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Advances in Resistance to Soybean Mosaic Virus Disease in Soybean
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Abstract: Soybean mosaic virus( SMV) disease is one of the most common and destructive viral diseases in soybean produc—
tion in China such as in Northeastern China Huanghuai valleys and Southern China. It declines the soybean yield and de—
grades the soybean seed quality. Earlier several SMV strain differential systems have been established in Jiangsu Hubei
Shandong provinces and Northeastern China. National center for soybean improvement( NCSI)  Nanjing Agricultural Universi—
ty China has been actively working on SMV research for the past decades. To facilitate exchange of information of resistance
sources and nation wide utilization of the resistant soybean cultivars researchers from NCSI established the nationwide uniform
SMV strain classification system using 10 different resistant soybean cultivars. Based on this strain classification system twen—
ty-two SMV strains have been identified from 25 provinces of China. Several new SMV types for instance recombination with
SMV and bean common mosaic virus( BCMV) were also identified and confirmed by complete genome sequencing of various
SMYV isolates. We collected the soybean cultivars landraces from China and other countries and screened against SMV strains
as well as identified resistance sources such as Kefeng 1 Qihuang 1 and Dabaima etc. Our further investigation showed that
single dominant gene confers the resistance to 15 SMV strains and they were mapped on Chromosomes 2 6 13 and 14. A-
mong them we fine mapped the Rs¢3 Rsc4 Rsc6 Rsc7 Rsc8 Rscl3 Rscl4 Rscl5 Rscl7 and Rscl8 genes and found resistant
genes are always clusters. And we confirmed that 3 types of symptoms i. e. resistance necrosis and mosaic to SMV in soy—
bean were conditioned by a set of multiple alleles. The studies have demonstrated that the mechanisms of resistance in infec—
tion and in development to SMV are different. The resistance in development was controlled by one additive major gene plus
additive and dominant polygenes. New broad spectrum resistant soybean germplasms which can resistant to 20 SMV strains
were developed by marker assisted selection( MAS) using 3 soybean cultivars containing multiple resistant genes. In addition
we completed the genetic transformation of SMV genes such as HC-Pro CP and a recessive soybean resistance genes elFAE
based on gene interference principle and a set of excellent resistant material were obtained in the progeny of positive transgenic
soybean materials.
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Table 1 Reactions of 10 soybean differentials to 22 SMYV strains
11382 30 25 18 1 1
8101 Davis Buffalo Kwanggyo
Nannongl 1382 Youbian 30 Tiefeng 25 Zaoshu 18 Qihuang 1 Kefeng 1
scl - /M -/- . - /- - /- —/- - /- -/- -/- -/-
sc2 - /M - /M -/- -/- -/- —/- -/- -/- -/- -/-
sc3 - /M - /M - M - /- - /- -/~ - /- - /- - /- - /-
SC4 —/M /M — M M /- —/- /- /- /- /-
SC5 -/M -/M -/M -/M -/M -/ - -/ - -/ - -/- -/-
SC6 -/M -/M - /M - /M -/M -/M -/ - -/ - -/ - -/ -
SC7 -/M -/M - /M - /M -/M -/M - /M -/ - -/ - -/ -
SC8 -/M -/M - /M - /M -/M -/M - /M N/M -/- -/ -
SC9 -/M - /M - /M - /M -/M -/M - /M N/M - /M -/ -
SC10 -/M -/M N - /M - /M -/M -/M N -/M -/ - - /M -/ -
SC11 -/M -/ - - /M - /M -/ - -/ - -/ - -/ - -/ - -/ -
SC12 -/M -/ - - /M - /M -/ - -/M -/ - -/- -/- -/-
SC13 -/M N/M - /M -/M N - /M -/M -/ - N/N -/ - -/-
SC14 -/M -/ - - /M - /M -/ - -/ - -/ - -/ - -/ - -/M
SC15 -/M -/M - /M N/M -/M -/M N/M N/M - /M -/M
SC16 -/M -/ - - /M - /M N/ - N/ - -/- N/ - -/- -/ -
SC17 -/M N/M - /M - /M -/M N/M - /M N/N -/ - -/M
SC18 - /M -/~ - /M - /- —/- /- /- - /- - /- —/-
SC19 -/M N/N - /M -/ - - /N N/N - /N -/ - - /M -/ -
SC20 -/M N/N - /M -/- - /N N/N N/N -/- -/- -/ -
SC21 -/M N/N - /M -/ - -/M -/M -/ - -/ - -/ - -/-
SC22 N/M N -/M N/M -/ - N/M N -/M N -/ - -/ - -/ - - /M
/ ; M: N N ;M ON:
Inoculated leaf/Upside leaf; M: Mottledeaf; N: Necrosis; —: Asymptomatic; M N: Mosaic necrosis coexist.
SMV 4 3135
N 30. 6642.AGS19,
o Yang ¥ P1 724 1. N . CT2.
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SMV 2003 -2012 1113
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; 3
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Table 2 Assembly of gene mapping for SMV resistance

Resistance gene Physical interval genetic distance of resistance genes Chromosome
Rsc3 BARCSOYSSR-434128+ 345 kb) BARCSOYSSR_13_1136 Gml3
Rsc4 BARCSOYSSRH44413 <100 kb) BARCSOYSSR-44-1416 Gml4
Rsc6 BARCSOYSSR-3-4128 345 kb) BARCSOYSSR-434136 Gml3
Rsc7 BARCSOYSSR-434140+ 381 kb) BARCSOYSSR-43-155 Gml3
Rsc8 BARCSOYSSR-02-0610- 200 kb) BARCSOYSSR-02-0616 Gm02
Rsc10 Satt634( 0. 9 ¢M) Rsc10-Gm020580( 0. 8 cM) Gm02
Rscll Sat_234( 4.6 cM) Rscl11-Sct_033(4.7 cM) Gml3
Rscl2 Satt334( 2. 4 cM) Rsc12-Sct_033( 6.3 cM) Gml3
Rscl3 BARCSOYSSR-3-4114+ 650 kb) BARCSOYSSR-43-1136 Gml3
Rscl4 MY525+ 616 kb) -MY750 Gml3
Rscl5 Sat_213( 8.0 c¢M) Rscl15-Sat_286( 6. 6 cM) Gm06
Rscl7 BARCSOYSSR-434128+ 345 kb) BARCSOYSSR-43-1136 Gml3
Rsc18 BARCSOYSSR-02-0667 80 kb) -BARCSOYSSR-02-0670 Gm02
Rsc20 GNB026( 1.5 cM) Rsc20-GNB053( 1. 1 ¢M) Gm02
Rsc21 GNE251( 2.9 ¢M) Rsc21-GNE030( 2. 0 cM) Gm02
s SMV SMV pBTGWIWG2 ( 11) -
HC-Prot 1 5
o Ma % 105
Rsc12 SMV 57
SSR 88% ~ v SMV-CP
100% 2 100% o RNAi pB7GWIWG2 ( 11) -CPi
e [N 1 6 68 . » SMV
13.2 14 elFAE
11382 ( 1 pBTGWIWG2( 11) <IFAE
X 1) x( X 11382) 1
3 45
1.02 3.00,
5 21  SMV o
SMV
SMV . N
SMV

o

Gao 7 SMV-HC-Pro .BPMV



529

( VIGS)

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: 115421.

I 2014 33(6): 801-807. ( Yuan Y
Huang SH Wang C K et al. Analysis on codon usage and evolu—
tion of soybean mosaic virus J 2014 33
(6): 801-807.)
Yang QH LiK ZhiH]J etal Genetic diversity of Chinese soy—

bean mosaic virus strains and their relationships with other plant

Soybean Science

potyviruses based on p3 gene sequences ] . Journal of Integrative
Agriculture 2014 13( 10) @ 2184-2195.

Zhang HY Cui XY Chen X et al. Determination of the com—
plete genomic sequence and molecular biological analysis of soy—
bean mosaic virus J Canadian Journal of Plant Pathology

2012 iFirst: 140.

] 2015 34(5):

. 760767. ( Wang D
G ZhiH]J Tian Z

et al. Clone and sequence analysis of viru—
lence genes of soybean mosaic virus isolates in China J . Soybean
Science 2015 34(5): 7604967.)
P3 N
D . : 2015. ( Luan H X.
Characterization and function analysis of soybean mosaic virus P3
interactions from soybean D . Nanjing: Nanjing Agricultural Uni—
versity 2015.)
Song P W Chen X Wu B Y et al Identification for soybean
host factors interacting with P3N-PIPO protein of soybean mosaic
virus J . Acta Physiologiae Plantarum 2016 DOI: 10. 1007/
s11738-0162126-6.
Gao L Zhai R Zhong Y K et al. Screening isolates of soybean mo—
saic virus for infectivity in a model plant Nicotianaben thamiana
J . Plant Disease 2015 99(4): 442-446.
Takahashi K Tanaka T Tida W et al. Studies on virus diseases
and causal viruses of soybean in Japan J . Bulletin of the Tohoku
National Agricultural Experiment Station 1980 62: 1430.
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: 467-470.
Cho E K Choi SH Cho W T. Newly recognized soybean mosaic
virus mutants sources of resistance in soybeans J . Research Re-
port of the Office of Rural Development 1983 25: 1822.
Buzzell R 1 Tu J C. Inheritance of soybean resistance to soybean
mosaic virus J . Journal of Heredity 1984 75(1): 82.
Lim S M. Resistance to soybean mosaic virus in soybeans ]
Phytopathology 1985 75(2): 199-201.
Kim J S Lee E J. A new virulent strain of soybean mosaic virus
infecting SMV resistant soybean cultivar Korean
Journal of Plant Pathology 1991 7: 3741.
KimYH KimOS LeeBC etal G7H anew Soybean mosaic

Deogyou J

virus strain: Its virulence and nucleotide sequence of CI gene J .

17

18

20

21

22

23

24

25

26

27

Plant Disease 2003 87: 1372-4375.

J.
1982 9(1): 1549. (PuZ Q Cao Q FangD
C et al. Identification of strains of soybean mosaic virus J . Ac—
ta Phytopathologic Sinica 1982 9('1): 1549.)
( SMV)
J . 1986 13(4): 221226.

(Chen Y X Xue BD HuY Z et al. Identification if two new
strains of soybean mosaic virus J . Acta Phytopathologica Sinica

1986 13(4): 221226.)

(SmV) J. 1985 15(4):
225229. (Lu W Q ZhangM H Wei PW et al Classification
and distribution of strains of soybean mosaic virus in northeast Chi—
15(4): 225229.)

R .

1986. ( Yu Z L. Research of soy—

na J . Acta Phytopathologic Sinica 1985

bean mosaic virus in Hubei province R .

1986.)

Abstract Assembly of

China Soybean Disease Colloquium

J. 1990 5: 1649. (Luo R W Yang C L
Shang Y F et al. Identification of strains of soybean mosaic virus
in Shandong Province ] . Shandong Agricultural Science 1990

50 1649.)

J. 2003 22(2): 102407.
(Wang X Q GaiJ Y PuZ Q. Classification and distribution of

strain groups of soybean mosaic virus middle and lower Huang-

Huai and Changjiang valleys ] Soybean Science 2003 22
(2): 102407.)
( SMV) N
D .

2002. ( Yang Y L. Research on SMV strain distribution and re—
sistance of middle and lower changjiang valleys D . Nanjing Ag—
ricultural University Master Dissertation 2002.)

J. 2006 39(10): 20092015.

(Zhan Y ZhiHJ Ye DY etal Identification and distribution
of SMV strains in Huang-Huai valleys J . Scientia Agricultural

Sinica 2006 39( 10) : 2009-2015. )

I 2005 27(4): 64—
689. (Guo D Q Zhi HJ Wang Y W et al. Identification and
distribution of soybean mosaic virus strains in middle and northern
Huanghuai region of China J . Chinese Journal of Oil Crop Sci—
ences 2005 27(4): 64-689.)

J. 2005 24(4): 263268.
(Wang Y W Zhi H] 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 2005 24
(4): 263268.)
LiK YangQH ZhiH]J etal Identification and distribution of
soybean mosaic virus strains in southern China J . Plant Disease
2010 94: 351357.

J. 2013 32(6): 806-



530

28

29

30

31

32

33

34

35

36

37

38

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.)

Yang Y Q Gong J W Li HW et al Identification of a novel
soybean mosaic virus isolate in China that contains a unique 5° ter—
minus sharing high sequence homology with bean common mosaic
virus J . Virus Research 2011 157:1348.

Yang Y Q LinJ Zheng GJ etal. Recombinant soybean mosaic
Archives of Virol-

virus is prevalent in Chinese soybean fields J .

ogy 2014 DOI: 10. 1007 /s00705-0144980=.

J. 2009 31(2): 213218. ( Liu
N Ma Y Wang D G et al. Cross protection effects between
strains of soybean mosaic virus J . Chinese Journal of Oil Crop
Sciences 2009 31(2): 213218.)
. 20022004
I 2005 24(3):
189493. (Zhi HJ GaiJY Chen Y Z et al. Evaluation of re—

sistance to SMV of the entries in the national uniform soybean tests

20022004 J . Soybean Science 2005 24(3): 189493.)
SMV  SCN
I 2009 28(6): 949-953. ( Wang D

G LuWG MayY etal Evaluation of resistance of soybean cul-
tivars to soybean mosaic virus and soybean cyst nematode J .
Soybean Science 2009 28(6): 949-953.)
()
I 2007 29

(1): 8689. (Bai L. Li K Chen Y Z et al. Evaluation of re—
sistance to SMV of cultivars from soybean national and local region—
al test J . Chinese Journal of Oil Crop Sciences 2007 29(1):

86-89. )

I . 2008 23 ( ):
(Yang H Li K Yang Q H

252-255.
et al. Evaluation of resistance to
SMV of cultivars from soybean national and local regional test in
20042006 J . Acta Agriculturae Boreali-Sinica 2008 23( Sup-—
plement) : 252255.)

SMV

SCN J. 2013 32(5): 670-675.
(LK LuZT LiHC etal Resistance to soybean mosaic vi—
rus and soybean cyst nematode of soybean cultivars from China Na—
tional Soybean Uniform Trials J . Soybean Science 2013 32
(5): 670-675.)
SMV
J. 2004 37(10): 14224427. (Zhi H ]

Gai J Y. Performances and germplasm evaluation of quantitative
resistance to soybean mosaic virus in soybeans J . Scientia Agri—
cultural Sinica 2004 37(10): 14224427.)
Yang Y Q Zheng GJ Han L et al. Genetic analysis and map—
ping of genes for resistance to multiple strains of soybean mosaic
virus in a single resistant soybean accession PI96983 ] . Theoret—
ical and Applied Genetics 2013 DOI: 10. 1007 /500122013 -
2092y.
Wang D G Ma Y Liu N etal. Fine mapping and identification

of the soybean RSC4 resistance candidate gene to soybean mosaic

39

40

41

42

43

44

45

46

47

48

49

50

virus J . Plant Breeding 2011
Wang DG MaY YangY Q

130( 6) : 653-659.
et al. Fine mapping and analyses

of RSC8 resistance candidate genes to soybean mosaic virus in soy—

bean ] Theoretical and Applied Genetics 2010 122( 3):
555-565.
SMV SC10
J. 2012 45

(21): 43354342. (LiCY YangY Q WangD G etal. Stud-
les on mapping and inheritance of resistance genes to SMV strain
SCI10 in soybean J 2012 45
(21): 43354342.)

MaY WangD G LiHC etal Fine mapping of resistance gene

Scientia Agricultural Sinica

RSC14Q to soybean mosaic virus based on residual heterozygous
lines derived from a recombinant inbredline J Euphytica
2011 181(1): 127435.
Yang Q H Gai] Y. Identification inheritance and gene mapping
of resistance to a virulent soybean mosaic virus strain SC15 in soy—
bean J . Plant Breeding 2011 130(2): 128-432.
Li K Ren R Karthikeyan A 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.
. J.
2005(5) : 944949. (ZhiHJ Gai]Y. Studies on
inheritance of symptom reaction to soybean mosaic virus in soybean
J . Scientia Agricultura Sinica 2005(5) : 944-949.)
. SMV
J. 2005 31(10): 12604264. (Zhi H J
Gai ] Y He X H. Inheritance of resistance in infection and resist—
ance in development to soybean mosaic virus in soybeans J . Acta
Agronomica Sinica 2005 31( 10) : 12601264 )
MaY LiHC WangD G et al. Molecular mapping and marker
assisted selection of resistance gene RSC12 to soybean mosaic virus
in soybean J . 2010 1(8):

1-6.

Legume Genomics & Genetics

Gao L. Ding X N Li K etal. Characterization of Soybean mosaic
virus resistance derived from inverted repeat-SMV-HC-Pro genes in
multiple soybean cultivars J . Theoretical and Applied Genetics
2015 128(8): 14894505.
HC-Pro

2013 32(6):

Cloning of censerved

RNA1 J.
744949. (GaoL Song Y P Li K et al
sequence of HC—Pro gene of soybean mosaic virus construction of
its RNAi vector J . Soybean Science 2013 32(6): 744949.)
cpP RNAi
I 2014 41(4):
454-460. (Gao L. Zhai R Ding X N et al. RNAi vector con—
struction of soybean mosaic virus CP gene and soybean transforma—
tion J . Acta Phytophylacica Sinica 2014 41(4): 454-460.)
4E
I 2014 29(4):
L Zhai R Ding X N

eukaryotic translation initiation factor 4E of soybean and construc—

1-6. ( Gao

et al. Cloning of interference fragment of

tion of its RNAi vector J
2014 29(4): 16.)

Acta Agriculturae Boreali-Sinica



