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ABSTRACT

Small Secreted Proteins (SSPs) of plant pathogenic fungi are structurally and physicochemically diverse class of
biomolecules with diversified biological functions. Broadly, they belong to the class of effector proteins which
help the pathogen to breach or dodge the innate immunity of the host. Absence of evolutionarily conserved
sequence motifs limits their identification by simple scanning of protein sequences. Nevertheless, there are some
signature elements (in terms of amino acid compositional bias) which can be exploited to identify the SSPs,
computationally. Here, we made an attempt to identify SSPsrelated to pathogenicity computationally. We utilized
the whole genome sequence of Magnaporthe oryze to predict its total proteome and then compared it with the
proteome of its closest nonpathogenic relative Neurospora crassa. Finally, we narrowed down to a set of 295
SSPswhich aredistributed among all the chromosomes of M. oryzae, showing a patchy distribution in phylogenetic
tree and containing typical signatures associated with pathogenecity related effectors and are expressed during
host infection. We believe, many of these SSPs play crucial roles in pathogenicity, which are yet unknown, but

will be gradually unfolded in near future.
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Fungi belong to the kingdom ‘Eumycota’; typified by
presence of eukaryotic, nonchlorophyllous,
heterotrophic organisms containing chitin derived cell
wall and glycogen as storage carbohydrate. Eumycota
isone of the oldest kingdoms, surviving ~650 million
yearsand occupying all possibleinhabitable ecological
niches on earth (Cantrell et al., 2011), contains
enormous diversity in size, morphology, physiology,
species abundance and nutrition. Based on the mode
of nutrient acquisition, fungi arebroadly classifiedinto
three groups - mutualists (acquiring nutrient by
developing symbiotic association with other living
organisms), saprophytes (acquiring nutrient by
decomposing dead organic matter) and parasites
(acquiring nutrient by feeding on living hosts). Both
plants and animals are attacked by severa parasitic
fungi causing numerous diseases (Sexton and Howl ett,

2006). Destructive potentials of parasitic fungi asplant
pathogens (disease causing microorganism) are well
recognized; sometimes even posing severe threats by
wrecking havoc like in case of Irish famine (mass
destruction of potato cultivation due to late blight
disease caused by the fungus Phytophthora infestans)
and great Bengal famine (devastation of ricecultivation
due to brown spot disease caused by the fungus
Helminthosporium oryzae) (Strange and Scott, 2005).

Rice, possibly the oldest domesticated grain
(~10,000 years), isthe staplefood for about half of the
world’s population. Rice in cultivated in ~9% of the
earth’s arable land (FAO factsheet, 2004) and starting
from its cultivation to consumption - provides
livelihood to innumerable people involved in
agribusinessworldwide. So any threat toricecultivation
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will lead to serious consequencesthroughout. Riceblast
disease caused by hembiotrophic, heterothallic fungus
Magnaporthe oryzae is one of the most devastating
diseases of rice that causes enormous yield |oss every
year, globally (Ou, 1985; Fisher et al., 2012; Wilson
and Talbot, 2009; Wang and Valent, 2009). It is
estimated that each year, the amount of rice yield
reduced due to this disease could have fed 60 million
people of theworld for aday (Talbot, 2003). Owing to
its severe damage potential, The Centers for Disease
Control and Prevention, Atlanta, Georgia, has listed
rice blast asasignificant biological agent and regarded
it asone of the greatest threatsfor global food security.
The whole genome sequence (WGS) of this killer
fungus has compl etely been decoded (Daen et a, 2005).
Availability of WGS has hot only provided insight into
the genome structure of M. oryzae, but also has
facilitated genome resequencing studies which hel ped
inunderstanding vari ationswithin the pathogenic races
of thisfungus (Chen et al., 2013; Yoshidaet al ., 2009).

Although severa plant pathogenic fungi are
reported in the literature and many might be still
unknown, but cumulatively they constitute only asmall
fraction of the kingdom Eumycota. This clearly
indicates about the presence of pathogenicity
determining factors which differentiates plant
pathogenic fungi from their nonpathogenic relatives.
Apart from secondary metabolite produced by plant
pathogenic fungi having well documented roles in
pathogenicity (Keller et al., 2005; Nadaleset al., 2014;
Scharf et al., 2014), fungal pathogen derived Small
Secreted Proteins (SSPs), quite often, plays
considerable role and hence demands attention (Rep,
2005). These SSPs are expected to be highly species
specific, even capable of differentiating closely related
plant pathogenic and saprophytic subspecies (Rep,
2005). Besides, the fact that, SSPs are by far the most
common fungal avirulence factorsrecognized by host
innateimmune system to rai se resi stance response, a so
make them highly interesting candidatesfor study (Rep,
2005). Despite of their enormousimportancein disease
development and progression, limited efforts have been
madefor identifying SSPstill date. Lack of conserved
sequence motifs, limited and patchy distribution in
phylogenetic tree, tremendous diversity in tertiary
structure and function of the proteins etc. were the
prime hindrance in this regard (Rep, 2005). But
presently, comparative genomics has started opening
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new avenues for the identification of pathogenicity
related effector proteins.

Inthis study, we have made an effort to identify
small secreted proteins (SSPs) from the predicted
proteome of M. oryzae which might be potentially
related to pathogenicity by using anin silico approach.
To achieve this, we have utilized the whole genome
sequence data of a M. oryzae strain, Mo-nwi-55
(AZSW00000000), whichisprevalent in north-western
part of Indiaand compared the predict proteome of M.
oryzae with the proteome of one of the closest
nonpathogenic rel atives, Neurospora crassa (Nadales
et al., 2014; Dean et al., 2005; Kasuga et al., 2009).
Finally, we have narrowed down to 295 potential SSPs
candidates within size range of 50-200 amino acids,
which contain excellent characteristicsto be qualified
as pathogenicity determinants of M. oryzae during
development of rice blast disease.

MATERIALS AND METHODS

We utilized the whol e genome sequence of M. oryzae
isolates M o-nwi-55 in thisstudy (collected from north-
western part of India) which is avirulent on rice
genotypes carrying Pi54 resistance gene. We generated
high quality (score> Phred 20) whol e genome sequence
of thisstrain of M. oryzae using Pyrosequencing (454
Life Sciences, Roche Applied Science, Basel,
Switzerland) (Margulies et al., 2005) (Bioproject
Accession No. AZSW00000000).

We used the supercontigs obtained after
assembly processfor gene prediction using FGENESH
(http://linux1.softberry.com/berry.phtml) taking
Magnaporthe asreference database for gene prediction.
FGENESH returned probabl e gene sequences present
inthe genome as output al ong with the predicted protein
products. Predeicted proteins were extracted and the
presence of signal peptidesin these predicted proteins
were determined using PrediSi software (http://
www.predisi.de). Proteins within the size range of 50—
200 amino acids were sorted out using MS excel.
Secretory proteins (which are secreted outside the
fungul cell) werefurther identified using TargetP (http:/
Iwww.cbs.dtu.dk/services/ TargetP).

The proteomeof N. crassawas downloaded from NCBI
database (www.ncbi.nlm.nih.gov) and was used to



create a local database. We performed BLASTP of
selected secretory proteins against thislocal database
to identify the proteins common in N. crassa and M.
oryzae. Hits having bit score >100, E-value > €%, and
similarity > 47%, were considered as common proteins
and were removed from the list. Finally, to find
secretory proteins unique to M. oryzae that are
expressed during infection, we performed TBLASTN
(http://www.ncbi.nlm.nih.gov/) against M. oryzae EST
database containing 4234 ESTs (updated on 21-Sep-
2014) using amino acid sequences of identified SSPs
as query.

We analyzed the amino acid composition and
physicochemical properties of the selected SSPs using
Composition based Protein Identification (COPid)
software (http://www.imtech.res.in/raghava/copid/
index.html). The compositional biasfor different amino
acidsor group of amino acidswas cal culated using the
average frequency of twenty standard amino acids in
the proteins submitted in the UniProtKB database
(updated on 03-Sep-2014) (http://
www.UniProtK B.org) which was downloaded from
Expasy suit (http://web.expasy.org/protscal e/pscale/
A.A.Swiss-Prot.html). These frequencies were
considered as average frequencies of standard amino
acidsin naturally occurring proteins (f, ). We considered
aproteinto berich in aparticular or agroup of amino
acid, when it showed >25% enrichment of that
particular or group of amino acid compared to f.
Similarly, aprotein was considered to bedepletedina
particular or a group of amino acid when it depicted
>25% depletion of that particular or group of amino
acid compared to f. Grand Average of Hydopahty
(GRAVY) value, isoelectric point, and molecular
weight of the selected SSPs were calculated using
ExPASy-ProtParam tools (http://web.expasy.org/
protparam/). Venn diagram for amino acid composition
bias analysis in SSPs was performed using Venny
software (http://bioinfogp.cnb.csic.es/tools/venny/).
Phylogenetic analysis of the selected proteins was
performed using MEGA software with 1000 bootstrp
and 40% cutoff valuefor consensustree. Motif analysis
in selected SSPs was performed by Multiple Em for
Motif Elecitation (MEME) toal (http://meme.nbcr.net/
meme/cgi-bin/meme.cgi) which discover common
sequence motif present in agiven set of sequencesand
domain finding was performed by HAMMER software
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(http://hmmer.janelia.org/) against UniProtKB
database.
RESULTS AND DISCUSSION

‘Effectors’ are the proteins secreted by the pathogens
which impart either ‘sword’ or “shield” function to the
pathogens, in order to conquer or evade host innate
immune system, respectively (Rovenich, 2014). A
careful study of the published literature suggests,
majority of the effectors from filamentous fungi are
secreted proteins and those can be predicted
computationally (Ellis et al., 2007; Kamoun, 2007).
Motivated by this fact we took up the challenge of
identifying a set of Small Secreted Proteins (SSP)
related to pathogenicity, from notoriousrice pathogen,
Magnaporthe oryzae, which can serve as candidate
effectors during rice-infection.

In quest of finding these SSPs, weinitiated our
search by sequencing the whol e genome of apathogenic
field isolate (Mo-nwi-55) of M. oryzae which is
preva ent in North-Western Himal ayan region of India.
Whole genome sequence of M. oryzaeisolate M o-nwi-
55 was preferred in this study over the whole genome
sequence of M. oryzae strain 70-15 availablein public
domain because, there are some doubts regarding
pathogenic potential of M. oryzae strain 70-15, which
is a laboratory derived strain and it shows reduced
female fertility, conidiation and virulence (Xu et al.,
2007; Xueet al., 2012). On the other hand M. oryzae
strain Mo-nwi-55 is a field isolate and it is highly
pathogenic. Its condiation is profuse under favourable
condition and it isvirulent on all of therice genotypes
excepting those containing dominant Pi54 resistance
gene. We predictied genes from the whole genome
sequence of M. oryzae isolate, Mo-nwi-55, using
FGENESH gene prediction tool (Salamov et al., 1994)
trained on Magnaporthe database (softberry).
FGENESH is one of the most reliable tool for gene
prediction and has been extensively used for predicting
geneform several whole genome sequences, including
Magnaporthe oryzae (Dean et al., 2005) and
Neurosporacrassa (Galagan et al., 2003). We predicted
11440 protein coding genes (which encode protein
having > 50 amino acidsand the encoded protein begins
with methionine) in the whole genome of M. oryzae
strain Mo-nwi-55 (Fig. 1). This number is slightly
higher than the number of protein coding genes(11109)
predicted in whole genome sequence of M. oryzae

0 185 O



Pathogenicity related SSPs of M. oryzae

M oryrad isate No-rw-55
ol Genome Sejuense)

e prechobon | FGENESH)

11443
[Toml prodens: in Predicied Picizome)

Sgnal pepide predcton (Fred S0
FaltY 9158

Som psdechon [50-700 amern mode)
w6 L]

Sacebon large raong (TargetP)

Gigzal tyts L 22
Seitcied proare Projein comparson with N crassa [BLASTP)
Repocied paoleing
"W 255
P b dadid 55PN
- Targei dpkipton
Poterhal 55Ps

(TOLASTH agmasi M onras L5 7T catabass)

e

32 [

Fig. 1. Flow diagram summarizing the methodology of in
silico identification of pathogenicity related SSPs.

isolate 70-15 genome (Dean et al., 2005). One of the
underlying reasons for this might be the length
threshold (minimum length of predicted protein to be
qualified asareal protein) whichwe set at > 50 amino
acids as we wanted to obtain as much candidates as
possiblefor further downstream analysis; similar to an
approach followed by Yoshida et al. (2009). Whereas,
in the whole genome analysis of M. oryzae isolate 70-
15, thislength threshold was set at > 100 amino acids
(Dean et al., 2005) to employ more stringency during
protein identification. Another possible reason is we
obtai ned some contigs during sequence assembly which
did not map to the reference genome (M. oryzaeisol ate
70-15). These unmapped contigs also contained few
genes. Considering the fact that, unlike M. oryzae
isolate 70-15 which is has poor virulence (Yoshida et
al., 2009, Xu et al., 2007; Xueetal., 2012), Mo-nwi-
55 is highly virulent and hence the genes residing in
unmapped contigs becomes highly interesting
candidates as potential virulence determinants. In the
re-sequencing study carried out by Yoshida et al.
(2009), such unmapped contigsformvirulent M. oryzae
isolate Inal68 (compared to M. oryzae isolate 70-15)
were found to be rich in effector encoding genes and
harbored three avirulence genes, Avr-Pia, Avr-Pii, and
Avr-Pik/knvkp.

To further detect SSPs from this large dataset
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of 11440 prateins, the challengewasto identify proteins
conforming to both of the criteria, ‘small’ and
‘secreted’. We used PrediSi software (Hiller et al, 2004)
tofind the proteins containing N-terminal signal peptide
(SP) necessary for targeting proteins to different
organelles as well as for secretion. There were 2284
proteinsin our dataset containing such N-terminal SP
and therefore are expected to be capable of sorting to
different cell organellesor secretion (Fig. 1). So, further
we applied two screens, size sel ection and target tracing,
respectively to identify proteins conforming to the
criteria of “small’ and ‘secreted’,. Since ‘small’ is an
arbitrary term, aquantitative limit hasto be set to define
it. Unfortunately, there is no such well defined limit
availableinthe existing literature and we had to define
it for our purpose. Since our lower limit was already
defined as 50 amino acids, we defined the upper limit
as 200 amino acids gaining support from work of
Stergiopouloset a. (2012) and review by Rep (2005).
A set of 668 proteins, out of 2284, conformto thesize
range of 50-200 amino acids (Fig. 1) whichwerefurther
subjected to TargetP anaysis (Emanuel sson et al ., 2000)
for target tracking. TargetP analysis can specifically
identify the sub-cellular targets of the proteins based
on the consensus sequence of their signal peptides. A
set of 446 proteins were found to contain N-terminal
SP needed for secretion (Fig. 1). Accordingly, these
446 proteins finally conform to the criteria of ‘Small
Secreted Protein’.

All the proteins destined for secretion, be it
pathogenicity related or not, essentially contain N-
terminal SP, which isnecessary and sufficient condition
for protein secretion. Hence, our search space of
selected SSPs was also expected to contain proteins
which are not related to pathogenicity. To identify and
remove those unrelated SSPs from the search space,
we compared the sel ected SSPswith Neurosporacrassa
proteome. N. crassaisone of the closest nonpathogenic
relatives of M. oryzae (Nadales et al., 2014; Dean et
al., 2005; Kasugaet al., 2009). Both thesefungi belong
tothe class Pyrennomycetes (Nadaleset al ., 2014; Dean
et al., 2005), which is also known as Sordariomycetes
(Kasuga et al., 2009). Despite 200 million years of
divergent evolution (Hedges, 2002), these two fungi
share significant homology (>47%) at protein level
(Dean et al., 2005) and also share good syntenic
relationship (Hamer et al., 2001). Besides, over other
nonpathogenic rel atives such as Aspergillus nidulans,



Chaetomiumglobosumetc., N. crassa render an added
advantage. Spread of paralogous gene duplication in
N. crassa is limited due to repeat-induced point-
mutation (RIP) (Galagan et al., 2003). Hence, the
observed homology is expected to be a resultant of
orthologous relationship only. Comparative analysis of
these two genomes also suggests about an ancient
expansion of genefamily in M. oryzaewhich helped it
to acquire genesrequired for pathogeniclife style(Dean
et al., 2005; Idnurm and Howlett, 2001). Hence, the
common SSPs logically must be unrelated to
pathogenicity. BLASTPwas used to identify common
SSPs between the two fungi and any protein showing
greater than 47% homology was considered as
common. To determine the SSPs related to
pathogenicity, we subtracted the common SSPs form
from the search space and were left with 295 SSPs
which were uniqueto M. oryzae considered aspotentia
candidatesrelated to pathogenicity (Fig. 1). Further to
validate these candidates in silico, we performed
TBLASTN against the M. oryzae EST databasetaking
these 295 SSPs as query and found that 266 SSPs of
them showed hit against different infection stage ESTs
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of M. oryzae (Fig. 1, Table S1). Expression of these
SSPs during infection stage is suggestive of their role
in patogenicity. Role of the rest 29 SSPs in
pathogenicity, which did not show hit against any
infection stage ESTs of M. oryzae (Fig. 1, Table S1),
also cannot be ruled out owing to the fact that the M.
oryzae EST database containing only 4234 ESTs and
hencethere are possibilities of missing few geneswhich
are expressed at a very low level or for a very brief
time point. These 295 SSPs are distributed in all the
seven chromosomes of M. oryzae. Their molecular
weight varied from 4.83 kDa (M0-01337_10) to
22.90kDa (M0-00977_1) (Table S2). Among al the
chromosomes, chromosome 2 contained the most
(21%), while chromosome 5 contained the | east (8%)
number of SSPs. 3% of the SSPs were not mapped in
any of the chromosomes (designated as ‘UM’ for
unmapped) (Fig. 2).

We performed phylogenetic analysis of the
identified SSPswith 1000 bootstrap and retained nodes
having > 40% consensus value which resulted in
identification of 43 clusters(Fig. 3A and 3B). Thetree
shows patchy distribution of the SSPs with many
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Fig. 2. Chromosome-wise distributions of the selected SSPs. Absolute number of SSPs in each chromosome are shown in

the parentheses.
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Fig. 3. Phylogenetic tree constructed using amino acid sequences of the SSPs show patchy distribution. Bootstrap consensus
tree containing nodes values 40% or more are depicted in blue (A). Consolidated tree depicting distinguishable the

clustered patches, marked as C1 to C43 (B).

unclustered SSPs, a typical feature of phylogenetic
distribution of pathogenic effectors (Condon et al.,
2013; Stergiopoulos et al., 2012). Patchy phylogenetic
distributionisasignature of lateral genetransfer (LGT)
from other organisms (Andersson et al., 2006). We
hypothesize that such patchy phylogenetic distribution
of the SSPsisindicative of an ancient event of gaining
pathogenicty related SSP-encoding genes from other
organisms through LGT when M. oryzae adopted
pathogenic lifestyle.

The physicochemical properties of a protein
aredetermined by the properties of its constituent amino
acids, cumulatively, which in turn determine its
biological function. We analyzed the physicochemical
properties based on amino acid composition bias of
the SSPs using COPid software (Kumar et al., 2008)
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and ExPASy server which yielded several interesting
findings. To study the composition biasit was necessary
to define some thresholds by which SSPs can be
grouped in different classes, such as, enriched or
depleted of aparticular amino acid or agroup of amino
acids. However, thereisno consensus availablein the
literature to set such threshold values (Sperschneider
et al., 2013). For example, small cysteinerich proteins
havetypically been used asacriterion to define effector
proteins (Brown et al., 2012; Mueller et a.; 2008;
Saunderset al., 2012). Traditionaly, it has been defined
as proteins containing less than 150 amino acids
(Kamoun, 2006) having at least four or more cysteine
residues(Elliset al., 2009). However, many of the small
cysteinerich proteins do not conform to these criteria
So, again we had to define the threshold val uesfor our



purpose. We hypothesi zed that, the average frequency
of twenty standard amino acids in the proteins
submitted in the UniProtK B database is the average
frequencies of standard amino acids in naturally
occurring proteins (f,), based on the logic that
UniProtKB is a very rich database of proteins
containing nearly 82 million entries and representing
every domain of life (Magrane and UniProt consortium
et al., 2011; Jain et al., 2009). We define richness and
depletion when the group under study depicted > 25%
increment or reduction in frequency, respectively, from
f,- We analyzed these physicochemical propertieswith
mature SSPs (i.e., after removal of N-terminal SP), as
during the process of secretion, thesignal peptide gets
truncated form the secreted proteins by proteolytic
processing (Rehm et al., 2001; Rafigi et al., 2000).

Among the 295 SSPs, 11% wererich in polar
[f(DERKQN) >39%, whilef = 31.56%)] amino acids
(Table S3), 18% were rich in aromatic [f(FYWH)
>13%, whilef = 10.13%)] amino acids(Table $4), 2%
were rich in aliphatic [f(IVL)e”28%, while f =
22.49%)] amino acids (Table S5), 47% were rich in
smal [f(EHILKMNPQV) >66%, while f = 52.46%)]
andtiny [f(ACDGST) >43%, whilef = 34.04%)] amino

a

iz

Oryza Vol. 51 No.3, 2014 (183-194)

acids (Table S6) and 16% wererich in bulky f(FRY W)
>17%, whilef = 13.39%] amino acids(Table S7) (Fig.
4A). Secreted proteinrichin small and tiny amino acids
are the features traditionally associated with effector
proteins (Sperschneider et al., 2013). Beside these, 18%
of the SSPs were found to be hydrophaobic (GRAVI
value >0) (Table S8) while 82% were found to be
hydrophilic (GRAVI value < 0) (Table S9) (Fig 4A).
Hydrophilic secreted proteins are typically associated
with the pathogenicity of hemibiotrophic fungi (Lee
and Rose, 2010). Proteinslike SNEL of Phytophthora
infestance which suppress PCD mediated HR in host
(Lee and Rose, 2010) and Avrlb-1 protein of P.
sojae (Douet al., 2008) belongsto thisclass. Besides,
hydrophobic proteins like hydrophobins, which are
typical to fungal kingdom, also play important roles
like host surface recognition, masking host innate
immunity etc. in pathogenicity (Bayry et al., 2012). In
fact, two of our hydrophobic SSPs (M0-02007_4 and
Mo0-01342_4) contain hydrophobin domain and one
(M0-01299 4) contain hydrophobic surface binding
domain, assuggested by pHAMMER (Finnet al ., 2011)
search against UniprotK B database. Enrichment of
these three classes, viz. small and tiny amino acidrich
secreted proteins (47%), hydrophilic secreted proteins

Fig. 4. Classification of SSPs based on different properties. Bar diagram depicting classification of proteins based on
physicochemical properties. Absolute numbers of SSPin each class are shown in parentheses (A). Pie chart showing
depicting isoelectric point based grouping of SSPs (B). Venn diagram depicting distribution of SSPs in several
classes bases of their amino acid compositional bias (C).
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(82%) and hydrophobic secreted proteins (18%), in our
selected set of 295 SSPs seemsto be quite valuablein
thisregard. Bulk of these SSPswerefoundto be neither
highly acidic (0%) nor highly basic (5%). Mgjority of
these were basic (39%), followed by neutral (32%) and
acidic (24%) nature (Fig 4B, Table S10). Thisfurther
indicates the possible diverse biological role of the
SSPs.

After analyzing the physicochemical features
based on biased distribution of group of amino acids,
we also analyzed the typical amino acid signaturesin
these SSPs which have been reported in literature to
be associated with typical effector molecules. We
observed that, out of 295 SSPs, 156 were glycinerich
[f(G) 29%, while f, = 7.07%)] (Table S11), 188 were
cysteinerich [f(G) >2%, whilef = 1.37%)] (Table S12)
and 35wererichin serine[f(S) 8%, whilef = 6.56%)]
and threonine [f(T) >7%, while f = 5.34%)] but
depletedinleucine[f(L) <7%, whilef = 9.66%)] (Table
S13). Glycine is the smallest amaino acid having no
sidechain. Hence, it often playsvery critical structural
rolesin sterically restrictive turns. Glycine enrichment
has been commonly found in fungal effectors such as
PWL series of Avr proteins of M. oryzae (Kang et al.,
1995; Sweigard et al., 1995). Cysteine enrichment, on
the other hand is a common feature of extracellular
secreted proteins because of its ability to produce
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disulfide bonds and impart enhanced stability to harsh
outside environment. Being secreted proteins, cysteine
enrichment is also a common feature in many of the
secreted proteins (Brown et al., 2012; Mueller et al.;
2008; Saunders et al., 2012). Serine and threonine
enrichment vis-a-vis leucine depletion has been
reportedin case of typelll secreted effectorsfrom plant
aswell asanimal origine (Arnold et al., 2009). Though
typelll secretion systemisabsent in fungi but funding
such related effectors is not a very uncommon event
(Sperschneider et al., 2013). To further dissect thisdata,
we constructed venn diagram using Venny software
(Oliveros, 2007) which helped in identifying
intersection points between these groups. We detected
15 SSPswhich arerichin glycine, cysteine, serineand
threonine but areleucine depleted (Table 1). Probably,
these might serve as idea effector molecules for M.
oryzae as these combine several features of typical
effector proteins.

Wetried to discover the common motif present
within the signal peptides (SP) of SSPs which are
required for secretion and could detect presence of two
different but related consensus motifs (Motifs 1 and
Motif 2) using MEME software (Bailey and Elkan
1994) (Fig 5). Motif 1 was present in 49 SSPs (17%)
with e-value of 9.20e™ and Motif 2 was present in
another 48 SSPs (16%) with e-value of 8.40e* (Table

Table 1. SSPs having high Glycine, Cysteine, Serine and Threonine content but low L eucine content

Protein ID Chr Whole Signal Mature ~ Whole Mature Glycine Cysteine Serine Thrreonine Leu
Protein Peptide protein Protein  Protein  cont. cont. cont.  cont. cont.
length length length Mol. Mol. (%) (%) (%) (%) (%)
(inamino (inamino (inamino Wt. Wt.
acids) acids) acids) (kDa) (kDa)

Mo-00144_3 1 52 18 34 5.39 3.46 11.77 0.00 8.82 882 294

Mo-00831_8 2 74 22 52 8.12 5.82 9.62 0.00 1154 11.54 192

Mo-01717_1 2 74 22 52 7.84 5.62 9.62 0.00 19.23 7.69 192

Mo-01446_1 2 75 16 59 7.51 5.89 13.56 13.56 1525 11.86 5.09

Mo-01389_1 2 82 19 63 8.31 6.43 1111 9.52 952 794 4.76

Mo-01667_6 2 85 18 67 8.94 7.12 10.45 0.00 16.42 8.96 0.00

Mo-00648_1 2 88 20 68 9.03 7.03 14.71 5.88 1471 7.35 5.88

Mo-01702_7 3 103 21 82 10.74 8.65 9.76 244 9.76 732 3.66

Mo-01765_3 3 112 26 86 11.36 8.47 9.30 0.00 930 9.30 5.81

Mo-02064_14 4 134 18 116 13.95 12.13 10.35 3.45 10.35 9.48 3.45

Mo-01426_1 6 152 23 129 16.46 14.33 11.63 6.20 11.63 8.53 233

Mo-00310_15 6 158 24 134 16.21 13.92 11.94 1.49 9.70 7.46 6.72

Mo-00481_28 7 180 23 157 18.52 16.27 10.19 255 10.83 7.64 3.19

Mo-00831_6 7 181 18 163 17.98 16.12 12.27 245 982 12.27 245

Mo-00952_14 7 184 21 163 18.03 16.09 9.82 6.75 11.04 9.20 3.68
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Fig. 5. Consensus matifs present in the N-terminal signal peptide of several selected SSPs.

S14). Level of conservation of these two motifs speaks
of their importancein the process of secretion.

Dueto thetremendousstructural and functional
diversity of SSPs, identifying them just from their
primary protein structureisvery challenging task. Still,
thereare some signature elementswhich can aidintheir
identification in silico. Here, we made an attempt to
identify a set of such SSPs from whole genome
sequence of pathogenic M. oryzaeisolate, Mo-nwi-55,
which are potentially related to pathogenicity. We
defined SSPs as pathogen derived proteins, size of
which range within 50-200 amino acids and contain
distinct N-terminal signal peptide necessary for
secretion. Thisis purely aworking definition and we
do not insist that all the SSPs must comply with it.
Neither, we claim it to be the complete or most
exhaustive list of pathogenicity related effectors,
primarily because of two reasons. Firstly, thesizerange
(50-200) which we selected was purely aworking range
selected based upon best availableliteratures, but surely
isnot an al inclusive range. For example AvrPi-tais
also asecreted effector protein but contains 223 amino
acids (Orbach et al ., 2000). Secondly, many of atypical
SSPs, such as Avr-Pii (Yoshida et al., 2009) and
Avr1Co-39 (Farman and L eong, 1998), do not contain
distinguishable N-terminal signal peptide and hence,

will be missing in our selected set of SSPs. However,
the set of 295 SSPs which we have identified in this
study contain excellent features of effector proteinsand
we expect many of these to contain crucia rolesin
pathogenecity, which will be unfolded in near future.
Besides the identification of a set of SSPs having
potential role in pathogenicity, this study also have a
broader significance. During this study we encountered
some ambiguities in the existing body of literature
which makes knowledge based identification of SSPs
difficult. In such cases, weredefined criteriato resolve
such issues with proper justifications. These criteria
are based on computable val ues and hence are befitting
to be adopted during development bioinformatic
pipelines dealing with ‘omics’ dataset. We expect such
criteriacan befollowed in other related studies dealing
with identification of patogenicity related SSPs from
the flurry of ‘omics’ data which are streaming into the
public databasein recent times.
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