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Abstract: In the present study,we assessed 9 SSRs products of 85 peanut cultivars using silver-staining meth-
od and fluorescent detection assay. The results showed fluorescent detection assay was more sensitive , accurate , and
efficient than silver-staining method. Cluster analysis indicated fluorescent detection assay was able to separate 82
peanut cultivars into 9 clusters, while silver-staining method separated 74 cultivars into 8 clusters. The clusters from
fluorescent detection assay were more closely related to the types,origins, and pedigrees of the peanut cultivars. Ge-
netic diversity analysis showed the peanut landraces had the highest genetic diversity index,followed by the Valencia
type peanut cultivars, suggesting the landraces and Valencia type cultivars harboring a broad genetic variation.
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M. DEE £ PCR KA 1B KR B BT
BOR/ANAE A MR R 26 hric, R BER/NE S
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Table 1 The peanut varieties in this study

G i EIVE e ik P ARS || WS dn ESiVE i) Rl FEHL HRE
Type/ Origin/ Type/ Origin/
Code  Varlety Abhr}:\]/iation Pedigree Abbregvianon Code Variety Ahbr);tiation Pedigree Al)breiiation
1 K15 = HE]EL /1 B Ji/sc 44 Hih4 =5 BHREGR/S  BHASA JPE/GX
2 K3 = rhR] BT T pujil/sc 45 R 17 BIRGR/S  BHASA I PE/GX
3 B 5 RV B I F/IN | 46 HEAE 22 BIREA/S  FAM I P/ GX
4 BI85 rhR B/1 B IZ/SD || 47 kEAE 25 BIRGR/S  HASF I PE/GX
5 HHF 16 5 L/ T LA 1I%/SD || 48 HEAE 30 BHRER/S B I PE/GX
6 £35S CREEA| B 1Z%/SD || 49 Hb 1016 BIRGR/S  HASF J"#&/GD
7 HEAE 6 5 LR AT 11 %5/SD 50 Hh 79 BIHREGR/S B J"#&/GD
8 B 5 CREEA| B 1IZ:/SD 51 B 551 BIRGR/S B J"#&/GD
9 @b 14 5 LR AT 11 %</SD 52 il 523 BHREGR/S  HASA J"#/GD
10 HE 1715 ]l /1 B 1IZ5/SD 53 il 71 BIRGR/S  HALFR J"#/GD
11 wH 23 %5 LGRS AT 117 /SD 54 ek 75 BIRGR/S B J"#&/GD
12 wE521 %5 CHEEA| B 1IZ5/SD 55 BBk BIRGR/S MO J"#%/GD
13 137 rh R BT T 11 %/SD 56 RAE10 5 BEHREAS  FHHRMA HE L/ F]
14 wH 3% CHEEA| B L 11Z5/SD 57 SRAE 327 BIRGR/S B T/ F]
15 HETE T 5 CREEA| BT 1IZ</SD 58 IRTE 646 BIRGR/S  HARF FE 3/ F]
16 HHE 19 5 CHEEA| H T 1 4</SD 59 KIFS5 5 WALV F SR pujil/sc
17 HwH21 5 Hh ] 2R/1 B IIZR/SD || 60 K15 B VI H AR mjil/sc
18 HE2 S i) 81 B U 1I%/SD 61 FH15 WV B R 1IZR/SD
19 HH2 5 CHEEA| R 1IZ:/SD 62 &4E 6 5 3w/ Vi El L 1IZ5/SD
20 w9 5 CHE R B T IHZR/SD 63 1EH 32 WREAL/VI F SR IHZR/SD
21 AL 8 5 wh ] 3R/1 B R LIS 64 #8415 WmAL/ Vi HEF LA /SD
22 w95 CHEE B T /1S 65 WA 8 5 EEA/ Vo B WirE/HN
23 BT 5 CHEIEV HHRF WE/ZHN || 66 Bk =5 W/ Vi F R A /HN
24 1 = LR SR B g/ HN 67 #iE25 WALV E AR dk/HB
25 Bk 155 CHEIE HRSA RI/HN || 68 M4 WA/ Vi AR R it/ HB
26 KIF9 5 HhalAl /1 B puJi/sc 69 4 5 WALV E AR -t/ HB
27 T#lRERA BIRGAYS T Wiit/7) 70 4 WAL/ VI F SR L/ HB
28 BRM135 BHRIEY/S  FAEMSM PEAGE/TW| 71 T HF W/ Vi SRR T/ F)
29 K115 BIREHEY/S  FRWF pujil/sc 72 AEE FSEA/ VI HTT D T/ F)
30 RIF13 %5 BEGA/S HHEM puJi/sc 73 eSS WALV My R gL/ Fl
31 wH20 %5  BROA/S  FHHMSR IHZR/SD 74 BAE2 5 WHEAL/VI F SR *
32 HAE9 Y BHREAYS  BEMEM ILZ:/SD 75 WIERHE FWAL/VI MR *
33 FERALA: BIREREYS  MWOFRF WIBE/HN || 76 I bR 52 JEER/D M R I VE/GX
34 WiE 125 BREA/S Bl WirE/HN || 77 Y7 JeA:#/D Hb 7 S JPE/GX
35 MRAMELRE S BEHROAYS HIT& WirE/HN || 78 ] PHAT JeA:#l/D Ty *
36 WAL 555 BHRER/S B Wm/HN || 79 BRATI JeA:#l/D b5 *
37 b4 5 BHRTAR/S FAUWFA Wdt/HB || 80 PURELT ZRiR/V Hb L T/LN
38 THEs 5 BEREE/S BHEUR #dt/HB 81 R DDRLAT E2 R by L7/LN
39 hiE7S BHRORE/S O FAWA Wdt/HB || 82 Bl =hi ZRiR/V Ty J~#/GD
40 hiEs 5 BIREA/S  FEMA Wdt/HB || 83 A LRSS EZ oz VaY b5 *
41 BAL 14 BERER/S B R/ HN 84 B[ 35 220 i il LR Rl/V Ty *
42 AR 9102 BIREA/S  FEMF WR/HN | 85 WEEEHE S =Rigr  ZRiRL/V by *
43 MAEs 5 BHREAY/S  BEMEM VI FE/HN

#* FARAHAl  * means not available
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*2 AWHRAETA SSR 514
Table 2 SSR primers used in this study

514 JF3I1(5'3") RAGREE(C) FOLhRIL GIL/ b 3

Primer Sequence(5'-3") Tm Fluorescent label Source of primer sequences

GM9 F:CAGCAAAGAGTCGTCAGTCG 48 FAM SCHR[19]

R:GAAAGTTCACTTGAGCAAATTCA Non SCHR[19]

GM74 F:GAAGGACCCCATCTATTCAAA 58 FAM SCHR[19]

R:TCCGATTTCTCTCTCTCTCTCTC Non SCHR[19]

GM150 F:TAGAAGAAGGAGAGGGTGAGAA 58 FAM SCHK[20]

R:CTAAGATGGTGGTGGGAATTA Non SCHik[20]

GM269 F:TTGCTACTAAGCCGAAAATGAA 54 FAM SCHik[20]

R:CTTGAAATTAACACATATGCACACA Non SCHR[20]

GM424 F: AATGCATGAGCTTCCATCAA 58 HEX SCHR[20]

R:AACCCCATCTTAAAATCTTACCAA Non SCHik[20]

GM488 F:ACTCCCGATGCACTTGAAAT 65 FAM k[ 21]

R:AACCTCTGTGCACTGTCCCT Non SCHR[21]

GM518 F: AACTCGCTTGTACCGGCTAA 57 FAM SCHk[21]

R:AGGAATAATAACAATACCAACAGCA Non k[ 21]

GM556 F: TGCTTCCATCAGCTTTTCCT 60 FAM SCHR[21]

R:AAATGAGGGCCTCCAAAGTT Non SCHR[21 ]

GM606 F:TAATAAAGGTGACGTGGCGA 62 FAM k[ 22]

R:TTATCATGATTACCACGACCG Non k[ 22]

GM613 F:GCGTGAAATGAGTGTTGTGAG 60 HEX SCHik[22]

R:CATAGCCACCATAGACACCAAA Non SCHik[22]

GM623 F:CAGGATGAACAGGCACAGAAT 60 ROX SCHR[22]

R:ATGAACAATTGCGATTTGGAC Non SCHR[22]

1.3 Sitoahn R YRR B EE R 1
Hornil StylePix [#] 5 g8 i )T H A0 5% BoR /D,
TEAFLERS AL E AT ICAE 1, T ICE 050 1] Gene-
Mapper ID v3. 2 3K 5 't Ao il 245 31 1) £ 4% 1k
R AR A o L1 0" B TS, F
JH NTSYS-pe 2. 10e ( Rohlf, 2006 ) & {2313 i b1
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WA, FIJH POPGENE version 1. 32/ 5 {3144
Nei 55 ZHEMEHE S H A Shannon {5 B8 17,
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2.1.1 FEREMENSRENE NV GM9 GM74
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GM606 It 9 X HZ2 &M H S5 P Xt 85 4~
ACAE RIS SR A TY RGP 5 Y R AR AR PR

PAGE-FRYSEEIATHIDKAGIN (18 1), FeA 2] 33 445
(RS SRS 14 3.56 A, 51 INSEthRICxT
FRIRAREEE T4 1 , 3d i T A ARG 2] 69 25407
AR5 T 78 AN (R 3) o BOLEARTERA L
PRGN B A (AR S LUAR IR 2 4 A R WIDO LA
L BATH R R A, E T LTy S

|
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Fig.1 The amplification results of GM556 in 13

peanut cultivars by silver staining
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Table 3 Comparison of allelic variations obtained by the two detection methods
S1¥-pric oAU SERTA N S HE P  BER /I (bp) SR SR
Primer-Marker Detection system-color Allelic size Allelic number
GM9 Lyl 212 221 227 231 241 5
GM9-FAM A - 1 212 219 221 223 225 227 229 231 235 237 239 241 12
GM74 R Y AG I 270 277 284 294 4
GM74-FAM PR - i 270 272 275 277 280 282 284 286 288 290 294 11
GM150 eyl 228 236 242 3
GMI150-FAM A -5 228 230 236 238 241 5
GM269 LY il 223 227 231 243 4
GM269-FAM Bt - i 223 225 227 229 231 233 243 7
GM424 RGN 255 261 264 3
GM424-HEX TR I -4 255 257 261 264 4
GM488 Lyl 195 220 229 236 247 5
GM488-FAM PESEAI - 1 195 220 224 226 229 232 236 240 245 247 10
GM518 GBS ol 260 267 276 3
GM518-FAM PR - 260 265 267 270 274 276 6
GM556 ey el 250 263 270 277 286 5
GM556-FAM A -5 250 255 263 265 268 270 273 277 280 286 10
GM606 B AG I 282 295 2
GM606-FAM YA -1 282 285 288 292 295 5

2.1.2 WHREMENSERE HER3ITLUEFED
2 PO BRI E B e BOR/INEEAR — B, SR
FHUKEE S B 9 F AR, 3 GeneMapper
1D v3. 2 BT LAAERA 132 10 BRI B 1 bp 1Y
K/NZEFARENER X I3 . ABFFE PO A 3
ISR e R 22 /R 2 bp, I H 2 bp 2R 1E
GM9-FAM HAH 8 4~ GM74-FAM 8 4~ GMI150-FAM
1 . GM269-FAM 5 4~ GM424-HEX 1 4>, GM488-
FAM 2 4~ .GM518-FAM 2 /|~ .GM556-FAM 2 4~ ; R ¢
EAG I B/ N 22500 3 bp, HAUAKS Y GM424 A f
5264 ~261 bp ZIH) 1 (3R 3) . WYL A
Bt Hfgimad IR S o AR e a4 T b dss, A [A] i Bk
RO Ty LR 22 | 3 A f iR . PRI, 20
R A P R A 1 R

2.1.3 TOEMNGERSRME K85 N IEA Rk
Ao 2 BhoOr e TR, AR YLk AT EE UK 18
Yt , B R E I 4 ey, 75 28 5 d ] A B 52 1
T ARSI V2 AR A T 22 i, R i B e A5 3 1 B 1Y
R BRI, GM9 5 GM518 .GM488 5 GM556 .GM150
5 GM74 .GM269 5 GM424 5 GM606 43 HliE & S ke
(B2 Al ~A4) 175 4 96 fLA,1 d BLAETE 4

i 85 AMFEA 69 A ZAMALE RN, AL
ARG 550 % I S e AR ek
2.2 H—HEREBRARNERENETER

T 2GRN 5 | 96 LRSI AS 8 04 A L
BV YL B P — 2P 4 R A ORI
RIS A, fE 27 k0 )z N A
2.2.1 HiEEPCR REARFETCHRICH P —
PCR N =R A AR I3 1) A A550H s A &%
{HK 3 PCR SN 4 AT SE A i . ik, AR F
Y R SO ELATAH [RIR R BT PCR =9
F BeBIREA ALK Ay RN B T LA 2 E PCR R
B (1) 8 —3¢6FRICH & PCR: GM74-FAM 5
GM150-FAM fF>h —# PCR W51 44 , B KR E
h 58 C Ly W BE RN ZEF KT 50 bp (1 2
B2); (2) AR A~ PCR:GM613-HEX 5
GM623-ROX1E M 51 Wl &, —H B KIRE¥H
60 C, ¥ 8= i BERK/NZERE/NT 20 bp , (EAS I 1)
PR AR A S LA (K 2 Bl) 5 (3) ARPEOLER
K =& PCR: GM556-FAM . GM613-HEX , GM623-
ROX 1ENE 44, PCR S HIIE KR E N 60 °C
PR R SR 2D (1812 B3) 5 (4) ZAb
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B1 B2 B3
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GM613 11988
7323
GM424 GM556 GM6231 ( ~| ‘ 10244
i ’| i PN P WPy P § © P o A sh l,"l\h. LA ,|I, o o ,fl_“_ 1. LA Jl| »
B4 c1 c2 c3

Al ~ A4 R RBOEH Y =P iR £ AR (A1:GM9 5 GM518 414 ;A2 GM488 5 GM556 4147
A3:GMI50 55 GM74 415 ; A4: GM269 .GM424 55 GMG606 4 7) Bl ~ B4 Fiil i PCR 43 My B B 48 4 AR I
(BLARIZEICARCLH = 8 PCR; B2 : AHFZOLAR LAY — 5 PCR; B3 . AIRIZOEIRICH) = H PCR;
B4 R FZOEHRCHYPUE PCR) ;C1 ~ C3: BAVEZOER AR SR AT SSR #3874 ( C1ALHE 1;C2. 4030 2,;C3 403 3)
A1-A4 ; Detection of mixed fluorescent SSR products amplified by different primers( Al : The primer combination of GM9 and GM518,
A2 ;The primer combination of GM488 and GM556,A3 ;The primer combination of GM150 and GM74,A4 . The primer combination of GM269,
GM424 ,and 606) ,B1-B4 : Detection of the high-throughtput SSR PCR products by fluorescence technique
(Bl :Double PCR by different primers with different fluorescence marker, B2 ; Double PCR by different primers with same fluorescence marker,
B3 . Triplex PCR by different primers with different fluorescence marker, B4 ; Quadruplex PCR by different primers with different fluorescence marker) ,
C1-C3; Detection of SSR products amplified using different condition by fluorescence technique( Cl1 ; Treatment 1,C2 ;Treatment 2,C3 ; Treatment 3)
2 [ F GeneMapper ID v3. 2 ZE 2 HTER4> SSR % Y46 M £ 7
Fig. 2 Analysis of partial fluorescent SSR data derived from ABI3730XL sequencing by GeneMapper ID v3. 2 software
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ARYTE B YOURINTE , & SR LL SR G -2 I R
A :Silver staining, B ; Fluorescence , All varieties represented in the form of variety code-botanical type-origin
3 BIF NTSYS-pe 2. 10e 245 21K 85 MEiEHE R R LR
Fig.3 Cluster dendrogram of 85 peanut cultivars using NTSYS-pc 2. 10e software

2.3.2 WRHREAERN SR IERENBESHE
M PRI EE WoR 9 X B M RENS S 82 N
FhoE 4o TF (B 3 B) , i A [E] 352 44 AH 8L 3R 2k
0.73 ~1.00, fEBLAHPIREL0.85 &b53H A B .C,
D.E.F.G.H.I 9 12HE, KA A 20 4N ah L
W17 AN E LA R3S S b Ty R R A
FREAL 11 S 8 R B sk oA JF H 8

ANTTAE MR B X — R B, 26 B L
46 A~ ah Bl 4B E SR AR LR 539 B AL Rl R
IRAEAE MG, JfE C A& 3 A5 b b T 1 K
A RS IR A G, KD P 3 A
() 7 it b K 2 A R B e — RS Al A T M T
M BHRE R e & 0 260 B AL 1 A L5 i AT
MR, SR F 8 3 4% 3 8 A A ah A3 48 2
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AR KNS5, BFECHEHT4 N HRA
Hi 7 i b DR 2T 3 2 DU R 2T B 22k A
AR =R 2l, 2EHE H AL 1 A 2R R M Ty 5 Fb
A JRUBEVES o 2EHE 1A 1 Ao A UG b 7 ik
FIUR R WA ] 24 Y A6 A= % b5 Fl 2 B 4 0K 7 19
F8%0 1 A H 4358 0. 1508 ~0. 2303 F10. 0902 ~
0.1372( £ 4), 5 RIEAI G ] B (K 4550 1 A1 H
(0.1508.0.0902) 5 ik, H 77 &b F (0. 2302,
0.1372) L& B Fl (0. 1914 0. 1129) &5, £ ki

R4 TRIXBRBERERMOBEESHEESHT

RGN H PS50 S R i, R KA
ATDLE Y, R AL g A R G Rh (BRAT IR ) 5 Hofh
R B RO Rt SR N (1B - A = G =
TN, RN H P8 B &, R A R TR H 485K
(0.1563.0.1031) WHEAL, X — 25 KAl gg & T
SR o A B AR 4 A 2R 6 A, BN H
PRECR D T e, DA G I 43 A 25 SR [ R
FeH BB A BT L RS R 2
70 55 Hb i o 8 35 2R AR R G

Table 4 Genetic diversity of peanut varieties from different botanical types

HLYL Silver staining

DA% Fluorescence 2 #J7: Both methods

251 Type #H No.
I H I H I H

FRIA] Y Intermediate 25 0. 2770 0. 1751 0. 1508 0. 0902 0.1917 0.1176
B2k T Spanish 32 0.2951 0.1876 0.1797 0. 1085 0.2171 0. 1341
W3iw T Virginia 18 0.2938 0. 1882 0.1972 0.1194 0.2285 0.1416
F2£: 7 Dragon 4 0.1145 0. 0765 0. 1563 0. 1031 0. 1428 0. 0945
Z R Valencia 6 0.3213 0.2160 0. 1900 0.1217 0.2325 0.1522
BB ZR Breeding line 67 0.3185 0.2026 0.1914 0. 1129 0.2325 0. 1419
7 A Landrace 17 0. 3736 0. 2365 0. 2303 0.1372 0. 2766 0. 1693
&1 Total 85 0.3491 0.2183 0. 2081 0. 1207 0. 2537 0. 1523

I = Shannon fﬁfﬂjﬁﬁ;[‘] = Nei #AE ZFEMEFE%L 1 = Shannon information index, H = Nei genetic diversity index
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PLHIICPAG I H 3 B 45 (07 FE R B — b {5 B A AR Y
B DS T, 53 A, SRR I kAR B Y £ kL Y
Nei 3 [N ZFEMEFEBUEE 5 KT i &, 1T Shannon
T EFEEICAD LA ARG AT R R e A 1 EE A X
HAREEYE, 5% KEEARZLR s>,
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