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(¥) Fy BEARRI Fa. s AR, WFSTT RSN SC-12 Ihitkisift, R 2 B4 45 HTVEBSA), W H Mapmaker3.0 A FE17HT
PERED B BT, X PUPERERIEAT T hRic e, JFRIH BTIRAS 1 SSR ARic X Fou Fy R Fy 3 AMEARIOREARBEA T bk BE LR (¥
PRac B P A AERW], BUBARACH F RILPUR, Fo BEAADUR S SLLHIFF S 3:1, Fo s KRS 1 B2 708501 I - ey L,
VEWIPPE 0 W RE D] . 7E F OB B4R 3] 7 N SPUR LD Recqp BB SSR ARIL, FRICUFHRIEE N : Sat_297 6.4
cM Sat 234 4.9 cM Sat_154 1.1 cM Satt114 0.7 cM SOYHSP176 1.6 cM Satt334 2.4 cM Rsc.15 6.3cM Sct_033 o FIJ FH 05 2% P B
) SSR 73 Fhric Satt334 Il Sct_033 XJ 573 22xFg A& 1138-2 [1) Fou Fs Rl Fy tHACEEATHU 2 A O Am i 4l B IE FE(MAS) LASGIE
FRACE ML AT SEVEAN S I E . 45 W] Bl FARIC Satt334 B Sct 033 X =AMHARKIHTIEIER MAS HER R IITE 85%LL
b A PSRRI HER IR IE 95%. GER 2 ANFRid T A RBOMARER N LHRN S e T RGP0 SMV AR b s KL
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Abstract The P, P,, F, plants, F, populations and F, lines from the cross of Qihuang No.22xNannong1138-2 were inoculated
with the soybean mosaic virus (SMV) strain SC-12 for identification of their resistance in the greenhouse. Qihuang No.22 and F;
individuals were resistant (R), and Nannong1138-2 were susceptible (S). The F, populations segregated in a ratio of 3(R):1(S), and
the F,; lines exhibited a segregation pattern of 1(R):2(Segregating):1(S). These results indicated that a single dominant gene
controlled the resistance to SC—12. A F, population of Qihuang No.22xNannong 1138-2 with 219 individuals was constructed for
molecular mapping of resistance gene Rsc.1» to soybean mosaic virus in soybean. Linkage analysis with bulk segregant analysis (BSA)
demonstrated that the resistance gene Rsc 1, was located on the linkage group F and linked with seven SSR markers. The order and
genetic distance of linked Rsc 1, were Sat 297 6.4 ¢cM Sat 234 4.9 ¢cM Sat_154 1.1 ¢cM Satt114 0.7 cM SOYHSP176 1.6 cM Satt334
2.4 ¢tM Rgc 12 6.3¢M Sct_033. The marker-assisted selection (MAS) efficiency of SSR markers Satt334 and Sct_033 was evaluated in
F,, F3 and F, populations. The results showed that the MAS efficiency of Satt334 and Sct 033 was more than 85%, and that the MAS
efficiency reached almostly as high as 95% when these two markers were co-used. Therefore, the two SSR markers can be used
effectively in selecting for resistance genes to SMV instead of inoculation identification.
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MRE=

K A9 B (soybean mosaic virus, SMV)Ji A& K
AR B R S, T K A
it MURE BT s AR D e R AR R AT
BRI A R4 i o R FH AR S8 & Fh 77285 8 B s
AMAZRIF, T HL 520 B4R 5w SR IR, P2
AL e LA St o 43 Ao i 5l B 3% (molecular
marker-assisted selection, MAS)FE P X fajfd, HA
Oy NI, DS B ROR A AL
Jrik. TR H.HE H %)) (simple sequence repeat, SSR)
ZEMWmmd R RN E, BA2SnEE, WK
R, W, REESEE 2N, CEMASH I
AR Z N .

TERGHMERIF T, &4 L% 2 SSRERL,

U1Satt309 (Cregan et al., 1999; F CHE4E, 2003).

Sat_168 (Cregan et al., 1999). Satt038 (Mudge et al.,
1997; Prabhu et al., 1999). Satt130 (Mudge et al.,
1997). Sat 162 (Z1%, 2003)H1Satt610 (175,
2003)7%, T KE ML RptrEaidhitse. (HAE
PUSMVIIF 5T I A A2 0 SMV HT 1 AT 1) 5 A
771 - Yu et al.(1994), Jeong et al. (2002), Hayes et al.
(2000) ¥ i SMVFEE[KIRsv1 . Rsv3FHIRsv4A %) 5l 5& £ir 5]
KGHEWRFF. B2RIDIb+WIEBHE I, JHRB T H
PURFE E#EBI 0 7 hid . 5KEIKEF(1998, FF
“EIEAR, 43(20): 2197-2202). F K ZE%E(2004)%F SMV
Fk#&Sa. SC-8. SC-9. NIFIN3MHUMEEHUEAT T
FRAc & A7 « FEIIAE2001)% 4L HISMV3 54k R itk
1T TRAPD (Random Amplified Polymorphic DNA)
PRAdEAL . LA b E AL 2 HOR HIRFLP (Restriction
fragment length polymorphism)FIRAPDARIC, A A

F1FEH22 X B A 11382 % AR KT SC-12 (7% S [

IR 5l Liss(2006) A1 1 AT 55(2009) 73 51 45
PLSC-14F1SC- 11 KL i A AEFIERTRE b, HF 4k 2
T TP R I K B I SSR A TR i e 1M
5K G AR 973 B DU 2 DR 5 A ) 40 T bRl 1
I FAIE ST A A o WLARGE

AW E T T DU SR T 3220 SC- 12470 Pkt
Fedr s, BT HPUREE N B E B 7> T AR,
FEREALHUIR LD, 7] I A TS5 B0 5 DA B s B
O P RRCHEAT bR Al B £ LU U LR R, LA
WO R ELPUR EAE M0 2590 B P R PivE L A 2R 5
R AR T .

LGRE52H

1.1 KEX} SMV ¥R & SC-12 [tk B 4L 04
BURESESE AR (R D BT 322 (PXISC-12428)
PO, BIR1138-2 (P)RILEIN, F5 22X Bk
VI38-2FF R BLPUI, Fasp B 45 2oy DI AT 773
BU VRS B ECER B f) B4 M IR 1 25 197023
B UK B R, RWISF 226 SC-12 i A2
U6 WL R, 31X B PARsc.10R 7N o

1.2 PiIRZEEF Rec.1o B SSR Frid EAL

K HIBSAVE U, I 128 H RS A e ikt )
B Z & TASSRER L, Z3Jil/ESat 297, Sat 234,
Sat 154. SOYHSP176. Sattl14. Satt334 (P& 1)#1
Sct_033. XLGFRICLCM K, 7850 BRI 2
1:2:193 41 (%£2). ) H Mapmaker3. 0343t Thr 12 5
PURIE R Rsc 1o MEB 3BT, 45 R RINTAbRid s 5
Rsc.12 8. HiFESong et al.(2004) 845 1K) K 570 Thx

Table 1 Segregation analysis of reaction to SMV strain SC-12 in Qihuang No.22 X Nannong1138-2

MRAE R R E

SEAEE SRS No. of plants or families WL x P
Generation Total il I J% Expected ratio

R Seg. S
F# 22 (P) 34 34 0
Qihuang No.22 (P)
F, 16 16 0
F, 219 164 55 3R:1S 0.002 0.969
Fy3 126 27 67 32 1R:2Seg.:1S 0.905 0.636
AR 1138-2 (P,) 36 0 36

Nannong1138-2 (P,)
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A

WL, R E22 (P00 R Rsap 8 A AEFIE
BABE Lo X 74N SSRARIC 5 Recaa 47 O R Mgtk
K|l Sat 297 6.4 ¢cM Sat 234 4.9 ¢cM Sat 154 1.1
cM Satt114 0.7 ¢cM SOYHSP176 1.6 cM Satt334 2.4
¢M Rgc.12 6.3¢M Sct_033 (&12).

P, P, BB - F F,

DR

Bl 15 R4 1 81 11 SSRAR 1t Satt334 £F 5 #5122 x g 4 1138-2(K)
Fo A R AR JE PR 2 23 A

T 1~5 PKIE S SR IR22, MIAR1138-2, B, Bt F;
P HVAMEUR: HTRALR A SHUMERA B4 T
Figure 1 Analyses for genotype of SSR marker Satt334 closely
linked to Rsc.1; in F, population of QihuangxNannong138-2
Notes: 1~5: Qihuang No.22, Nannong1138-2, resistant bulk,
susceptible bulk and Fy, respectively; 6~19: A portion of the F,
plants; The arrow indicates the band specific to the resistance
phenotype

1.3 XIHUREERHE Rsc.1p FItRIC i BIIEERE

geit Fo APURER RN Recao PIINE BB SSR
Frid Satt334. Sct 033 7F Fy #EAKH 14 T Y, Jf
P 22x AR 1138-2 1) F3 Fl Fy ARUBFAR AT R
YesE, [FINFIE ] Satt334 Al Sct 033 X AEAN FkREE T
AR o A B SRAS IR A DAL IX P AR il
TEARIIIERE Recap IFIRIRLEE, DASSUEbRIC M) W] SEVE
M

TEF AT, A 1644 8 T R I AU,
Satt334 %Wl 1 SORR R I A s aly BL(P BLF Al L), £F
HHN97.0%, FSct 033Kl 155K I A HTwi 7
R, FFE5094.5%;: FEERh %58 h R BN 1B 1)
SSERELRRHT,  FH Satt33445 M 21 S4PK R I A 85 (P,)
W, FF A 498.0%, FlSct 033445 490k R
IR, FFA R N89.1% (#3). [A I [ Satt334
HFISct 03345 I (1) 35 R T iy BLIRI 1534 H bk
FERN e AR I PO, R BRI AL A T Recoa2
JE IR 5 00 /) Satt334 FSct_033484c, A {EMASHIHE
i IL 2 100% (#4).

[FFE, 8 R kR0 Satt334M1Sct 033%FF3. FfUftkric
B RE,  BAANERAC AL 4 Bhidk B R HAE85%
PLE(£3), [ I T Satt334 F1Sct_033 ME BB 5
BRAT 6 R I H15100% (K4)-

() Sat 297
6.4 —
Sat_234
49 —
1.1 — Sat_154
- SOYHSP176
0.7 _/7_% Satt114
1.6 f _'\ Satt334
24 Rsan
6.3 o Sct_033

& 2 kéh{kﬂlﬂmé% Rsc-12 ﬂ’]lﬁﬁ:@%ﬂl&llﬁ
Figure 2 The genetic linkage map of SMV resistance gene Rsc 1,

%2 5 Recap B 2> TARCAESF2E 22x AR 1138-2 F, BEARFR )4 B 404t

Table 2 Segregation analyses for molecular markers closely linked to Rsc.12 in a F, population from the cross of Qihuang22 and

Nannong1138-2

brid R LN )
. Observed No. . P
Markers No. of F, population Expected ratio
RR Rr T

Sat_297 218 54 106 58 1:2:1 0.312 0.856
Sat_234 219 56 112 51 1:2:1 0.342 0.843
Sat_154 219 56 105 58 1:2:1 0.406 0.816
SOYHSP176 219 58 104 57 1:2:1 0.562 0.755
Satt114 218 57 103 58 1:2:1 0.670 0.715
Satt334 219 58 102 59 1:2:1 1.037 0.596
Sct_033 219 57 104 58 1:2:1 0.562 0.755

7 RR: SSR A3 A B 5P EA MY AR 2, Re: 5 Fy AR 80 . SEOREANSR 8, UTFR
Note: RR: The banding pattern tested by SSR marker consistent with the one of the R parent; Rr: Consistent with the one of Fy; rr:

Consistent with one of the S parent; The followings are the same

10
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AWFFTEE R F W], FIH] SSR krid Satt334 1 Sct_033
YR AR AR R BT E 5 ON TRl 45 AR I AR =
MfFar%. Bk, fER0P0 SMV HHirf, 584w
LUK SSR Frid Satt334 F1 Sct_033 KX HiitFk Al
(1L«

2 ik

M TR 55 552205 SC-12 R B 1t 3 PR Reca0 08 AL AEF
AR [P Satt334 M1Sct 033210, 1MLiZ%(2006),
FI T 25(2009) 73 5144 55 #1154 SMV - SC-14F1SC-11
14 P4 D Rc o 1 Rsc.a W 58 07 76 F 32 BURE 1= 1
Satt334H1Sct 0332 [H]. RIFFH 15 &5 225 A
—, FH22 55515 1Pt nl et R — SRR
WAWFTIRIE, Satt334F1Sct 0335 RIE A 1) 45 4E X
B R AN (R I A 2000, [ AREFEHEE, 10(11):
1012-1017)0 FETEX3 MR R BN [F]— AN JE A%
Hil, B3N S R e R g

N SE AR AR ATAT % L8, TP EMAS B ik T
PCRIWr TAnid. FFERTE1997)IA N, HTMAS
(197 Fhnic 5 H br 55 PR IR 352 4% BH 25 5 4f /N 1 5.0
cM. YuZ5(1994). Jeong%#(2002). Hayes%5(2000).

HIKEE(1996) AR HEE(2001)F1 7Kk 445(2004)
SEAT Z B FHIRAPDMIRFLPARIC, PR B, HF
ML RS A LR, EEFORIAE L
AR o AHITTTITIRAT (1) 5 HTISMV AL DH] 55 5 3%
B [¥1Satt334 F1Sct 0333 M FISSRAR L, 18 o i)
PR RS B A AR R RS R Rk H
WERERCR iy, R PU SE DR B R T B R BT Bk
IEPERAAE94% L b, 17 [F] A5 F PR R b i 2R AT
PO SRR PR UET R IE100%. NIL, 76K S AEM95
FEHUN B AP A Satt334F1Sct_033HETMAS 2 58
AT

K3 FFH 22X MAR 1138-2 S HARFE 44 SSR Fric kil 5 B b 4 e I & R

Table 3 Coincidental rate between SSR detection and inoculation in F,, F5 and F4 populations

N TR SSR A& P A=A 2Y SRR 2
TR Frid SREL Inoculation Genotype tested by SSR MAS efficiency
Population Markers  Total Foisl R RR+Rr  rr BB EHR (%) THIFEE%)
Phenotype  No. of plants R(S) % Mean (%)
F, Satt334 219 R 164 159 5 97.0 97.3
S 55 1 54 98.0
Sct 033 219 R 164 155 9 94.5 93.2
S 55 6 49 89.1
F; Satt334 192 R 120 119 1 99.2 99.5
S 72 0 72 100
Sct 033 192 R 120 114 6 95 92.7
S 72 8 64 88.9
F, Satt334 152 R 94 94 0 100 98.7
S 58 2 56 96.6
Sct 033 150 R 94 94 0 100 95.3
S 56 7 49 87.5
R YU S: I
Note: R: Resistant; S: Susceptible
4 R Recap B RIPR AR 73 THRC K MAS F546 %
Table 4 MAS efficiency when two markers flanking Rsc.1, were co-used
BEAK Satt334-Sct_033
. Uitk RR+Rr R (%) T R EL I S%
Population .
No. of R plants No. of susceptible plants
F, 153 153 100 51 48 94.1
F; 114 114 100 64 64 100
F, 94 94 100 49 49 100
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AR T RFAE T8 2 DA R GUTERE R R S
FI—AMER AR, DERESTE, s, Tk
D8 R AR A T AR PR o 38 A% G )3 S R AR AN e
[ IR X ) — R AR IR AP AN R R, DRI, 482848 Ja AR
ARG IE 5 52 A RAR KAVE 17 H AR
REEWI D AR AT B e R, 7T LB HER
Wkt 2> HARFER SR & T[] —w Al feim 7 a7l
R o ATEFTITERAT 0 SMV UL HE R B I SSR
N SYSPNE b B B E S 2 i =P

3IMBLEHE

3.1 M8

PUK TAE MR B R RSC-12 K T Fh b 5% 8522 f T K
SETR . BT B3I 42935 A8 1k 11T K
(IR135E, 2004), HHLZDAFFRISMVELR (M55
Z51999; FAEAE, 2003; ZERHEE, 2006). 55 #1122
LR AN R AR 11382248 3R13F « Fau Foss F3llF,.

SR K G AR B RSC-12& — AT I9 Rtk &R
FEFE AL 5 K G X 5 S fE RV iR X
Ao, EERIRSHARR(E CES, 1985)7%
52 IR R N ARL(EE AR 44, 2005, FREf
2. 2005).

32 EMRREIEE

Reom AR AL TR BN R, B3R
I JEEF- I N TRl K AR R 2 R R SC-12,
X I FEIT I B Al . FeMn — TR I &
WAL, JESE3 ], JFEERARIC BaviE
WREREAR, LB R SUIREORE R . s JUImse2h,  DARY
0F R A R 3 AT G

PR TR PR J RS B . e
ERRTIL, %% AL 5 B0 7 45 RoCIE
AL,

3.3 P IR

KHCTABIEIRIUEEA, Fi. Fyy FRIFEAS Sk
FEZHDNA . G5 822 X B AR 11382 [FIF, A4 143
SBEN LR A 1SERBUR BN HIR U DNAZE B4 1
ng)iR G A T . Bt

3.4 PCR % M. B B gk Al
SSR5 M7 415K H Soybase (http://129.186.26.94/ssr.

html), BRI AW RN R A

5> FhRCHTIE L S MASHY, PCRJWAK 2 AR
H10 uL, VKRS0 ngfiRDNAL 1.5 uL 10X
PCR buffer. 2 mmol/L MgCl,. 0.3 umol/L5[#). 0.24
mmol/L ANTPH10.6 U Taqlif, ddH,O#M4210 pL, A7
MG . PCRICNVALT A : 94 CTIAEMES min, X5
FEAMIEFR: 95°CANE30s, 55CHIE30s, 72°CHEf
40's, F30MEFS, $5 572 C RS min.

PCRA™ 34774 b N N2 pLVR PG #5200, 1F 8% AR
PR NI i b vk B4, AR E RGN

3.5 s Fhic 5 & F RIS 5T

FE A 20 B BEAR T 4 7 bl 2 35 1 2% e PR
M, N HMapmaker3.04%ff(Lander et al., 1987)71 %
EWEE R, IS LODIE 43.0, HKosambipf £0Ks &
2 R 4G il P B PR T JBE (cM) (Kosambi, 1944), )
FH Excel f¥] — Ffr 7 25 il 3% B ] A= B A o 4 B2
2003).

£
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(nycytx—04). =i 55 2= R A8 5 4 vl B Bh 1 H (B08025) Al
FEDRAE B ST B K% 1012008 ZX08004-004) 1 ] % Bl o
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