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Abstract
Schizophyllum commune is a well-known mushroom forming fungi which is an edible one due to its nutritive value. It exhib-
its a special wood degrading mechanism to grow in decay matters by releasing a series of enzymes. These enzymes might 
make them an opportunistic pathogen which has been reported to infect various animals and human beings too. Although 
these fungi were identified as human and animal pathogens, their mechanisms of pathogenesis and the key virulence factors 
involved in disease establishment are not known. In this study, we reported this fungal infection in freshwater fish for the 
first time and its morphological features. Further, we employed RNA-seq technique to identify the major virulence factors 
involved in the pathogenesis in fish and the network of interaction between the identified virulence factors were analysed. 
Also, we confirmed the virulence roles of this fungus during infection by qRT-PCR analysis. This study emphasizes the 
virulence nature of the common mushroom forming food fungus and the involvement of enzymes such as phosphoinositide 
phospholipase C, hexosaminidase and few toxins such as pesticidal and insecticidal crystal proteins which opened a new 
avenue in the virulence nature of edible mushrooms.

Keywords Schizophyllum commune · Opportunistic pathogen · Mushroom forming fungi · Virulence factors · 
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Abbreviations
qRT-PCR  Quantitative real time polymerase chain 

reaction
GPY  Glucose peptone yeast extract agar
NJ  Neighbour-joining method
EF1α  Elongation factor 1α
MSA  Multiple sequence alignment
RIN  RNA integrity number

Introduction

Schizophyllum commune is a common wood-degrading 
basidiomycete fungus often found on decaying matters. In 
Asian countries like Indonesia, these mushroom fungi are 
widely cultivated because of its nutraceuticals properties 
and fleshy fruiting bodies [11]. The fast-growing nature of 
this fungus attracted researchers to study its biology and 
therefore used them as one of the efficient biotechnologi-
cal tools for the production of various glycoproteins with 
anti-tumor and immunostimulatory functions, hence it is 
termed as basidiofactory [15]. Due to the potential ability 
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of the fungus which produces various N-glycoproteins; 
extracts of this fungus are used as immunostimulants in 
broilers and aquatic organisms [5, 6]. Especially ß-glucan 
from this fungus is used to stimulate the immune system of 
fish and shellfish [4]. Recently, Pelkmans et al. [17] con-
structed a transcriptome library of S. commune to under-
stand the molecular background of mushroom formation 
and vegetative growth. They exhibited a strong ability to 
degrade plant waste using a cascade of enzyme activity 
and this set of enzymes might sometimes infect animals, 
thus acting as an opportunistic pathogen. Reports [22, 
23] suggested that S. commune can cause organ-specific 
invasive infections in brain, respiratory tract and eye; and 
also associated with allergic diseases in human especially 
in immuno-compromised patients. Moreover, the fungus 
causes osteomyelitis and subcutaneous granulomatous 
lesions on the neck of dogs [12] and the targets of the 
fungus further include various mammals including har-
bor seal [9]. There are no reports of this fungal infection 
among exotic organisms and most of the infected individu-
als are immunocompetent. Unno et al. [24] reported that 
intratracheal route of infection of S. commune in immune 
compromised mice killed all the tested mice due to mas-
sive disseminated fungal infection which clearly suggested 
that the pathogen is highly opportunistic.

Although these mushroom forming fungi were able to 
produce the fruiting bodies while cultivated in plant root-
based substrates, they do not produce many fruiting bodies 
during mammalian infections [9]. Moreover, identification of 
these fungi is highly difficult in cultural conditions, because 
the fungal hyphae lack distinct morphological features. For 
example, hyphae of S. commune may appear similar to those 
of Aspergillus [14, 18]. However, they exhibit few specific 
characteristic features such as fast growth with white-cottony 
surface morphology and they produce droplet exudates [3]. 
Although the secretory proteins present in these exudates are 
suspected to involve in the pathogenicity of these fungi in 
animal infections, the exact molecular mechanism of patho-
genicity of this genus is not yet studied. Also, there is no 
earlier report on the virulence factors and other enzymes 
that are associated with the pathogenicity of S. commune.

Taken together the above-mentioned snags in the iden-
tification of these fungi from animal infections and lack of 
knowledge on the exact mechanism of pathogenicity, we 
performed RNA-seq analysis for S. commune isolated from 
fish ulcers. This is the first confirmed report of S. commune 
infection in fish validated by molecular identification and we 
also identified various genes that are involved in pathogen-
esis and disease establishment from the fungal isolate. Fur-
ther, the chief candidate proteins with suspected virulence 
functions were predicted and the involvement of those genes 
in the pathogenesis of the fungal isolate during infection was 
confirmed by the gene expression analysis.

Materials and methods

Fungal isolation and microscopic observation

A set of striped murrel Channa striatus juveniles (25 ± 5 g) 
with notable behavioural changes such as restless move-
ment and spots of white patches were collected from a 
natural resource of Bhimavaram, Andhra Pradesh, India. 
From the spot of white patches, swabs were taken using 
sterile cotton and plated on glucose peptone yeast extract 
(GPY) agar, which is commonly used to isolate the fun-
gal pathogen from the fish infections. Although multiple 
fungal colonies were observed, one particular colony with 
white surface which invading hyphal network and it was 
predominant in all the samples; therefore, the particular 
isolate was further grown on GPY broth to study its culture 
characteristics.

Experimental challenge studies

To confirm the pathogenesis of the fungal pathogen, the 
healthy fishes were exposed to the fungal spores using co-
infection method. Briefly, healthy fishes were exposed to 
 103 spores per litre of water in co-infection aquarium for 
7 days and the fishes were transferred to another aquarium 
and maintained for 45 days. A maximum of five fishes 
were maintained per tank of 20 L capacity and the fish 
were fed ad libitum with commercial pellet diet daily at 
09.00 and 17.00 h. During this period, to induce artificial 
infection, the scales were peeled off gently, therefore the 
epidermis get exposed to water and the co-infection exper-
iment was further proceeded. Then, the infected sites were 
dissected and stored at − 80 °C until further use.

RNA isolation and fungal identification

Fungal culture grown in GPY broth was collected, washed 
with PBS and ground into fine powder with liquid nitro-
gen using sterile glass homogenizer and total RNA was 
isolated from the sample using standard Trizol proce-
dure and cDNA was synthesized using Transcriptor First 
Strand cDNA Synthesis Kit (Roche Diagnostics GmbH, 
Germany) according to the manufacturer’s protocol. Using 
the cDNA as template, RT-PCR analysis was performed 
using EF-1α specific primer set which was designed using 
Primer Quest tool (EF 1α-F1-GCC AGT ATC CCA CCT TGA 
TTT; EF 1α-R2-GTG GAC GAA CGA CGA TGT ATT). The 
PCR product was sequenced and phylogenetic analysis was 
conducted in MEGA 5.0 software using the Neighbour-
joining (NJ) method to identify the fungal species.
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Transcriptome construction

The fungal culture grown in GPY broth was collected and 
the total RNA was isolated using standard Trizol protocol. 
Further, the isolated RNA was checked for purity and integ-
rity; and the sample with maximum RNA Integrity Number 
(RIN-9.3) was selected for transcriptome analysis. Prior to 
RNA sequencing, RNA library was prepared with 1 µg of 
isolated RNA using TruSeq RNA Library Preparation Kit. 
Further, sequencing was performed in HiSeq 2500 (Illumina, 
Inc, San Diego, USA) and the raw reads were checked for 
quality parameters such as base quality score and average 
GC content using Fast QC tool. All the adapter sequences 
were removed using Cut Adapt program and the low-quality 
reads (Q < 30) were removed using Sickle tool. In addition, 
all the ncRNA and miRNA were removed using Bowtie2 
program. Finally, the resulted high-quality reads were 
assembled using de novo assembly by Trinity software.

Bioinformatics analysis and screening of effector 
proteins

De novo assembly of RNA sequences produced 33,885 
unique transcripts which are further functionally anno-
tated based on the homologous sequences in protein data-
base using blastx (translated nucleotide query) analysis. 
Sequences which exhibit E-value ≤ 1e−5 and similarity 
score ≥ 40% during homology search were annotated with 
specific functions while the others remain un-annotated. Fur-
ther, gene ontology analysis was performed to classify the 
sequences into three broad categories based on their func-
tions such as molecular, biological and cellular processes 
using Blast2Go software. To identify the most frequent 10 
organisms which are closely related to the sequence pat-
tern of the fungal isolate, organism annotation was also per-
formed. To identify the phylogenetic relationship of the fun-
gal isolate with the other related organisms and to determine 
the evolutionary status of the organism, elongation factor 
sequence along with other homologous sequences, the phy-
logenetic tree was constructed by distance tree analysis using 

NJ algorithm. The pathway network analysis of selected 
sequences involved in pathogenesis was performed using 
String online tool (https ://strin g-db.org/) and the network 
between the selected proteins involved in virulence func-
tions was determined. All the shortlisted sequences were 
submitted in EMBL database under the study PRJEB30786.

Gene expression analysis

The involvement of three selected virulence factors during 
pathogenesis of S. commune in fish was confirmed by com-
paring the expression pattern of those genes from fungus 
grown in culture medium and in animal. Fungal mycelium 
collected from culture medium grown for 5 days and simi-
larly, fungal infected site was collected from the fish after 
5 days post-infection (p.i). The gene expression analysis 
was performed by qRT-PCR analysis using LightCycler 96 
(Roche, Switzerland). Briefly, RNA was isolated from the 
fungal culture grown in vitro and in animal using standard 
Trizol method and checked for quality and purity. Further, 
1 µg of RNA sample was used as template and cDNA was 
synthesized using oligodT primer by Transcriptor First 
Strand cDNA Synthesis Kit (Roche Diagnostics GmbH, 
Germany). Using cDNA as template, the expression pat-
tern of three genes were studied by performing qRT-PCR 
analysis using Fast SYBR green kit and the primers were 
designed using Primer Quest tool (Table 1). The parameters 
of PCR experiment include: initial denaturation 95 °C for 
5 min, followed by 35 cycles of denaturation 95 °C for 5 s, 
annealing 56 °C for 20 s and extension 72 °C for 20 s, fol-
lowed by melting curve analysis between 65 and 96 °C using 
continuous acquisition. Based on the Cq values obtained 
from the experiment, the relative expression was determined 
against the elongation factor 1α, housekeeping gene using 
 2−ΔΔCT method. The results were represented as fold change. 
The fold change was calculated from the average of three 
replicates and provided. Further their significant levels were 
determined using one-way ANOVA and Tukey’s Multiple 
Range Test at 5% in SPSS (ver. 11.5).

Table 1  Primer details of selected virulence genes used for RT-PCR

Gene name Accession numbers Primer names Primer sequence

Phosphoinositide phospholipase C LR213602 ScPLC1-F1 AAC GAA CAC CTG CGG TTA CT
ScPLC1-R2 TCC TGT GTT GTC CGA GCT TC

Glycoside hydrolase family 20 LR213601 ScGH20-F3 CTG CGT TAT CAG CGC TTC AC
ScGH20-R4 GTA GTT GCG TCC AGT GTC CA

Crystal protein LR213608 ScCry6Aa-F5 CCG GTG GGA ACT TAC AGG AC
ScCry6Aa-R6 GTC GTT CGC GAC GAT ACT CT

Elongation factor-1α (internal control) GL377302 ScEF-1α-F7 TGG GAA AGG AGA AGC TCC AC
ScEF-1α-R8 CCC ACG CAT ACT TGA AGG AAC 

https://string-db.org/
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Results and discussion

Case study

The collected C. striatus juveniles exhibited an unusual 
fungal infection and visual observations showed that all the 
infected fish displayed white patches with thread like growth 
all over the infectious sites (Fig. 1). Therefore, the fungal 
culture was isolated from the infectious site and its growth 
pattern was also observed. On the 2nd day of inoculation, 
several white bead-like structures were observed through-
out the broth which later developed into individual colo-
nies. On day 4, the petri plate was completely covered with 
the fungal hyphae and the bottom of the hyphae contained 
a jelly structure that improved a strong adherence of the 
fungal colony which indicated the fast-growing nature of 
the fungal isolate. Also, few droplets were observed over 
the colonies which are later confirmed as fungal exudates 
based on earlier reports [1]. Further, the broth was filtered 
and the spore suspension was collected for the experiment. 
Since the pathogen was suspected to horizontally transmit 
from the neighbour fish, healthy C. striatus were allowed 
to acclimatize in co-infection aquarium containing fungal 
spores for 24 h and transferred to another aquarium where 
no fungal spores. Even after 30 days of exposure, no such 
infections were observed and the animals looked healthy. 
Since this fungal pathogen are opportunistic, we repeated 
the experiment with fish by artificially inducing epidermal 
wounds, then the similar kind of hyphal growth developed 
around the wound. This confirmed that the pathogen is an 
opportunistic pathogen and almost all the infected fish ulcers 
contained this fungus which clearly depicts the virulence 
nature of the fungus. Thus, it could be stated that the fungal 

pathogen causes co-infection while the fish is under immu-
nological stress.

Fungal morphology and molecular identification

Microscopic observations showed septate hyphae with short 
protrusions which are underdeveloped fruiting bodies. This 
is a unique feature of the pathogenic strain of this fungus that 
generally forms few fruiting bodies and the terminal hyphae 
showed high inter-linkages which is also a common feature 
of this fungus (Fig. 2). Based on the morphology of the fun-
gal colonies on GPY agar and microscopic observations, we 
predicted that the fungal isolate as Schizophyllum sp., how-
ever we were not able to confirm the species. Therefore, we 
performed PCR analysis and sequencing the cDNA of elon-
gation factor 1α (EF1α) using specific primers [20]. Phylo-
genetic analysis of the identified cDNA sequence showed 
that the EF1α gene is highly homologous (98.5% identical) 
with S. commune which clearly indicated that the isolate is 
S. commune (Fig. 3). Also, it is to be noted that the organism 
is evolutionarily distant from non-mushroom forming fungi 
including other basidiomycetes and ascomycetes.

Transcriptome profile of S. commune

Although this fungal species is mainly considered as edible, 
the risk of being a pathogen is not yet confirmed in aquatic 
system and also the molecular background of the pathogenic 
strain of the fungus is still unclear. Therefore, we performed 
RNA-seq analysis using de novo assembly technique and 
sequenced all the RNA transcripts. The transcriptome data 
revealed 33,886 unique transcripts out of which 25,516 
sequences showed homology with S. commune genes con-
firming that the identified fungal isolate is S. commune. 
Few other genes shared homology with other fungal spe-
cies such as Hypsizygus marmoreus and Fistulina hepatica. 
Functional annotation of the gene sequences classified the 
gene set into three major categories where 2623 genes are 
involved in biological functions, 4389 in molecular functions 
and 3336 in cellular functions (Fig. 4). Out of 33,886 tran-
scripts, 3962 sequences were novel hypothetical transcripts 
with unknown functions.

Pathogenesis network analysis

Functional annotation revealed that few proteins which 
belong to glycosyl hydrolases, haemolytic enterotoxin, 
proteins with carbohydrate binding domain and toxins are 
mainly involved in pathogenesis which might be potentially 
responsible for the pathogenicity of the fungus (Table 2). 
Pathway analysis by string network prediction revealed 
strong co-ordination between the glycosyl hydrolase pro-
teins, whereas enterotoxins remained unconnected to the 

Fig. 1  Fish tissue infected with S. commune. The white patch on the 
skin of C. striatus with fungal infection is highlighted. The infected 
site where the fungus was isolated showed clear wounds with loss of 
scales
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hydrolase pathway (Fig. 5). This finding strongly denoted 
that these GH proteins involved in a specific pathogenicity 
pathway which might be responsible for the fungus to cause 
disease in fish as well as in mammalian system as reported 
earlier [16, 19]. Most of the identified GH proteins are 
mainly involved in biosynthesis of secondary metabolites, 
therefore, we took effort to study those proteins in detail. 

Phosphoinositide‑specific phospholipase C

Transcriptome analysis revealed three isoforms of phospho-
inositide phospholipase C (PLC) such as D8Q686, D8Q6V9 
and D8QLF1. Earlier literature [8] reported that intracellular 
phospholipase enzyme, PLC1 contributes to fungal fitness 
and pathogenicity via a putative role in signal transduction 
pathways which regulate the production of stress-protecting 
pigments, polysaccharide capsule, cell wall integrity and 
adaptation to growth at host temperature. PLC1 is a eukary-
otic phospholipase protein which is similar to other fungal 
PLC1 containing the structural domains such as EF-hand 
motif, catalytic domain and active site. Domain analysis 
showed that active sites include asparagine, aspartic acid 
and glutamic acid where two histidine acts as catalytic resi-
dues and lysine and serine residues are involved in phospho-
inositide binding in all the three isoforms. Multiple sequence 
alignment of these three isoforms of phospholipase revealed 
that all the three isoforms are different in its sequence but 
shared few characteristic features such as oligo serine and 
repeated leucine–valine motifs in their sequences (Fig. 6). 
Although this feature is common among the three isoforms 
of S. commune, such features are not observed in other 

homologous PLCs from other organisms which highlight 
the uniqueness of these features in S. commune PLCs.

Hexosaminidase

Members of glycosyl hydrolase family 20 such as beta-hex-
osaminidase have been identified as potential virulence fac-
tors in many animal pathogens which are commonly absent 
in plant pathogens. These ß-hexosaminidase proteins are 
usually involved in the adhesion of the pathogens to the host. 
In S. commune transcriptome, we identified two isoforms of 
GH20 proteins with 560 amino acids and both shared 81% 
homology. Olivera et al. [16] reported that GH20 are selec-
tively present in animal pathogenic fungus and they usually 
have signal peptides at the N terminal. Recently, we reported 
the cellulose binding role of glycosyl hydrolase proteins in 
fish pathogenic fungus, Fusarium sp. [13]. The two isoforms 
identified from S. commune also exhibited signal peptide 
sequences which were predicted to get cleaved at the spe-
cific location between glycine  (G21) and isoleucine  (I22). Roy 
et al. [21] reported that β-hexosaminidase activity exhib-
ited by Tannerella forsythia, an important oral pathogen 
has a significant role in biofilm formation in combination 
with sialidase activity. In the β-hexosaminidase of S. com-
mune, there are few evolutionarily conserved motifs such 
as YRG and GGDE (Fig. 7a); those are also predicted to be 
involved in the adhesion and lysis of host cells, however the 
exact roles of these motifs are not yet known. Hatcher et al. 
[10] reported that YRG motif plays a critical role in dis-
ease which undergoes fibrinolysis, thus the presence of this 
motif might be important in the fibrinolytic activity of the 
enzyme in S. commune. ScGH20 showed homology with the 

Fig. 2  Morphological analysis. a Colony morphology of fungus grown in GPY agar medium revealing the white fungal colony with high net-
work of mycelium. b Microscopic view of terminal mycelium with high interconnected network which is a unique pattern of S. commune 
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hexosaminidase (XP_001835638.2) of Coprinopsis cinerea, 
a recently identified human pathogen [19], thus signifies 
the virulence role of these enzymes in adhesion and disease 
establishment in aquatic animals. Therefore, these groups 
of virulence factors need more attention in fungal diseases 
among fish, animals as well as human.

Toxins

Two cDNA sequences encoding two isoform proteins that 
are homologous to pesticidal crystal proteins (Cry6Aa) 
were identified. These are well-known toxins secreted by 
Bacillus thuringiensis that are used as insecticides against 

Fig. 3  Phylogeny of elongation factor-1α. Phylogenetic tree was constructed using NCBI phylogenetic tree tool. The fungal isolate is highlighted 
in black dot of the orange box and the closely related species are highlighted in other colour boxes based their family
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insects which affects the brain and other soft tissues. Multi-
ple sequence alignment (MSA) showed that there are many 
conserved residues between the bacterial toxins and Schizo-
phyllum toxins. Also, it is interesting to note that the two 
isoforms are significantly different between each other which 

shared only 42% identity with 92% coverage which signifies 
the different roles of these proteins in S. commune. In addi-
tion, the two isoforms showed homology with two different 
Cry6Aa isoforms of B. thuringiensis which showed the evo-
lutionary conservation of the two isoforms of these proteins. 
Moreover, Dementiev et al. [7] reported that cry6Aa proteins 
are structurally similar to pore-forming toxins and they also 
confirmed that the pore forming mechanism of Cry6Aa pro-
tein. Structural prediction of ScCry6Aa also confirmed that 
the protein has more alpha helices similar to that of bacte-
rial hemolysin that is responsible for the haemolytic activ-
ity (Fig. 7b). Another important toxin observed in S. com-
mune is delta-endotoxin (CytB) which is also homologous to 
insecticidal crystal protein cryET29 of B. thuringiensis [2].

Gene expression analysis

Based on the above findings, we predicted that these three 
groups of proteins might act as virulence factors might 
play important role in disease establishment and virulence 
nature of the fungus, S. commune that are responsible for 
the pathogenesis in fish as well as in other mammals. To 
confirm their involvement in pathogenesis, qRT-PCR 
analysis was performed with fungus grown in complete 
nutrient medium and fungus collected from the infected 
site in fish after 5 days p.i since we observed clear fungal 
growth at that time point. After 5 days of infection, all 
the three genes exhibited significant upregulation pattern 
in fungus collected from fish tissues than that grown in 
culture medium (Fig. 8). This confirmed the virulence 
role of these proteins in S. commune. In our earlier study, 
we found that members of glycosyl hydrolase family 20 

Fig. 4  Functional annotation of S. commune genes. Based on the functions, the genes are categorized into three major categories such as biologi-
cal functions, molecular functions and cellular components. The total number of genes involved in each function is represented in the graph

Table 2  Virulence functions of selected protein sequences predicted 
to involve in pathogenicity in S. commune based on the string data-
base analysis

Node Protein function Uniprot ID

XP_003026154 Phosphoinositide phospholipase C D8QLF1
XP_003026259 Glycoside hydrolase family 18 protein D8QLJ3
XP_003026403 Glycoside hydrolase family 18 protein D8QKW4
XP_003026761 Glycoside hydrolase family 18 and 

carbohydrate-binding module
D8QJS4

XP_003026764 Glycoside hydrolase family 18 protein D8QJS9
XP_003026766 Glycoside hydrolase family 18 protein D8QJT2
XP_003026767 Glycoside hydrolase family 18 and 

carbohydrate-binding module
D8QJT3

XP_003027782 Hypothetical protein D8QH41
XP_003028450 Hypothetical protein D8QG72
XP_003029258 Glycoside hydrolase family 18 protein D8QBG7
XP_003029321 Hypothetical protein D8QBU9
XP_003029324 Glycoside hydrolase family 18 protein D8QBV6
XP_003029616 Hypothetical protein D8QB82
XP_003031911 Hypothetical protein D8Q5Q7
XP_003032147 Hypothetical protein D8Q4J7
XP_003033723 Glycoside hydrolase family 20 protein D8PZ82
XP_003034987 Glycoside hydrolase family 20 protein D8PVQ9
XP_003035775 Glycoside hydrolase family 20 protein D8PVK0
XP_003036532 Glycoside hydrolase family 18 protein D8PPI5
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(GH20) play a major role in virulence of fish pathogenic 
fungus Aphanomyces invadans [13]. Olivera et al. [16] 
reported that GH20 plays a key role in the virulence of ani-
mal pathogenic fungus, Lagenidium giganteum, whereas 
the gene is not present in plant pathogens. Together we 
can conclude that GH20 protein is important for the patho-
genesis of Schizophyllum in fish and other mammals. Also 
this might be responsible for the opportunistic nature of 
the fungus however further studies are required to prove 

this claim. Regarding Cry6Aa expression, Zhang et al. [25] 
reported that the toxin from Bacillus thuringiensis plays a 
major role in necrosis which leads to intestinal cell lyso-
somal rupture in Caenorhabditis elegans. However, the 
pathogenesis and differential expression of the Cry6Aa 
gene is not described earlier in fungus especially Schizo-
phyllum. This finding leads to multiple questions for future 
research on the roles of these genes in the pathogenesis of 
S. commune in fish and mammals.

Fig. 5  String network analy-
sis. Accession IDs represent 
the NCBI reference protein 
sequence accession numbers. 
Details of the accession IDs 
are represented in Table 2. 
The green and yellow lines 
represent the interactions 
between the proteins. Red ball 
represent glycosyl hydrolases 
family 18 (GH18), green 
represent glycosyl hydrolases 
family 20 (GH20) and purple 
represent Bacillus haemolytic 
enterotoxin (HBL). The three 
GH20 proteins are involved in 
multiple pathways especially in 
glycosaminoglycan degradation 
and other glycan degradation. 
They are tightly connected 
with GH18 family proteins in 
amino sugar and nucleotide 
sugar metabolism. Together 
they are mainly involved in host 
tissue degradation, whereas the 
enterotoxin involved in toxicity 
probably in hemolysis. (Color 
figure online)

Fig. 6  Multiple sequence align-
ment of PLC isoform. Align-
ment of three isoforms of PLCs 
from S. commune revealed 
that the three isoforms shared 
homology within PI-PLC 
domain. Apart from the various 
conserved features such as 
phosphoinositide binding sites, 
active sites and metal binding 
sites, there are two oligoserine 
regions (Black box) and three 
Leucine–valine motifs (green 
box) which is unique for S. 
commune PLCs. The asterisk 
represents the identical amino 
acid residues, colon represents 
the high similarity between the 
residues, whereas dot represents 
the similar residues. (Color 
figure online)
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Conclusion

This is the first report on pathogenic role of S. commune in 
fish although there are few reports in mammals including 
human. However, there are no previous efforts made to 
understand the molecular background which is responsi-
ble for the pathogenesis of the fungus. Our transcriptome 
profile study revealed the multiple genes involved in the 

pathogenesis pathway and few of their differential expres-
sion pattern which confirmed that they play an important 
role in virulence nature of the fungus that is responsible 
for the disease establishment. However, detailed protein 
functional studies are required to understand the exact vir-
ulence mechanism of these proteins in fish and mammals.
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sent beta sheets and blue lines represent extended coils. Green colour 
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ing the structural importance of the motif. Blue colour spheres repre-
sent the GGDE motif present in the coil region. b Structure of cry6Aa 
toxin with 7 distinct alpha helical regions which is a conserved nature 
of the toxin. The helical regions are numbered from 1 to 7 through N 
terminal to C-terminal end of the protein. (Color figure online)

Fig. 8  Gene expression analysis of three selected virulence genes 
between in  vitro and in animal cultured S. commune. The relative 
expression of the genes, PLC1, GH20 and cry6Aa were represented 
in the graph as fold change in comparison with the media-grown 
fungus control. Their significance of the expression is represented as 
asterisk , where P < 0.05 
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