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•  Rhg1-mediated resistance is best control available; 
 used successfully on farms all over the world.  

Rhg1 locus is the primary means by which 
growers control  

the most important disease of soybean 

•  Marker-assisted selection for Rhg1 is extremely   
common in soybean breeding. 

•  Rhg1-mediated resistance is quantitative (partial) 
and could be improved 
  •  Same Rhg1 allele (PI 88788 source) is used in over 
90% of “SCN-resistant” varieties in central U.S. 



What does Rhg1 encode? 





Gene Silencing: Identified three genes at rhg1-b (PI 88788 
source) that impact SCN resistance. 
qPCR: Transcripts for those three genes are ~10-fold more 
abundant in Fayette (rhg1-b+). 
Locus Sequencing: Revealed a 31.2 kb repeat at rhg1-b and 
other resistant sources (but not SCN-susceptible varieties). 
  The repeat encodes the genes implicated in resistance 
Fiber-FISH: There are ten copies of the repeat in rhg1-b. 
Complementation: Transgenic roots of Williams 82 
overexpressing any one of the three genes did not raise 
resistance, but simultaneous overexpression of the three genes 
increases SCN resistance. 

Copy number variation of three genes at Rhg1 
mediates SCN resistance in soybean 



Predicted products of Rhg1 genes that  
impact SCN resistance: 

 
Glyma18g02580: amino acid transporter 
 
Glyma18g02590: α-SNAP (recycling of SNARE 
apparatus for membrane trafficking) 
 
Glyma18g02610: Mild homology to a wound-
induced protein from ice plant with no known 
functional domains 

 



•  ‘Rhg1 gene’ identified: it is three genes. 
•  Novel mechanism of disease resistance: 

Expression polymorphism via copy number 
expansion. 

•  Novel type of copy number variation:     
 Multiple repeats of a cluster in which multiple 
genes contribute to the same phenotype. 

 
 •  Prospects for improved SCN resistance:   

 - Identify lines with more Rhg1 repeats.     
 - Elevate expression, alter alleles transgenically. 

•  Possible to use in other plants? 

Many Interesting Aspects: 



Now that we know what Rhg1 encodes: 

Can we enhance Rhg1 by classical breeding? or GMOs? 
 
Why has Rhg1 resistance been so durable over decades? 
 
What is the basis of emerging SCN ‘race-specificity’  
differences between different Rhg1 sources? 
 
Why does Peking-source Rhg1 need Rhg4 for full function,  
while the widely used PI88788-source does not need Rhg4? 



Some Current Efforts: 
Biochemistry: 
 
Race-Specificity: 
 
Functional Testing of New Allele Combinations: 
 



Some Current Efforts: 
Biochemistry: 
Is the putative amino acid transporter really an amino acid 
transporter, and/or a transporter of other compounds? 
Is the putative α-SNAP really an α-SNAP? 
What compounds are made with/without strong expression 
of the 2610 protein? 
 
Race-Specificity: 
 
Functional Testing of New Allele Combinations: 
 



Some Current Efforts: 
Biochemistry: 
 
Race-Specificity: 
What are the gene sequences in other Rhg1 sources?
(whole genome sequencing of Hg-Typing soybean lines) 
 
Functional Testing of New Allele Combinations: 
 



Some Current Efforts: 
Biochemistry: 
 
Race-Specificity: 
 
Functional Testing of New Allele Combinations: 
Efficacy and Race-Specificity – alter level or ratio of 
expression of the three genes, and/or combine different 
Glyma18g02590 alleles. 
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