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A normalized cDNA library from spleen of Indian catfish, Clarias batrachus, was constructed with a
redundancy factor of 2.29. A total of 2045 clones from the library were single-pass sequenced, which
generated 1937 high quality ESTs with an average read length of approximately 700 bp. Based on sequence
similarities, 65 ESTs were found to be associated with immune functions, which were mainly associated with
response to stress, response to chemical stimulus, cellular response to stimulus, response to external
stimulus, immune response and regulation of response to stimulus. The immune-relevant gene for CD141,
thrombomodulin, has been identified in Teleosts for the first time. Six EST-SSRs and three SNPs were found
associated with eight immune-relevant genes. These markers associated with important immune genes
would be useful for the identification of trait associated alleles for marker-assisted selection. The
identification of the putative immune-related genes provides a meaningful framework to understand the
Indian catfish immune system and defense mechanisms.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Clarias batrachus (Clarias magur), an Indian catfish species, is
endemic to the Indian subcontinent and is distributed in Ganga and
Brahmaputra river basins in northern and north-eastern India, Nepal,
Bhutan and Bangladesh (Ng and Kottelat, 2008). It has been included
in the threatened species list due to reduction in natural population
size (Vishwanath, 2011). C. batrachus is high market value and a
preferred and potential cultivable species (Hossain et al., 2006; Sahoo
et al., 2004). The production of this species, however, is limited by its
high disease susceptibility (Kanchanakhan, 2009). The disease in
aquaculture is the end result of an interaction between three factors:
host susceptibility, pathogen virulence and environmental stressors.
Fish kept under intensive conditions are constantly exposed to a wide
range of stressors and the fish attempt to adjust physiologically.
However, any stressor that exceeds the ability of fish to adapt may be
lethal or will facilitate the infection by opportunistic pathogens
present in the water (Abiodun, 2009). This may be sufficient to
trigger off a disease in the population. Under these circumstances, fish
depend heavily on innate or non-specific immune responses (Camp
et al., 2000). A successful, appropriate innate immune response can
imple sequence repeats; SNP,
y DNA; PCR, polymerase chain
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lead to rapid elimination of pathogens long before an antibody-based
defense could potentially be mounted that may take several days to
weeks (Baoprasertkul, 2006). Therefore, an important approach to
disease prevention is to culture strains of fish with enhanced
resistance to major diseases using molecular assisted selective
breeding methods. However, genomic research of Indian catfish is
still in its infancy, and genomic resources are largely unavailable.

An essential first step in the genomic characterization of a new
species, is the generation of expressed sequence tag (EST) informa-
tion. The EST method of analysis is widely employed as an effective
means for gene discovery, gene expression profiling as well as
identification of differentially expressed genes (Xu et al., 2010). This
can form the basis for subsequent microarray design, SNP detection
and the placement of novel markers on genetic linkage maps
(Douglas et al., 2007). Putative immune-related genes including
from spleen have been identified through EST approach in Asian
seabass Lates calcarifer (Xia and Yue, 2010), miiuy croaker Miichthys
miiuy spleen (Xu et al., 2010), Chinese amphioxus Branchiostoma
belcheri (Liu et al., 2009), European seabass Dicentrarchus labrax
(Sarropoulou et al., 2009), Atlantic cod (Gadus morhua) (Feng et al.,
2009) and many other fish species. It has also identified polymorphic
DNA markers, such as microsatellites (EST-SSR) and single nucleotide
polymorphisms (SNP), in immune-relevant genes which are highly
useful for genetic mapping and comparative genome analysis of fish
(Vera et al., 2011).

In the present study, a normalized cDNA library was constructed
from C. batrachus spleen, to identify the genes involved in immune
response as a step towards understanding the molecular basis of host
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Table 1
Summary of analysis of expressed sequence tags in Clarias batrachus.

1. Total no. of clones sequenced 2045
2. No. of ESTs generated 1937
3. No. of contigs assembled 184
4. No. of sequences in contigs 423
5. No. of singletons 1514
6. No. of Unique ESTsa (3+5) 1698
7. Redundancy number 2.29
8. Total no. of immune relevant ESTs identified 65
9. ESTs with SSR and SNPs 7

a Number of putative unique transcripts equals the number of contigs plus the
number of singletons.

Table 2
Most commonly represented KEGG classification of Clarias batrachus unique immune-
related sequences.

Category Number Percentage

Ribosome 8 2.5
Protein processing in endoplasmic reticulum 8 2.5
Cytokine–cytokine receptor interaction 7 2.2
Phagosome 7 2.2
Spliceosome 7 2.2
Regulation of actin cytoskeleton 6 1.9
Chemokine signaling pathway 6 1.9
Pathways in cancer 5 1.6
Complement and coagulation cascades 5 1.6
Ubiquitin mediated proteolysis 5 1.6
Fc gamma R-mediated phagocytosis 4 1.2
Leukocyte transendothelial migration 4 1.2
Bacterial invasion of epithelial cells 4 1.2
MAPK signaling pathway 4 1.2

Categories with more than three sequences out of a total of 578 are listed. The number
(#) and percent (%) of ESTs in each category are shown.
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defense and to provide resources for mapping and comparative
genome analysis of C. batrachus immunity.

2. Materials and methods

2.1. Fish

Mature C. batrachus were obtained from commercial catches and
acclimated for 2 weeks before sample collection. Fishes of mean
weight 94.5±20.8 g (n=12,), adjudged by general appearance and
level of activity were used in the experiment. The fish were killed by
cervical incision. The spleen was aseptically removed from acclimated
fishes and frozen in liquid nitrogen until RNA isolation.

2.2. Construction of a normalized cDNA and generation of ESTs

From spleen of C. batrachus (ten individuals), a normalized cDNA
library was constructed directionally in plasmid vector pDNR-LIB
(Creator SMART cDNA Library Construction Kit, Clontech, Palo Alto,
CA, USA). Briefly, total RNA was extracted from pooled spleen tissues
(Trizol Reagent, Invitrogen, Carlsbad, CA) followed by mRNA isolation
(Oligotex mRNA Mini Kits, Qiagen, Valencia, CA, USA). First strand
cDNA was prepared using the CDS-3M adaptor (TRIMMER-DIRECT
kit, Evrogen, Moscow, Russia). cDNA was amplified by LD-PCR,
according to the Creator SMART cDNA method (Clontech) and
normalized using the TRIMMER-DIRECT protocol (Evrogen). Products
smaller than 500 bp were removed, after digestion with SfiI, using the
Chroma Spin-400 column, as described in the Creator SMART
protocol. The resulting cDNAs were directionally cloned into the SfiI
sites of pDNR-LIB (Clontech) and transformed into ElectroMAX
DH10B cells (Invitrogen) by electroporation (Gene Pulser Xcell, Bio-
Rad, Hercules, CA). The clones were screened using colony PCR
method and positive clones were sequenced from 5′ direction using
primer pDNR.F2 (Douglas et al., 2007). The sequences obtained were
cleaned using VecScreen and separate FASTA files were generated for
each EST sequence.
Fig. 1. ESTs represented by the response to stimulu
2.3. Clustering and functional annotation of ESTs

ESTs generated from C. batrachus normalized spleen cDNA library
were analyzed by cluster analysis using the CAP3 program (Huang
and Madan, 1999). The linear assembly algorithm was used and the
criteria for clustering were set at a minimum overlap of 30 bases
(default is 20 bases). After the cluster analysis, each cluster was
visually inspected to ensure fidelity of alignment to avoid pseudo-
clusters caused by repetitive elements or long strings of microsatellite
repeats. ESTs belonging to contigs and singletons were recorded.
Redundancy number was calculated as the number of clones in the
contigs divided by the number of contigs (Kocabas et al., 2002). To
establish the identities of ESTs, BLAST searches were conducted using
BLASTN and subsequently TBLASTX searches against the non-
redundant (nr) database with a BLAST cut off of 1×10−10 and
1×10−5, respectively, to confirm gene identities. All the BLAST
results were visually inspected to ensure that the matches were not
due to simple amino acid stretches or repeat regions. All sequences
were aligned using clustalW (Kocabas et al., 2002) using default
values for parameters, with pair-wise parameters set at gap opening
penalty 10, gap extension penalty 0.1 and multiple alignment
parameters set at gap opening penalty of 10, gap extension 0.2.

Gene ontology (GO) annotations for consensus and singleton
sequences were assigned using the program BLAST2GO. Consensus
and singleton sequences were submitted for GO annotation to the
BLAST2GO program (Conesa et al., 2005). The BLAST2GO program uses
BLAST to find homologous sequences for input sequences and extracts
GO terms to each hit using existing annotations. These GO terms are
assigned to the query sequence to give an assessment of the biological
process, the molecular function and the cellular compartments
s category (GO: 0050896) in Clarias batrachus.



Table 3
List of immune-relevant expressed sequence tags identified in Clarias batrachus.

S. no. Gene identity Accession
number

Length
(bp)

Similarity with
organism

Expect

Humoral immunity
1 BLNK; B-cell linker. GW836286 485 Ictalurus punctatus 7E-47
2 NFKBIA; nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha. GW492734 648 Ictalurus punctatus 5E-50
3 CD18/ITGB2; integrin beta 2 GW840364 533 Ictalurus punctatus 2.19E-49
4 Otu ubiquitin aldehyde binding 1 GW787381 1127 Salmo salar 1.06E-137
5 C-type lysozyme GW836309 650 Oreochromis aureus 4.92E-48

Cellular immunity
6 Alpha-2-macroglobulin GW836104 1279 Ctenopharyngodon idella 1.79E-95

Complement and coagulation cascades
7 Complement component 1, q subcomponent, B chain r GW840387 390 Ictalurus punctatus 5E-42
8 C6; complement component 6 GW787388 613 Danio rerio 1.18E-05
9 C7; complement component 7 GW840704 571 Danio rerio 9.74E-14
10 CFB; complement factor b [EC:3.4.21.47] GR955345

GW836313
1153
(AG)9

Cyprinus carpio 5.90E-41

Antigen processing and presenting
11 Proteasome (prosome, macropain) subunit, beta type, 9a GT271599 1070 Oncorhynchus mykiss 1.09E-80
12 Proteasome (prosome, macropain) subunit, beta type, 8 GW840607 829 Danio rerio 2.13E-133
13 Immunoglobulin light chain C region GW836241 494 Ictalurus punctatus 9.36E-13
14 Immunoglobulin heavy chain mu GT145380 574 Ictalurus punctatus 1.74E-26
15 MHC class ii beta chain GW840560 761 Leiocassis longirostris 6.17E-89
16 Ig-binding receptor FcR GW840553 644 Ictalurus punctatus 2e-27

Chemokines
17 Cc chemokine scya102 GT145384 676 Ictalurus punctatus 2.18E-41
18 Cc chemokine scya104 GW8364176 529 Ictalurus punctatus 1.1E-31
19 Cc chemokine scya106 GW836321 1026 Ictalurus punctatus 8.64E-27
20 Cc chemokine scya108 GW840690 971 Ictalurus punctatus 4.77E-16
21 Interleukin 1 beta type a GW840649 502 Ictalurus punctatus 8.88E-19
22 Interleukin-1 beta GT271596 705 Ictalurus punctatus 1.61E-53
23 Interferon regulatory factor 1 GW672562 566 Ictalurus punctatus 1E-115
24 Platelet basic protein precursor/C-X-C motif chemokine 7 GT157715 513 Ictalurus punctatus 1.20E-13

CD molecules
25 THBD, CD141; thrombomodulin GW492696 671 Gallus gallus (chicken) 9.64E-18
26 P-selectin precursor (Granule membrane protein 140) (CD62P antigen) GW707107 741 Danio rerio 3.14E-50
27 CD97 antigen-like GW840705 742 Salmo salar 5.73E-69
28 Bone marrow stromal cell antigen 2 GW707092 979 Danio rerio 5e-36
29 Tumor necrosis factor receptor superfamily, member 9 GW787379 1121 Danio rerio 6.80E-44
30 CD9 antigen GW787468 1059 Danio rerio 1.48E-37

Transcription factors
31 Forkhead box K2 GW836231 817 Xenopus laevis 6e-42
32 V-rel reticuloendotheliosis viral oncogene homolog A GW836160 386 Danio rerio 1.48E-34

Apoptosis
33 NLRP1, CARD7; NACHT, LRR and PYD domains-containing protein 1 GT271615 685 Danio rerio 9.21E-19
34 PAK2; p21-activated kinase 2 [EC:2.7.11.1] GW840560 708 Danio rerio 6.03E-32
35 PYCARD, ASC; apoptosis-associated speck-like protein containing a CARD GT271615 765 Danio rerio 3.58E-20

Unclassified
36 ACTB_G1; actin beta/gamma 1 GW836124 986 Danio rerio 8.89E-143
37 Dynamin GTPase [EC:3.6.5.5] GW836317 735 Danio rerio 8e-36
38 DOCK2; dedicator of cytokinesis 2 GR955288 661 Danio rerio 4.25E-18
39 CDC42; cell division control protein 42 GW840592 814 Salmo salar 1.47E-78
40 IRAK4; interleukin-1 receptor-associated kinase 4 [EC:2.7.11.1] GT145393

GW492690
732 Oncorhynchus mykiss 1.74E-29

41 MMP9; matrix metalloproteinase-9 (gelatinase B) [EC:3.4.24.35] GW836477
GW840427
GW840408

588 Ictalurus punctatus 2.47E-18

42 ARPC3; actin related protein 2/3 complex, subunit 3 GW840665 821 Esox lucius 4.55E-96
43 EPOR; erythropoietin receptor GW836104 964 Danio rerio 4.26E-26
44 HSP86; heat shock protein hsp 90-alpha GW775018 743 Danio rerio 1.62E-30
45 Src-like-adapter 2 GW775005 824 Danio rerio 3.97E-15
46 Novel protein vertebrate valosin-containing protein GT157698 612 Danio rerio 2.92E-09
47 Autoimmune regulator-like GT271617 679 Danio rerio 3e-25
48 Manganese superoxide dismutase GW787450 920 Hemibarbus mylodon 7.03E-107
49 Angiogenin 4 GW840656 720 Danio rerio 1.69E-21
50 WAS; Wiskott–Aldrich syndrome (eczema-thrombocytopenia) protein GW397191

GW397105
GW672526

822 Danio rerio 8.86E-07

(continued on next page)
(continued on next page)
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ncbi-n:GW397085
ncbi-n:GW707107
ncbi-n:GW840408
ncbi-n:GR955288
ncbi-n:GW840553
ncbi-n:GW787373
ncbi-n:GW840387
ncbi-n:GW787388
ncbi-n:GW840704
ncbi-n:GW836313
ncbi-n:GW836313
ncbi-n:GT271599
ncbi-n:GW840607
ncbi-n:GW836241
ncbi-n:GT145380
ncbi-n:GW840560
ncbi-n:GW840553
ncbi-n:GT145384
ncbi-n:GW836321
ncbi-n:GW840690
ncbi-n:GW840649
ncbi-n:GT271596
ncbi-n:GW672562
ncbi-n:GT157715
ncbi-n:GW492696
ncbi-n:GW707107
ncbi-n:GW840705
ncbi-n:GW707092
ncbi-n:GW787379
ncbi-n:GW787468
ncbi-n:GW836231
ncbi-n:GW836160
ncbi-n:GT271615
ncbi-n:GW840560
ncbi-n:GT271615
ncbi-n:GW836124
ncbi-n:GW836317
ncbi-n:GR955288
ncbi-n:GW840592
ncbi-n:GW492690
ncbi-n:GW492690
ncbi-n:GW840408
ncbi-n:GW840408
ncbi-n:GW840408
ncbi-n:GW840665
ncbi-n:GW836104
ncbi-n:GW775018
ncbi-n:GW775005
ncbi-n:GT157698
ncbi-n:GT271617
ncbi-n:GW787450
ncbi-n:GW840656
ncbi-n:GW672526
ncbi-n:GW672526
ncbi-n:GW672526


Table 3 (continued)

S. no. Gene identity Accession
number

Length
(bp)

Similarity with
organism

Expect

51 Mitochondrial ribosomal protein L33 GW836355 525 Esox lucius 3.46E-14
52 Collagenase 3 precursor GT145389 727 Danio rerio 8.15E-56
53 Interferon-induced protein 44 GW836354 1007 Salmo salar 4.40E-44

Stress responsive genes
54 Serpin peptidase clade a (alpha-1 antitrypsin) member 10 GW787336 1104 Danio rerio 3.72E-95
55 Cellular tumor antigen p53 GW787361 1183 Danio rerio 7.15E-23
56 Btb and cnc homology basic leucine zipper transcription factor 1 GW787371 908 Danio rerio 1.19E-50
57 Alsin GW397085 568 Danio rerio 1.93E-14
58 Stress-associated endoplasmic reticulum protein 1 GW787373 926 Salmo salar 6e-26
59 DNA mismatch repair protein mlh3 isoform 2 GT145373 681 Danio rerio 1.87E-72
60 Tnf receptor-associated protein 1 GT271588 690 Danio rerio 1.77E-110
61 Sodium-dependent neutral amino acid transporter B(0)AT3 GT271601 533 Danio rerio 2e-08
62 Calcium and integrin-binding protein 1 GW836405 435 Oncorhynchus mykiss 3.08E-16
63 Eukaryotic translation initiation factor 2-alpha kinase 1 GW840329 915 Danio rerio 1.92E-72
64 Annexin A5 GW840658 638 Ictalurus punctatus 2.35E-15
65 Pre-mRNA-processing factor 19 GW836095

GW840493
812 Ictalurus punctatus 1.25E-29

Unclassified
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represented. Annotated accession numbers and GO numbers were
derived with NCBI's QBLAST, with an expectation E-value ≤10−3

and an HSP length cut-off of 33. Contig sequences were then
annotated according to the following parameters: a pre-E-value-
Hit-Filter of 10−6, a pro-Similarity-Hit-Filter of 15, an annotation
cut-off of 55, and a GO weight of 5. Graphs were generated using
a sequence filter of 5, an alpha score of 0.6 and a 0 node score
filter. From these annotations, ESTs belonging to biological
process, molecular function and cellular components were
identified using 2nd level GO terms.

In addition, the ESTs were annotated according to the Kyoto
Encyclopedia of Genes and Genomes (KEGG) orthology (KO) by the
KEGG Automatic Annotation Server (KAAS) (Moriya et al., 2007). The
query sequences are compared against the existing genes in KEGG
using BLASTP for protein sequences and BLASTX and TBLASTN for
nucleotide sequences. The sequences that weremost similar to existing
genes were then mapped onto the existing pathways. The sequences
were analyzed using the bi-directional best hit (BBH) method to obtain
the KO terms for the query sequences, with a blast threshold of 40.
Once genes are assigned KO identifiers or K numbers by the ortholog
annotation procedure were assigned to genes, the collective body of K
numbers was mapped to BRITE functional hierarchies.
2.4. Identification of genes involved in immune process

To identify the genes and transcripts that play an important role in
immune system process, the ESTs associated with GO terms under
immune response (GO: 0006955) and immune system process (GO:
0006955) and with response to stress (GO: 0006950) were selected.
Fig. 2. Alignment of partial deduced amino acid sequence of Clarias batrachus thrombomodu
numbers are XP_001915376.2, NP_113959.1 and XP_426101.1, respectively). Amino acid ide
are represented by (−).
Under KEGG BRITE, ESTs falling in the immune system category under
organizational systems were also short listed. Additionally the annotated
genes were searched through the IMMUNOME database (Rannikko et al.,
2007) to identify the genes involved in immune process.

2.5. Identification of EST-SSRs and EST-SNPs

Identification of repeat motifs within the EST sequences identified
under immune response was performedwith the programMsatfinder
http://www.genomics.ceh.ac.uk/msatfinder/ (Thurston and Field,
2005) with all the default values. The threshold limit for di-, tri-,
tetra- and penta-nucleotide repeats was 6, 5, 5 and 5, respectively. For
identification of SNPs, the CAP3 assembled contigs having at least
three member ESTs were manually screened for the presence of SNPs,
to rule out the putative SNPs, represent sequence errors and nature of
polymorphism was identified.

3. Results and discussion

In the present study, the EST approach was used to identify the
immune-related genes expressed in C. batrachus spleen, which is
regarded as a major immune organ in fish. Similar to other
vertebrates, the immune system of teleosts responds to the antigen
in two ways i.e. non-specific and specific. The non-specific immune
system provides an array of protective mechanisms that are
inherently available and provide immediate protection against a
wide variety of pathogens. The magnitude of this non-specific
protection is usually consistent, regardless of the type of pathogen
or the number of times the pathogen infects the animal. The
lin with Equus caballus, Rattus norvegicus and Gallus gallus (GenBank or EMBL accession
ntity is represented by dots and gaps introduced into sequences to optimize alignments

http://www.genomics.ceh.ac.uk/msatfinder/
ncbi-n:GW836355
ncbi-n:GT145389
ncbi-n:GW836354
ncbi-n:GW787336
ncbi-n:GW787361
ncbi-n:GW787371
ncbi-n:GW397085
ncbi-n:GW787373
ncbi-n:GT145373
ncbi-n:GT271588
ncbi-n:GT271601
ncbi-n:GW836405
ncbi-n:GW840329
ncbi-n:GW840658
ncbi-n:GW840493
ncbi-n:GW840493
image of Fig.�2


Fig. 3. Alignment of partial deduced amino acid sequence of Clarias batrachus c-lysozyme with Esox lucius, Scophthalmus rhombus, Oreochromis aureus and Ictalurus punctatus
(GenBank or EMBL accession numbers are ACO14488.1, BAF75844.1, ACF37258.1 and NP_001187718.1, respectively). Amino acid identity is represented by dots and gaps
introduced into sequences to optimize alignments are represented by (−).
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identification and characterization of genes involved in immune
response have facilitated the study of expression of genes during the
disease processes, which help in better understanding of the
mechanisms underlying disease resistance/susceptibility. The altered
expression of different cytokine and immune-related genes has been
observed following infection (Liu et al., 2011; Mohanty and Sahoo,
2010; Saurabh et al., 2011), vaccination (Gioacchini et al., 2008;
Jorgensen et al., 2008) and immuno-stimulation (Watanuki et al.,
2006).

3.1. Normalized spleen cDNA library

Normalized cDNA library from spleen of control fish was
constructed in plasmid vector having a titer of 1×106 cfu with 95%
recombination efficiency. Out of 2045 clones sequenced, after
trimming and vector removal, 1937 good sequences were obtained.
Average read length of ESTs after trimming was approximately
700 bp. Clustering of the sequences using CAP3 assembler yielded
1698 unique sequences (redundancy factor of 2.29), demonstrating
the excellent normalization achieved by this approach (Table 1). The
unique ESTs consisted of 184 unique clusters and 1514 singletons.
The normalization of the libraries presents an accurate analysis of
transcript abundance although sequences that present multiple times
in the normalized libraries presumably correspond to high abundance
transcripts.

3.2. Annotation and functional classification

Of the 576 functionally annotated and domain name containing
sequences, from multilevel analysis, sequences with GO terms
corresponding to cellular component fell into 14 categories, molec-
ular function into 17 categories and biological process into 27
categories. KEGG categories were found for 185 sequences having
Fig. 4. Alignment of partial deduced amino acid sequence of Clarias batrachus interleukin 1, b
or EMBL accession numbers are BAA24538.1, CAD12102.1, GT271596.1 and AAZ94731.1,
sequences to optimize alignments are represented by (−).
578 terms that fell into 185 pathways. Interpro terms were assigned
to 158 sequences having a total of 601 terms. Additionally 42 ESTs
showing similarity to genes and uni-genes containing domain were
found and 12 with similarity to repeat containing proteins were
detected.

3.3. Immune-relevant genes

Genes in the GO subcategories “response to stimulus and immune
system processes” are likely to be involved in the interaction of
pathogen with its host (Fig. 1). A total of 65 genes were identified,
which weremainly associatedwith response to stress (35), response to
chemical stimulus (37), cellular response to stimulus (19), response to
external stimulus (16), immune response (15) and regulation of
response to stimulus (7). These immune-relevant pathways under
which genes were identified were namely cytokine–cytokine receptor
interaction (7), phagosome (7), chemokine signaling pathway (6),
complement and coagulation cascades (5), Fc gamma R-mediated
phagocytosis (4) and leukocyte trans-endothelial migration (4). The
defense/immune-related genes that were found during this study
in normalized C. batrachus spleen transcripts are given in Table 2.
Cytokine related genes were predominant (22.8%) followed by CD
molecules (12.2%), antigen processing and presenting related genes
(10.5%) and equal proportion of humoral immunity and complement
and coagulation cascades related genes (8.7%). The immune-related
cDNAs were reported for the first time in C. batrachus and have
important role in the immune response like B-cell linker, MHC light
and heavy chains, complement components, cytokines, interleukins,
CD molecules, interferon regulatory factor 1 and tumor necrosis factor
(TNF) receptor among others (Table 3).

Similarity for one EST, accession no. GW492696, could not be
found from the fish entries in databases. Through BlastX, it was found
to have highest similarity with CD141, thrombomodulin gene from
eta with Cyprinus carpio, Carassius auratus, Danio rerio and Ictalurus punctatus (GenBank
respectively). Amino acid identity is represented by dots and gaps introduced into



Table 4
EST-SSRs and SNPs identified in immune relevant genes in Clarias batrachus.

S.
no.

Gene identity Repeat region SNP:
position
and
nature

Accession
number

1 Wiskott–Aldrich
syndrome (eczema-
thrombocytopenia) b

(CA)2GA(CA)6 419;
C↔T

GW397191
GW397105
GW672526

2 Alsin, partial (GT)6T(GT)3G (GT)4(CT)4 – GW397085
3 P-selectin precursor

(Granule membrane
protein 140) (CD62P
antigen)

(TTCT)3(TTTC)10TA(TCTT)9 – GW707107

4 Matrix
metalloproteinase-9

– 409;
C↔T

GW836477
GW840427
GW840408

5 Dedicator of cytokinesis (GT)3AT(GT)4AA(GA)9 – GR955288
6 Ig-binding receptor FcR (AATA)6 – GW840553
7 Forkhead box K2 – 660;

G↔T
GW836231

8 Stress-associated
endoplasmic reticulum
protein 1

(ATC)6 – GW787373
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Gallus gallus (accession no. XP_426101.2), with maximum score and
E-value of 85.5 and 1e−16, respectively. Maximum identity of
C. batrachus thrombomodulin was found to be 28%, 31% and 32%
with Equus caballus, Rattus norvegicus and Gallus gallus, respectively.
Thrombomodulin, CD141, is an integral membrane protein expressed
on the surface of endothelial cells and a key component of the
anticoagulant protein C pathway (Sohn et al., 2005). In humans,
thrombomodulin is encoded by the THBD gene and the protein
consists of a single chain with 5 distinct domains (Wen et al., 1987).
Alignment of the amino acids (Fig. 2) indicated that the EST
putatively encoding for thrombomodulin in C. batrachus is incom-
plete and further investigations should be made to figure out the
complete sequence of C. batrachus thrombomodulin.

Under humoral immunity, lysozyme is an important defense
molecule of leucocytic origin and is widely distributed in bacterio-
phages, microbes, plants, invertebrates and vertebrates (Jolles and
Jolles, 1984). Lysozyme is found in a large variety of animal secretions
such as mucus and saliva, in many tissues including blood and in the
cell vacuoles of plants. Lysozymes are classified into five types; only
the chicken-type (c-type) and goose-type (g-type) lysozymes have
been reported in vertebrates including fish (Saurabh and Sahoo,
2008) The g-type lysozyme may be induced for the defense against
bacterial infections, while c-type lysozyme might be the main
molecule for the house-keeping defense under normal conditions
(Ye et al., 2010). Only one EST putatively encoding for c-type was
detected from our cDNA library. Alignment with reported sequences
in other fishes indicated it to be with maximum identity of 65%, 64%
and 64% with that of Esox lucius, Scophthalmus rhombus and
Oreochromis aureus, respectively (Fig. 3).

Cytokines are low molecular weight, soluble proteins that are
produced in response to an antigen (Ag) and function as chemical
messengers for regulating the innate and adaptive immune systems.
The cytokines are pleiotropic, redundant and multifunctional. Cyto-
kines bind to specific receptors on the membrane of target cells,
triggering signal-transduction pathways that ultimately alter gene
expression in the target cells. Cytokines are subdivided into different
families such as lymphokines, interleukins, growth factors, inter-
ferons and chemokines. Interleukin-1β (IL-1β) is a pro-inflammatory
cytokine that is involved in the process of inflammation as well as the
induction of other immunomodulatory cytokines in fish as well in
mammals (Pressley et al., 2005). It is a key mediator in response to
microbial invasion and tissue injury and can stimulate immune
responses by activating lymphocytes or by inducing the release of
other cytokines capable of triggering macrophages, NK cells and
lymphocytes (Low et al., 2003). The increase in IL-1β gene expression
may induce mucus secretion and activation of macrophages and up-
regulate the expression of a number of NK-κB-dependent genes
(Lindenstrøm et al., 2004). Comparison of the amino acid sequence of
C. batrachus interleukin 1 beta type a (accession no. GW840649) from
this study with that of other fishes showed 70%, 48%, 43% and 41%
identity with Ictalurus punctatus, Danio rerio, Carassius auratus and
Cyprinus carpio (Fig. 4). Phylogenetic analysis of the teleost IL-1β
molecules groups them in a cluster separate from the molecules
isolated from amphibians, birds, and mammals (Huising et al., 2004).
One of the most striking differences in the amino acid sequences of
fish IL-1 β, when compared withmammalian IL-1β, is the absence of a
clear caspase 1 cut site (Zou et al., 1999).
3.4. Immune-relevant ESTs containing microsatellites and SNPs

Screening of immune-relevant EST sequences for microsatellites
identified 6 microsatellites with ≥6 repeats and 3 with SNPs
(Table 4). Out of these, 3, 1 and 2 ESTs had di-, tri- and tetra-
repeats, respectively. Wiskott–Aldrich syndrome gene was found to
contain both microsatellite and SNP. The identified microsatellites
and SNPs in this study, when polymorphic, might prove to be useful
markers in catfish genetic research, genomic mapping and for the
identification of trait associated alleles for marker-assisted selection
(Mohindra et al., 2011; Xia and Yue, 2010; Thompson et al., 1997).

In conclusion, the potential immune-related molecules identified
in Indian catfish in the present study would form a basis for a better
understanding of immunity and for developing effective strategies for
immune protection against infections. The sequences information of
markers will enable studies of the genetic variation, conservation
genetics and molecular assisted selective breeding in the future.
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