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After identification of potential virulence effectors in Phytophthora Sojae (P. Sojae), the causal
agent of Soybean Phytophthora root rot disease, we conducted research to discover
protein-protein interactions between P. Sojae virulence effectors and proteins in soybean to
understand how virulence effectors cause the disease. P. Sojae secretes virulence effectors as
major ‘weapons’ to attack the target host organisms, and understanding the biological functions
of virulence effector is the key step to reveal the mechanism of oomycete pathogenicity to
hosts and control the disease. We were conducting the so-far blank research area of
protein-protein interactions between P. Sojae and soybean by developing a statistical model
based on protein-domain interaction prediction. As a result, the mechanism under which P.
Sojae interacts with and infects soybean can be elucidated, which may directly lead to feasible
and efficient methods to prevent soybean from the Phytophthora root rot disease.

Objective One: Identify the protein physical interactions between putative virulence effectors in
P. Sojae and proteins in soybeans based on a statistical model training with the know protein
domain interaction data, which can confirm the computational discovered virulence effectors
and discover novel innate immune components in soybean.

Objective Two: Systematically discover the pathogenic target genes that are enriched in the
plant pathways, which can reveal the mechanism of P. Sojae’s pathogenicity and be used to
develop control methods for Phytophthora root rot.
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The goal of our project is to discover the mechanism under which P. Sojae interacts with and
infects soybean, and the knowledge of interaction mechanism between P. Sojae and soybean
may directly lead to feasible and efficient methods to prevent soybean from the Phytophthora
root rot disease. The interactions between P. Sojae and soybean are executed by protein
interactions, especially by interactions between P. Sojae virulence effectors and soybean
proteins. First, we developed a novel computational method to identify the interactions between
virulence factor P. Sojae and soybean proteins based on the protein-domain interaction
network and Bayesian statistics. By screening entire sets of proteins in P. Sojae and soybean,
we analyzed >80,000 proteins and > 220,000 protein domains. To improve the accuracy, a
directed graph model was employed by this model, and pathogenic and host protein domains
were distinguished in the network, which is novel in this type of algorithms. Based on our
designed statistical network model, we identified the protein interaction networks between the
pathogen and soybean. After our algorithm identified the protein-protein interaction
information, we could confirm the predicted virulence effectors and understand the functions of
these virulence effectors. The model predicted the interactions between 596 P. sojae virulence
effecters and 18142 soybean proteins. Based the cross-validation evaluation, this new
improvement can make the prediction accuracy better than other existing methods, such as
methods based on sequence similarity, position weighted matrix (PWM), and hidden Markov
model (HMM). Among those predict interactions, many of them are related to the disease.
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For example, we found virulence effector Avh105, which cause cell death, interacts with
Glyma03g14740, Omega peptidase activity in ER, and Glyma03g29230, ATP transporter. For
Objective 2, we found that most P. sojae virulence factors are structural constituent of
ribosomes (Gene ontology annotation term GO:0003735) and structural molecule activity
(Gene ontology annotation term GO:0005198). The results indicate that P. sojae pathogens
interfere the genetic information flowing and functions of virulence factor are related to cell
signals and DNA binding. PI Zhang's Lab and Co-PI Alfano's are working together to design
experiments to validate these discoveries.

With our developed computational methods, my lab also collaborated with Drs. Tom Clemente
and Bin Yu to analyzed the nanopore sequencing data to identify the insertion position of
transgenes in soybean.
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