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BBz REFRL AL EZE NG HLE #!

("B RO R AR B B AT 210095 5 7 VT IR 4O RNF B Z B AEIFFE T, B 5T 210014 )

WE. 252 —fREMR ERRS G, AR ERIIANSERESE LT Del #7308 T 42 Mg g A
R At 8 I AE S AT RGBS M, 19 A InDel 4712 20515 T FHA-T 1.0998~1.9955 Z ], -F39 4 1.750; #7124
T8 0.0918~0.5049, -F #1552 0.421; Nei's £ B % 354K 4 0.0907~0.4989, F 34444 0416, % SHAZEAL T L
0.0866~0.3744, 0.25<PIC<0.50 4 *F & % &M% %, KABF 5049 InDel 4732 -F 34 PIC # 0.325, 41/ UPGMA M 42 4k 2 %
B e B EACRE, R R REH 0522 9B TH 2 AELRAA (R )5 H 2 KER, EEIWHLAZL TR L
AERCHE B Hrw., AR 19 /A InDel ARt k&R, MET 2 MEE B S 69 DNA 5Ll #, TN Lk g
S AP R 5, AHFR P InDel AR A 5 £ i, i T4 2 DNA 3R A EMEFR G LB/ AWK T, H G2 LR RBAPRE
PR RS B R IR

F4IA : 4 25 InDel 47T ; 354 B 3% i AF S AR

Genetic Diversity and Fingerprint Analysis of Mungbean Varieties
from China Based on InDel Markers
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('College of Life Sciences , Nanjing Agricultural University , Nanjing 210095 ;
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Abstract: Mungbean ( Vigna radiata ( L. ) Wilczek ) represents strong abiotic stress tolerance and wide
adaptability. The genetic diversity and fingerprint analysis of 42 mungbean varieties from China were conducted
using 19 polymorphic InDel markers. The effective alleles of the InDel markers were between 1.0998-1.9955,
with an average of 1.750. The expected heterozygosity ( He ) was between 0.0918-0.5049, with an average of
0.421. The variation of Nei's gene diversity index was between 0.0907-0.4989, with an average of 0.416. The
value of the polymorphic information content ( PIC ) was between 0.0866-0.3744, with a mean of 0.325. By
using UPGMA, 42 varieties were grouped into 2 classes when the genetic similarity coefficient is 0.522. Genetic
analysis showed that the the 42 mungbean have been separated from the effect of regional isolation. The DNA
fingerprints of 42 mungbean varieties were generated by these polymorphic information and each variety could be
accurately identified. Thus, taking advantage of user-friendly InDel markers, our results provided scientific basis
for the fingerprint analysis that might be useful in clarification and protection of mungbean varieties.
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2% . ( Vigna radiata (L. ) Wilczek ) J& T = Ff
( Leguminosae ) 1. 5. J& ( Vigna Savi ), 4 {0 (& 24 hy
2n=22""", BRTGR—RRPTIER GE L B
P T AR A SR D J 47 ol b i) s v 5K, R0l 28 9%
Wb AR ER, BEHEAEENEA
[T A R AN o, e A TR R R [ S
FEAR e i S T AT LU A AR A A p AR
P AT AL T A1 T 08 4= S r IE ) A 5t
', M E B A TR — G AR i
SERRAEFNOLIT B R A 77 DL e 28 0 kS B
AEEMEH

VR it P S 5 2 AR AR 77 R AN ] A i G
HOPBR R RUE AL R s L PRIR B GE 5870 L HE 1)
FERHY, BGrEC R L E TR, DNA
FESUR AR BAT F E 1 28R E AR RE R
PE, REIEAE 5317k R A ) 25 5, AN 5 32 I A
PRI RS, W] b AR SE A A E T DNA
T S AT Tk b A LA S0, R T A 0
P ARA U 39 DA PR SRR A S AR

R1 FUNRERTERE

e, I P AR B FH BSAS A BT, SR ARt i)
TFR BT 20938, Kang 21 e80T %
Tk G FE M B TAE, H%k 5 InDel #5ic -
R T BRSO

¥ A/ 5kt 22 (InDel, insertion/deletion ) #x ic J&
LI PCR 4 4 AR iy, HoAR T 128 T 747
KB LR, InDel ARic 4k BAERRIC A —
b, LR UK AR A 2 B AP, InDel AR )
5 AT DA ) 187 B0 /NG BT, SR ff o A [ ) B 1A
A KBS RY, InDel V2 40 A T 2R,
InDel FRic 764 9 0 JE DR A7 st A% 2R 43 B i
Pl e e S 5 T A iz BRI R AT,
KFFIH InDel Aric# i 4¢ G DNA $5 2 # 5% 17
i P IS S G, PR, AR 3 38 1 A
IF] 4% . it Bt DNA (942 B¢, 1 Chen %515 F % 1
2% 51 InDel FRictyEE 42 {528 5 i PP 0 48 SCET S %
SRS E . ST R R R RSO A 1 2
AN AR s AR 2R S B o R
SR L AP OR T B R T SR AR R B

Table 1 Information of mungbean varieties for test in this study

E4 el HFR el HFR P 3 E4N p 3
Name Origin Name Origin Name Origin Name Origin
Pk S5 M Heko 5 HAR 95 117y kak 15 wrdt
Ik 3 IR HEk 125 HK it s e BEkkek 2 5 L
L2 5 b HEE 135 bR it R e gk 12 5 dent
NP3 s b Bhgg 145 WE || g1 S AL hLg 14 5 dbmt
PSS-S Rs VL8 & L-74 5 I BLLk 14 55 L hLg 155 dtxt
e RN L VL8 heg 15 dbxe FRSE 125 L heg 16 5 Jtat
L4k 85 uTr thig 3 5 dbae ABELE C2737 Mol hLg 17 5 dtnt
w4k 95 iy hig 445 des RIFLEE C0385 1LV HLR 18 4 dea
Hek 6T LS thag s dtat TS e hgk 19 5 deat
Hek 15 HK T2k 6 5 Jeae T2 T Ak

HLE 85 bk W8T 1L g sk 2 5 IR

1 #MREFEZE
11 REE R

S TR R FE TR 12 A4S b XY 42 O iR
L LR R R 22 BE 2 TR Y B2 i 58 i A1t
PRI 1, HIPFEIR 41 DNA $2BGRH & (DP350 ),
dNTPs ., Taq fifi . Mg™" . Buffer 2 4 1 T4t 57 K AR 4=
WHARARA A, Al g0 2 0 15 28y 1941~ 2
A InDel F5ic B9 5140 34 1 VL7548 R B¢ B 22 BF
YEVIRL 290 T S I & 148 . B FRid iy PCR
HI 5 5145 4 2 36 R 21751 ( http:/plantgenomics.
snu.ac.kr/mediawiki-1.21.3/index.Php/Main_Page )
HEAT HORE, FRIE AN R T 1 AP A8 bR iC i A T

WEoE. T Y i o R AE YA ELE R TR
%2,
1.2 K= EFEZH DNA ZE

IR 12 d 224 Sk B IO i /A b
FHER LUk WEAE TR OB AR, 1 T R AR A= My H AR A R
3 Al AAE YY) DNA $&IGR G e FEUL B 5 901 7 hR of
6 A TR B AR, B 42 iy 2 G LN 20 DNA,
1% R EE I FL PG DNA RIS &, -9 Bl
50 ng/uL T 4 CIRFE4 .
1.3 PCR &R

20 uL PCR & I 1A & 142 & : 0.15 pmol/L [
51 %7200 pumol/L #J dNTP . 1 x PCR JZ IV 2% M1 ¥ .
50~100 ng Y DNA #i4% , 1U Taq . 7=494 s 7eR
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Table 2 Information of polymorphic InDel markers
FRC A TR gefafk S1¥¥3 F SIWF5 R
Name of markers Chromosome Primer forward Primer reverse
VRID108 1 F: CCGTGGACGGTTGTCTTCTT R: CACACCATTACATGCCAATCAG
VRIDO019 3 F: TACACTGCACACATCACCATCATC R: CCTCGTTATCATCGCTTTTCTTCT
VRID023 3 F: TGGCGTCGTCTCTTTCACTTT R: ATCTTTTGACCCTTTTGACCCTT
VRID101 3 F: AAGTTCGCTAGATACAGTGTCACA R: CGTGCTAAGCCAAAGGAAG
VRID114 4 F: GAATTCGTTCATCTCCTCACACA R: CACTTGTTTTACCGTGGACTGC
VRIDO51 5 F: AATAACAAGTGCCTAACCAGCAA R: CATACCAGAAGAGGTGGACGAA
VRID057 5 F: AGAACGTGGGTAAATATGTTGCAT R: TTCGGACATTGCTTTGGTGA
VRID115 5 F: CCACCGTGCTTACAGGTTGA R: GGAGTTGCATTGTTGCGTAGA
VRID118 6 F: CCTTCATCCCTTCCTCAGTCA R: GAGAGCTTCCACTTCTCATCGA
VRIDI121 6 F: GATGGGCCAATCCATTAACTT R: TTTCCTACCCTTCCACCTTGT
VRID123 7 F: TTGGCACGCACCATTTCT R: CATATCTGGACCCGCATCTC
VRID125 7 F: GGGATTTCCTCTCCCATTCTC R: CTCACTGAAACTCTCCTTCCACA
VRID128 7 F: TGCTCAGTTCTTGCTGCAGT R: GTTGTTGGTGAGAGACAGGCT
VRID069 8 F: GCTGCTGCTGATGATGCTGT R: ATCCTCAATTCCAAATCCACCT
VRID090 9 F: CCCACCCAAGCTAGAATAGTCA R: TCTTTCATCTTCTTTCACTCCTCC
VRID089 10 F: GAGATGCACAGGAGTGCTGGA R: CATCCACCATATGTAAAAGTCTGCT
VRIDO081 10 F: TGGTATGGAAATGAAAGAAGCG R: CCTCCTTCAAACACGCACTCT
VRIDO025 11 F: GCGTTTGGGTTTGCCATCA R: GGCACCTCCGTTGAAACTTGA
VRID093 N/A” F: CGAAGGAAGTTACATGCGAATCT R: GTCGTACTTGGCTTATGAAGGAAGA

*: N/A FRIZRMENL T A BEL 2E B YL (K11 scaffold I

*: N/A means that the marker was mapped on a scaffold which could not be assembled to chromosomes

PEIML AT o PTG R R Y AN < 94 CTHAR
P 2 min, fEFR (94 °C 155,55 C 30s.72 C 30s)
35 K, A5 72 CHEfH 2 min, 4 CLRAF .
1.4 BRBBRERBX( PACE )

1A 8% 15 PN IR M 1 T 1) — F R i A
10% 1 B iR 4 ( APS ) F1PU HH JE 2, —Jie ( TEMED ),
TRAT o THFE IS K B VR A 52 22 12 1) JE N B 3R i
TG TS5 1R IS VR SR 1) R VKR P i AR R
[ 1 x TBE HLYk 2% th i -4k A 7o FEREAP 38
P24 fin A1 pL Loading Buffer, 3t & #£ PCR
%3 uL, A Tans DNA Marker 1( 4> = 4, BM401-
01) M Xt i, MVKCRHTEZE IR, 10 W/ it H
Tk 50~70 min, LA Y HL KR B0, AR IR R
(53 Tt R/ . FUK e ER IR Ve 2 1K # R &2
0.1% AgNO, S 1 gut, FERE IR _LF54% 10 min; S8)5
WIS e B 22 25 TR /K PP B 2 WK B E e A i R TR
(6 g A5 LN 0.076 g PUBFREN . 1.6 mL HIEE, /K
2% 400 mL ) H 24, 4K 5 InDel Fricd) 14 = Pi7EH
VK BRI B ANl R TS LR AL
1.5 #HELE

Vs BB AE A Excel, SR F| POPGENE 1.3.2'
BRI 245 i (He, expected heterozygosity ).
WEE 245 (Ho, observed heterozygosity ). 3" 1 {7 5

1 £ & PEA{E B 7 & (PIC, polymorphism information
content ), £ % 55 i & [K %k ( Ne, effective number of
alleles per loci ). X414 J5 i LUK 5541 AT 48 153
B, X 42 NSRS R AL 0, 1 B, BT 3514 AH A
JEA0 ] UPGMA " ™ B PR/ 47 40 HT. 1K AR InDel
A BRI SRARN AL B, 7. DNA 43 a8

2 FER5HM

2.1 42 HEE WmMAY InDel FRICHEKER

WIS 19 X 2SR S
P05 1 P F 43R S URE i 19 38 4% 2R 40 BT
Kt or BRI EE . 19 4 InDel FRic 4% &5 Fh 2 25
PE(S AR 3 Fi7n : 19 X InDel 514544 &k 254 55 ]
BB HE A T 1.0998~1.9955 2 [a], - 144 1.750; 1
I TE (He ) ZRIRA T 0.0918~0.5049 2 [a] , -1
1 0.421; Nei's J& [ 2 F¢ 1 5 2028 18 4 T 0.0907~
0.4989 =[], V- 34 4 0.416; £ B VE(S B & & PIC
{8 75 0% 4~ T 0.0866~0.3744 = [f], - 34 PIC & &
9 0.325, 0.25<PIC<0.50 " & 2 M 5, AN
55 BT 5% %) InDel b1 i ~F- 34 PIC &% &t 4 0.325, Ui
B 6 1 5 | ) 22 A AT, S I BE D B, T
T Ath g G 0 5 U ) S0 B s AL 2R A AT A
5% -
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Table 3 Genetic diversity of mungbean based on 19 InDel markers

InDel ZBMEE A Shannon AR AL Nei's 5K MR S A1 WA RE
brid PIC i 0 Ne Nei Ho He
VRID108 0.3699 0.6829 1.9600 0.4898 0.5043 0.4957
VRIDO19 0.3457 0.6365 1.8000 0.4444 0.5502 0.4498
VRID023 0.3457 0.6365 1.8000 0.4444 0.5502 0.4498
VRID101 0.3658 0.6749 1.9300 0.4819 0.5123 0.4877
VRIDI114 0.2707 0.5037 1.4768 0.3228 0.6733 0.3267
VRIDO51 0.0866 0.1914 1.0998 0.0907 0.9082 0.0918
VRIDO057 0.2392 0.4506 1.3846 0.2778 0.7189 0.2811
VRIDI115 0.2970 0.5489 1.5694 0.3628 0.6328 0.3672
VRIDI118 0.3604 0.6645 1.8927 0.4717 0.5227 0.4773
VRIDI121 0.3699 0.6829 1.9600 0.4898 0.5043 0.4957
VRIDI123 0.3537 0.6518 1.8491 0.4592 0.5353 0.4647
VRIDI125 0.3699 0.6829 1.9600 0.4898 0.5043 0.4957
VRIDI128 0.3307 0.6088 1.7185 0.4181 0.5769 0.4231
VRID069 0.3249 0.5983 1.6897 0.4082 0.5869 0.4131
VRID090 0.3119 0.5750 1.6303 0.3866 0.6087 0.3913
VRID089 0.3744 0.6920 1.9955 0.4989 0.4951 0.5049
VRIDO81 0.3537 0.6518 1.8491 0.4592 0.5353 0.4647
VRID025 0.3411 0.6279 1.7738 0.4362 0.5585 0.4415
VRID093 0.3604 0.6645 1.8927 0.4717 0.5227 0.4773

22 BEHN

iz NTsys 2.10 AT AT 42 A2 5 5 R i
PRSI0 (1), RS AL L R E N 0.522 1Y 1
(EAL TR 2k S Fh oo R 2 26 5 1 REHEE
FEIRGE 1 555 27 N R A T RSB HE I3
L 1A 1S A SRR, AR SRS AT A [R] b X
18 T it A A IS AR 40 A1, B Te b el B
A A3 B A 4 T LAE R Bl 4
N IR Y i N T er S I SN Bi3
Jig o [RIIT, At 3d A o S B B IR A AE — o B BE A 3
LIG, A B A 7E DNA /K 22 R8N, SRR
RBGEMIRGE | S HIP0 3 F4F JE A AT RESE A BT
BT T EARRAC R i A TR T
D[] 5% 5 e 52, S 308 15 78 S AR AR a4 Sl B
7 MK REC. R, 224 R M E R TAES N
TR 52 [ A % 2 SR RE LA 5 B 5T B U 1Y) 35t 1%

EI=N==NR
H 5lo

2.3 InDel 355 Bl
HEAT & B DNA $5 80K g 500, 224 3 Moy

e, BVRRHE I S SR LS A e
AWFFE R 19 A0 AR 42 A T4k 5 A b IR 5
YA G T AR L ) A FE R T L Rl DNA 458
ORI, Ao FH R R (T B2 5 1, 5 | 4 vkl A
[F 51 A7 BRAE A, wT AR R 5 51 4 0 2 531 fig
Fio AW LLHEE 155 VI973A {7 Lo 2 i
FrRAfE, SR8k 1 S AR BE o “17, 5 VI9T3A
AH IR B s 2850 Ry <27, A e <37, KR
A B R Y 45 R #% VRID108 . VRIDO19 . VRID023 .
VRID101,VRIDI114,VRID051, VRIDO057,
VRIDI115, VRID118, VRID121,VRID123,
VRID125, VRID128, VRID069, VRID090 ,
VRIDO089, VRID081 , VRID025 1 VRID093 ) 5|
WA & T 3% B — R AR AR B A S A Y —
PR G, BB A “HRsr” (K 4), A
TF 5% 07 16 3R 15 19 19 X InDel #% .0 51 ¥ 7T %+ 42 14
F RSN SE 2 X, FE 517K F i DNA 5 808
AR T 2 52 it B 25 Bt 0 B (S BE Y 9 %
Jrike
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Table 4 Fingerprint data of 42 mungbean varieties based on 19 InDel markers

Ry 53t S AR Wamae 2]
Mungbean varieties Molecular ID Mungbean varieties Molecular ID
pizs SR III1111111111111111 X HL&E T C2737 2212211122122223222
Lk 3 LILIILI211111111211 KPELEE C0385 2222211122222212221
P25 1212312221111112211 TS 2111211121111211212
T3 LIIIITITI11111211 FLk2 5 2113221121113211132
Pt Rz 2122212122222111211 meE2 Y 2111311222112111211
[S1%N= 352 2222211122221221221 ke 15 2212211122222222222
T4 s 2222211122222222222 mERlkek 2 5 2111211121111212212
s 9 5 1121211221121211212 Blag 1 5 2222211122222222121
HER 6T 2222211121221223222 FELE L7455 2111111212111113211
HgTS 2222211122222222221 g 5 111111111111211211
HE 85 2222221122222222122 iR 3 1111112111111211111
W 2222211122222222122 thigh4 &5 1111211111111111211
W12 Y 2122211122222212121 g s S II1111211111111111
HLR 135 1111211211111212212 it 645 111211111111112111
T8 S 1222211122121212111 hig 12 %5 1111212111111112111
W95 2111211112111221211 gk 145 1222211122221211121
W TS 1111211221111212212 gk 15 5 1111211111211111211
He 95 2111212121111213112 gk 16 5 2111312221221212122
W15 2111211221111212211 thig 17 %5 1111211112121212211
W14 5 2111211121111212112 g 18 5 2111212122111213211
MM 12 2111211111111211211 it 19 5 1222211111223221212
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3 itig

InDel Fric h 3 B HEFRIC, B AT 5 B9 fae v
MR FE T 2B, AN, KB
WA YT SNP ARic' 7, A% T SNP 4RI, InDel F:
TCTES [T 22 A ARG 25 Jy T 5 A 7 ), g A
TR, InDel Aric FHEA EREF AN A6) .
W VESRAE SRR KIS &, B AT
CAEKRE S I A AL AT
RAEIER A T 2N

AR A5 B WA 2
BT DRG0 S A AS B IR R 0 18t % 2 0
PER AR, AHIEFT AT 19 351905087 42 153 2 2 Ff
(35t % ZREPE 159 B 1913 Nei's B H 2 HE 45 5
0.416 AV 2545 B & 0.325, BAIEE ) 514
B E N o Aok IV D B8 A M N
AR S5 R T 14 % SSR AR IE TR T b
X 43 T3 AL ZREME 30T, SSR FRICHI 285 B & i
S 0.398; Chen 252 FI| ] 35 %f SSR 5 ¥ 7
352 o3 [ Ah Sk 521 27 {3 [ A WA O P A 7 st
BT, H SSR Aid PIC {H 40 0.359, %
B B&EE TAWSE K InDel #7ic., {H/E InDel
FrRiC ABCR AR PE K, B B, A e A1 T
ALY B B L N2 W ) E I R PR RS R K
KR . InDel FricfE N —Fop B o Fhrid, 5
SSR AR IC A Eb, 7 R BT I8t 15 22 FE 5 BT L 48 S0 IR 1A
Iy XA R SR L, InDel FRicAE N —Ff
BN AT AR, AT LA SE IR 200 S bR ic ik A st
8 53 BT RN Bh 8 5 75 b b B 1% 45 B 7] 8, InDel
FRICHY BRSO B T SSRARIC ™. AL
VA T AR AR S T TR IR AR LB B IR 2. iR
PR AT BB FR O R R el T i R N T34k
DX [ R SEGRAL AR SRR AL, G IR
ZREMKCEREAE L BRI, 7E4 5 BB R T AR
KB IN FE ML AR SE L1 5

25 TR, A2 G0 B SSR FRic H AR R R AR, W
UG Z K0 45 SR A k2, DR b AR AR ARG T ) S Ay
Yo AHESE T InDel FRic B 5y 152 M7 2, 1% B
T DNA F5 80 . F5 8B AT dh R B O S
Sy it AR AP T M U A A PR R AR A
iz R 5 90 20 A v 7T S 00 AF I 1), 78 HEA T o o
DNA $8 20K B fiff FH A Sk faf 5007 (8, 514 A ik
WA E S A BRAL A, T AR & 5 [ P 1 %
BIRE ST AHIGTEE T XF A Sk KR TS IR AN

S AR A R 3 A B o7 R it —E i 4 5, )
ISP XS4 I 2 KL A AR I DRI S A0 R R o B U R4 25
HAT—E IR
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