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Identification of sex-biased genes through gonadal transcriptome analysis in 

marine medaka 

Tuluğ Gülce Ataman 

Department of Fisheries Biology, The Graduate School, 

Pukyong National University 

ABSTRACT 

 
Marine medaka; Oryzias dancena is an important species in coastal areas 

of Asian distribution which has a potential of being an ideal vertebrate model 

for biological development and comparative genomic studies. Therewithal, 

increasing genomic studies feasible with aquaculture, generates a need for 

further insight especially in sex-related mechanisms such as; gametogenesis, 

gonadal development and sex determination/differentiation process in these 

species. However, for this species, the recent studies about the molecular 

process related with the sex-biased mechanisms has not been yet extensively 

studied. By using Illumina RNA-Seq technology, high-quality reads from the 

cDNA libraries of ovary (58,412,985), testis (58,605,939) and muscle 

(67,583,838), were assembled into 369,054 unigenes with a successfully 

annotated sequence rate with 16,548 transcripts. Identification of the candidate 
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genes were chosen through this transcriptome database analysis by using 

published literature database, trimmed mean of M values matrix (TMM) and 

differentially expressed genes (DEG’s) obtained from transcriptome analysis. 

Differential expression analysis generated 23,497 differentially expressed 

genes through the comparison of ovary and testis. Also muscle transcriptome 

against gonadal transcriptome (ovary-testis) analysis of differential expression 

was estimated as 29,556 genes in total, which gave us a wide range of potential 

sex-biased sequence database. Sex biased genes were analyzed and compared 

through categorizing them as sex-enriched genes, sex-specific genes, gonad-

specific genes, TMM and differentially expressed genes in gonadal 

transcriptome. The aim of this thesis is to generate a comprehensive list of 

candidate sex-biased genes that are differentially expressed between gonads 

which will provide a better understanding of tissue-specific genes from both 

sexes by further investigations for functional studies. 
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바다송사리(Oryzias dancena)로 부터 생식소 전사체 분석을 통한 암수 

특이적 발현 유전자 탐색 

툴루 귤제 아타만 

부경 대학교 대학원 수산 생물학과 

요약 

바다 송사리 (Oryzias dancena)는 아시아 분포의 해안 지역에서 

서식하며, 생물학적 발달과 게놈 연구를위한 이상적 인 척추 동물로서의 

잠재력을 가진 중요한 종이다. 그에 따라 양식과 관련한 게놈 연구가 

증가하고 있으나 특히 성 관련 메커니즘 생식 발생 생식 샘 발달 및 성 

결정과 분화 과정과 같은 추가적 인 이해가 필요하다. 그러나,이 종에 

대해 생식선, 성 결정 및 배우자 형성의 발달 과정에 관여하는 성 

편향적인 메커니즘과 관련된 분자 과정에 리) 관한 최근의 연구로는 

부족하다. O. dancena 생식선에서 유라 된 DNA 이브러리의. 난소 

(58,412,985)7의 cDNA 라이브러리 Illumina RNA-Seq 기출을 사용하여 

고환율 (58,605,939) 및 근육 (67,583,838)을 성공적으로 측정 하였다. 

난소와 고환의 비교를 통해 23,497 개의 차별적으로 발현 하는 유전자를 

선 별했다. 또한 근육 전사체와 미성숙 전사체 (난소-고환) 발현 차이는 
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총 29,556 개의 유전자로 잠재적으로 성별에 편차가 있는.서열 

데이터베이스가 광범위하다는 것을 알 수 있다. 본 논문의 결과는 배우자 

형성, 생식기의 발달 및 성 분화에 관여하는 성 편향적인 후보 유전자의 

포괄적인 목록을 제공함으로써 향후 추가적인 기능적 연구를 위한 

유용한 기초 자료를 제공할 수 있다고 기대된다. 
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1.INTRODUCTION 

Marine medaka, Oryzias dancena, is an euryhaline teleost with an 

increasing value in aquaculture and molecular studies according to their 

physiological characteristics which can be explained with the interval between 

generations, daily spawners and spawning possibilities just 60 days after 

hatching (Inoue & Takei, 2003). Also they are considered to be an important 

model organism for transgenic studies because of their embryo transparency 

which makes them favorable for tracing gene expression using Green 

fluorescent protein (Cho et al., 2011). Studies in recent years made by Oryzias 

species have come into prominence with transgenic studies (Tanaka et al., 

2001; Cho & Nam, 2016). 

Recent researches using tissue-specific targeting of the transgene 

expression in zebrafish by using fluorescent proteins certified that the 

expression of recombinant proteins in muscle tissue from a fish doesn’t have 

a negative effect of the endogenous mylz2 mRNA which is considered as a 

favorable feature for bioreactor studies (Gong et al., 2003). 

Gene expression of temporal and spatial and variation carries information 

about genes function (Bassett et al., 1999). The tissue-specific genes are 

defined as the genes whose function and expression are limited to a cell type 

or a specific tissue. Tissue specificity definition extended by tissue selectivity 

in which the gene expression is enriched in one or more cell types or tissues 

(Xiao et al., 2010). 

Latest experiments related with sex-specific- and tissue-specific promoter 

methylation in O. latipes (Japanese medaka) demonstrated that changes in 
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methylation may affect the regulation of normal gene expression and the 

transmission of these to offspring changes is possible. This indicates that tissue 

specific expressions in gonadal tissues are crucial and can be lead to maternal 

transmission of different changes occurred in tissues (Contractor et al., 2004). 

In O. dancena, the sex is genetically determined at the time of fertilization. 

The males are heterogametic with XY chromosome composition, while 

females are of XX chromosome composition (Shibata et al., 2010). 

According to the Darwinian evolution; divergence between each species is 

crucial and one of the doctrines that is leading evolutionary biology occurs 

through sexual reproduction which causes variation between two sexes within 

differences amongst morphological, behavioral and physiological traits (Grath 

& Parsch, 2016). In theory, evolution of both sexes should be subject to the 

same forces that causes the natural selection, sexual selection and genetic drift 

(Parsch & Ellegren, 2013). 

Some of the causes of sex-biased expression can be explained, with sexual 

antagonism, gene duplication, dosage compensation and expression of sex-

limited chromosomes. Recent studies have shown that, in addition to gene-

specific processes such as regulatory element evolution and gene duplication, 

chromosome-wide processes such as dosage compensation have an important 

role in shaping sex-biased gene expression (Parsch & Ellegren, 2013). 

Latest studies show that distinctness between individuals of the same sex has 

lesser differences comparing to the male and female individuals. Regarding to these 

components; sex-biased gene expression can be explained through morphological 

differences between two sexes which caused by the differentially expressed genes 

that are present in both male and female in wide variety of tissues of each individuals. 

Differentially expressed genes between both sexes causes most of the sexually 
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dimorphic characteristics and these genes with sexually dimorphic expressions are 

defined as sex-biased genes. These differentially expressed genes can be expressed 

in both sexes while the expression level can be higher than the other sex which is 

referred as sex-enriched genes. Also genes may be expressed in only one sex can be 

referred as sex-specific genes. These genes are also can be divided in two definitions 

as male-biased and female-biased. The genes that are expressed equally in both sexes 

are defined as sex-biased genes (Ellegren & Parsch, 2007). However, a gene’s sex 

bias is not fixed and it can vary among tissues or change within different 

developmental stages (Parsch & Ellegren, 2013). 

Recent advances in genomics, such as RNA sequencing (RNA-seq), have revealed 

the nature and extent of sex-biased gene expression in diverse species (Parsch & 

Ellegren, 2013). RNA sequencing (RNA-Seq) ensures the comparison of the 

expression levels within thousands of genes between samples (in multiple tissues 

within an organism) which reveals that sex had greater influence on the divergence 

on the gene expression more than genotypical and age related components (Jin et al., 

2001).  

Increasing amount of studies from various species on sex related genes through 

large scale of gonadal transcriptome analysis includes remarkable information that 

can be useful for further functional and developmental researches on several 

disciplines.  

The first whole genome sequenced by an early next-generation sequencing 

technology was the GS 20 (Margulies et al., 2005). Next-generation 

sequencing’ likely to sanger sequencing, has constant steps of nucleotide 

incorporation, followed by a detection step where the output, either light or 

pH indifference is being detected and afterwards it comes into elutriation 

phase where blocking terminators are removed. However, these steps are 

performed in parallel on millions of DNA fragments. What made possible this 
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parallelization of the process was the invention of flow cells, where the 

different DNA fragments are spatially separated. 

Prior to loading the DNA fragments onto the sequencing machine, the DNA 

is converted into a library of DNA fragments. During this process the DNA is 

fragmented and a set of platform specific adaptors are ligated on to the DNA 

fragments. Once the library is loaded, the fragments attach to the 

complementary adaptors that are on the flow cell. Then the fragments are 

amplified in situ on the flow cell. This amplification step is needed to provide 

sufficient signal during each DNA reaction step. Currently, four next-

generation sequencing platforms are available: Roche 454, Illumina, SOLiD 

and Ion Torrent. Which of these platforms differ in their, sequencing 

approaches, amplification step and output (Pillai et al., 2017).  Among all these 

platforms Illumina is the most widely used platform. 

Recent studies made in two commercially important species; Atlantic 

halibut (H. hippoglossus) and Guppy fish (P. reticulate) for the purpose of 

enlightening mechanism behind sex-biased genes states that gonads between 

two sexes have significant difference regarding their expression levels on 

different genes and miRNA expressions (Bizuayehu et al., 2012; Qian et. al, 

2014). 

There are studies for the purpose of enlightening sex-biased mechanisms in 

O. dancena using gonadal tissues pointing out Sox3 gene as the male-

determining factor which highly expressed in male gonads (Takehana et. al, 

2014) and a novel Choriogenin H Isoform (odChgH) which was also highly 

expressed in ovary tissues (Lee et. al, 2012). One of the latest expression 

profiling in Oryzias species (O. melastigma) through Illumina RNA 

sequencing (RNA-Seq) for miRNA transcriptome analysis in brain, liver, and 
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gonads from sexually mature male and female suggests different expression 

patterns between gonads of each sexes (Lau et al., 2014). However, there is a 

need to identify a wide range of database for sex-biased genes in O. dancena. 

By using Illumina RNA-Seq technology, high-quality reads from the 

cDNA libraries of ovary (58,412,985), testis (58,605,939) and muscle 

(67,583,838), were assembled into 369,054 unigenes and muscle 

transcriptome analysis was used as a control group to be able to define gonadal 

transcriptome analysis. 

In brief, on the basis of these findings indicates that, tissue-specific patterns 

of gene expression are fundamental to establishing and preserving tissue 

identity and function. Study of sex-biased gene expression through RNA-Seq 

analysis should provide a wide range of data that, in conjunction with genetic 

and epigenetic data, will help elucidate the regulatory mechanisms controlling 

sex-biased expression. This study will provide a high range of data of sex-

biased genes in O. dancena by the information of their differential expression 

and tissue-specifity, later to be used for developing tissue specific promoters 

for recombinant protein production.   
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2.MATERIALS AND METHODS 

2.1 Ethics Statement, Experimental species and sample collection 

Oryzias dancena was maintained in recirculating aquarium tanks equipped 

with sand filtered salt water with 10 per mill (ppt) Salinity at 25 ± 1 C° with 

continuous aeration and natural photoperiod at the Institute of Marine Living 

Modified Organism, Pukyong National University, Busan, Korea. O. dancena 

were fed with a commercial diet 3 times a day. After the sexual maturation 

occurred testis, ovary and muscle tissues were dissected out from medaka 

males and medaka females that were euthanized with an overdose of tricaine 

methanesulfonate (MS-222) and unfertilized eggs were collected from five 

females, of which the abdomens were pressed gently to discharge the eggs into 

glass dish. The collected sample were immediately frozen and stored at -80 

prior to RNA extraction. All animal research procedures were approved by the 

Animal Ethics Committee of Pukyong National University and performed 

according to the guidelines for the care and use of laboratory animals. 

2.2 RNA Isolation, Library Construction and Illumina Sequencing 

Total RNA was extracted by using RNeasy Plus Mini Kit (Qiagen, Hilden, 

Germany) following the manufacturer’s instructions. The concentration and 

quality of each RNA sample were examined using a NanoDrop-2000 

spectrophotometer (Thermo Scientific, Waltham, MA, USA), and the integrity 

of RNA was checked by ethidium bromide staining of 28S and 18S ribosomal 

bands on a 1% MOPS formaldehyde agarose gel. Also the quality and quantity 

of RNA-seq library was confirmed by using a Bioanalyzer 2100 (Agilent 

Technologies) (Figure 1). 

Sequencing and construction of the library was carried out by DNA link 

Inc. cooperation in Korea. (http://www.dnalink.com/korean/index.html). The 

http://www.dnalink.com/korean/index.html
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cDNA library construction performed by using muscle, testis and ovary tissues 

of Oryzias dancena was sequenced by using Illumina HiSeq 2500 platform 

and paired-end reads were generated. Equal amounts of high-quality RNA 

samples of each tissue were used to synthesize a cDNA library. Briefly, 

mRNA was purified from total RNA and used as templates to synthesize the 

first-strand and the second-strand cDNA, according to the protocol of TruSeq 

RNA sample preparation kit v.2 (Illumina, San Diego, USA) and cDNA was 

cut into short fragments following the TruSeq RNA sample preparation guide. 

After the process of end repair and the addition of poly(A), the short fragments 

were ligated with sequencing adapters and enriched by PCR amplification to 

construct the cDNA library templates. Finally, the library was inserted into the 

channels of the Illumina HiSeq™ 2500 for sequencing (Figure 1). 
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Figure 1: Experimental flowchart from RNAseq analysis of O.dancena ovary, muscle and 

testis transcriptome analysis.  
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2.3 Illumina Read processing and De novo assembly  

The raw reads obtained by Illumina sequencing were processed to be able 

to obtain clean reads by removing; low quality bases in both end of the reads 

(N ratio > 5 %), unknown nucleotides and indexing adaptors by using 

Trimmomatic v0.32 tool. After the trimming process, FastQC v0.10.1 program 

was used by running Perl program quality of the remaining raw reads were 

verified to be able to find out any impurities in the raw reads to be able to 

obtain clean reads which was later stored in FASTQ format.  

De novo transcriptome assembly of clean reads of all tissue libraries was 

aggregated to be able to constitute a reference genome by using the Trinity 

Assembler v2.2.0 which is defined as a software series that assemblies the 

transcriptomes by using short reads. Following the assembling process, the 

transcripts from ovary and testis libraries were merged, clustered and 

afterwards, the duplicates were removed by using CD-HITest (v4.6.1).  

Bench-marking universal single-copy orthologues (BUSCO) analysis was 

used to obtain quantitative assessment of the annotation.   
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2.4 Functional assignment, Ontology analysis and annotation of the 

transcripts 

Determining the functional annotation of de novo assembled 

transcriptomes were analyzed by Trinotate software through Trinity suite 

(Grabherr et al., 2011). Trinotate includes multiple analysis through 

Blastp/Blastx against reference sequence databases (e-value < 10-6 ). PFAM to 

find out the protein domains by using HMMER v3.101 (Finn et al. 2013).  

Annotations were made through Uniprot and eggNOG/GO Pathways database 

(Apweiler et al., 2004).  Nonredundant transcripts aligned against NCBI 

database later to be processed by Blast2GO analysis to be able to determine 

related GO annotations of unigenes for analyzing in three different ontologies; 

biological process (BP), cellular component (CC) and molecular function (MF) 

(GO; http://www.geneontology.org/).  

Comparison of the annotated sequences based on their sequence similarity 

was carried out through GO analysis. Functional classification and metabolic 

pathway analysis was performed using online annotation server KEGG (Kyoto 

Encyclopedia of Genes and Genomes) (https://www.genome.jp/kegg/kaas/).  

Prediction of ribosomal RNA was analyzed through RNAmmer. The 

prediction of open reading frames (ORFs) and Peptide coding regions was 

analyzed using TransDecoder scripts. 

2.5 De novo assembly and Transcriptome sequencing 

Construction of cDNA libraries derived from Oryzias dancena by using 

ovary, testis and muscle, which was carried out by using Illumina HiSeq2500. 

The total reads were estimated as 184,602,762 from 3 different cDNA libraries 

of ovary, testis and muscle. Total reads count in each stranded cDNA libraries 
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which are for muscle; 67,583,838, for ovary; 58,412,985 and for testis; 

58,605,939.  

Through raw reads, the total clean reads were obtained, amount of 645,13 

transcript contigs (average) in total 254,962,138 assembled bases which were 

assembled from the clean reads through Trinity assembler (Grabherr et. al, 

2011). These reads may be either paired-end or single-end but paired-end 

sequence data are preferred since they are able to guide more distant 

connections between regions of transcript isoforms during assembly (Haas et 

al., 2013). 
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Redundant genes 20,119 

Redundant transcripts 26,158 

Remain genes 281,659 

Remain transcripts 369,054 

Table 1: Stats based on all transcript contigs  
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Sequencing (Library 

type; 101x2 stranded) 

Ovary Testis Muscle 

Total reads 58,412,985 58,605,939 67,583,838 

Mapping rate 85% 91% 90% 

Isoform Read count > 0 251,642 287,609 263,888 

Isoform FPKM > 1 56,430 69,191 61,776 

 

Table 2: Denovo transcriptome assembly and sequencing demographics. 

(*Reference: Denovo transcriptome assembly results of 369,054 isoforms of 

O. dancena)  
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After the removal of 26,158 redundant transcripts and 20,119 redundant 

genes by using CD-HIT-EST tool, 369,054 non-redundant transcripts as 

281,659 genes were obtained as a representative of total trinity genes in the 

number of 301,778 and GC ratio of 45.38 %.  

To be able to avoid false-positive results caused by computational methods 

for estimating transcript abundance from RNA-seq data which are systematic 

errors stem largely from a failure to model fragment GC content deviation, we 

used Kallisto for quantifying abundances of transcripts from RNA-Seq data, 

or more generally of target sequences using high-throughput sequencing reads 

(Teng et al., 2016) ( https://pachterlab.github.io/kallisto/). 

Authenticity of the non-redundant transcripts were determined by using 

BUSCO v3.0.2 software by the comparing through eukaryote dataset as a 

reference to be able to obtain a reliable de novo assembles.  

https://pachterlab.github.io/kallisto/
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Figure 2: Species distribution of mostly aligned species according to the Blast 

results. 

According to the BLAST results most homologies between aligned sequences 

from each species were; Oryzias latipes (64%), Larimichthys crocea (%5) and 

Stegastes partitus (%3).  
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Figure 3: Number of the transcripts and distribution of bp length in transcriptome analysis. 

*The length distribution of the transcriptome assembly from O. dancena was shown and number of 

transcripts indicates the proportion of sequences with matches in Unigene database is greater among the 

shorter assembled sequences (200 bp to 300 bp). Specifically, match efficiency was increased for 

sequences longer than 1,000 bp, whereas the match efficiency decrease to about for those ranging from 

500 to 1,000 bp and for sequences between 1500 to 2000 bp  
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2.6 Trinotate annotation 

All functional annotations were performed by using sequence comparison 

with public databases through comparison of all unigenes with the NCBI non-

redundant protein database (NR http://www.ncbi.nlm.nih.gov/), the SwissProt 

database (http://www.expasy.ch/sprot), the NCBI non-redundant nucleic acid 

database (NT) and the Clusters of Orthologous Groups database 

(http://www.ncbi.nlm.nih.gov/COG/) using BLAST with an E-value less than 

1e-6. 

De novo assembly of RNA-seq data enables researchers to study 

transcriptomes without the need for a genome sequence; this approach can be 

usefully applied, for instance, in research on 'non-model organisms' of 

ecological and evolutionary importance, cancer samples or the microbiome 

(Haas et. al, 2013). 

Amount of transcripts annotated blast results of De novo transcriptome 

assembly of Oryzias dancena is 369,054 while the sequences without 

sequence alignments estimated as 165,765 transcripts.  
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Databases Annotated transcripts 

SwissProt/ BlastX 90,644 

SwissProt/ BlastP 57,123 

Kegg 70,356 

Eggnog 70,619 

pFAM 25,920 

Successfully Annotated genes 16,548 

 

Table 3:Functional annotations of unigenes derived from ovary, testis and muscle 

cDNA libraries of Oryzias dancena  
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2.6.1 Gene ontology analysis 

Gene Ontology (GO) terms were assigned to 16,548 annotated transcripts 

to estimate unigenes functions which was analyzed through The Blast2GO 

tool.  

All 16,548 annotated transcripts were categorized by three major GO 

functional Domains: biological process, molecular functions and the 

metabolic process. According to these predictions; 1062 (GO) terms are 

involved in biological process, 410 (GO) terms are cellular components and 

(GO) terms 224 have molecular functions.  

In the biological process category, the cellular process (GO:0009987) with 

9450 sequences, metabolic process (GO:0008152) with 9008 sequences and 

single-organism process (GO:0044699) with 7892 sequences in level 2 terms 

were the most abundant terms. 

In the molecular function category, binding (GO:0005488) with 8352 

sequences, catalytic activity (GO:0003824) with 6843 sequences and 

transporter activity (GO: 0005215) with 1174 sequences were the most 

abundant, while, in the cellular component category, cell (GO:0005623) with 

5607, membrane (GO:0016020) with 4095 sequences and organelle 

(GO:0043226) with 3564 sequences were the most abundant level 2 terms.  

Level 2 terms were used since some genes were classified into more than 

one subcategory within each of the three major categories so the sum of genes 

in the subcategories could exceed 100%.   
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Figure 4:Gene ontology classification. 

*Level 2 terms were used since some genes were classified into more than one subcategory within each of the tree 

major categories so the sum of genes in the subcategories could exceed 100 %  
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2.6.2 Functional classification based on KEEG Pathway Analysis 

Functional classification and pathway assignments were based on Kyoto 

Encyclopedia of Genes and Genomes (KEGG) Pathway database records the 

networks of molecular interactions in the cells and variants specific to 

particular organisms. This annotation served as a basis for analyzing not only 

the role of individual transcripts, but also the interaction with other genes. 

 Pathway-based analysis helps to further understand the biological 

functions and interactions of genes. Using KEGG, we annotated 70,356 

transcripts and this annotation served as a basis for analyzing not only the role 

of individual transcripts, but also the interaction with other genes. Among the 

70,356 annotated sequences, 3885 that were annotated with an enzyme code 

“ec” and a pathway code “map” for each number which were mapped to 123 

KEGG pathways.  

The top five KEGG pathways were Purine metabolism, Biosynthesis of 

antibiotics, Pyrimidine metabolism, Glycolysis / Gluconeogenesis and 

Glutathione metabolism. (Kanehisa et. al, 2004). All these pathways 

categorized Organismal Systems. Which were analyzed under the title of 11 

sub-groups; Immune System, Translation, Signal Transduction, Lipid 

Metabolism, Energy Metabolism, Carbohydrate Metabolism, Amino acid 

Metabolism, Global and Overview Maps, Nucleotide Metabolism, 

Metabolism of Cofactors and Vitamins, Xenobiotic Biodegradation and 

Metabolism. Also these sub-groups represented by 4 larger groups; Genetic 

Information Processing, Environmental Information Processing, Metabolism 

and Organismal Systems.  
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Figure 5: Kegg pathway (Functional classification and pathway assignments were based on Kyoto Encyclopedia of 

Genes and Genomes).  
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2.7 Identification of Sex-biased genes in Oryzias dancena by using DEG 

and TMM matrix expressions 

Differentially expressed genes were found through comparison amount 

between the read counts which belongs to ovary, testis and muscle tissues of 

O. dancena. Differentially expressed genes (DEG’s) were analyzed through 

edgeR v3.5.8 which enables screening the differential expression of replicated 

count data by using Bioconductor online server 

(https://www.bioconductor.org/) (Robinson et. al, 2010). While the P-value 

was determined by the false-discovery rate (FDR) (P-value>0.05) and the 

transcripts with an log2 fold change log2FC>1 and FDR<0.05 were regarded 

as differentially expressed genes. Expression differences between Ovary and 

Testis transcripts were explained through Volcano and MA Plot. Gene 

ontology (GO) annotation was performed to classify sex-biased genes. 

TMM is explained as “Trimmed Mean of M-values” which is a 

normalization method used in edgeR. According to this method samples or 

observations that have the closest average expressions to mean of all samples 

is considered as reference samples while all others are test samples. For each 

test sample, the scaling factor is calculated based on weighted mean (weighted 

by estimated asymptotic variance) of log ratios between the test and reference, 

from a gene set removing most or lowest expressed genes and genes with 

highest or lowest log ratios. 

Genes with sexually dimorphic expressions are often referred to as sex-

biased genes although considering that in this sense genes themselves are not 

biased but rather their expression is considered as biased.  

 

https://www.bioconductor.org/
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These genes include those that are expressed exclusively in one sex (sex-

specific expression), as well as those that are expressed in both sexes but at a 

higher level in one sex (sex-enriched expression). The sex-biased genes can 

be further separated into male-biased and female-biased genes, depending on 

which sex shows higher expression. Genes with equal expression in the two 

sexes are referred to as unbiased genes (Ellegren & Parsch, 2007). 

While identifying sex-biased genes, muscle transcriptome used as a control 

group. Sex-biased genes were investigated by 4 different terms; sex enriched 

genes that are expressed exclusively in one sex were analyzed as; female- 

enriched and male enriched genes. Female biased genes which are derived 

from ovary transcriptome were analyzed with differentially expressed genes, 

TMM expression of DEG’s and female specific genes.  Male biased genes 

which are derived from testis transcriptome were analyzed with differentially 

expressed genes, TMM expression of DEG’s and male specific genes. Each 

analysis was investigated with a representative top 20 group of genes which 

shows the most explicit features (Figure 1). 

All identifications of each gene were made through NCBI Blastx analysis 

and homologies were evaluated by e-value which is considered widely and 

accurate explanation of homologies between genes (Pearson, 2013). 

It is indicated that e-values and bit-scores are much more useful for 

inferring homology. 30% identity threshold for homology underestimates the 

number of homologs detected by sequence similarity between humans and 

yeast by 33% (this is a minimum estimate; even more homologs can be 

detected by more sensitive comparison methods) (Pearson, 2013). 
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Figure 6:Top 20 DEG’s between ovary vs testis expression analysis. 

*(FDR < 0.05 & log2FC > 1). (false discovery rate (FDR) and log2 Fold change log2FC). Compaired 

tissues from: Ovary vs. Testis. Compared transcripts: 23,497. Up-regulated genes: 15,299. 

Downregulated genes: 8,198 
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Figure 7: Distribution percentage of expressed transcripts in different tissues. 

*TMM (Trimmed Mean of M values) Expression Matrix counts were used to describe the mutuality and 

specifity of the transcripts obtained from 3 different tissues; Ovary, Testis and Muscle. Transcripts that 

have “0” counts in each tissue at the same time were eliminated. Designations with initials explained as: 

(A) TS: Testis-Specific; transcripts that shows expression only in testis. Amount of transcripts: 44.611 

(12,39%), (B) OS: Ovary-Specific; transcripts that shows expression only in ovary tissues. Amount of 

transcripts: 16.510 (4,59%) (C) MS: Muscle-Specific; transcripts that shows expression only in muscle 

tissues. Amount of transcripts: 21.630 (6,01%), (D) TOS: Ovary-Testis Specific: Transcripts that shows 

expression mutually only in ovary and testis. Amount of transcripts: 36.143 (10,04%), (E) MOT: 

Muscle-Ovary-Testis; Transcripts that shows expressions mutually in all tissues. Amount of transcripts: 

16.2847 (45,22%), (F) TMS: Testis-Muscle Specific: Transcripts that shows expressions mutually only 

between testis and muscle tissues. Amount of transcripts: 43.158 (11,99%), (G) OMS: Ovary-Testis 

Specific: Transcripts that shows expressions mutually between muscle and ovary tissues. Amount of 

transcripts: 35.186 (9,77%). 
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Figure 8: Gonad-biased GO Annotation terms: 

*Within Biological process category among 1062 categories 15 subcategories from Level 2 to Level 7 

were estimated directly related with sex-biased interactions mostly pertinent with reproduction which 

were assigned through GO Annotation. Gonad-biased Go Annotation explains some of the Biological 

Processes in ovary-biased and testis-biased genes  
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3.RESULTS 

3.1 Sex-enriched genes from transcriptome analysis  

Genes that are expressed predominantly in one sex compared to the other 

sex are identified as sex-enriched genes. These genes may be characteristic for 

one sex and be differentially expressed while it may not be a characteristic 

gene for one sex but still shows some expression (Figure 7D). Also genes from 

testis and muscle transcriptome with “0” TMM expression levels in genes 

from ovary transcriptome were trimmed to be able to find female-specific 

genes. 

3.1.1 Female-enriched genes  

In this study; female-enriched genes were referred as the genes from ovary 

and testis tissue transcriptome which shows more expression in ovary tissues 

than testis tissues. Female enriched genes were identified through elimination 

of muscle transcriptome, ovary-specific genes and testis specific genes (Figure 

7d). Top 20 genes which shows highest TMM expressions were chosen as a 

representative group for female-enriched genes (Table 4). 

According to the BlastX results derived from Trinotate annotation sprot and 

Blast2go; Female enriched genes have the abundancy of 

polysialoglycoproteins, ZP domain genes and hornerin genes compared to the 

male-enriched genes.  
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Table 4 Top 20 female-enriched genes from gonadal transcriptome 

*TMM expression values of male and female specific genes were compared and highest values of testis TMM 

expression levels were chosen  
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3.1.2 Male-enriched genes 

Male-enriched genes were identified as the genes from ovary and testis 

tissue transcriptome which shows more expression in testis tissues than ovary.  

Male enriched genes were explained through elimination of muscle 

transcriptome, ovary-specific genes and testis specific genes are shown in 

Figure 7 and top 20 genes which is with the highest TMM expressions were 

chosen as a representative group for male-enriched genes (Table 5). 

Male enriched genes are mostly represented by trypsin, elastase-1 and E-3 

ubiquitin proteins. Cilia and flagella associated proteins and Kelch-like 

proteins are also predominant genes found through analysis.  
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Table 5: Top 20 male-enriched genes from gonadal transcriptome. 

*TMM expression values of male and female specific genes were compared and highest values of 

testis TMM expression levels were chosen   
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3.2 Female-biased genes 

Genes that are differentially expressed in female tissues are defined as 

female-biased genes. In this study, female-biased genes were identified by 

using the comparison of differentially expressed genes against combined data 

of differentially expressed genes in Trimmed Mean of M-values (TMM 

expression Matrix) to be able to find a significant result. Also genes from testis 

and muscle transcriptome with “0” TMM expression levels in genes from 

ovary transcriptome were trimmed to be able to find female-specific genes 

(Figure 7B,7D,7E and 7G). 

3.2.1 Differentially expressed genes and TMM expression levels of Female 

biased genes 

Compared results obtained by using TMM/DEG combined expression table 

and DEG expression table gives the conclusion that different genes are 

expressed and different genes are predominant in each table of the top 500 

genes according to the annotation results. 

According to that; the results which were analyzed as in DEG 

(Differentially expressed genes) in ovary transcriptome choriogenin H-related 

proteins were abundant compared to the TMM/DEG combined expression 

data. Nevertheless, TMM/DEG combined expression data shows abundancy 

of immunoglobulin, hepcidin and zygote arrest protein compared to DEG data 

only.  
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Table 6: Top 20 DEG/TMM expression from ovary transcriptome: 

*Combined data were lined up according to the highest TMM expression values from ovary transcriptome.  



34 
 

 
Table 7: Top 20 differentially expressed genes from Ovary transcriptome. 

*(false discovery rate ;FDR and log Fold change; logFC ).  
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3.2.2 Female-specific genes from transcriptome analysis 

Female specific genes were identified by the elimination of the transcripts 

that have expression in all other tissues except ovary transcriptome by using 

TMM matrix data (Table 8) (Figure 7). 

Top 500 genes from female-specific genes were analyzed according to the 

Trinoate annotation (sprot) results. Female specific genes show abundance of 

choriogenin H-related proteins, hornerin, cythchrome p450, catepsin and 

polysialoglycoproteins. These genes are also represented in top 20 genes in 

female-specific data set.   
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Table 8: Top 20 Female-specific genes: 

*Combined data were lined up according to the highest TMM expression values which expressed only in ovary 

transcriptome   
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3.3 Male Biased genes  

Genes that are differentially expressed in male tissues are defined as male-

biased genes. Identification of male-biased genes were made by using the 

comparison of differentially expressed genes against combined data of 

differentially expressed genes in Trimmed Mean of M-values (TMM 

expression Matrix) to be able to find a significant result. Also genes from 

ovary and muscle transcriptome with 0 TMM expression levels in genes from 

ovary transcriptome were trimmed to be able to find male-specific genes. 

3.3.1 Differentially expressed genes and TMM expression levels of Male-

biased genes 

TMM/DEG combined expression table and DEG expression from testis 

transcriptome were analyzed and compared. In conclusion comparisons of 

both table gives the conclusion that different genes are expressed and different 

genes are predominant in each table of the top 500 genes according to the 

annotation results. 

In accordance with these results in top 500 genes from each data which 

were analyzed as in DEG (Differentially expressed genes) in testis 

transcriptome; septin proteins and kelch-like proteins were abundant 

compared to the TMM/DEG combined expression data. Nevertheless, 

TMM/DEG combined expression data shows abundancy of elastase, 

pancreatic alpha amylase, chymotropsin, bile-salt activated-ligase, trypsin-2-

like and kintaun compared to DEG data only. (Table: 9) (Table: 10) These 

genes were also represented in top 20 genes accordingly. However, 3 

ubiquitin-protein ligase proteins, sperm-associated antigen, protein kintoun 

and la-related genes were equally abundant transcripts in each dataset. 
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Table 9:Top 20 DEG/TMM expression from testis transcriptome. 

*Combined data were lined up according to the highest TMM expression values from testis transcriptome.  
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Table 10: Top 20 differentially expressed genes from Testis transcriptome. 

*(false discovery rate ;FDR and log Fold change; logFC)  
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3.3.2 Male-specific genes from transcriptome analysis 

Male specific genes were identified by the elimination of the transcripts 

that have expression in all other tissues except testis transcriptome by using 

TMM matrix data. 

500 genes from male-specific genes were analyzed in accordance with 

annotation results; morn repeat-containing proteins and tata-box binding 

proteins were distinctively abundant compared to the other male-biased gene 

data. E3 ubiquitin-protein ligase proteins were abundant and these genes were 

also represented in top 20 genes accordingly (Table 11).   
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Table 11: Top 20 Male-specific genes. 

*Combined data were lined up according to the highest TMM expression values which expressed only in testis 

transcriptome.  
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4.DISCUSSION 

 

One of the predominantly expressed genes in testis transcriptome is 

estimated as Trypsin which is known to be a key factor in the control of 

spermatogenesis. Furthermore, trypsin was detectable in the membranes of the 

spermatozoa and found to be associated with fertilization in fish (Miura et al., 

2009). 

According to a recent study elastase-1 also expressed in testis transcriptome 

(DEG analysis) in Oryzias melastigma (Fong et al., 2014). Elastase has been 

shown to disrupt tight junctions, cause damage to tissue complement system, 

and elastin metabolism was modulated by reproductive hormones (Chen et al., 

2005). 

Sperm-associated antigen 6 (SPAG6), which has been shown to be a critical 

protein in either the assembly or structural integrity of the sperm tail axoneme. 

It is shown that it also expressed in testis of 2-year-old adult yellow catfish 

(Lu et al., 2014). 

Protein kintoun which shows abundance in testis transcriptome is a 

cytoplasmic protein which is required for dynein preassembly function of 

motile cilia and it is one of the predominant genes found in male-specific 

transcriptome analysis (Omran et al., 2008).  

One of the common and abundant genes found in testis transcriptome was 

E3 ubiquitin-protein ligase proteins. While E3 ligase is related with nerve 

regeneration it is shown that ubiquitin protein ligases are functioning during 

spermatogenesis which is inducing histones when they must be degraded in 
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early elongating spermatids to permit chromatin condensation (Liu et al., 

2005). 

In DEG and TMM/DEG combined table pancreatic alpha-amylase-like 

protein was identified which is α-Amylase, a major pancreatic protein and 

starch hydrolase, also essential for energy acquisition (Date et al., 2015). 

Top 20 female-enriched genes and top 20 DEG/TMM expressions indicates 

a significant protein; Polysialoglycoproteins (PSGP) which were 

predominantly expressed in female-biased genes and they are found to be a 

ubiquitous component of Salmonidae fish eggs which are a novel type of 

glycoprotein. (Kitajima et al., 1986)  

While female-specific genes data shows zona pellucida genes 

predominantly, it’s also rich with choriogenin H-related protein which was 

defined as a precursor protein of the inner layer subunits of egg envelope 

(chorion) of the teleost fish, O. latipes (Murata et al., 1997). 

One of the abundant transcripts from top 20 differentially expressed genes 

from ovary was estimated from zona pellucida glycoprotein family (ZP1, ZP2 

and ZP3) which are cell surface proteins that triggers fertilization. (Table 7) 

They are specialized extracellular matrix layer surrounding the developing 

oocyte within each follicle within the ovary and the layer is comprised of the 

secretions from the follicle granulosa cells and the oocyte. The zona pellucida 

has many different roles including in fertilization (Bleil & Wassarman, 1980) 

oocyte development (Epifano et al., 1995), protection during growth and 

transport (Murayama et. al, 2006), spermatozoa binding (Huang et al., 1981), 

preventing polyspermy (Burkart et al., 2012), blastocyst development (Barnes 

et al., 1995), and preventing premature implantation (Cohen et al.,1990). A 

search of GeneBank database revealed that the zona pellucida amino acid 
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sequences derived from O. dancena transcriptome analysis were homologous 

to that of the egg envelope glycoprotein ZP3 isolated from Oryzias melastigma 

and Amphiprion ocellaris.  

Furthermore, zonadhesin, confers species-specificity to sperm-ZP adhesion 

which may be interpreted as in the ovary transcriptome analysis possibly 

indicates the close interactions between zona pellucida and zonadhesin during 

fertilization process. (Tardif et al., 2010) (Table 4-7-8) 

Ovary transcriptome was rich with transcription factor IIIA that was 

expressed in several species ovaries such as Xenopus laevis oocytes. 

(Romaniuk, 1985) (Table 7). 

Some genes like “sry-box containing gene partial” showing differential 

expressions in both gonad tissues while it is a known sox protein known for 

residing on the Y-chromosome (Whitfield et al., 1993) 

Considering all testis transcriptome analysis there is an abundance of Cilia- 

and flagella-associated proteins, la-related protein and septin proteins which 

are involved in similar mechanisms (Peterson et al., 2007).  

La-related protein 4B associates with poly(A)-binding protein and is 

required for male fertility and syncytial embryo development (Blagden et. al, 

2009) It’s isoforms also shown to be expressed in Amazon molly in its gonadal 

transcriptome (Schedina et al., 2018).  

One of the salient results between ovary and testis analysis was explicit 

expressions of s100P family occurred in both DEG analysis. There were 5 

abundant genes in ovary were estimated related with this protein family; 3 

clones of calcium-binding protein P-like and hornerin-like isoform X3. Also 

in testis; s100P-binding protein isoform X3 was estimated to be one of the top 
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DEGs. This can be explicated with a possible similarity between both (ovary 

and testis) gonadal mechanisms in O. dancena may have similar functioning 

genes through gametogenesis, developmental process or immune response. 

Further experiments needed to be able to understand similar mechanisms 

behind mutual functions during fertilization or metabolic process in O. 

dancena. 

One of the differentially expressed genes which were predominant in 

transcriptome analysis in ovary of O. dancena was estimated as hornerin 

(HRNR) which is also an s100 family protein. s100 is a part of a super family 

of Ca2± binding proteins which are known to be involved in several normal 

and pathological cell functions including inflammatory and immune responses, 

Ca2± homeostasis, protein phosphorylation and enzyme activity, gene 

transcription, the dynamics of cytoskeleton constituents and also in cell 

proliferation or differentiation (Jiang et al., 2011). 

Sex-specific natural selection favors traits that increase the survival or 

general reproductive success of individuals of the respective sex, whereas 

sexual selection favors traits involved specifically in mating (or fertilization) 

success. This includes traits that are relevant to within-sex competition, such 

as male–male or sperm competition, as well as those related to mating 

preference, such as female mate choice. In most other species, the male and 

female genomes differ by only a few genes located on sex-specific 

chromosomes (such as the Y chromosome of mammals). This implies that the 

vast majority of sexually dimorphic traits result from the differential 

expression of genes that are present in both sexes (Ellegren & Parsch, 2007). 

The study of sex-biased gene expression is relevant to several biological 

disciplines. Elucidating the molecular mechanisms that lead to sex-biased 
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gene expression is essential to understanding gene regulation, epigenetics, and 

developmental biology. Because natural and sexual selection may act 

differently on females and males, the study of sex-biased gene expression is 

also of great interest to evolutionary biologists and may provide insight into 

the evolution of genes, genomes, and sex chromosomes (Grath & Parsch, 

2016). 

RNA-Seq analysis should provide a wide range of data that, in conjunction 

with genetic and epigenetic data, will help elucidate the regulatory 

mechanisms controlling sex-biased expression. Although almost all previous 

expression studies have been conducted at the RNA level, high-throughput 

proteomic methods, such as quantitative mass spectrometry, will allow sex-

biased expression to be determined at the protein level, which can reveal the 

effects of post-transcriptional regulation. 
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