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ABSTRACT 
Oryzias is a genus of teleost fish that contains more than 30 recognized species. One 

species in this genus, O. latipes, is widely used as a model animal in various fields of biological 
research. However, the transcriptomic profiles are unclear for some species in genus Oryzias. 
Here, we report transcriptome profiling of freshwater ricefish (Oryzias uwai), wherein RNA 
sequences of adult O. uwai were analyzed using a BGISEQ-500 platform with gene-annotation 
analysis. Transcriptomic data showed 58,483 unigenes with a total length, average length, N50, 
and GC content of 57,148,837, 977, and 1725 bp, and 48.40%, respectively. Unigenes were 
annotated by alignment using six functional databases: 40,335 from the National Center for 
Biotechnology Information (NCBI) Protein database, 46,456 from the NCBI Nucleotide 
database, 34,385 from Swiss-Prot, 29,919 from Eukaryotic Orthologous Groups (KOG), 34,240 
from the Kyoto Encyclopedia of Genes and Genomes (KEGG), and 10,050 from Gene Ontology 
(GO). The numbers of transcriptome coding sequences, transcription-factor coding sequences, 
and simple sequence repeats (SSRs) were 30,132, 6,184, and 8,306, respectively. To the present 
body of knowledge, we contribute data from the RNA transcriptome assembly of O. uwai, and 
our results are of importance for furthering the understanding of gene function in freshwater 
fish. 
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1. Introduction  
Ricefish, or medaka, are small teleost 

fish that belong to the Oryzias genus, 
distributed in freshwater, brackish, and 
marine environments [1, 2]. More than 25 
species in Oryzias have been recorded in East 
Asia, South Asia, and Southeast Asia [3, 4]. 
The Japanese medaka O. latipes is frequently 
utilized in many biological experiments in 
fields such as molecular genetics, evolution, 
endocrinology, and embryology [5-8]. For 
two decades, the basic knowledge derived 
from Japanese medaka, and zebrafish (Danio 
rerio), a famous model organism, has 
furthered researchers’  understanding of 
biological processes [9-12]. Among species 
related to Japanese medaka, Java medaka (O. 
Javaicus) and marine medaka (O. 
melastigma) are also used as model 
vertebrates, especially in the study of 
molecular physiology and toxicology [13-
15]. Many studies have constructed 
transcriptomes that comprise the full range of 
messenger RNA (mRNA), in order to 
unravel and elucidate gene functions, 
expression profiling, and molecular 
biomarkers in several vertebrates, including 
bony fish [16-19]. Transcriptomic data have 
already been compiled and evaluated in some 
Oryzias species, including O. latipes, O. 
javanicus, O. melastigma, and O. minutillus 
[15, 20, 21]. Despite the above studies on the 
transcriptomics of many ricefish species, 
there is little knowledge on O. uwai.  

Oryzias uwai is a small fish that 
mainly inhabits natural freshwater in small 
ponds and shallow canals in Myanmar [22] . 
A molecular report on O.  uwai published 
only the nucleotide sequences of cytochrome 
c oxidase subunit I [23]. Therefore, to 
increase the important knowledge of RNA 
transcripts in teleost fish, this study aimed to 
perform a de novo transcriptome assembly of 
O. uwai. 
 
2. Materials and Methods  

Oryzias uwai fish (originating from 
Yangon, Myanmar), characterized by 

dominant melanated lines on their pelvic 
fins, were kept in tanks containing freshwater 
without chlorine. Fish feeding was 
performed at the laboratory of 
Srinakharinwirot University, Ongkharak 
campus, Nakhon Nayok province. Oxygen 
was dissolved in the water using an air pump. 
The environment for O. uwai was set up with 
the following aquatic conditions:  pH, 6.9-
7.5; salinity, 0.01-0.05 ppt; temperature, 27-
29 °C; and dissolved oxygen, 5.8-6.4 mg/L. 
The photoperiod was 12 h of light and 12 h 
of dark. The freshwater was changed every 
three days. Fish were fed ad libitum with 
Kyorin Hikari Food for medaka (Fukuoka, 
Japan) once a day. In this study, O. uwai were 
moved to new aquaria with the above 
conditions. Adult males and females, with a 
standard length of 12-18 mm, were 
distinguished by the secondary sex 
characteristics of the anal and dorsal fins. 
Males and females were divided into separate 
aquariums.  These fish were used for RNA 
sequencing analysis. All animal experiments 
were conducted under the National and 
Institutional Guidelines for the Animal Care 
and Use for Vertebrates by the Institute for 
Animals for Scientific Purpose Development 
(IAD), National Research Council of 
Thailand (NRCT). The license was provided 
by the Animal Care and Use Committee of 
Srinakharinwirot University (SWU-A-
001.1_2563). 

For transcriptomic analysis, total RNA 
was extracted from 30 male and 30 female 
individuals using the RNeasy Mini Kit 
(Qiagen, Germany) according to the 
manufacturer’s instructions. Total RNA was 
treated with DNase I from the RNase-Free 
DNase Set (Qiagen, Germany) during RNA 
purification. The quality and quantity of 
nucleic acids were assessed by 
electrophoresis on 1% agarose gels, and the 
concentrations were measured on NanoDrop 
2000/2000c spectrophotometers (Thermo 
Fisher Scientific, MA, USA)  and confirmed 
on an Agilent 2100 Bioanalyzer (Agilent 
RNA 6000 Nano Kit). 
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For library construction, mRNAs were 
enriched from total RNA using oligo(dT)25 
beads (200 ng of RNA per sample) or random 
hexamers and ribosomal RNA (rRNA) 
depletion, which entailed rRNA 
fragmentation into 250 bp fragments.  RNA 
was reverse-transcribed to double-strand 
complementary DNA (cDNA) with reverse 
transcription using N6 random primers for 
nonpolyadenylated RNA and oligo(dT) for 
polyadenylated RNA. Second-strand cDNA 
synthesis was performed in buffer 
supplemented with deoxynucleoside 
triphosphates (dNTPs), RNase H, and DNA 
polymerase I; cDNAs were purified by 
AMPure XP beads.  cDNA libraries were 
constructed using the NEBNext kit (BioLabs, 
MA, USA). cDNA library quantification was 
measured using a Qubit 2.0 fluorometer (Life 
Technologies), and insert size was verified 
with an Agilent 2100 Bioanalyzer. 
Sequencing was conducted on a BGISEQ-
500 platform (BGI-Shenzhen, China) with a 
paired-end sequencing length of 100 bp.  

Raw reads, including low-quality, 
noisy, and adaptor-polluted reads, and reads 
with a high content of unknown bases, were 
filtered to obtain clean reads using the 
SOAPnuke v1.5.2 software [24]. Assembly 
of de novo with clean reads was performed 
with Trinity v2.0.6 (containing Inchworm, 
Chrysalis, and Butterfly), and Tgicl v2.0.6 
was used to cluster transcripts [25].  

For gene annotation, Nt (NCBI 
Nucleotide database sequence) identification 
was performed using the NCBI Basic Local 
Alignment Search Tool (BLAST) v2.2.23. 
Diamond software v0.8.31 was used for Nr 
(NCBI nonredundant protein sequences), 
Swiss-Prot (Universal Protein Resource 
Knowledgebase (UniProtKB/Swiss-Prot), 
and KOG (Eukaryotic Orthologous Groups), 
while the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) Automatic Annotation 
Server (KAAS) r140224 was used for 
KEGG. HMMER 3.0 package hmmscan was 

employed for Pfam and protein prediction. 
Blast2GO v2.5.0 was used for Pfam. Gene 
Ontology (GO)  annotation of the Nr results 
was carried out. KEGG enrichment was 
performed using GOSeq 1.10.0, whereas 
topGO 2.10.0 was used for GO, and KOBAS 
v2.0.12 was used for KEGG.  The candidate 
coding area was identified using 
TransDecoder v3.0.1.  General unigenes that 
were an important role for gonadal 
development of male and female were 
recorded and manually counted from results.  
Transcription-factor (TF)  prediction was 
mapped to the Animal Transcription Factor 
Database (AnimalTFDB2. 0 database), and 
open reading frames (ORFs) were identified 
using getorf EMBOSS: 6.5.7.0 [26]. TF 
domains were identified using hmmseach 
v3.0b [27].  

 
3. Results and Discussion  

After sequencing reads were filtered to 
obtain clean reads, de novo assembly of O. 
uwai produced 80,543 transcripts in total; the 
read length of transcripts was 66,370,692, the 
average length of transcripts was 824, and the 
GC content for all transcripts was 48.08%. 
After quality control, unigene metrics 
decreased to a total number of 58,483 
unigenes, with a read length of 57,148,837, 
an average length of 977, and a GC content 
of 48.40% in all unigenes. In the distribution 
of annotated Nr, protein sequences displayed 
a 76.73% match to O. latipes, a 2.23% match 
to Acanthochromis polyacanthus, a 2. 09% 
match to Lates calcarifer, a 1.75% match to 
Stegastes partitus, and a 17.21% match to 
other species (Fig. 1A). For KOG function, 
25 classifications involved signal 
transduction mechanisms, and “general 
function prediction only” was attributed to 
the highest number of genes. In contrast, 
“coenzyme transport and metabolism”  was 
attributed to the lowest number of genes in 
this KOG (Fig. 1B).  
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Fig. 1. Distribution of nonredundant database-annotated species (%) of Oryzias uwai in fish (A). 
Functional distribution of Eukaryotic Orthologous Groups (KOG) annotation (B). 
 
GO annotations consisted of 26 biological 
processes, 18 cellular components, and 12 
molecular functions. “Cellular process” was 
the predominant biological process. In 
contrast, “detoxification”  and “cell killing” 
were attributed to relatively few genes.  In 
“cellular component”, “cell” and “cell part” 
were attributed to a large number of genes. 
Conversely, only one gene was found for 
“other organism” and “other organism part”. 
In “ molecular function” , “binding”  was 
attributed to the highest number of genes, 
whereas “protein tag”  was attributed to the 
lowest (Fig. 2). Among KEGG annotations, 
there were four included in “cellular 
processes”, three included in “environmental 
information processing” , four included in 
“genetic information processing”, 11 
included in “human diseases”, 12 included in 
“metabolism”, and 10 included in 
“organismal systems”.  “Transport and 
catabolism” and “cellular community 
eukaryotes” were abundant in gene number 
for cellular processes.  “Signal transduction” 
was the highest in “environmental 
information processing”, and “folding, 

sorting, and degradation” was the most 
abundant in “genetic information 
processing”.  “Cancer:  overview”, “global 
and overview maps”, and “ immune system” 
were the predominant terms in “ human 
diseases” , “ metabolism” , and “ organismal 
systems” , respectively (Fig. 3). For Swiss-
Prot annotation, the length of the aligned 
genes in O.  uwai was 295, and close to that 
in zebrafish (Danio rerio; 
sp|Q6DG32|S2536_DANRE) from the 
UniProt Knowledgebase and a bit score of 
524.2. In addition, 132 aligned genes 
matched the Norway rat (Rattus norvegicus; 
sp|Q6P773|TAF1C_RAT), with an 
expectation value of 1.0 × 10−8 and a bit score 
of 61.6. For genes in both sexes, unigenes of 
males were higher than those of females in 
the annotations of Nr, Nt, and KEGG, but not 
in UniProtKB/Swiss-Prot. In males, the 
numbers of annotations of Nr, Nt, 
UniProtKB/Swiss-Prot, and KEGG were 
253, 194, 283, and 407, respectively. In 
females, the numbers of annotations of Nr, 
Nt, UniProtKB/Swiss-Prot, and KEGG were 
197, 161, 325, and 395, respectively.  
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Fig. 2. Functional distribution of Gene Ontology (GO) functional categories representing biological 
processes, cellular components, and molecular functions in O. uwai. 
 
Examples of predominant genes in males 
included testis-expressed protein 2, male-
specific lethal 1 homolog isoform, and dual-
specificity testis-specific protein kinase 1 for 
Nr and Nt, testis-expressed protein 2 and 
spermatogenesis- associated protein 1 for 
UniProtKB/Swiss-Prot, and sperm acrosome 
membrane-associated protein for KEGG. In 
females, oocyte zinc finger protein, 
choriogenin H, and zona pellucida sperm-
binding protein dominated the genes for Nr 
and Nt. Vitellogenin and zona pellucida 
sperm-binding protein were predominant in 

females for UniProtKB/Swiss-Prot. Oocyte 
zinc finger protein and zona pellucida sperm-
binding protein were detected as 
predominant genes in females for the KEGG 
annotation. Moreover, there were 70 TF 
family classifications for unigenes. The “zinc 
finger C2H2 transcription factors” (zf-
C2H2)  group was attributed to the highest 
number of genes in this family classification. 
In contrast, only one gene was found in the 
“nuclear transcription factor Y subunit beta” 
(NF-YB) and “lysosomal transcription 
factor” (NCU-G1) groups (Fig. 4).  
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Fig. 3. Annotation of unigene distribution in O. uwai using Kyoto Encyclopedia of Genes and Genomes 
(KEGG). 
 

 
Fig. 4. Transcription-factor family classification of unigenes in O. uwai. 
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 For the prediction of unigene coding 
DNA sequences (CDS), the number of CDSs, 
total length, maximal and minimal length, 
and GC content were 30,132, 29,319,330, 
11,370, 297, and 54.36%, respectively (Fig. 
5A).  For the detection of simple sequence 
repeats (SSRs) in unigenes, 20 types of 
repeated nucleotides were found (Fig. 5B). 
For single-nucleotide polymorphism (SNP) 

detection, the numbers of A/G and C/T 
variants were 34,595 and 34,181, 
respectively, with 68,776 A/G and C/T 
variants in total.  The number of A/C, A/T, 
C/G, and G/T variants were 11,362, 11,766, 
8070, and 11,711, respectively. The total 
number of A/C, A/T, C/G, and G/T variants 
combined was 42,909. 

 

 
Fig.  5. Coding- sequence length distribution of unigene number with sequence size ( A)  and simple 
sequence repeat (SSR) size distribution of O. uwai (B). 
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Within the O. woworae species, 
Mokodongan et al. [28] reported the 
succession of phylotranscriptomic analysis 
from the eyeballs of wild O. asinua, O. 
wolasi, and O. woworae associated with 
body shape and geographical variations.  O. 
uwai is distributed in various regions of 
natural freshwater in Myanmar, with 
apparent geographical differences [1, 22].  It 
was suggested that transcriptomic data are 
necessary for further examination, and a 
potential tool for creating a molecular tree on 
the basis of RNA sequencing of wild O. uwai 
populations from diverse geographical 
regions. The Nr distribution of O.  uwai 
annotated to Japanese medaka is almost 77%. 
Recently, Ngamiyom et al. [21] reported that 
the Nr distribution of O.  minulluus (Thai 
medaka) is 69.1% according to the database 
of Japanese medaka.  In O. uwai, protein 
prediction strongly supports the existence of 
conserved proteins within Oryzias, and these 
results fill a gap in the data of molecular 
studies on medaka.  Many gene functions of 
O.  uwai are consistent with those of Thai 
medaka, as reported in a previous study by 
Ngamiyom et al. [21]. According to the 
NCBI Nucleotide database, the 
mitochondrial cytochrome c oxidase subunit 
I (COI) of O. uwai shares the closed identity 
with the COI of Thai medaka compared with 
that of other Oryzias spp.  [2, 23, 29].  The 
morphology of O. uwai is quite similar to that 
of Thai medaka; the main morphological 
difference is that O. uwai has melanated lines 
on the pelvic fin, whereas Thai medaka lacks 
these markings [1]. In addition, the 
environmental habitat of O.  uwai is not 
accessible to Thai medaka [1, 22]. These 
results suggest that the molecular biological 
variation is congruent with morphological 
and geographical variation among Oryzias 
species. On the basis of annotated genes, the 
general transcriptome of O. uwai is 
consistent with that of other Oryzias species 
and many others reported for freshwater fish, 
including zebrafish, Cyprinus carpio 
(common carp), and Poecilia reticulata 

(guppy) [15, 20, 21, 28, 30-32]. In Japanese 
medaka, the DM-domain gene on the Y 
chromosome (DMY)  is the Y-specific DM 
domain of a sex-determining gene that plays 
a crucial role in male development [33]. 
DMY is absent in other Oryzias spp. [34]. In 
this study, DMY was not found in O. uwai in 
any of the functional databases. In the 
biological-process category, pigmentation 
unigenes were fewer in O.  uwai than in the 
Java medaka species group, as reported in the 
excellent study by Takehana et al. [15]. Java 
medaka has a predominant orange- yellow 
band on the caudal fin [1]. However, O. uwai 
is not colorful and lacks this orange-yellow 
band on the caudal fin [22] .  The number of 
unigenes may also correspond to 
morphological color. In males, dual-
specificity testis-specific protein kinase 1, 
spermatogenesis-associated protein 1, and 
sperm acrosome membrane-associated 
protein play a role in testis or sperm 
development [35-37]. In females, 
choriogenin and vitellogenin are known to be 
important genes for oogenesis [38], and zona 
pellucida sperm-binding protein is necessary 
for the egg surface’ s interaction with sperm 
[39]. Therefore, the genes of O.  uwai might 
correspond to gonad-specific organs of males 
and females.  In TF family classification, zf-
C2H2 was found to be associated with a large 
number of unigenes in O. uwai. zf-C2H2 
plays an important role in the regulation of 
gene expression [40]. Schep and Adryan [41] 
reported that zf-C2H2 is found in various 
metazoans, including zebrafish. The zinc 
finger proteins are widely binding to 
regulatory regions for gene expression that 
play crucial roles in biological functions of 
cells [42-44]. Therefore, this result 
confirmed that zf-C2H2 might be an 
important protein involved in gene regulation 
of this fish species.  However, at present, the 
precise function of zf-C2H2 in adult O. uwai 
remains unknown.  This zinc finger may be 
the main transcription factor for regulating 
gene expression in adult O. uwai. 
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In addition, research by Yamahira et 
al.  [45] clarified the genome of ten Oryzias 
spp. including O. uwai, which was utilized to 
understand the geobiology of 
Adrianichthyidae via molecular genetics.  In 
this study, therefore, the present data might 
fill the gap of knowledge on the molecular 
biology in O. uwai. RNA sequencing data of 
O. uwai may be crucial for advancing 
transcriptomic analysis in Oryzias fish. 

  
4. Conclusion 

To the present body of knowledge, we 
contribute data from the RNA transcriptome 
assembly of adult O.  uwai.  These data may 
provide insights that increase our 
understanding of evolutionary gene function 
in freshwater fish. 
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