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Summary of Critical Findings over the Period of Funding 
 
The objectives of this project have been to use a newly developed gene silencing 
technology to examine the relative importance of a series of genes which we 
hypothesized may play an important role in root and stem resistance of soybean 
to Phytophthora sojae.  In the period supported by this project, we examined the 
importance to resistance of five target genes, including two genes for isoflavone 
biosynthesis (chalcone reductase, CHR and isoflavone synthase, IFS) and three 
pathogenesis-related protein genes (PR-1a, PR-2 and MMT).  These studies 
were carried out on a series of over twenty soybean lines which carry different 
Rps genes for race-specific resistance and also different genes for partial 
resistance to P. sojae.   
 
Important results over the course of this project included the following: 
 

• The five genes under study not only all had effects on the various forms of 
resistance, but also on one another’s expression, allowing them to actually 
be placed into pathways for Rps (race-specific) or partial resistance.  This 
information is of critical importance in that it allows us to define the overall 
processes involved in these two forms of resistance and, as described 
below, to define possible ways to enhance each form of resistance.   

• Our overall results on all soybean lines show that PR-2 is a master 
regulatory gene of all other genes being studied and is thus essential to all 
forms of resistance.  PR-2 is involved in releasing active elicitor (defense 
inducing) fragments from pathogen cell wall glucan, a major cell wall 
component of many oomycetic and fungal pathogens.  These glucan 
elicitor fragments trigger all forms of soybean resistance.  Since many 
plant pathogens contain these glucans, PR-2 plays a role not only in 
triggering all forms of resistance but may be effective against a wide range 
of pathogens.  



• We demonstrated that the gene PR-1a appears to be a key gene for 
establishment of partial resistance, which is a more stable form of 
resistance than Rps-mediated race specific resistance in that it is not as 
easily defeated by new races of P. sojae. 

• We demonstrated that the MMT gene appears to be a point of cross-talk 
between the pathways conferring race-specific and partial resistance, 
suggesting that it plays a regulatory role in balancing these two pathways. 

• In an examination of lines carrying all available Rps genes for race-
specific resistance to P. sojae, (Rps 1a, 1b, 1c, 1k, 2, 3a, 3b, 3c, 4, 5 and 
7), we demonstrated that different Rps loci condition different 
hypersensitive cell death (HR) programs to pathogen attack.  For instance, 
genes at the Rps 1 and 2 loci condition an HR involving the isoflavones, 
while genes at the Rps 3 and 7 loci condition an isoflavone-independent 
HR.  This information is of great importance in allowing us to predict how 
best to deploy various resistance genes to complement one another. 

• We fully characterized the various forms of resistance to P. sojae for the 
first time. With the exception of Rps-2, all other Rps genes were identified 
on the basis of providing resistance to the hypocotyls, even though root rot 
is probably the major source of damage in the field.  We have 
demonstrated that three forms of resistance in roots (race-specific, partial 
and age-related) are expressed in different root zones.  Using gene 
silencing, we demonstrated the relative importance of various target genes 
to each of these forms of resistance and that partial resistance may 
involve the up-regulation of age-related resistance in younger tissues.   

 
Importance of Major Findings and Future Plans 
 

• PR-2.  The finding of the central, master role for PR-2 is a truly major 
discovery and should lead to strategies for wide spectrum control of 
soybean diseases.  Given that this gene controls the release of elicitors 
from a broad spectrum of pathogens and that it controls both Rps (race 
specific) and partial resistance, we want to over-express this gene to see if 
we can enhance overall soybean resistance to pathogens.  Over-
expression of this gene should enhance soybean’s ability to detect 
pathogens and trigger resistance.  Current plans include developing PR-2 
over-expressing soybean lines either through natural selection of lines 
with higher PR-2 or through genetic engineering. 

• Pr-1a.   Given that the PR-1a gene is essential to partial resistance, over-
expression of it may specifically enhance expression of this more stable 
form of resistance.  Thus, its over-expression along with PR-2 may have 
very complimentary effects. 

• MMT.  As a cross-talk regulatory gene between the race-specific and 
partial resistance pathways, the appropriate expression of MMT is critical 
to the balance between these two forms of resistance.  While we do not 
yet know the optimal expression of MMT, its expression along with PR-2 



and PR-1a will be important to the overall fitness of soybean against 
disease. 
 

Other Important Outcomes of the Project 
 
The funding for this project helped us to refine our gene silencing strategies and 
publish two papers (with others to come).  These are noted below.  A very 
important outcome of these publications is that we are the world leaders in gene 
silencing for soybean.  The four other major soybean defense laboratories (two in 
the US, one in Canada and one in Germany) have adopted our soybean gene 
silencing protocols and additional collaborative efforts with a laboratory in Japan 
have begun. 
 
Based on the work funded through IMBA, we have successfully received funding 
from the Ohio Soybean Council for three consecutive years, for a total of 
approximately $160,000. 
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