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Genetic Diversity Analysis of Yam Germplasm Resources
based on ISSR Molecular Markers

WANG Xiaomin, HU Xiaoli, XU Ailing, HAN Lili, GUAN Wanghui,
ZHANG Pengflei, SHANGGUAN Xiaoxia, YANG Qinli
(Institute of Cotton, Shanxi Agricultural University , Yuncheng 044000, China)

Abstract: To clarify the genetic diversity of yam(Dioscorea opposita Thunb.) germplasm resources and guide variety
selection, in this study, the genetic diversity(including Nei's gene diversity index H, Shannon information index I, and effective
allele number Ne) of 34 yam germplasms was analyzed using Inter Simple Sequence Repeat(ISSR) molecular marker
technology. Further, population structure analysis, cluster analysis, and principal component analysis were conducted. The
results showed that a total of 109 polymorphic bands were detected in 34 yam materials, with a polymorphism rate of 95.94%,
effective allele number was 1.430 5, Nei's gene diversity index was 0.267 0, and Shannon index was 0.417 3. These results
indicated that the yam materials had a high level of molecular polymorphism. Population structure analysis revealed that there
were 4 gene pools among the 34 materials, with gene pool 1 and 2 being the dominant sources, accounting for 47.06% and
29.41% respectively. The results of cluster analysis revealed that the genetic similarity coefficients of 34 yam materials ranged
from 0.54 to 0.91, and when GS was 0.64, 34 yam germplasms were clustered into four major groups. Principal component
analysis revealed that the 34 yam materials were divided into four independent groups with a relatively dispersed population
distribution and no obvious overlap among different groups. This indicated a clear genetic structure of the tested materials and
significant genetic differences between populations.

Keywords: yam(Dioscorea opposita Thunb.); germplasm resource; ISSR; group structure analysis; principal component

analysis; cluster analysis; genetic diversity analysis
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1.1

F1 KX LAMRES KRR
Tab.1 Codes and sources of tested yam materials
i Ll 24544k B3/ i Ll 25 44 K P2/
Number Yam materials Source Number Yam materials Source
3 WZRWEF I (D. opposita Shandongheze ) INARAFEN|| 55 WEFEFHb LG (D. opposita Henanyedi) TR = kT
6 IZRFELIZ(D. opposita Shandongshenxian) A WIILTT || 57 WM 11245(D. opposita Jipi) A R AR
11 B4 B 25 (D. opposita Xinchengximao) ARG | 58 20184 (D. opposita 2018jiabei) 1L PG 45 ¥y B
12 VL FE R IZ(D. opposita Jiangsufengxian) — JLIRERMAT|| 59 Hk 1L 25 (D. opposita Tuancheng) IS KA T
13 VLVG & % 1L 25 (D. opposita Jiangxijian) PG 2| 61 HE 2D, opposita Wenxi) 1LV 45 32 4 Tl
14 B IL 2 (D. opposita Zhenpingyouxuan) T A HTT || 62 R (D. opposita Hututiegun) SON R (i
23 KAHTF1(D. opposita Taigu-1) IPEEE RN 64  IWARHELZY(D. opposita Shandongbaiyu) 114544 3 F i
25 FE AL 25 (D. opposita Xiaoyirenshun) INVGE B 77 525 2(D. opposita Ziyao-2) LIV 45 1 3 1l
34 FEEALIZ5(D. opposita Pingyaoyuebei) IPEEE R 80  IARAMEBIIZY(D. opposita Shandongximao) 111 45 44 f F i1
39 #kM1L25 1(D. opposita Tiegun-1) IPEE | 81 U MILZ (D, opposita Fenyang) 117G 48 ¥y B Tl
40 M ILZY 2(D. oppositaTiegun-2) INTgH BT || 82  HARH EILZY(D. opposita Japanesebaiyu) 10 5§44 fEAE T
41 BRMRILZY 3(D. opposita Tiegun—3) IvEE Bk | 83 WAL ILIZS 1(D. opposita Hebeima—1) WAL g T
42 BRMEINZY 4(D. oppositaTiegun—4) INPEA Bk | 84  XHEILZY(D. opposita Shuangbang) LA PR
43 R 1125 (D. opposita Niutui) = A I 85  15-8-4(D. opposita 15-8-4) 1L VS 45 U BH Tl
46 KMl 2(D. opposita Taigu-2) WPgAE T || 87  HEZILZY(D. opposita Huangpi) LA PR T
47 KA ML R 3(D. opposita Taigu=3) WPgAE || 88 YLV LLZY(D. opposita Jiangxi) VLVE 4 B & T
51 KA F4(D. opposita Taigu—4) IPgEE || 89 %24 1(D. opposita Ziyao—1) LL VS 45 1 3 1l

1.2 R FE
1.2.1 DNA#EEC 34 431l 25 % i #4809 8. DNA
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F SR A T ISSR 43 T-hrac i Ll 24 i 5 5% I3t % 2 Rtk 40

BUE A8 ND 2000 S 3% {X (NanoDrop Technolo-
gies, Wilmington, USA )il ;¢ DNA ## & F 46 i
1.2.2 PCRYME  DLILZRTEE 25 2L N 41 5 DNA
IR EAT PCR N, 0 6 HH 13 25 AB 4 14 1 Wi
FeE ARSI (K 2) o PCRBLIRR R 2 pl
1XPCR Buffer, 20 ng DNA # # . 2.5 mmol/L

MgCl, 1.5 U Tag DNA % & 0.4 pmol/L 519,
0.4 mmol/L dNTP,ddH,O #h & 2 20 pl. ¥ 3
4F 19 PCR 7= 95 BEAT 376 S5t N W 46 J5C v, Dk A < X
2 L PCRP=¥15 6 pL {1 By % L FEZE whROIR &
300 V HL S HETK 12 min, A2 48 5 e HL Uk B 1 1 2 5
Yy BAT 2351k

*2 13%ISSREI¥MESKFT!

Tab.2 13 ISSR primer numbers and sequences

EIRZE e 19751 (5'—3") EIRZE e 19751 (5'—3")

Primer number Primer sequence(5'-3') Primer number Primer sequence(5'-3')
ISSR-1 TGTGTGTGTGTGTGTGGC ISSR-835 AGAGAGAGAGAGAGAGYC
ISSR-2 TGTGTGTGTGTGTGTGGA ISSR-841 GAGAGAGAGAGAGAGAYC
ISSR-3 GAGAGAGAGAGAGAGAKT ISSR-845 CTCTCTCTCTCTCTCTRG
ISSR-4 CACACACACACACACART ISSR-853 TCTCTCTCTCTCTCTCRT
ISSR-6 ACACACACACACACACKT ISSR-857 ACACACACACACACACYG
ISSR-808 AGAGAGAGAGAGAGAGC ISSR-867 GGCGGCGGCGGCGGE
ISSR-809 AGAGAGAGAGAGAGAGG

1.3 Zitsh

A O LAE B 9 77 A 2 ISSR Bl o R ]
GenAlEx (Genetic Analysis in Excel) 6.5 % 14 #1
Popgen 32 #4353 5 ISSR 03 55, (1) Nei's 5 K £
FEVEHE £ (H) . Shannon 35 £ (1) A7 2055 7 55 H %L
(Ne) it ff ZFEVETE bR o HE AR 35t A5 454 43 BT R 2k
F DU AR 1 STRUCTURE #14 E 45, K% 46
2N 2 SNSRI LS , A STRUCTURE
A, R SR BE R BE 5 R R % (Markov Chain
Monte Carlo, MCMC)J7 34T 3 #r , T 1R 23
LK), I AR A 1A 55 o 56 PR3t 3 R A7 3+ 55 4k
FERArdl . [, B NTSYS #F 1) similarity £

41 DL2000 42

82 DL2000 83

et 550 35t A% AR AL M Bl iR B 4R | 98 3 clustering
B R REAR

2 HR G AT

2.1 ISSR3I¥SAMRLGEHEEESHEEIN

AT LA L 2R 7 35 L 24 3k R A4 8 DNA
M 4T PCR R, 0 6 H 13 Z5 REH 184 1 ¥ A A2 a2
ARG Y. A X 13 4551 W %t 34 10 B ok k1T
T PCRY 4%, Hp 519 ISSR-1 7 PCR ¥ 1 )5 ,
UM R TSR AW R TR
eI (B 1) . HA s w7 28

43

DL 2000 A DNA Marker; ¥k | (¥4 5 Ay 1l 25 Bl 5t 44 KL 4 5

DL 2000 was a DNA Marker. The numbers on the lanes represented the numbers of yam germplasm materials

El1 3514 ISSR-13% 344 ILZ5#r 1 # PCR 15 45 R

Fig.1

PCR amplification products of 34 yam materials by primer ISSR-1
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M 3T LA 13 2551 W 7E 34 13 111 25 Ff o
PRI A ARG I s 113 AR R L Heh L 2
PEAL 88 109 4>, F ¥ 85 2% 51 W D 2] 1) 22 285 M or
AECK 8.384 6, N TR 5| Wy A I RE Sy 22 S B L L
o ISSR-1 AN A A d 22 (14 1), ISSR-857 f /b
(54%) o Z A5 LB &k 95.94% , R W 13 %
GIR7/RiOIE 2P o | v o - S VIR v S )
1.959 4, $£ 3T i K AH 2.0, 156 B A 9 77 76 10 45 4if
BERMARE T8 . ARCEA AR S ECR 18.596 3,

M K 1.189 9 (ISSR-3) ~1.639 2 (ISSR-867) ,
S $49 5 A AV A5 A R A R H R 1.430 5, 16
SRR A A R 5], Nei's 258 £ B PR35 5
(H) 8V 1{8 H 0.267 0, Shannon 48 % (1) i % 1
{H 4 0.417 3, F WX 2611 25 7 9 FhoK 7 1 B
Hfw LR AE ZREME . XTI BN £
2005, 31X 34 45 B 5T 5% U5 19 388 4% 15 S5 A R
+HE.

®3 13%ISSR3IIMM SN
Tab.3 Polymorphism analysis of 13 ISSR primers

514 i g5 8/ A

Z AN BB/ A 23S L/

Primer Number of loci Number(o[ poAly’ Polymorpbic band Na Ne H I
morphic loci ratio
ISSR-1 14 14 100.00 2.0000 1.392 3 0.260 6 0.416 7
ISSR-2 9 9 100.00 2.000 0 1.198 5 0.152 9 0.274 9
ISSR-3 9 8 88.89 1.888 9 1.189 9 0.142 6 0.2504
ISSR-4 12 12 100.00 2.0000 1.5209 0.319 2 0.487 2
ISSR-6 8 7 87.50 1.8750 1.2715 0.1838 0.3094
ISSR-808 9 9 100.00 2.000 0 1.3387 0.243 5 0.403 3
ISSR-809 8 8 100.00 2.0000 1.594 5 0.346 9 0.5204
ISSR-835 8 8 100.00 2.0000 1.5100 0.3153 0.4835
ISSR-841 8 8 100.00 2.0000 1.568 7 0.340 3 0.5154
ISSR-845 8 8 100.00 2.0000 1.4914 0.296 8 0.459 8
ISSR-853 6 6 100.00 2.0000 1.403 4 0.237 1 0.372 7
ISSR-857 6 5 83.33 1.8333 1.477°3 0.270 3 0.405 6
ISSR-867 8 7 87.50 1.8750 1.639 2 0.3612 0.5255
FHIEH  Mean 8.692 3 8.384 6 95.94 1.9594 1.4305 0.267 0 0.417 3
rE2E  SD 0.1856 0.3127 0.1511 0.1954

2.2 BEiEEEHST
2.2.1 STRUCTURE /3 #¥r  BER 345 45 49 % H

501
40

30

Delta K

201

STRUCTURE A4 AT 08, 45 S aniE 2 s o

2 BESEHKETNH

Fig.2 Change in the number of K value of group division
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F e R A T ISSR 43 T-hric B9 LI 24 5 55 U5t 1% 2 Rk A7

ME 270 LA, £ STRUCTURE 7 AR 4%
EVANNO 820 5 i H A5 1 e delta KB, 4T R
KAE 4, 3R W 34 153 1L 24 B 0 b4 BH A 4 A 28 10 11 5%
PR 5 o ML 3T LU 44 B 32 ZEAH S8 Wi 43 He
12K T 50 % AR fEHEAT 432 Fl BT B4 R 64 .43 .62
46.81.89.87.34.14.59.84.80.85.83.23.55 K H
FEPE 1(LL) s Fh BT 8 82.13.57.25.58., 51,

61.47.77 88K F K& H JFE 2(F 7)) s>k H F N 3(i#%
) R A RN 3.6, 11 12 B REAR ok [ BE I
JBE 4 (L fa) R T BER 39,40 .41 .42, R 4H]
PLE Y K AW, 34 43 Fl 5 b R 0 55 B 20 A 3
BORJE T RN E 1R 2, & H 4Bk 47.06% i
29.41% s R SR JE 3 Fn 4, BN 11.77% .

100
920
80
70
£ g 060
mE 50
=T,
30
20
10

64 43 62 46 81 89 87 34 14 59 84 80 85 83 23 55 82 13 57 25 58 51 64 47 77 88 11 12 6 3 39 40 42 41

LG4t
Yam materials
3 BESEBH AR 34N LT R TR STRUCTURE 55 45 R
Fig.3 STRUCTURE analysis results of 34 yam germplasms at the number of group divisions of 4
R4 BUESEHKA 4N SEIEBEERLL G
Tab.4 Sample ratio of each population when the number of group divisions is 4 %
WiH Item JLHFE1 Genebank 1  JEHEJE2 Genebank 2 JE[KEE3  Genebank 3 JE[EJE4  Gene bank 4
FEA L] Sample proportion 47.06 29.41 11.77 11.77

2.2.2 LB MBI BTG AR,
T AR UPGMA B, 45 R Bos (F 4) , 81
LR E(GS)H 0.54~0.91, H Fpmpt k115

12.43 546 B GS#H 0.91, WX 2 XM B4 A
VRSN S” S5

0.57 0.65

0.74 0.83 0.91

El4 340 LEMRMBE UPCGMARELER
Fig.4 UPGMA clustering results of 34 yam germplasm materials
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340y Ll 25 Fh 5 b BLFE GS R 0.57 &b 4 R 24>
W25 1S AL R VTV Ll 25 (88) 1 403 Flt s 4 Kt
T ARl Rk RS T4 2 W3s . 34455 1 25 F i 78
GSH0.64 8 43R 4 NS Horp R 1L 245 1(39) |
BRRR L2 2(40) VBRRRE L 245 3(41) (Rt 1L 245 4(42)
J& T — VL Ll 25 (13) (2 LA 2y
(25) 9 {2 1125 (57) K48yl 4(51) 2018 Jinfi%
(58) HAHTEINZ (82) @ F—2& T 11125 (88)

ME e T2 R R AR R T2

2.2.3  EWA T MWEI ST LUE W, i 5 40 A 1)
mEmNART G ZHBELRRNYTE. 46
STRUCTURE 73 #f F B 2 40 Afr vl LA & BE, 34 3 1L
25 RHE IR G BE R LTI A A, B N,
PEORZ I 25 MR B AR R M R AR IR A
FEAR Y5 15 Z2 M

FEm2
Principal component 2

L

FH51

Principal component 1

B5 334G LAFHRMBIERS SN

Fig.5 Principal component analysis of 34 yam germplasm materials
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PR 2% 7™ i BELA 17 L 24 9 01 1 24 e — 2B A
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