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Abstract: Soybean mosaic virus (SMV) disease is a major soybean disease in soybean production in China, and SMV strain
SC18 is one of the most popular strain in soybean producing regions of southern and northeastern China, and it is also coming
up in Huanghuai valleys. In this study, progenies derived from the resistance ( R)soybean cultivar X susceptible (S) soy-
bean cultivar were inoculated with SC18, all F, plants were resistant to SC18, the segregation of R and S individuals fitted a
3:1 ratio in the F, population, and fitted a 1:2:1 ratio in the segregation of resistant, segregating and susceptible in the F,.,
lines, the results suggested that all the 5 resistance parents Zhongzuo 00-683, Bindou 95-20, Dongda 2, Zhongpin 661 and
RN-9 possess one dominant resistance gene to SC18. The segregation pattern of F, individuals from the resistance (R) soy-
bean cultivar X resistance (R) soybean cultivar ‘ Zhongzuo 00-683 x Dongda 2’ fitted a 15R: 1S ratio, support the hypothe-
sis that two possible independent dominant genes confer resistance to SC18 in Zhongzuo 00-683 and Dongda 2. And all F,,
F,, and F,.; progenies derived from R x R cross ‘Zhongzuo 00-683 x Bindou 9520 were resistant to SC18, showed that
SC18 resistance genes in Zhongzuo 00-683 and Bindou 95-20 are allelic. Further, the SCI8 resistance gene in RN-9 ( desig-
nated Rsc18) was mapped on soybean chromosome 6 (linkage group C2) between the two SSR markers Satt286 and Satt277
Using RN-9 x 7605 recombinant inbred lines (RILs) , with the genetic distance 6. 12 and 4. 69 ¢M, respectively.
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Table 1 Symptoms of SMV strain SC18 induced on the soybean cultivars
SMV £k £
) KE A (ZR) Soybean cultivars( lines)
SMV strain
11 00-683 1. 9520 AKk2%5 h i 661 B 11382 8101 2605
SC18 Zhongzuo00-683 Bindou95-20 Dongda No. 2 Zhongpin 661 Nannongl 138-2
/- /- /- /- /- /M M —/M

= JEIEAR s M AR 5 S SRR S, 23 b8 BB

— :Symptomless; M:Mosaic; Format:Reactions on inoculated primary leaves/reactions on noninoculated upper leaves.

2.2 KE M3t SC18 Btz fe ot

2 M3 0 LIFE Bt < B2ese 4 A (h4E 00-
683 x B4 1138-2 8101 x {5 9520 8101 x 4K 2
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USSRy WA B, 3R 301 (H0: I8 MU B L Fan K
RYJRIMA 1:2:1(Pi: 4385 ) B & 1, DL 4%
T A R4 00-683 £ 9520 AR K 2 5 Hhdh
661 F1 RN-9 ixX 5 itk E A%} SC18 fyHit4 i —
Xof ik P 3 PR s

2.3 KREmFX SC18 Hifm £ EF A NI

i — 2 X 5 R A6 M A T Sk, R T x
izl A HAE 00-683 x 7 95207 (1) F, [ F, il
Fo TE4 A SCI8 J5 Y ARG I Btk , T W1 4
00-683” 5“1 K 95-20” Fir#54fy (1 X SC18 (147014 3k
PRUESEA B R B M. P x LA el & “ Ak
00-683 x A K 2 57 ) F,fE#:Fh SC18 J5 4 ¥ 15
U 1B E (K 2) , W16 3R W] i 00-6837 &
“HRR2 ST AIREAHEAT 1A SCI8 e AL, H.
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Table 2 Analysis of genetics from crosses between R xS or R x R crosses to SC18

HITH A FAEE No..of plants(lines) MBI 2 )
Cross Parents or progeny Expected ratio
B Total R S (M+N)
F/E 00683 (R) x Hife 1138-2(S) Tk 00-683 30 30 0
Zhongzuo 00683-2(R) x Nannong 1138-2(S)  Zhongzuo 00683-2
F, 12 12 0
F, 158 116 42 3R:18 0.211 0. 6460
Ak 11382 30 0 30
Nannong 1138-2
8101(S) x I H 9520(R) 8101 30 0 30
8101(S) x Bindou 95-20(R) F, 13 13 0
F, 121 85 36 3R:18 1.4573 0.2274
{75 9520 30 30 0
Bindou 95-20
H{F 00-683 (R) x &7 95-20(R) ik 00-683 20 20 0
Zhongzuo 00-683 (R) x Bindou 9520 (R) Zhongzuo 00-683
F, 9 9 0
F, 188 188 0
1EH 9520 20 20 0
Bindou 95-20
8101(S) x H k2 Z(R) 8101 20 0 20
8101(S) x Dongda 2(R) F, 8 8 0
F, 130 92 38 3R:18 1.241 0. 2653
AKk2% 20 20 0

Dongda 2




190 NS 2
gR2
PNy FEATSE H@yﬁ%%ﬁ MBS I
No. of plants(lines) ' X P
Cross Parents or progeny Expected ratio
BHTotal R S (M+N)

FiE 00-683(R) x k2 5 (R) i 00-683 25 25 0

Zhongzuo00-683 (R) x Dongda 2 (R) Zhongzuo00-683
F, 10 10 0
F, 170 156 14 15R:1S 1. 1435 0. 2849
K25 25 25 0
Dongda 2

ik 661 (R) x 4% 1138-2(S) i dh 661 20 20 0

Zhongpin661 (R) x Nannongl138-2(S) Zhongpin661
F, 8 8 0
F, 164 116 48 3R:1S 1.5935 0. 2068
P 11382 20 0 20
Nannongl 138-2

RN9(R) x7605(S) RN-9 18 18 0
F, 10 10 0
F, 135 99 36 3R:1S 0. 2000 0. 6547
RIL 216 103 113 1R:1S 0.463 0. 4962
7605 21 0 21

R=%t (FCAEIR) N =5 ,S =& (FErt)
R = Resistant( symptomless) , N = Necrotic, S = Susceptible ( Mosaic )
*3 RB/REZTEE F, K3 SCI8 BRAMEE S

Table 3 Analysis of genetics of F,., progenies from crosses between R xS and R x R when inoculated with SC18

HASM ZF B Lines Number L , »
Cross M Total R Ses S (M+N) Expected ratio X
H{E 00-683 (R) x [ 4¢ 1138-2(S) 50 14 26 10 I(all R):2(Seg):1(all S)  0.72 0. 6977
Zhongzuo 00683-2(R) x Nannong 1138-2(S)
8101(S) x ¥ 9520 (R) 70 19 36 15 1(all R):2(Seg):1(all S) 0.5143 0.7733
8101(S) x Bindou 95-20(R)
HifE 00-683 (R) x €5 9520(R) 44 44 0 0 1(all R):2(Seg) :1(all S)
Zhongzuo 00-683 (R) x Bindou 95-20(R)
8101(S) x k2 =(R) 81 23 36 22 1(all R):2(Seg) :1(all S)  1.0247 0. 5991
8101(S) x Dongda 2(R)
ik 661 (R) x B4 11382(9) 53 11 27 15 1(all R):2(Seg) :1(all S)  0.6226 0.7325
Zhongpin661 (R) x Nannongl 138-2(S)
RN-9(R) x7605(S) 89 24 44 21 I(all R):2(Seg) :1(all )  0.2135 0. 8988
R =40,Seg = PURSTEY, S =&, M =41, N =3f3E
R = Resistant, Seg = Segregating(R and S) , S = Susceptible, M = Mosaic, N = Necrotic
2.4 KEHF RN9 xf SC18 HifmE E B E i Ao PR 1] 577 8 Y 22 A8 hR 10 R E 67 X B Fff

AHEFELL“RN9 x7605” RIL BEA#EAT RNO XF iZAYFRICHE RIL BEAR A AT PCR 371 BERZ A vk ks
SC18 Hifi AL A Rscl® Bt B A fE Az, LA DUANIE A% 2 8100 B, K RN-9 XJ SCI8 Ay 5t fi £ [

S FER 957 Xt SSR GIMAEST JECEAR K i B Rscl8 EAFIR T 6 5 YL A K (C2 EPIHE) SSR b

[F) AT 255 Y 0k, B0k H 540 X} SSR Fricd T Satt286 Fl Satt277 Z [b], 1L B 435l o~ 6. 12 F01
TE2EAS RN-O 117605 (] 2345, HorpdRid Sat_246 . 4.69 cM( 1),
Sat_213 .Satt286 FI Satt100 Z&kRicfEHL B 8] A £
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Fig. 1 Linkage map of Rsc18 with the RIL population
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3 GigSiTie

KIGXF SMV Byt 38 4% 5 B 2 DR 45 467 i 1
YA 5T X0 B A R A A it 2 0GR E, HUA k
Er ORI 5 B 56 R (%) i k3 3 4 38 B Bl 22 R A
ZAPURIEA A R B R AU A, A I
1 e FE R O AR AL K E R XA SMV Bk &
SC18 Pyt PEm AL W 5% , 1) 25 2 BT & A b /E 00-
683 JE & 9520 . & K 2 5 i 661 Fl RN-9 X%f
SC18 [ty i — b i P 3k R s i, b 25 28 5 [
SRR H W — 5

NS > B9 3 AR T 5 5 0 T 1k S TR
B IR i PR R R AR AL, 7E — M A /N A
ARXE B, By LASh S 5 sk R 4 g 45 R AH R (HAR
WEFE T4 A HAE 00-683 x {52 9520 5 T
188 4~ F, BLfk , Rl A iS5 /0 T 44 4~ Fo, R &R (2 880
ASFRRR) , AN E B i, B I AHIE 58 A AR
00-683 552 95-20 Fr#Ey iy XF SC18 [y HT i 3 A
SRR AT AR S A, A 5T 2 I P A 00-683
5K 2 SRR 1 4> SCI8 BT sLAl, Hh
SEIAE T 2B 2 A PUsE A SCI8 #R AR
EMEREAE, BTIARX 6 MYtk EA H 248
R oan N (i Il ET SR B rS I VR G5 S
A HAE 00-683 57K 2 5 K 00-683 iz G
9520 =ANFEAME T SR MEIAE , HOH B B S A
i SC18 i Jk [ 1 S5 4 M ¢ R A Rk — 25
Ik,

RN-9 JRBLE 1 5 Fr8 1 S22/ N —1) 1%
PR b Fl, X SC14 SC15 il SC18 45 15 ~Hk R R
WP (45 R & %) o Yang % ] “RN9 x
7605 RIL BEA4E RN-9 Xt SC15 ({$i 3L K Rscl5
FELI BN KT 6 YL AR (C2 #HF) SSR Arid Sat_
213 FlI Sat_286 = [a], L RE 8543 % Jy 8.0 1 6.6
M, ARSI FHZ A RN-9 XF SC18 fl 470 Jk %k
Rscl8 @ 8| K5 6 5 Yo fk (C2 #EHi#F) SSR
FRic Satt286 Fl Satt277 2 [a], 15 14 H 25 43 5] My 6. 12
1 4.69 cM, NP IE R (Rscl5 Fll Rscl8) 'E 5358 %
BUAR T AR X B, W] RN-9 %} SC15 F1 SC18

PTG L N AT REANIR] , 75 1t — 2B WFFEUESE

AW FTRE h SCI8 ST [ 145 4 7E 2 73

PRiCH B e £ 4R I HEAKH, M B LI Pk
Fi K 5L 2 B85 A

S 3k

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Wrather ] A, Anderson T R, Arsyad D M, et al. Soybean disease
loss estimates for the top ten soybean-producing countries in 1998
[J]. Canadian Journal of Plant Pathology, 2001, 23 (2):
115-121.

XM KREAEMRRER[T]. KRS, 1998 (2): 29-29.
(Liu W. Soybean mosaic virus [ J]. Soybean Bulletin, 1998
(2):2929.)

Cho E K, Goodman R M. Strains of soybean mosaic virus: Classi-
fication based on virulence in resistant soybean cultivars[ J]. Phy-
topathology, 1979, 69(5) ; 467-470.

Cho E K, Choi S H, Cho W T. Newly recognized soybean mosaic
The re-
search report of the Office of Rural Development, Korea (SPMU) ,
1983,25.18-22.

Buzzell R I, Tu J C. Inheritance of soybean resistance to soybean
mosaic virus[ J]. Journal of Heredity, 1984, 75(1) ; 82-82.

Lim S M. Resistance to soybean mosaic virus in soybeans[J].
Phytopathology, 1985, 75(2) : 199-201.

Kim J S, Lee E J, Cho E K. A new virulent strain of soybean mo-

virus mutants and sources of resistance in soybeans[ J].

saic virus infecting SMV resistant soybean cultivar Deogyou [ J ].
Korean Journal of Plant Pathology ( Korea Republic) ,1991,7(1) .
3741.

Kim Y H, Kim O S, Lee B C, et al. G7TH, a newsoybean mosaic
virus strain; Its virulence and nucleotide sequence of CI gene[ J].
Plant disease, 2003, 87(11) : 1372-1375.

Cho E K, Choi S H, Cho W T. Newly recognizedsoybean mosaic
virus mutants sources of resistance in soybeans [ J]. Research Re-
port of the Office of Rural Development, 1983, 25. 18-22.
Buzzell R I, Tu J C. Inheritance of soybean resistance tosoybean
mosaic virus [ J]. Journal of Heredity, 1984, 75(1) . 82.

Lim S M. Resistance tosoybean mosaic virus in soybeans [ J].
Phytopathology, 1985, 75(2) : 199-201.

Kim J S, Lee E J. A new virulent strain ofsoybean mosaic virus in-
fecting SMV resistant soybean cultivar, Deogyou [ J]. Korean
Journal of Plant Pathology, 1991, 7. 3741.

Kim Y H, Kim O S, Lee B C, et al. G7H, a newsoybean mosaic
virus strain; Its virulence and nucleotide sequence of CI gene
[J]. Plant Disease, 2003, 87 . 1372-1375.

A, BHgE), W4, . PEACTFEREXKREEMN 5
BEPRRINSE S0 [J]. RERE, 2005, 24(4) @ 263-268.
(Wang Y W, Zhi HJ, Guo D Q, et al. Classification and distri-
bution of strain groups of soybean mosaic virus in Northern China
spring planting soybean region[ J]. Soybean Science, 2004, 24
(4):263-268. )

Fw, |, AT . BRI R i X O At
JRTER RUE S [ )], RERRF, 2003, 22(2) : 102-107.
(Wang X Q, Gai J Y,Pu Z Q. Classification and distribution of
strain groups of soybean mosaic virus in middle and lower Huang-
Huai and Changjiang valleys [ J]. Soybean Science, 2003, 22
(2):102-107. )

ARG, FS), T, . BEPILIROC AR R A
MSEE S )], P EEHEY 24, 2005, 27(4) : 64-68.
(Guo D Q, Zhi HJ, Wang Y W, et al. Identification and distri-



192

K T R

2

[17]

[20]

[21]

[24]

[25]

[26]

[27]

[28]

[29]

bution of soybean mosaic virus strains in Middle and Northern
Huang Huai Region of China[ J]. Chinese Journal of Oil Crop Sci-
ences, 2005, 27(4): 64.)

W, ENES), WAEER, 5. BMEHXOREAE M R R A %
ES5HAAL)]. hERLE:, 2006, 39 (10) . 2009-2015.
(Zhan Y, Zhi HJ, Yu D Y, et al. Identification and distribution
of SMV strains in Huang-Huai valleys [ J]. Scientia Agricultura
Sinica, 2005, 39(10) : 2009-2015. )

Li K, Yang Q H, Zhi HJ, et al. Identification and distribution of
soybean mosaic virus strains in southern China[ J]. Plant Disease,
2010, 94(3) : 351-357.

ZYL, B, TRNI, 5. BIBTLA KGN (SMV)
WA SIS EMIHI]. KEFE, 2014,33(6) : 880-884.
(Li K, Xia Y C, Zhi H J, et al. Analysis of dynamic change of
soybean mosaic virus strains in Heilongjiang province of China
[J]. Soybean Science, 2014, 33(6) ; 880-884. )

FERN, MRE, 29, %, GBRERE T KAKEAHRER R
MSE RSB HT[T]. REFRE, 2013, 32(6) : 806-
809. (Wang D G, Tian Z, Li K, et al. Identification and varia-
tion analysis of soybean mosaic virus strains in Shandong, Henan
and Anhui provinces of China[J]. Soybean Science, 2013, 32
(6) : 806-809. )

7NN S €I U L A SR T | N AL B o 7 A 1]
WS [T]. KER2E, 2014, 33(1); 8790. (Yang Y
Q, Hou W H, Bian Q L, et al. Composition and distribution of
SMV strains in Hebei [J]. Soybean Science, 2014, 33(1) . 87-
90. )

Kiihl R A S, Hartwig E E. Inheritance of reaction to soybean mo-
saic virus in soybeans [ J ]. 1979, 19 (3).
372-375.

Wit , Zemedi, #okid, 4. REW ARG EEER 1
Bt EaT ], BB RR 2, 1991, 5. 21-24. (Chen
Y, Luan X Y, Huang C Y ,et al. Inheritance of the resistance two

Crop Science,

soybean mosaic virus strains[ J ].
longjiang, 1991, 5. 21-24. )
Zheng G J, Yang Y Q, Ma Y, et al. Fine mapping and candidate

Agricultural Sciences of Hei-

gene analysis of resistance gene RSC3() to soybean mosaic virus in
Qihuang 1 [ J].
(12) : 2608-2615.
], G, N, % . OREN SMV AR R SC-11 gHitk
il MU R WS AL SE [T ] RERE, 2006, 25(4)
365-368. (Li H C, Zhi H]J, Bai Li, et al. Studies on inheritance
and alielism of resistance genes to SMV strain SC11 in soybean
[J]. Soybean Science, 2006, 25(4) ; 365-368. )

MU, 2], B, . KREXKREARMRE SC-11 kRt
PR IS MR E L] RER:, 2009, 28(1) & 1-6. (Bai
L, LiHC, MaY, etal Inheritance and gene mapping of resist-

Journal of Integrative Agriculture, 2014, 13

ance to soybean mosaic virus strain SC-11 in soybean[ J]. Soybean
Science, 2009, 28(1): 1-6.)

FRWI, B2, X7, 4. KRGALMHE (SMV) BRFR SC4 #1
SC8 myptkit e[ J]. fE#~#4R, 2012, 38(2) : 202-209.
(Wang D G, Ma Y, Liu N, et al. Inheritance of resistance to soy-
bean mosaic virus strains SC4 and SC8 in soybean[ J]. Acta Agro-
nomica Sinica, 2012, 38(2) . 202-209. )

Li K, Ren R, Adhimoolam K, et al. Genetic analysis and identifi-
cation of two soybean mosaic virus resistance genes in soybean
[ Glycine max (L. ) Merr. ][ J]. Plant Breeding, 2015, 134(6) :
684-695.

Wang D G, Ma Y, Liu N, et al. Fine mapping and identification
of the soybean RSC4 resistance candidate gene to soybean mosaic
virus[ J]. Plant Breeding, 2011, 130(6) ; 653-659.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Wang D G, Ma Y, Yang Y Q, et al. Fine mapping and analyses
of RSC8 resistance candidate genes to soybean mosaic virus in soy-
bean[ J]. Theoretical and applied genetics, 2011, 122(3) ; 555-
565.

FR/ANRG, Bk IR, AR, 45 . KX R EAEM R 8E R 5 SC6
FISCLT HURSE R B A E Az [ 1] fEWEiz, 2013, 39(2) -
216-221. (Yang X F, Yang Y Q, Zheng G J. Fine mapping of re-
sistance genes to SMV strains SC6 and SC17 in soybean[ J]. Acta
Agronomica Sinica, 2013, 39(2) . 216-221. )

Fu S X, Zhan Y, Zhi H J, et al. Mapping of SMV resistance gene
Rsc-7 by SSR markers in soybean[ J]. Genetica, 2006, 128 (1-
3): 63-69.

TEARZE, RITH, BB, % KRGS DEMREER R PTMERE
HEENL[T]. e, 2004, 31(1): 8790. (Wang Y J,
Dongfang Y, Wang X Q, et al. Mapping of five genes resistant to
SMV strains in soybean[ J]. Acta genetica Sinica, 2004, 31(1) ;
87-90. )

ARG, KR, ERWI, 4. KEX SMV #:% SC10 fHik
A AT FE A I EALUFSE (1], EAEFRE, 2012, 45
(21).43354342. (LiCY, YangY Q, Wang D G, et al. Stud-
ies on mapping and inheritance of resistance genes to SMV strain
SC10 in soybean [ J]. Scientia Agricultura Sinica, 2012, 21;
4335-4342. )

2R, GBS, I, . KRB SMV 8RR SC-11 itk
B MR AR B FEAERT S T]. KERE:, 2006, 25(4)
365-368. (Li H C, Zhi H J, Bai L, et al. Studies on inheritance
and allelism of resistance genes to SMV strain SC-11 in soybean
[J]. Soybean Science, 2006, 25(4) ; 365-368. )

A4, T, BES, 4. KX SMVSC-13 BRARFAIHT
Pt RAEE AT [T]. RERE, 2007, 26(1) : 21-
24. (Guo D Q, Wang Y W, Zhi H J, et al. Inheritance and gene
mapping of resistance to SMV strain group SC-13 in soybean[ J].
Soybean Science, 2007, 26(1): 21. )

Ma Y, Wang D G, Li H C, et al. Fine mapping of the RSC14Q
locus for resistance to soybean mosaic virus in soybean[]J]. Eu-
phytica, 2011, 181(1) . 127-135.

Ma Y, Li H C, Wang D G, et al. Molecular mapping and marker
assisted selection of soybean mosaic virus resistance gene RSCI2 in
soybean [ J]. Legume Genomics and Genetics, 2010, 1(8):
4146.

Yang Q H, Gai J Y. Identification, inheritance and gene mapping
of resistance to a virulentsoybean mosaic virus strain SC15 in soy-
bean[ J]. Plant Breeding, 2011, 130(2) ; 128-132.

IR, FMHEL, ESARAE . RS SMV3 Sbk &R i b it 1%
S3HT KU H D 1 RAPD ARic B 58 (1], o il Bl 2,
2001, 34(1): 14-18. (Zheng C M, Chang R Z, Qiu L J. Inherit-
ance of resistance to SMV3 and identification of RAPD marker
linked to the resistance gene in soybean[J].
Sinica, 2001, 34(1): 14-18.)

Jeong S C, Kristipati S, Hayes A J, et al. Genetic and sequence

Scientia Agricultura

analysis of markers tightly linked to the resistance gene, Rsv3[J].
CropScience, 2002, 42(1) . 265-270.

Hayes A J, Ma G, Buss G R, et al. Molecular marker mapping of
rsvd, a gene conferring resistance to all known strains of soybean
mosaic virus[ J]. Crop Science, 2000, 40(5) ; 1434-1437.

Song Q J, Marek L F, Shoemaker R C, et al. A new integrated
genetic linkage map of the soybean[ J]. Theoretical and Applied
Genetics, 2004, 109(1) ; 122-128.

van Ooijen ] W. JoinMap® 4, Software for the calculation of ge-
netic linkage maps in experimental populations. Kyazma BV, Wa-

geningen, Netherlands, 2006.



