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Selection of SSR Markers for SCN4 Resistance and Identification of Excellent
Resistant Germplasm
ZHANG Hai-ping, CHEN Yan, YAN Kai

(Institute of Crop Germplasm Resources of Shanxi Academy of Agricultural Sciences/ Key Laboratory of Crop Gene Resources and Germplasm Enhance-

ment on Loess Plateau, Ministry of Agriculture / Shanxi Key Laboratory of Genetic Resources and Genetic Improvement, Taiyuan 030031, China)

Abstract: The workload of phenotype identification of soybean resistance to cyst nematode is large, and the identification
results are easily affected by the environment, which is one of the limiting factors for resistance source selection and resistance
variety selection. Molecular marker identification without time and environment constraints provides an efficient, rapid,
accurate and simple method of disease resistance identification. In order to screen molecular markers for distinguishing
resistant resources from susceptible resources, identified the resistance to soybean cyst nematode of 193 soybean resource, part
of the resistant resources and the high susceptible resources were genotyped by 1 000 SSR markers and 7 SSR markers that can
distinguish SCN4 resistance sources from susceptible sources were found. Then, 193 soybean resources were genotyped by the
7 SSR markers. The results showed that 4 markers, Satt400, Satt680, Satt533 and Satt504, were selected. The selection
efficiency of susceptible resources with Satt400, Satt680, Satt533 and Satt504 was all 100% . The selection efficiency of
resistant resources with Satt400, Satt680, Satt533 and Satt504 was 70.58% , 63.15% , 92.3% and 57. 14% respectively.
The combination of 4 markers could add the selection efficiency to resistant resources, and the selection efficiency was up to
100%. Combined with artificial inoculation identification, 12 of the 193 soybean resources were identified as resistant
resources. These 12 resistant resources were all detected with resistant alleles at four loci and other resources were detected
with at least one susceptible allele of the four loci. Therefore, the resources were considered as resistant resources which were
all detected with resistant alleles of the four loci and the resources were considered as susceptible resources which were
detected with at least one susceptible allele of the four loci. 100 resources from Shanxi crop gene bank were genotyped by the
4 markers. Four resources, Heidou, Xiaokehei, Jin1265 and Daheidou, were identified as resistant resources. Then, the
resistance to SCN4 of the 4 resources was identified by artificial inoculation. The results showed that the resistance of Heidou,
Xiaokehei and Jin1265 were high, and the resistance of Daheidou was middle. It is considered that the combinated markers
could be used in marker-assisted selection of resistant germplasm.
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SLEL(TEH0) T T8 (RRHD) T 79 (RiHL) WA
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1.3 FHiE
1.3.1 4 FARPFATERFLET KORFEH
J LR S IR TR IR & N AT, B R AR TE 25 ~
30 °C, FKBEEEHILE 50% ~60% , 18G5 % 5 (1 [F]
I, Rl — 25 /R )25 32, 2R Riges 21 SR
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Table 1 Race identification system of soybean cyst nematode
Y EF & /NFIZEAD Races
Host 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Pickett - + - + + + - - + + - - - + + -
Peking - + - + - - - - + - + + + + - +
PI8R788 + + - + + - + - - - + - - - + +
PI90763 - - - + - - + + - + - + - + + +

“+"TFIRKTET Lee FHLMMAH 10% 5 ~ "FIR/NT Lee A MIAEHAY 10% .

‘ + ’ means more than or equal to 10% of SCN number of Lee;

e s M e B i b B L R T
M JRIT AR F Kk At — B0 A bR B AR B ke K
WP R Bk D Rk 2 Bk, B S B SR AT E
3 - PR RO R S 1L, 7 M 9 R AR
F R RE i R R, A B B S 500 A e mlL
AR . TR SERIRTER RS 3 d HRh N7
WS mL;25 ~30 d 5, 155 B IR 60 4 S iR
FA P BT A A AR AR R B R
P T K e T BT, e R A g
B0, T 24 i 40 K AR A 155 4 2L (female index,
FD XG5 g ., FIL(% ) = (OF 3 g 246 8/ Lee68
T BERL) x 100, SR Schmmit 5 4 1 43
PBRER K BHIRYT BIEAT PP, FT <10 S it s
10<FI <30 H1#i;30 <FI <60 Jyr1jd; FI=60
1.3.2 DNA #2BFebml  HUREG B2 U5 40 1 0 5 ik
100 mg T 2 mL B0 T AR, AR
VR, e i A WHE AN (SE R IKA, ALL) 4T RER
Fr, ¥ B8RS 4 R 41 DNA 42 BORK 7l & (K AR,
DP305) 44 /F 45 md $2 B KL (K 20 DNA, i 100 L
ddH, O ¥, 1% SARMEBERAL I DNA SE 8, 5841
Srt et (S UL v &, DUB00 ) il i DNA ¥k i,
=20 CykFPRAFE

‘ —” means less than 10% of SCN number of Lee.

1.3.3 314 MWRIEAA SSR pxicfs B (hip://
www. soybase. org/ ) , TEEFNE S RE 5] 5350 X
Frig, 1 000X bric, 76 LA T AW TR AR i
5 R FE

1.3.4 PCR ¥ ¥ A4kd SR 10 pL KR, H
1.1 pL 10 x PCR Buffer (20 mmol - L' Mg** ),
10 wmol-L™" TE. & SSR 5l # 4 1 uL, 0.5 pL
2.5 mmol-L™" ) dANTPs, 1 U Tag DNA [ilf, 3 pL
10 ng-pL ™ # 4% DNA, ddH,O #b &, 50 #2 )7
94 CHiZEVE 5 min;94 CZEME 30 5,55 CiB k 45 s,
72 CHEA 45 s JEFF 35 R )5 72 C ZEAH 10 min,
PCR 7)1 8% 75 5 TN 94 T g 45 Ji L Kk 93 25, 4R
PURORAGI AR 94 5 B EE AR A . TR
Yk g TAE) TR Iy A PR /1, 3R A5
BRE,

2 #ER5HH

2.1 KERBELKBEENHNEE

I N T 42 B 5 28 J7 ¥6 X 46 78 25 3 Pickett
Peking . PI88788 . PI90763 3k 47 1t 5 % 5. 4R 1%
Riggs1998 K &2 il £ s /INFR A A4l (6 1) , 1 ol
B AN R BE A AE B s B 0 UEIE 5 T R 0 e 2K
ORI AL Al 4 SRR (3R 2)
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Table 2 Determination of physiological races of soybean cyst nematode

PUHESEE S F Host A BN
Determination Pickett Peking PI88788 P190763 Lee68 Race
JL#% SCN number 93.8 86. 00 82.33 64.17 119
JZ ¥ Response + + + + !

“ T RKIRKRTEET Lee 2 MR 10% .,

‘ + ’ indicate more than or equal to 10% of SCN number of Lee.
2.2 REMBEEER

FIFH N T8 % 5 J7 0 K 00 98 U5 2R A7 B
YE o DL Lee68 1R XS IR, TR AR WEUR 1Y FLAA,
193 )y K G ¥R K FT AR Ak 3 & 1. 51 ~307. 98,
KEBOFHIFFIN Ny v RN = 8%, Th BT IR A 13 7,
FI{fi )y 38.73 ~ 59. 86 ; & @t 5 A5 168 {43, FI i K
63.13 ~ 307.98, HA 12 {5 LI hhr e
B, PPCBTIA 2 Oy, FIEN 13.2 ~ 24,56 mHi ot
I 10 4y FI{E A 1.51 ~ 7.52, Pipmseii F2ok
JEF T .
2.3 KREMELBHKRRICHIG

FIFH 6 A bt Be I (P1437654 R AT R 5L 2%
BUR M 3ZBG ARMBE (E 3 S G5 78) Fl6 A4S
RO YR (P190763 . % & 11 5 | Pickett, Peking .,
Lee68  P188788 ) 4H Jilg 47t vttt A1 gkt , i BE T | /% il 1]
Z5YESIY . ¥ 1 000 XF SSR ARic FE T | Jakt [a] 2

L ~6: Bt 7 ~ 12 mRH I

Loolaml | (-
!

78 A B 0 g 5 Ff, 25 — b O 40 R ] 22 5 B
o, HAE & T P s A — 3 ( Satt504 | Satt533 | Satt400 |
Satt558 ) ; 55 AN TES b A AT B B 2% =, HAEST
Tt P B — B, 7R R A B AR — 2, (EA A )
PSR 5 H A 7] (Satt562 | Satt680 | SattdS51) ; &
=R AE B ) A B 2% S, HLRGH P R —
B, ot A BB — 2, [HA A ) i B 5 IR
AR TR (Satt143 ) 5 565 PUFR A 7EST B A) Tt 2 24854,
HRISE A — B0 (SausS34) 5 55 FLAP A TET Bt N £
A PER m  TEPURO [B] JC B i 2% 53 (Sau728) . FEAR
ICH BRI, Sy 1 35t e O U, e R AR —Fh
FAVRIC NS KRBT ARIC . 3l I, 7 L
7 x2S HEE MDY, 43 5 Sat504
Satt533  Satt400 . Satt451 , Satt558 | Satt562 FlI Satt680
(K1),

1-6 ;. High resistant resources; 7-12; High susceptible resources.
1 SFIREHIEE

Fig. 1 Screening of molecular marker

2.4 HUmERICIRIE

AW RS0 7 X ARy 4 193 3y K 2%
V6 & P Sattd00 | Satt680 | Satt533 A1 Satt504 X 4 4>
FRicas H ZEHUIR B U5 B9 8 — 2, HLt 2w I8

[y 78 22 S5 B A, S0 ol Jo i 50 -5 470 o i A
6] HE 3 ASbRic e sl i vt I )il BN —2L,

I, PE$E Satt400 | Satt680 | Satt533 A1 Satt504 X 4 4>
FRiclE AP bRIC
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Fric Satt400 A5 2 F &7 A8 T4 88 7= ) (&
2A), 40 )%, DNA Ji B 43512k 205 Fi1 215 bp,
4 DNA F B iy 215 bp AREHTH (R) , 2§ DNA
B R 205 bp, AR FRIBHE (S) o Sattd00 X
YRR K SR T0. 58% , NoF TR W T I K M SR
7 100% .,

Fric Satt680 15 4 Flt S50 42 S 47 14 7= 1y (&
2B) , 25, DNA FEX K B8 43515 254 11304 ,310,
315 bp, 4 DNA Jy B K 254 bp AR (R) ,
HAy DNA B KRR EYE (S) o Saut680 X i
IR BRSO 63, 15% , Xof B Ui W% VB 1 K M R
7 100% .,

i“m ! ’n“ “ﬁ" '

FRic Satt504 k45 5 Fi 457 42 S 47 15 7 9y (&
2C), 4 DNA BN 159 bp ARERBUK (R) 5 H
4 DNA FBrK BEC B0 (S) o Satt504 i %
VB K 2ROl 57, 14% , b G VR B I R M R
1 100% .,

Pric Satt533 345 4 FhAE (7 A8 S 4 1 7= Py (
2D) 7 45 S R W], DNA F4 7 B K B 43 51 o
269,256,260,246 bp, 4 DNA F iy b Bt K &N
269 bp AR (R) , HA K B AR BN (S) .
Satt533 X Hi BE IR AR HH 2 h 92. 3% , % I B IR
RS % 100%

LT LU R R e e R e LR ! 1
00 00 e

L PP e ”l e l b
\llnlllultll\ 1 .’-4.‘.

AlAlllll‘lll(’llAll‘,

LRI 1\111111[(1!1“

!

ju »,M ,:.u A Iél |ii|iihl Illllllmlmmmml llll
i l!l |

1~ 12 B ETR 13 - 193 BIRETR ; A ~ D 435128 Satt400 | Satt680 ,Satt504 | Satt533 e JETR IR AP Y 24854
1-12. Resistant resources; 13-193: Susceptible resources; A-D: Polymorphism of Satt400, Satt680, Satt504 and

Satt533 in 193 soybean resources respectively.

2 Satt400,Satt680, Satt504 F Satt533 it BRFEFHN LM
Fig.2 Polymorphism of Satt400,Satt680,Satt504 and Satt533 in 193 soybean resources

B 4 A AR R R A R R B G
100% , {EX 00 5% A9 A ) R 4 AN A ] e
92.3 % . NTAEMUEESREW], 193 f7 R E BT
A 12 (Y BEHR TR M L L 4 S A B NRR, 2
B TRRCEER (R 3) , KB 4 A PRicfe B 7
ORI VA SO W A e D S S P g I I 4

TRGEIRAR A B, DA, MK 4 S ARIC 4 E DR
BERAIAR N, 9 1 AT A LA B i R A
B IRE R BRI, 2 4 S ER L S pri i 2
NPT U PR, 12 A0 BT I8 By
Rt o, 4 BRI 25 R R 1 28 5E R O 100%
(£3).
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Table 3 The SCN4 resistance of 193 soybean resources

P Mok btk . 75 ok Ptk ) .

Code Germplasm Resistance Satt400  Satt504  Satt533  Satt680 Code Germplasm  Resistance Satt400  Satt504  Satt533  Satt680
1 ME3E B R R R R 40 31 F=75 S S S S
2 07p [ R R R R 41 e 31 F=51 S S S S
3 ME/NBG i R R R R 42 h# 320 = S S S S
4 PI437654 &L R R R R 43 W65 B S S S S
5 FARRBY  Eht R R R R 44 R 14 o % S S S S
6  MEKFEBG mhl R R R R 45 JAE 17 e J% S S S S
7 Y] LRETA R R R R 46 iI5 26 [ S S S R
8 T8 LA R R R R 47 13730 = S S S S
9 19 =N R R R R 48 24 Ik S S S S
10 T 5 80 L R R R R 49 713 -2135-3 @&k S S S S
11 i 82 =X R R R R 50 IREE EE S S S S
12 AMBE  EiT R R R R 51 N E SR S S S S
13 35t 30 I - S - S 52 [UNp B A= 72 S S S S
14 .39 rhs S S S S 53 VAV:E 1o IR S S S S
15 i 661 5 S S S S 54 Kpe—2 B S S S S
16 Fi 35 o I S S S S 55 ®B 11 I S S S S
17 F 39 =1 S S S S 56 RE/ANBE K S S S S
18 F ik 42 =y S S S S 57 Nathan =t S S S R
19 i 68 [S1R S S S S 58 EBIHARE S S S S
20 T 1498 Uk S S S S 59 By o % S S S S
21 Z11-211-1 @& S - S S 60  CPIEMREG R S S S S
22 Z11 =256 [l S S S S 61 w23 & S S S S
23 8 35 TR % S S S S 62 6221 - 15 [ S S S S
24 ¥ 79 IR S S - S 63 Athow e S S S S
25 ti17 e S S S S 64 e+ 33 ER S - S S
26 Wi 47 = S S S S 65  Z11-78-1 &R S S S S
27 BUTE ik S S S S 66 KRBT =7 S S S S
28 %5k 52 i S S S S 67 T 288 & S S S S
29 ER2 B o5 I S S S S 68 Benning 1o IR S S S S
30 2R I S S S S 69 7537 -1 5 S S S S
31 i 13 5 I S S S S 70 MRELIEM S S S S
32 KEE(2) @ R R - 5 71 RERAERG R S S S S
33 TN1 e S S S S 72 W11 I S S - S
34 YrE 92 [0 S S - S 73 Pickett I - - S S
35 F# 36 =y S S S S 74 Peking [t S S S S
36 #ii17 o ik S S S S 75 Lee68 25 IR S S S S
37 Ak 78 I S S S S 76 PIg8788 = S - S S
38 15254 K S S S S 77 PI90763 Sk S S S S
39 G773 R S S S R 78 PI209332 @il S S - S
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&R3
Fre Mk btk ha=s ok btk
Code Germplasm Resistance Satt400  Satt504  Satt533  Satt680 Code Germplasm Resistance Satt400  Satt504  Satt533  Satt680
79 PI89772 o Ik S S S S 119 RET4E  EK S S - S
80 PI548316 [l S S S S 120 Bk 11 = S S S S
81 ¥ 95701 05 S - - S 121 N AR ¢ - S S S
82 #9805 5 I S S S S 122 A 17 f=d R S S S
83 b 42 = - S S S 123 FEL 11 =Y R S S S
84 WEs s i S S S S 124 MRS E - S S S
85 i 37 T S S S S 125 HH 47 =Yz S S S S
86 EHL16 T S S S R 126 HHES3 =Y S S S S
87 7203 -3 I - S S S 127 FEETS  ER S S S S
88 W19 [ S S S S 128 FHHE 11 - S S S R
89 Hobbit 87 = S S S S 129 HiH 24 [ S S S S
90 28 [ S R S S 130 alE R - R S S
91 Wi 27 =T R R S S 131 B 16 f=75 S S S S
92 E520 Ik S - S S 132 X9 B S - S S
93 1k 966 T S - - S 133 #5 7051 =Y S S S S
94 15 36 T S - S S 134 Hin 15 =Y S R S S
95 He3s S - S S 135 S E 1S U S R S S
96 WHE 105 S S S S 136 #1311 R S S S S
97 hEJI053 R S S S S 137 JHT23 = - S S S
98 g 17 I S S S S 138 # D045 Rk - S S S
99 AMSOY 7 S S S S 139 W 206 E S S S S
100 fEJI018 R S S S S 140 WE 78 = - S S S
101 T 18 T S S S S 141 YrE 93 P - S S S
102 g 15 =1 S S S S 142 HERE2 s HE S S S S
103 #1713 =15 S S S S 143 HHE 105 = S S S S
104 B3z s EE S S S S 144 T 44 R S S S S
105 WIS -14 B S S S R 145 AL 56 [ S S S S
106 i 48 =T S S S S 146 HE 108 Rk S S S S
107 SipN A = S S S S 147 HE 101 f=75 S S S S
108 Wi 26 = S S S R 148 Ficld-752 @i S S S S
109 K¢ 18 = S S S S 149 T09-95 Ik - S S S
110 R 18 =y S S S S 150 1474 Uk S S S S
111 EG1S =T S S S S 151 1618 I S S - S
112 gk 57 =T S S S S 152 2020 = S S S S
113 ZXEF25 & S S S S 153 BB52 e S S R S
114 HEH4S =y S S S S 154 7ZYD02356 S R S S
115 miFE2E EE S S S S 155 ZYD03174 gk S - S S
116 16 I S S S S 156 ZYD00599 ik S S - S
117 WS ER S S S S 157 ZYD06143 ik R R S S
118 BRELYS S S S S 158 7ZYD01639 gk S R - S
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Code Germplasm Resistance Sat400  Satt504  Satt533  Satt680 Code Germplasm Resistance Sat400  Satt504  Satt533  Sati680
159 i 68 =5 - S S S 177 HETE Sk S S - S
160 Z11-78 -1 &8 S S S S 178 £8l—52 e S S S S
161 Z11-8-1 ik - S S S 179 G285 A S S S S
162 713 -633 -1 @ik S S S S 180 %12 = S S S S
163 HRIEE2S  HE S S S S 181 BE8YE ERE S S S S
164 GB8836 X - S - S 182 B —5 R S S S
165 i 662 S - - S 183 YEIE B S S S
166 T 12 = S S S S 184 FTE—-B S S S S
167 #22 R S S - 185 T 22 15 S S S S
168 17 051s-16-2 @ik S S S - 186 Bis e S S S S S
169 R To K S S - S 187 IH 14 = S S S S
170 WE12-4  EHiE S S S S 188 BFE 31 I S S S S
171 404 -022 - 12 E)gk S S S S 189 HIEE 1% S S S S
172 i1 04Q088 -1  idk S S S S 190 Jb 54 I S S - S
173 %02 -5-1124 &8 S S - S 191 T3 e e S S S
174 K$260-2 @& S S S - 192 o 70 15 S S S -
175 K HL I S S - S 193 K 13 = S S S S
176 FIRIEE Sk S R - S

R AFOHT A 5 S R Y

R:Resistant allele; S: Susceptible allele.
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FHIC i L2 59 4 ASPURbsiCx 1 va 48 F 5%

FEHERR IR T L VE 4 AL AR 100 13 BT IR 4T 4
JE , LA Lee68 Sy xt I, & AT 4 3 BEi [ R EZ (1
PILZE) NBUR L) G 1265 (%) (1hpik
J5O) AR S (L PYAREL) 14 RIS i3 HE 4 A 1
M

12 3 4
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5 pp M

12 3 4
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A B

PR B (18] 3) , I, A X 4 47 B8 K R

P A4 SAB/NRYUR IR KX 4 BRI T

N TR E BIE, 2R R (32 4) , IR EL /NVBIR
1265 (%) 9 15 45 Ko 5 g 8.95.7.58 FI
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A ~D: 435120 Satt400 Satt680 Satt504 F1 Satt533 P LR 1 ~5 /R BT NG T 1265 KB T Lee,
A-D:The PCR results of Satt400 ,Satt680 ,Satt504 and Satt533, respectively;1-5:Heidou, Xiaokehei, Jin 1265, Da-

heidou and Lee, respectively.

3 4R EIER PCR 4R
Fig.3 The PCR results of 4 resistant resources
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Table 4 The SCN 4 resistance results of

4 resources by inoculation

BER BY AN 1265 KRB
Resource Heidou Xiaokehei Jin1265 Daheidou
i T4 Fl 8.95 7.58 1.38 13.69
Btk . o i
) LN LI I SR
Resistance
KIS & B 4

A 23 b i il B 6 T R B e 2k B
JEHIER N RERR IC #EAT BEIR M2 , 4 v R BT
MR A TERCR  (HRT 4 SN 7> 05
POV IE /L, ST 45 2 ZE ML ol 4 5 A TN
MU QTL 2 7 X B Bt it i & 2 i SSR AR
Satt610 FlI Sat-162 , F| {liZbRiCy 4 41 4y RSB,
BT iR A B — 2, ELT DX T I B IR
iy B AE R B R R A A B R A A Y BT
[, IR A RBA EE 2 R L HUR GRS IR AT
FORF X IS FR LY 38 A I ek e 4 52 PR
FTIR, R B S HR T 7 I AT 470 R a] ) 2L A
— 2, L, X P FRIE AN 58 4l 5 1 O i e 2
4 SABUNGUR > TARIC. AT 000%F SSR
PrRic i 4 XPpRic, g P g 193 R E TR,
LI NTHFSELR, R IX 4 Mric T gL X
I UG, XU B R 57, 14% ~92.3%
Bk 4 A AR IC 25 R R I 48 5 Ak R T B2 R A
100% o FFHZFRIC L G W PR SBT 05 rp 2 5 i
4 e I, AR IC 4 G AT A RO E R B
X R T LR e 4 5 A U INR PR

PEREME AR 28 B A bR 0 T AR 0 Bl Bh e 6 ¢ &
FUPOI TR BORS R AR W S e m i 20
FRICI F 5 e £ A TR R A7 B 1 22 53 L 7E BT J%
W BB A — BRI bRiC A A7 S I AT
PR 55— 0t P 2R — B 7R B0 N A A )
GRS T 5 0 b AR (], 3 0 B 2 R A AR, A i
(14 S B I 8 O S, (ELAG: HH B B D P R A U
TRGTIR . 18 FH I b TCORE 75 X A6 H B BT BT U
HEATHA M 5 N TR 2, DAE X 73 HTIR T
U, FLAIE 52 RERE T A B s 8 R 4 W e 9% 5 5 —
Sy IR A B — 8, 0 N AT A R R
FRIA), R R R 30 1 H B4 T 5% 050 B , S8

PR AIRA S PO IR, 28 X R AR D, BN
BOWR B PR IR R AT A A, > T T AE
O HEEEERIURHE IR, N T A TRPe %R,
AR RS —FhRic Idiis i,

KGN 52k R 2 2 58 D E 332 09 %0 &=t
ARV R, RIS ) B 8 AL R T R B AR IC %
SERCRMALIEE] 100% , b 2 a5 57 5 1
UIREILN rhgd FN rhgl FT & 095y FFRic XHiim o5 Ji
B2 SE SR I AR F) 100% , T bRic 20 4 A >k
F U, AT S EROR, A F] 100% . Wk E
ST RS R T A RN A Y B W RR AT
RS Srel v SOR=I Bl R TS Taly €SN 1 S
HIg5 e SaT AN —2, Tk i 4 > SSR Frid ik
BEHR 57.14% ~92.3% K hnic A ki m T
PUR S ERCR 18 100% . 76 K G H kL E 4 Thrid
T 08 77 THIARLAS (T AL 580

H i & BLAY 8 45 K G 48 4 bk QTL A5
200 A4 H k294 1/3 (1 QTL 18 G ¥ BIRE,
1 G HEPRE AU 60 4> QTL S i yE & it it f%
i E 0 ~ 10 cM ( https://www. soybase. org/ ) , ZAWF
FEFHE ) SSR FRic Satt533 (G, 56.52 ¢M) | Satt504
(G,59. 83 ¢M) il Satt400( G,63. 28 ¢M) Fife4b H A
1 4~ Ht SCN QTL (G, 56.52 ~ 69.87 ¢M), & M
PI1464925B HibfF 5% A& BRI , 35 il X K G e 2k 3
AR NRROBTIE T I A & T AR S e
it 3 AMhrid, B Satt533 Ri% QTL A9l Hbric 2z —.
C A BT R Sart504 J2& 5 il K 0 8K I
R AR ] QTL B3 FARit z— > . Saud00 [
TCYIRER PR HRIA . X 3 Mnidse S 4 54
JINFI R IR PR B B LT AR I 3 S AR BRI
QTL B A aeHEE 4 S A/ NP, B it —2
W5

HAEr7e MESRE L RBLT 3 45 Mo #E 28 it
PEAE /) QTL (https : //www. soybase. org/) , 43 5l J&
1F P1437654 (M, 18.00 ~ 26.00 cM) . P1438489B
(M, 0.96 ~ 18.09 ¢M) Fil Hartwig ( M, 95.44 ~
107. 69 M) , ¥4 Jg 4% 3 S A= BRI
AHFFE 0% H ) San680 WL7E M EEHIRE |, 5 FiR
3 NQTL B4, AL i B 77.19 M, HEA
eIy TR e NI o | N NS R i[5
QTL M AARIC ™™ % hRic 2 75 42 5 45 M 3 48 th
4 5P/ INFR LN K E B BT 7E QTL 2 B4t 4 5
NPT P
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