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Abstract Identifying the unique pathogenic patterns underlying the phytopathogenic fungi is important for plant disease control. This paper presents a novel method for identifying the specific
conserved patterns for the pathogenic species. By employing a feature selection technique, the specific patterns that best discriminate the pathogenic species from non-pathogenic ones are identified,
which are assumed to be the potential pathogenic patterns that cause pathogenesis. In particular, the
specific patterns for Fusarium graminearum (F. graminearum) were found, which can discriminate
F. graminearum from other pathogenic species. The identified patterns covered a set of pathogenic
genes that have been determined experimentally, which demonstrates the effectiveness of the proposed method.
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1 Introduction
Phytopathogenic fungi are responsible for many of plant diseases by invading the plant
host. For example, Fusarium graminearum (Gibberella zeae), is the most common causal
agent of Fusarium head blight of wheat and barley, and Fusarium stalk rot of maize [7].
It is estimated that F. graminearum causes economical losses of $3 billion in the US between 1991 and 1996 [15]. Another well known phytopathogenic fungus is the rice blast
fungus Magnaporthe oryzae (previously known as Magnaporthe grisea), which is the
most destructive pathogen of rice worldwide [3]. Therefore, it is necessary to investigate
the mechanism underlying the pathogenetic process and the conserved specific patterns
among the phytopathogenic fungi.
Recently, a large number of fungi genomes have been sequenced, including pathogenic
and non-pathogenic fungi. The genomic sequences can provide insight into the pathogenic
patterns, which in turn help to understand the evolution and function of the pathogenic
genes. In literature, phylogenic tree has been constructed based on sequenced fungi
genomes [5] to study the evolution of pathogenesis [19]. It has been shown that pathogenic
fungi are not necessarily close to each other in the phylogeny tree. Instead, some pathogenic
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fungi spread throughout all taxonomic groups, and show close evolutionary relationship to
non-pathogenic species [11]. Recently, comparative genome analysis has shown that the
expressed gene inventories of pathogenic fungi are not more similar to each other than to
the non-pathogenic fungi [20]. In other words, it is impossible to find out the unique genes
that only belong to the pathogenic species rather than non-pathogenic species, which
make it difficult to identify individual genes that are responsible for infecting plants and
cause diseases. In this paper, we present a new motif based method for identifying the
conserved specific patterns underlying the filamentous phytopathogenic fungi. Especially,
the specific patterns identified for F. graminearum covered pathogenic genes that have
been determined experimentally, which demonstrates the effectiveness of the proposed
method.

2 Methods
With the translated amino acid sequences available for the target genomes, the motifs
for each sequence are found from the Prosite database [10]. After getting the motifs for
the sequences, gene S is expressed as a vector:
S = [M1 , M2 , . . . , Mn ];

(1)

where, n is the total number of motifs for all the genomes studied in this work, Mi is the
ith motif and Mi = 1 if the ith motif occurs in the gene S, otherwise Mi = 0. In this way,
each gene is expressed as a vector based on its motif component(s).
After getting the gene vectors for the pathogenic and non-pathogenic fungi, we aim to
find out the specific features (i.e. motifs in this case) that best discriminate the pathogenic
from non-pathogenic species, which can be formalized as a feature selection problem,
where each gene vector is a sample and its motif components are features. In this work,
the t-test is utilized to identify those features that are distributed differentially between the
two class of species (i.e. pathogenic versus non-pathogenic species), where the identified
motifs are assumed to be the conserved patterns underlying the pathogenic species. Let
x denote the set of pathogenic genes and y the set of non-pathogenic genes, the score for
each feature i(i = 1, . . . , n) can be defined as:
ti =

x̄i − ȳi
sxi + syi

(2)

where x̄i is the sample mean for the ith feature, sxi is the sample standard deviation for
the ith feature, and the same for y. The features are ranked based on their scores, and
the differentially distributed features are assumed to be the ones that discriminate the two
classes of species.

3 Results
3.1 The conserved patterns underlying the pathogenic fungi
To find out the conserved patterns underlying the pathogenic fungi, we identify the
features that best discriminate the pathogenic from non-pathogenic fungi. In this work,
we chose three pathogenic fungi families and three non-pathogenic fungi families according to the fungi phylogenetic tree constructed in literature [5]. Table 1 lists the genomic
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Table 1: The fungi genomic
Genomes
Fusarium graminearum
Pathogenic familes
Fusarium verticillioides
Magnaporthe grisea
Neurospora crassa
non-Pathogenic familes
Podospora anserina
Trichoderma reesi
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Number of proteins
13295
14116
12743
9791
10573
9117

families used in this work. The selected six fungi families belong to the same superfamily
in the phelogenetic tree, and thereby the specific patterns discriminating pathogenic families from non-pathogenic ones are possibly the real conserved patterns underlying the
pathogenic fungi.
With t-test, some motifs were found distributed differentially in the pathogenic and
non-pathogenic families. Especially, those motifs that occurred more frequently in
pathogenic families than non-pathogenic families were obtained because these motifs are
more possibly the specific patterns that the pathogenic species have. Figure 1 shows the
distribution of these motifs in the pathogenic and non-pathogenic species. It can be easily
seen from the figure that these motifs occurred more frequently in pathogenic species than
non-pathogenic species. Therefore, the identified motifs are more possibly the conserved
patterns among pathogenic species and thereby provide insight into the evolution of the
pathogenic species.
Table 2 shows the motifs that occurred more frequently in the pathogenic species than
non-pathogenic species, where the annotations of the motifs were obtained from the Gene
Ontology (GO) database [1], and the “prosite2go" [2] was used to link the GO terms and
Prosite motifs. The descriptions were obtained from the Prosite database [10] for the
motifs without GO annotation. We can see from the annotations of the identified motifs
that the identified patterns have the functions of amino acid metabolism, binding and
membrane, which may be responsible for the interactions between the pathogenic fungi
and plants. Note that some of the identified patterns are related to pathogenesis while
some may be just the essential conserved patterns for the pathogenic species.

3.2 Identification of pathogenic patterns for Fusarium graminearum
In this part, our proposed method was used to identify the pathogenic patterns for F.
graminearum. To find out the specific patterns for F. graminearum rather than the other
two pathogenic fungi, the samples of F. graminearum were compared against the ones
of the other two pathogenic fungi species. Consequently, eight motifs were found that
occurred more frequently in F. graminearum than the other two pathogenic families.
Table 3 shows the identified motifs that discriminate F. graminearum from the other
two pathogenic fungi, where the patterns are assumed to be the specific pathogenic patterns for F. graminearum. From the results, we can see that the identified patterns have
the function of phosphorylation site, binding site and transcription regulation, which are
related to the pathogenesis while the fungus infect the plant. In particular, the identified motifs covered some pathogenic genes that have been experimentally determined
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Figure 1: The distribution of the specific motifs that occurred more frequently in
pathogenic species than non-pathogenic species
(found in Table 3). The known pathogenic genes make it clear that the patterns PS00001,
PS00004, PS00005, PS00006, PS00007, and PS00008 are really related to pathogenesis. The consistency with published results demonstrate the effectiveness of the proposed
method.

4 Conclusions
Identifying the specific and conserved patterns underlying the pathogenic fungi can
provide insight into the evolution of pathogenesis. In this paper, we present a new method
for identifying the specific patterns underlying the phytopathogenic fungi. Utilizing a
feature selection technique, the patterns that best discriminate the pathogenic from nonpathogenic fungi were obtained. In particular, the specific patterns of F. graminearum
were found, and these patterns covered some known pathogenic genes that have been
determined in literature, which demonstrate the effectiveness of the proposed method.
Note that some of the identified motifs are pathogenic patterns while some may be just
the essential factors for the biological process. In this work, only a small set of pathogenic
and non-pathogenic fungi in the same superfamily were analyzed, which may reflect some
bias toward certain species. More fungi families will be taken into account in the future.
In addition, the distribution of the fungi will also be considered in order to avoid the bias
for certain fungus.
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Table 2: The motifs that occurred more frequently in pathogenic families than nonpathogenic families.
Motif
GO annotation & descriptions from Prosite
PS00917 amino acid metabolic process
PS00609 hydrolase activity, hydrolyzing O-glycosyl compounds; carbohydrate
metabolic process
PS00977 glycerol-3-phosphate dehydrogenase activity; glycerol-3-phosphate
metabolic process; glycerol-3-phosphate dehydrogenase complex
PS00570 Bacterial ring hydroxylating dioxygenases alpha-subunit signature
PS01090 endodeoxyribonuclease activity, producing 5’-phosphomonoesters
PS00560 serine carboxypeptidase activity; proteolysis
PS00214 transporter activity; lipid binding; transport
PS00144 amino acid metabolic process
PS00589 sugar:hydrogen symporter activity; phosphoenolpyruvate-dependent
sugar phosphotransferase system
PS01164 copper ion binding;amine oxidase activity; quinone binding;
amine metabolic process
PS00026 chitin binding;
PS00155 cutinase activity; extracellular region
PS00775 hydrolase activity, hydrolyzing O-glycosyl compounds;
carbohydrate metabolic process
PS00137 subtilase activity; proteolysis
PS00122 Carboxylesterases type-B signatures
PS00430 TonB-dependent receptor proteins signatures
PS00216 transporter activity; transport; membrane
PS00217 transporter activity; transport;membrane
PS00086 monooxygenase activity; iron ion binding electron carrier activity;
heme binding
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Table 3: Pathogenic patterns for F. graminearum
Motif
PS00463

PS00007

GO annotation& description from Prosite
transcription factor activity;zinc ion
binding; regulation of transcription,
DNA dependent; nucleus
Tyrosine kinase phosphorylation site
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PS00001

N-glycosylation site
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PS00008

N-myristoylation site
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