
Chapter Six 

Summary and Recommendations 

 

Resistance to Soybean mosaic virus (SMV; Genus Potyvirus, Family Potyviridae) 

is conditioned by three genes at three distinct loci. These genes have been detected and 

characterized from soybean germplasm and designated Rsv1, Rsv3 and Rsv4 based on 

genetic and molecular studies. The resistance of Rsv1 to SMV has been well 

characterized genetically. Eight alleles of Rsv1 have been identified that condition 

extreme resistance, necrosis (both local and systemic), or susceptibility to the seven 

strains of SMV, G1 through G7.  

Hutcheson, a maturity group V soybean, is widely grown in the Midsouth US and 

is very successful under high or low-yielding environments. Hutcheson carries the Rsv1y 

SMV resistance allele from York, a cultivar developed in Virginia in 1966. Both cultivars 

are resistant to SMV-G1 through G3, the most common strains in the US. This allele also 

conditions necrosis to SMV-G4 and susceptibility to SMV-G5 through G7. New isolates 

of SMV that break the Rsv1y allele have been isolated from Hutcheson. A comparison of 

seven of these resistance-breaking (RB) isolates showed they induce distinctive 

symptoms in Hutcheson, tip necrosis in Kwangyo, and extreme resistance in PI 96983. 

The RB isolates induced  varied responses on Marshall, but were similar on PI 507389. 

These differential reactions of the Rsv1 containing soybeans were used to conclude they 

isolates are like G5 or G6 pathotypes, but were not useful in distinguishing between 

them. However, the Rsv3 containing L29 differentiated the RB into three groups: those 

that induce localized necrosis, systemic necrotic mosaics, or extreme resistance. This 

classification was not correlated with biological or geographic sources of the RB isolates. 

The RB isolates isolates were also molecularly diverse based on the nucleotide and amino 

acid sequence of the coat protein (CP) region of the viral genome. Phylogenetic analysis 

of the nucleotide sequences from CP regions of the RB isolates and strains of SMV 

showed that all RB isolates were SMV-G6 like.  Although variable, the CP sequences 

were highly conserved in the core region and at the DAG triplet required for aphid 
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transmission. A recent paper in Archives of Virology (Domier et al., 2003) used three 

SMV isolates from Virginia for sequence comparison at the CP, P1 and HC-Pro with 

other North American and Asian isolates of SMV. Their study showed that the CP region 

is conserved under high purifying pressure with ω (ratio of non-synonymous to 

synonymous substitutions) = 0.012. The P1 and the HC-Pro showed more variability with 

ω values of 0.189 and 0.027, respectively. 

The effects of the RB isolates on soybean were investigated on soybeans with 

different genes for resistance to SMV. All seven isolates from Virginia did not show a 

significant decrease in plant height of Hutcheson, herbicide tolerant Hutcheson RR or 

Essex. Although yield was reduced in the susceptible cultivars by only one isolate, 2K-

38, seed coat mottling, a decrease in seed quality, was induced by all the RB isolates 

tested. The Essex isolines with either Rsv1 or Rsv4 were resistant to all the RB isolates. 

Doubly infected plants with SMV and Bean pod mottle virus (BPMV) were severely 

affected compared to plants infected with SMV or BPMV alone. Severity of symptoms 

and reduction to plant height were both increased. SMV titer increased in the doubly 

infected Hutcheson and Hutcheson RR. These results contradict previous studies on dual 

infection with SMV and BPMV in which SMV titer was unchanged and BPMV titer 

increased (Calvert and Ghabrial, 1983). Our data suggest a potentially great threat to 

soybean production in the soybean-growing areas of the USA where BPMV spread is 

increasing and RB isolates of SMV have emerged. This study showed also that the 

herbicide resistance gene and the herbicide spray do not compromise the resistance or the 

agronomic qualities of Hutcheson or response to virus. 

The mechanisms of resistance to SMV conditioned by the two other genes, Rsv3 

and Rsv4, were investigated. Our results confirmed and expanded the previous suggestion 

(Gunduz et al., 2004) that the mechanism of resistance at Rsv4 is restriction to movement. 

The resistance conditioned by this gene was non-necrotic, non-strain specific, and 

involved reduction in virus accumulation and restriction of virus movement, both cell-to-

cell and long distance. PI 88788 and Peking responded similarly and have fewer and 

smaller infection foci, suggesting they may be of greater value in managing. Our study 

showed that Rsv3 resistance mechanisms include either extreme resistance or reduction in 

virus accumulation. Genetic studies by Gunduz et al. (2001, 2002) on this gene showed 
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that the reaction of the Rsv3 alleles to strains of SMV included resistance, necrosis, or 

susceptibility depending on the allele and the gene dosage. Interactions between Rsv3 

carrying soybean cultivars and strains of SMV showed that these alleles are different in 

the different cultivars tested. This study is the first to report allelelism for the Rsv3 and 

Rsv4 loci.  Our studies differentiated between the types of resistance and therefore have 

added significantly to the base of understanding the soybean-SMV interactions. Cultivars 

containing two genes for resistance, Rsv1 and Rsv3, or Rsv1 and Rsv4, are resistant to all 

strains of SMV. This will justify the continuing work on pyramiding genes for resistance 

to SMV to improve its durability and broaden the range of resistance to emerging virus 

strains, especially those that break the Rsv1 resistance. 

 

I propose the following work to complete our studies on the mechanisms of 

resistance to SMV in soybeans and to investigate the extent of SMV diversity: 

1- Investigate the interaction of the different Rsv loci in Essex isolines in 

order to confirm the potential of gene pyramiding in soybeans for 

resistance to SMV. 

2- Repeat the field experiments with the single and double inoculation of 

SMV and BPMV to assess effects of the RB isolates of SMV on 

Hutcheson in the field. 

3- Examine at the response of the RB isolates and strains of SMV on 

additional soybean cultivars with other alleles of the Rsv. 

4- Sequence the entire genome of the RB isolates and compare them to 

SMV strains G1-G7. 

5- Investigate the effect of genetic diversity of RB isolates of SMV on 

soybeans by designing chimeras of the different RB isolates and strains 

of SMV by doing domain swapping studies. This could first be done by 

with 2K-38, the most diverse RB isolate, using site directed 

mutagenesis of coat protein. 

6- Integrate functional genomics into the soybean-SMV system to 

investigate the genetic mechanisms controlling resistance in Essex 

isolines  with the different Rsv genes. 
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7- Use protein modeling analyses of the CP to predict the changes in the 

soybean-SMV interactions. 

8- Identify regions of diversity in the CP, P1 or VPg in order to design 

primers that could differentiate between the different strains and RB 

isolates of SMV by PCR. 

9- Design restriction enzyme analyses that classify SMV isolates into 

different groups for rapid molecular diagnosis of pathotypes. 

10- Integrate molecular epidemiology into the soybean-SMV system by 

conducting thorough surveys for the presence of SMV in natural 

infections to assess the level of natural diversity and emergence of new 

RB isolates of SMV in the field.  
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