0.6475 0.2722 UBC866-4 0.2755 0.2326 0.1557 2.7109
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UBC864-4 0.1484 0.0572 0.6144 0.3138 PrifEZE SD 0.0251 0.0133

UBC864-5 0.4656 0.4083 0.1229 3.5673
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Table 6 Analysis of molecular variance(AMOVA )of 96 Cymbidium populations

8 AR HHZ Ty 2B V345 % S A5 (%)
Source of variation df MS Est. Var. PV
ARl Among Populations 7 3.896 0.557 0.007 2
Fl#E P Within Populations 88 41.250 0.469 0.469 98

J3T Total 95 45.146 0.476 100

Est. Var.: Variance components; PV: Percentage of variation
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Fig.2 The F, values of pairwise populations during eight Cymbidium cultivars groups
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Table 7 Nei's original measures of genetic identity and genetic distance

\ . e g 22 . . . o #41

it e Sl FERE 2 2 = = o

. . . . o L C. goeringii var.
Populations C. kanran  Hybrid C. tortisepalum C. sinense C. ensifolium C. goeringii C. faberi )

longibracteatum

JE% C. kanran 0.9115 0.8854 0.8936 0.9119 0.9119 0.8687 0.8376
2= 25T Hybrid 0.0926 0.9050 0.9000 0.9101 0.9099 0.8953 0.8554
SEIE2E C. tortisepalum 0.1217 0.0998 0.9170 0.8504 0.8604 0.8548 0.8815
#2% C. sinense 0.1125 0.1053 0.0866 0.8846 0.8632 0.8754 0.8478
H#2E C. ensifolium 0.0922 0.0942 0.1621 0.1226 0.9236 0.8901 0.8569
2% C. goeringii 0.0922 0.0944 0.1504 0.1471 0.0795 0.8806 0.8741
% C. faberi 0.1408 0.1106 0.1568 0.1331 0.1164 0.1271 0.8542
el 0.1773 0.1562 0.1261 0.1651 0.1544 0.1346 0.1576

C. goeringii var. longibracteatum

XL L E b it e —BU% X Z LT it e RE

Above diagonal is Nei's genetic identity and below diagonal is genetic distance
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T8 DA KA BT i S5 B0 B, Hh 25 5 B
Py itk pig W N AL/ LSNP S A W i R L U
TERE S5 W 4500 T RS 0 1 FE G AE , FRRRIZ AN T 6 4%

519 5% R RE(E A A A R PR S . DL
M, HE 4 R FE L R R AR S,
JERIR T, P55 0 1 (B AL Ak, B 1 s
i B ol . €22 {5 =, Wil , 0000000100UCBSI1,
0110000UCB823,0010110UCB824,111000UCB827,
00100110UCB857, 110100UCB864 ., fi Ji5 FI| FH 7E 4%
A N e R (http s //cliim/ ) 28 5,96 15 2% Ja& Fi i
()48 8L ik 405 (& 6) , AT — ZER i hn i b
X oz A 5 44 AR R B 44 L 1 T AR
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Fig. 5 Principal coordinate analysis of eight Cymbidium
cultivars groups

Fig.4 UPGMA clustering of 8 Cymbidium populations
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