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Abstract 

Northern snakehead, Ophiocephalus argus Cantor, is an endemic freshwater fish in China. 

However, wild stocks of Ophicephalus argus are dwindling sharply. In addition, water 

conservancy projects, environmental pollution and human activities have caused the 

decrease of wild stocks, which has attracted much attention. Here, we investigated the 

genomic information of Ophicephalus argus using Illumina Hiseq4000 Sequencing. The 

transcriptomes of Ophicephalus argus were sequenced by Illumina technology. 67,564 

sequences from 79,500,964 paired-end reads were generated, 33,710 unigenes were 

annotated based on protein databases (NCBI non-redundant (NR) databases). In total, 

7,182 unigenes had the Clusters of Orthologous Group (COG) classifications, 33,710 

unigenes were assigned to 59 gene ontology (GO) terms. In addition, a total of 21,464 

SSRs (simple sequence repeats) from 67,564 unigenes and 113,518 SNP (single 
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nucleotide polymorphism) sites among 335 M Clean reads were yielded for 

Ophicephalus argus based on a transcriptome-wide search. The new transcriptome data 

that we present in this study for Ophicephalus argus will provide valuable information for 

gene discovery and downstream applications, such as phylogenetic analysis, gene 

expression profiling and identification of genetic markers (SSRs and SNP).  

Keywords: Ophicephalus argus, Illumina Sequencing, De novo assembly, Transcriptome, 

Genetic markers.  

 

Introduction 

Northern snakehead, Ophiocephalus argus Cantor, belongs to the family Channidae and 

commonly called as snakehead or murrel. Ophiocephalus argus is an endemic freshwater 

fish in China (Xiao et al. 2018). The Ophiocephalus argus is mainly distributed in 

Yangtze River systems and the lower Yellow River in China (Xiao et al. 2013). 

Ophiocephalus argus is traditional high-valued food fishes in China. The Ophiocephalus 

argus is also regarded as a good nourishing tonic, which will strengthen the spleen qi, 

nourish yin and accelerate wound healing. As the popularity of the fish has increased, this 

made the wild Ophiocephalus argus more expensive than the cultured Ophiocephalus 

argus, more and more wild Ophiocephalus argus were caught from rivers, canals, lakes 

and flooded rice fields, which caused a decrease of wild Ophiocephalus argus resources. 

In addition, water conservancy projects, water pollution and human activities have caused 

Ophicephalus argus dwindling natural resources, and even some large water bodies have 

become extinct on the fishery resources caused irreversible damage (Wu et al. 2000; Xiao 

et al. 2013). 

https://en.wikipedia.org/wiki/Family_(biology)
https://en.wikipedia.org/wiki/Channidae


 

3 

 

Information on the genetic characterization of the fish species is essential for 

conserving the genetic resource and restraining the genetic decline (Li et al. 2007; Xiao et 

al. 2015). Knowledge of the population structure and genetic diversity between 

germplasm accessions is the basic foundation for wild Ophicephalus argus. Previous 

studies focused mainly on its propagation (Landis et al. 2011), culture techniques (Huang, 

2011) and nutrition (Nie et al. 2002), only a little research on its population genetics is 

available at present (Li et al. 2010; Xiao et al. 2013; Xiao et al. 2015). Whole genome 

sequencing reveals the complete DNA make-up of an organism, enabling us to better 

understand variations both within and between species. While whole-genome sequencing 

is the most complete, it remains sufficiently expensive that cost effective alternatives are 

important. RNA-Seq is a fast and inexpensive alternative approach for finding coding 

variants in genes with sufficiently high expression levels (Chepelev et al. 2009; Cirulli et 

al. 2010). Transcriptome sequencing technology provides low-cost and high-throughput 

sequencing that have a revolutionary influence on genetic research (Li et al. 2017). 

Transcriptome studies indicated that it was feasible for plant and animal species to 

assemble and analyze the transcriptome with Illumina RNA-Seq technology (Grabherr et 

al, 2011; Sadamoto et al, 2012). As of now, only few comprehensively annotated model 

fish genomes are available, such as Danio rerio (Corredor-Ada´mez et al. 2005), 

Oncorhynchus mykiss (Le Cam et al. 2012), Gadus morhua (Johansen et al. 2011) and 

Scophthalmus maximus (Pereiro et al. 2012). Transcriptome data also provide a simple 

approach for identifying molecular markers (Li et al. 2014). In this study, Illumina 

paired-end sequencing was adopted and analyzed the transcriptome of Ophicephalus 

argus, including transcriptome sequencing, assembly and annotation. The transcriptome 
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dataset provided a good platform for gene expression profiles, genetic analysis and 

identification of genetic markers in Ophicephalus argus.  

Materials and Methods 

Investigations were conducted according to the guiding principles for the use and care of 

laboratory animals and in compliance with French and European regulations on animal 

welfare. Protocols were approved by the Rennes ethical committee for animal research 

(CREEA). The six specimens of Ophicephalus argus (Oa1, Oa2, Oa3, Oa4, Oa5, and 

Oa6) were used for the experiments. The wild stocks of Ophicephalus argus were 

collected from the Yangtze River segment of Anqing (Anhui Province, China) in 

November 2016. The six specimens of Ophicephalus argus were anesthetized with 

3-Aminobenzoic acid ethyl ester methanesulfonate (MS-222). Muscle tissues from six 

individuals were collected and immediately frozen in liquid nitrogen and subsequently 

stored at -80 °C until RNA extraction (Xiao et al. 2018). Total RNA was extracted from 

the tissue using TRIzol® Reagentaccording the manufacturer’s instructions (Invitrogen) 

and genomic DNA was removed using DNase I (TaKara). Then RNA quality was 

determined by 2100 Bioanalyser (Agilent) and quantified using the ND-2000 (NanoDrop 

Technologies). Only high-quality RNA sample (OD260/280=1.8~2.2, OD260/230≥2.0, 

RIN≥8.0, 28S:18S≥1.0) was used to construct sequencing library. RNA was sequenced 

on an Illumina Hiseq 4000 sequencer for 2×150 bp paired-end reads.  

The raw image data were converted to sequence data through Base Calling. Then, the 

reads were cleaned by removing the adapter sequences, empty reads, reads with N over 

10% using SeqPrep program and Sickle. The reads obtained were randomly decomposed 

into overlapping k-mers (default k= 25) for assembly by using Trinity software (Wan and 

http://trinityrnaseq.sourceforge.net/）(Grabherr%20et%20al.%202011;%20Wan%20and%20Su,%202015)


 

5 

 

Su, 2015) . After assembly, the open reading frame (ORF) of each unisequence was 

predicted by using Trinity software. Unisequences were used for BLAST search and 

annotation against the NCBI NR, NT, STRING database, COG, KEGG databases using 

an E-value cut-off of 10-5, respectively. Functional annotation by gene ontology (GO) 

terms was analysed by using BLAST2GO software (NCBI). Metabolic pathway analysis 

was performed using the Kyoto Encyclopedia of Genes and Genomes (KEGG). The gene 

abundances were quantified by using RNASeq by Expectation Maximization (RSEM) 

software. In addition, the enrichment analysis of GO and KEGG pathways was performed 

by using Goatools software and KOBAS 2.0 software.  

To develop polymorphic SSR markers, the assembly unigene dataset was used to 

detecting SSR loci by MicroSAtellite tool (MISA), considering di-nucleotides with 

minimum 6, tri-, tetra-, penta-, and hexa-nucleotides with 5 contiguous repeat units. In 

addition, the assembled sequences were scanned for SNPs by Samtools and Genome 

Analysis Toolkit (GATK 2.8-1). SNPs were identified with the variant allele frequency 

≥10 %, variant unique reads ≥2 and average base quality score ≥50.  

Results and discussion 

A total of 335,442,578 clean reads (50.01 Gb of data bulk) were generated from the 6 

libraries (Oa1, Oa2, Oa3, Oa4, Oa5, and Oa6) (Table 1). The number of clean reads 

ranged 50 M to 63 M. The reads with low quality, contamination, or ambiguous bases 

were removed by a cleaning procedure (Table 1). The clean reads of Ophiocephalus 

argus were available in the NCBI SRA browser (Accession number: SAP109888). The 

de novo assembly yielded a total of 107,971 transcripts (152.67 Mb), integrated into 

67,564 unigenes. 67,564 unigenes of Ophiocephalus argus were higher than the number 

http://trinityrnaseq.sourceforge.net/）(Grabherr%20et%20al.%202011;%20Wan%20and%20Su,%202015)
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of genes in Cyprinus carpio (52,610 protein-coding genes) (Xu et al. 2014) and Danio 

rerio (53,734 transcripts) (Howe et al. 2013), which could be highly expressed in muscles. 

The GC content of Ophiocephalus argus transcriptome was higher than that of the grass 

carp (Ctenopharyngodon idellus) genome (37.42%) (Wang et al. 2015). Of a total number 

of 67,564 unigenes, the 49.89% (33,710 unigenes) were annotated using nucleotide and 

protein reference databases. Transcript length of Ophiocephalus argus ranged from 200 

bp to more than 6,000 bp (Figure S1). The average size was 1,176 bp and the N50 was 

1,805 bp (Table 1). These clean reads were used for the subsequent analysis. At a cutoff 

E value of 10−5, 31,027 and 33,710 unigenes were found to show homology with 

sequences in the Swissprot and NR databases, while 21,610, 26,154, and 15,823 unigenes 

showed homology to available sequences in Pfam, KEGG, and String databases, 

respectively.  

Based on GO functional classification, the GO annotation results were reported in 

Table S1. 14,441 unigenes were assigned to 59 GO terms belonging to three main GO 

ontologies, including 14 groups in molecular function, 20 in cellular component, and 25 

in biological process (Figure 1). This result was consistent with that of yellow perch (Li 

et al. 2017). In total, 48,724 unigenes were grouped under the biological process terms, 

18,443 under the molecular function terms, and 25,574 under the cellular component 

terms. The cellular process (8,834 unigenes) and metabolic process (8,509 unigenes) 

were the most popular in the biological process category. It is mainly composed of five 

parts included the cell part (5,249 unigenes), cell (5,249 unigenes), membrane (3,674 

unigenes), organelle (2,971 unigenes), membrane part (2,754 unigenes) and 

macromolecular complex (2,694 unigenes) in the cellular component category. The 

http://cn.bing.com/dict/search?q=It&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=mainly&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=composed&FORM=BDVSP6&mkt=zh-cn
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dominant parts in the molecular function category included the binding (7,560 unigenes), 

catalytic activity (6,396 unigenes) and transporter activity (1,194 unigenes) (Table S1). In 

order to predict their possible functions, 7,182 unigenes were classified into 25 COG 

categories (Figure S2). Among these categories, the general function prediction only 

cluster represent the largest functional group (1,298 unigenes, 18.07 %), followed by 

Signal transduction mechanisms (847 unigenes, 11.79%); Posttranslational modification, 

protein turnover, chaperones (670 unigenes, 9.33%) was the third category. The 

Extracellular structures was the fewest category (1 unigene, 0.01%). 

To identify the active biochemical pathways present in the Ophiocephalus argus, a 

total of 67,564 unigenes were classified into 373 KEGG metabolic pathways using the 

KEGG database (Table S2). In total, 30,792 unigenes were categorized into 5 functional 

groups (Figure 2). The most representative functional group was Metabolism (29.41%, 

9,058), followed by “Organismal Systems” (28.95%, 8,914). The pathways with most 

representation were “Signal transduction” (4,125 unigenes, 13.40%), “global and 

overview maps” (3,213 unigenes, 10.43%), and “Endocrine system” (1,914 unigenes, 

6.22%).  

The transcriptome sequencing leads to superior resources for the development of 

molecular genetic markers, which are advantageous on functional variation and the 

signature of selection in genomic scans or association genetic studies (Buermans and 

Dunnen 2014). SSRs markers are considered an indispensable molecular tool for genetic 

diversity assessment, paternity determination and genetic map development (Singh et al. 

2016). From the 67,564 assembled unique sequences, a total of 21,464 SSRs were 

identified in 14,997 unigene sequences. About 22.2% of the Ophiocephalus argus 
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transcriptomic sequences possess microsatellites. Monomer repeats (13,472, 62.76%) 

were the most common SSRs, followed by di- (5328, 24.82%), tri- (2334, 10.87%), tetra- 

(253, 1.18%), pentanucleotide (9, 0.04%), and hexa- nucleotide repeats (7, 0.03%). After 

excluding the single nucleotide repeats, the AC/GT (70.84 %), AG/CT (18.35 %), AT/AT 

(10.45%) and CG/CG (0.36%) repeats were the most frequent motif 

types of di-nucleotide, respectively. The AGC/CTG (22.42 %) and AAT/ATT (16.70 %) 

were the most frequent motifs of trinucleotide repeats (Table S3). SNPs are the most 

abundant markers that are evenly distributed throughout genome, which offer a useful 

alternative to SSR in high density marker studies (Houston et al. 2014). To identify 

putative SNPs among the six Ophiocephalus argus genotypes, we aligned high-quality 

reads on the reference using Samtools and Genome Analysis Toolkit (GATK) software 

with mapping quality cutoff of 50. A total of 335,442,578 clean reads (50.01 Gb of data 

bulk) were generated from the 6 libraries (Oa1, Oa2, Oa3, Oa4, Oa5, and Oa6) (Table 1). 

A total of 113,518 SNPs were identified (Table S4). The SNP types contained C/T 

(30,494) and A/G (30441) transitions (Ts), A/T (15,879), A/C (12,802), T/G (12,657) and 

C/G (11,245) transversions (Tv) were identified (Table S4). The transitions/ transversions 

( Ts/Tv) ratio was 1.16. This is as expected in the sense that transitions occur more 

readily due to the molecular mechanisms underlying them (Christmas et al. 2015). These 

SNP positions distribution contained first codon, second codon, third codon, 5-UTR, 

3-UTR and uncertain were confirmed in the assembled sequences. The SSRs and putative 

SNPs of Ophiocephalus argus transcriptome would provide potential genetic markers for 

germplasm resources, population genetics and adaptive evolution in Ophiocephalus 

argus. 
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Figure Legends 

Table 1 Summary of sequencing data of Ophiocephalus argus transcriptome 

HiSeq statistic Oa1 Oa2 Oa3 Oa4 Oa5 Oa6 

Total reads 51192436 53445876 60272232 59862866 53706350 64961248 

Total bases (Gb) 7.73 8.07 9.10 9.04 8.11 9.81 

Error% 0.0137 0.0133 0.0130 0.0137 0.0137 0.0134 

Q20% of reads 97.27 97.44 97.61 97.22 97.28 97.43 

Q30% of reads 93.33 93.73 94.06 93.27 93.32 93.64 

GC% 48.76 48.59 48.54 48.10 48.96 48.92 

Clean reads 49886496 52232076 59026124 58361072 52422444 63514366 

Clean bases (Gb) 7.44 7.78 8.81 8.69 7.82 9.47 

Error% 0.0124 0.0121 0.0119 0.0124 0.0124 0.0122 

Q20% of clean reads 98.31 98.40 98.49 98.29 98.27 98.36 

Q30% of clean reads 94.95 95.24 95.45 94.94 94.88 95.12 

GC% 48.70 48.55 48.49 48.05 48.92 48.87 

Assembly statistics (all the clean reads from the 6 libraries were together assembled) 

 unigene transcripts 

Total sequence num: 67,564 107,971 

Total sequence base: 79,500,964 152,673,117 

Percent GC: 44.53 44.73 

Largest: 59,219 59,219 

Smallest: 201 201 

Average: 1176.68 1414.02 

N50: 1805 2160 

N90: 581 681 
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Figure 1 Gene Ontology classification. 
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Figure 2 The enriched KEGG pathways analysis. The KEGG annotated sequences to 

different ontologies are shown. The different bars represent different functional 

categories. A: metabolism; B: genetic information processing; C: environmental 

information processing; D: cellular processes; E: organismal systems. 
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Supporting information 

Table S1 Blast2GO analysis of the different annotations reveals that the most abundant 

GO terms for Ophiocephalus argus. 

Table S2 KEGG pathways present in the Ophiocephalus argus transcriptome. 

Table S3 Numbers of SSR repeat types in Ophiocephalus argus. 

Table S4 List of SNP loci identified in 6 libraries (Oa1, Oa2, Oa3, Oa4, Oa5, and Oa6). 

Figure S1 Length distribution of the unigene sequences for Ophiocephalus argus 

transcriptome. 

Figure S2 COG annotation of putative proteins. 7,182 unigenes could be classified into 

25 categories. 


