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Abstract 

Sox4, a member of the SoxC subfamily of the Sox family, plays important roles in the 

development of the vertebrate gonad and nervous system. We have cloned a Sox4 

homologue from the brain of Misgurnus anguillicaudatus using homologous cloning and 

rapid amplification of cDNA ends. We named the cloned gene MaSox4. The full-length 

cDNA was 2122bp, containing a 718 bp 5'-untranslated region and a 267 bp 

3'-untranslated region. The open reading frame of the cloned gene encoded 378 amino 

acids, and contained a characteristic HMG-box DNA-binding domain with the specific 

motif (RPMNAFMVW). Phylogenetic analysis indicated that MaSox4 is highly 

homologous to Sox4 in different species. Protein sequence analysis showed that MaSox4 

is a non-secretory hydrophilic protein. Quantitative real-time reverse transcription PCR 

and in situ hybridization assay revealed that MaSox4 was ubiquitously expressed during 

embryogenesis, and that is present in various adult tissues especially in the central 

nervous system. Our study suggests that MaSox4 is highly conserved among vertebrates 

evolution and mighty be involved in developmental processes such as embryogenesis, 

neurogenesis, and gonad development. 

Keywords: Cobitidae; SoxC; Embryogenesis; Neurogenesis; Gonad development 
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Introduction 

 

The Sox (SRY-related genes) gene family was first identified in 1990 as a group of genes 

related to the mammalian testis determining factor Sry, based on the conservation of a 

79-amino acid DNA-binding high mobility group (HMG) box (Gubbay et al. 1900). A 

number of SRY-related genes containing an HMG-box (Sox) have been isolated and have 

been classified into 10 subgroups (A–J) (Wright et al. 1993; Bowles et al. 2000). 

Previous studies suggest that Sox genes have diverse and dynamic expression patterns 

during embryogenesis, and that are expressed differently in a variety of adult tissues 

(Focareta et al. 2016; Watanabe et al. 2016). These genes are involved in various 

developmental processes, including sex determination, embryonic stem cell development, 

neurogenesis, skeletogenesis, haematopoiesis, cardiogenesis and angiogenesis (Gao et al. 

2015; Zhou et al. 2015; Baroti et al. 2016; Otake et al. 2016; Rizzino et al. 2016; Lilly et 

al. 2017; Mu et al. 2017). 

Sox4 is a member of the group C of Sox proteins, which contain a conserved 

C-terminal transcription activation domain (Bowles et al. 2000). During development, 

Sox genes are widely expressed in neuronal progenitors in the brain and other tissues 

(Bhattaram et al. 2010; Penzo-Mendez 2010; Mu et al. 2012; Paul et al. 2014; Mu et al. 

2017). During neurulation in amphioxus, SoxC is expressed in the neural ectoderm and 

archenterons (Lin et al. 2009). Sox4 is expressed in the branchial arches and craniofacial 

in mouse and chick embryos (Maschhoff et al. 2003). Moreover, Sox4 is expressed in 

multiple embryonic tissues, including the retina (Usui et al. 2013; Pillai-Kastoori et al. 

2014; Wen et al. 2015). In mice, knocking out Sox4 leads to a significant loss of retinal 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=19802739
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ganglion cells and of other retinal neurons (Jiang et al. 2013). In the large yellow croaker, 

Sox4 plays an important function in the development of the nervous system, the visual 

system, and the heart (Jiang et al. 2016). Some studies imply that Sox4 over-expression is 

a biomarker for poor prognosis in patients with breast cancer, non-small cell lung cancer, 

chondrosarcoma, hepatocellular carcinoma, and human prostate cancer (Liu et al. 2006; 

Liao et al. 2008; Lu et al. 2015; Song et al. 2015; Wang et al. 2015). There is abundant 

information on Sox4 structure and function in mammalian species, but limited 

information is available in fish.  

Misgurnus anguillicaudatus (Cypriniformes; Cobitidae) is a fresh water teleost that 

is widely distributed along the eastern coasts of Asia. M. anguillicaudatus is known as 

“Ginseng in water”, due to its high content of amino acids, taurine, vitamins, and 

minerals. Moreover, M. anguillicaudatus is used in traditional medicine to treat hepatitis, 

osteomyelitis, carbuncles, acute inflammation, and the migration of leukocytes in vivo. 

Recently, the market demand of M. anguillicaudatus has been growing for traditional 

medicine and for human consumption (Zhang et al. 2014; Lee et al. 2015; Zhu et al. 

2016). M. anguillicaudatus provides a good model for research on fish evolution, because 

of its small genome. Thus, it would be of great scientific and commercial value to 

understand the gene regulatory mechansims of M. anguillicaudatus. In this study, we 

obtained the full-length sequence of the M. anguillicaudatus Sox4 cDNA using rapid 

amplification of cDNA ends (RACE) protocol. We used quantitative real-time reverse 

transcription PCR (qRT-PCR) to analyse the distribution of Sox4 in different tissues and 

early embryonic development. Furthermore, in situ hybridization was carried out to 

investigate the cellular component of Sox4 expression. These results will provide 
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fundamental information for further functional investigations of Sox4 in M. 

anguillicaudatus. 

 

Materials and methods 

 

Animals 

 

Adult M. anguillicaudatus were collected from wetlands in the old course of the Yellow 

River, Yanjin County (Henan, China). Females and males were induced to mate by 

intramuscular injection of human chorionic gonadotropin hormone, and fertilized eggs 

were allowed to develop until use. We observed the embryos under a dissecting 

microscope and divided into different stages. Regarding the developmental stages of M. 

anguillicaudatus, we are distinguished according to Xia et al. (2013). Embryos of certain 

stages were collected in triplicate for further experiment. Adult individuals (ten months 

old, length 8–10 cm) were acclimatized in laboratory environment for 48 h before the 

sampling, after which six individuals (three males and three females) were randomly 

selected for the tissue sampling of heart, liver, kidney, whole brain and gonads. Animal 

maintenance and handling procedures followed the recommendations of the Association 

of Animal Behaviour and national regulations (Guidelines for the Use of Animals). The 

samples were quick-frozen in liquid nitrogen and then stored at −80℃ for further 

experiment. 

 

Cloning of MaSox4 cDNA 



 

 6 

 

Total RNA was isolated from 30 mg of samples using Trizol reagent (RNA Extraction Kit, 

Invitrogen, CA, USA) according to the manufacturer’s manual, and DNA contamination 

was removed by DNase I (Roche, Indianapolis, IN) treatment. RNA sample quality was 

checked in agarose gel 1%. Total RNA from each sample was reverse-transcribed using 

the Prime Script reverse transcriptase (Takara, Dalian, Japan) as the manufacturer’s 

protocol. Sequences of Sox4 genes were retrieved from GenBank (www.ncbi.nlm.nih.gov) 

and multiple-aligned by DNAMAN. Degenerate primers were designed based on the 

conserved regions of the HMG-box domain (Table 1). PCRs were in 20 μl containing 0.2 

mM dNTPs, 2.0 mM MgCl2, 20 μM each primer, 1U Taq DNA polymerase, and 1 µg 

brain cDNA. Amplification conditions were 95°C, 5 min, followed by 35 cycles at 94°C 

(40 s), 56°C (60 s), and 72°C (60 s), ending with extension at 72°C for 10 min. The 

amplified PCR product was separated on 1% agarose gels. The PCR product was purified 

and ligated into pGEM-T Easy Vector (Promega company, USA). The colony formed by 

transformation was cultivated in DH5α (RBC Life Sciences, Korea), and plasmid DNA 

was extracted using a LaboPass Plasmid DNA Purification Kit (Cosmo, Korea), detected, 

and sequenced. The remaining unknown untranslated regions (UTRs) were obtained by 5′ 

and 3′ rapid amplification of cDNA ends (RACE) using the RACE Core Set (TaKaRa) 

according to the manufacturer’s protocol. Subsequent cloning of RACE products was 

performed as described above. All primers used are listed in Table 1. 

 

Sequence analysis 
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The full-length cDNA sequence of MaSox4 was assembled based on overlapping region 

of each fragment. Homologous nucleotide and protein sequences were confirmed through 

using the BLAST program (http://www.ncbi.nlm.nih.gov/BLAST/) (Johnson et al. 2008). 

Multiple alignments of amino acid sequences were performed using the Clustal Omega 

(http://www.ebi.ac.uk/Tools/msa/) (Sievers et al. 2011). The potential protein domain of 

amino acid sequence was predicted via SMART server (http://smart.embl-heidelberg.de/) 

(Letunic et al. 2015). A phylogenetic tree was constructed using MEGA 6.0 based on the 

result of the protein sequence alignment (Tamura et al. 2013). The Physico-chemical 

parameters of the deduced MaSox4 amino acid sequence such as the properties of the 

amino acid residues, the molecular weight, and the theoretical isoelectric point (pI) was 

analysed with online ProtParam tool at ExPASy (http://expasy.org/tools/protparam.html) 

(Wilkins et al. 1999). The secondary structure was predicted with DNAStar software 

(https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html) (Geourjon et 

al. 1995), the tertiary structure was predicted with SWISS-MODEL software 

(http://www.swissmodel.expasy.org) (Biasini et al. 2014). The online ProtoScale program 

(http://expasy.org/tools/protscale.html) was used to analyse the protein hydropathy profile. 

The online SignalP 4.0 Server (http://www.cbs.dtu.dk/services/SignalP-4.0/) was used to 

predict the signal peptide of the MaSox4 protein (Petersen et al. 2011). 

 

Quantitative real-time RT-PCR 

 

In order to quantify the relative expression of MaSox4 in various tissues and different 

stages of developing embryos, a qRT-PCR assay was performed on an ABI 7500 

http://www.ncbi.nlm.nih.gov/BLAST/
http://www.cbs.dtu.dk/services/SignalP-4.0/
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real-time PCR detection system (Applied Biosystems, Branchburg, New Jersey, USA) 

with SYBR green fluorescent label. All samples were analysed in three replicates and all 

the reactions were independently repeated twice to ensure reproducibility. All 

quantitative real-time amplifications were performed as described in Xia et al. (2013) 

using the following gene specific primers shown in Table 1. Data were normalized to 

β-actin levels, the expression level of which remains relatively constant in all the 

developmental stages and tissues examined. The 2-ΔΔCt method was used to analyse 

MaSox4 expression levels (Livak et al. 2001). All data were expressed as the mean ± 

standard error of the mean and analysed with SPSS 16.0 (IBM, USA) for the one-way 

analysis of variance (One-way ANOVA) and T-test. The statistical significant differences 

were shown at p < 0.05. 

 

In situ hybridization 

 

The fragment amplified by 3′RACE was cloned to the pGEM-T vector (Promega) and 

linearized with SalI and NcoI (Takara), respectively. Antisense or sense digoxigenin-UTP 

labeled RNA probes were synthesized using T7 or Sp6 polymerase by in vitro 

transcription (DIG RNA labeling kit; Roche). 

Whole-mount in situ hybridization (WISH) was performed as described (Wilkinson 

1992; Zhou et al. 2005). The embryos were observed and photomicrographed with a 

stereo microscope (Olympus Corporation, Shinjuku, Tokyo, Japan). In situ hybridization 

of the gonads was also performed (Bertwistle 1999; Wang et al. 2004). Observed and 

photomicrography were performed by optical microscope (Olympus Corporation, 
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Shinjuku, Tokyo, Japan). 

 

Results 

 

Cloning and structural analysis of MaSox4 

 

From brain of M. anguillicaudatus, we cloned the full-length MaSox4 cDNA fragment as 

2122 bp though cloning HMG-box firstly with degenerate RT-PCR strategy, followed by 

RACE technique (GenBank: KY673795). The sequence analysis shows it includes an 

1137 bp open reading frame (ORF), and a 718 bp 5' terminal UTR and a 267 3' UTR. The 

initiation codon (ATG) and stop codon (TAG) were present at 719th and 1853th positions, 

respectively. The ORF encoded a putative protein of 378 amino acids with a specific 79 

amino acids HMG-box DNA-binding domain which have the characteristic peptide 

(RPMNAFMVW, residues 59–67) (Supplementary Fig. 1). 

Peptide sequence analysis shows protein MaSox4 has a theoretical pI of 6.61 and 

molecular weight of 40533.80 Da. The structural analysis of MaSox4 with SOPMA 

software revealed that 77 amino acids (20.37%) have alpha helix structures, 53 (14.02%) 

have extended strands, 17 (4.50%) have beta turns, and 231 amino acids (61.11%) have 

random coil structures (Supplementary Fig. 2). The predicted three-dimensional structure 

of the MaSox4 is shown in Supplementary Fig. 3. 
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Homology and phylogenetic analysis of MaSox4 

 

A multiple sequence alignment of homologous Sox4 analysis was performed between M. 

anguillicaudatus and some other known species, including Cyprinus carpio, Salmo salar, 

Danio rerio and Takifugu rubripes (Fig. 1). Multiple alignment of peptide sequence 

reveals that MaSox4 have some conserved putative functional domains, including one 

HMG domain, one Histone 2A (H2A) domain which is important for packaging DNA 

into chromatin and one Spt5 C-terminal nonapeptide repeat binding Spt4 (CTD) domain 

which plays a pivotal role in the coupling mechanism that links mRNA transcription with 

processing by associating with the transcriptional and processing factors. These results 

present a high level of similarity among fish species. 

Comparing with SoxC (Sox4, Sox11, Sox12 and Sox22) form other fish and tetrapods, 

the phylogenetic analysis of the MaSox4 from M. anguillicaudatus reveals it should 

belongs to the Sox4 clade. Furthermore, MaSox4 gene from M. anguillicaudatus and 

Cyprinus carpio were clustered firstly, next clustered with that from Plecoglossus 

altivelis and Salmo salar (Fig. 2). MaSox4 phylogenetic results are consistent with the 

classification and evolutionary status of these species. 

 

Signal peptide and hydropathy analysis of the MaSox4 protein 

 

Signal peptide prediction revealed there should be no signal peptide in the protein 
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MaSox4 (Supplementary Fig. 4) which would means it is a non-secreted protein. 

Hydrophobic analysis shows that the MaSox4 should be a hydrophilic protein as for more 

hydrophilic area than hydrophobic area (Supplementary Fig. 5). Data of Supplementary 

Fig. 4, 5 are submitted in the appendix (Supplementary.docx). 

 

qRT-PCR analysis of MaSox4 expression 

 

The expression of MaSox4 in five different tissues of female and male was analysed by 

qRT-PCR (Fig. 3a). In females, MaSox4 was expressed among all the five kinds of 

different tissues with varies quantity. The highest one appears in ovary tissue (p < 0.05), 

followed by brain and kidney (p > 0.05), and lowest appears in heart and liver equally 

(p > 0.05). Similar to females, MaSox4 in males was expressed in all tissues and the 

highest one happened in testis (p < 0.05). followed by brain and heart (p > 0.05), and 

lowest appears in liver and kidney equally (p > 0.05). While, when comparing females 

and males, there is a significantly different expression of MaSox4 between testis and 

ovary (p < 0.05) (Fig. 3b). 

In addition, MaSox4 expression in embryos during different developmental stages 

(Fig. 3c) suggests that the highest expression level was detected in gastrulae stage (p < 

0.05), followed by neurula stage, hatched larva and yok-sac absorption equally (p > 0.05). 

MaSox4 was also expressed in tail bud formed stage (p < 0.05). 

 

In Situ Hybridization 
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WISH onto embryos under high stringency conditions revealed that transcripts for 

MaSox4 mRNA firstly accumulated in the multicellular stage (Fig. 4a). After the entry 

into gastrulation, the transcripts accumulated in the animal hemisphere (Fig. 4b). And 

then MaSox4 is expressed in the neural plate border and neural crest at neurula stage (Fig. 

4c). In the somitogenesis stage, MaSox4 is expressed broadly in the central nervous 

system (CNS) including forebrain, midbrain and hindbrain (Fig. 4d). After otic vesicle 

formation stage, MaSox4 is still expressed in the CNS and high expression was observed 

in the optic vesicle and otic vesicle (Fig. 4e–l). 

At the cellular level MaSox4 expression, results from in situ hybridization on 

paraffin-embedded ovary and testis sections of M. anguillicaudatus (ten months old, 

length 8–10 cm) showed its expression mainly focus in the developing germ cells. In 

testis, its expression mainly located in spermatocytes and spermatids (Fig. 5b). In ovary, 

its expression signals appeared in developing oocytes, including primary oocyte and 

previtellogenic oocyte (Fig. 5e). By the way, there were no MaSox4 sense RNA probe 

signal was observed in ovary and testis (Fig. 5c, f). 

 

Discussion 

 

In vertebrates Sox family genes show high conservation at the HMG-box domain and at 

the DNA-binding domain (Wright et al. 1993; Bowles et al. 2000; Mavropoulos et al. 

2005; Mu et al. 2017). An oligopeptide motif (RPMNAFMVW) in the HMG-box domain 

is conserved in all SOX sequences (Bowles et al. 2000). Our previous studies indicate that 

MaSox10 and MaSox8 play important roles in early embryonic development and gonadal 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mavropoulos%20A%5bAuthor%5d&cauthor=true&cauthor_uid=16055112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%20Z%5bAuthor%5d&cauthor=true&cauthor_uid=27743342
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development (Xia et al. 2011, 2013). Many studies have shown that Sox4 is involved in 

the development of branchial arches, retina, nervous system, heart and the reproductive 

system ( Hunt et al. 1999; Maschhoff et al. 2003; Wen et al. 2015; Jiang et al. 2016). 

Here, we investigated the expression patterns of Sox4 gene in M. anguillicaudatus gonads, 

in the embryo, and during neural development. To achieve this goal we cloned the 

full-length cDNA of Sox4 from brain using a RACE strategy. Our domain analysis 

revealed a characteristic highly conserved HMG-box DNA-binding domain of 79 amino 

acids. Phylogenetic analysis of the cloned cDNA, performed by comparing it against 

SoxC sequences from other species, showed that this gene belongs to the Sox4 subgroup. 

Thus, according to our analysis we named the cloned gene MaSox4. 

The primary aims of this study were to characterize MaSox4 gene and to elucidate 

the structure of the predicted polypeptide. According to our analysis, MaSox4 protein is a 

non-secreted protein lacking a signal peptide. The hydrophobicity analysis of the MaSox4 

protein revealed that it is actually hydrophilic, which means that this protein has 

increased solubility. 

qRT-PCR analysis showed that MaSox4 is expressed not only in the testis but also in 

the ovary. Interestingly, expression of MaSox4 is much higher in the testis than that in 

ovary. Sox4, whose expression is controlled by ovarian hormones, has complex effects on 

the female reproductive system of adult mice (Hunt et al. 1999). Thus, Sox4 may play a 

very important role in the process of M. anguillicaudatus gonad development. 

Only a few studies have reported Sox4 expression profiles during early 

embryogenesis in vertebrates. The transcription factors Sox4 plays an important role in 

vertebrate embryonic development of various organs and tissues processes including 

file:///C:/Program%20Files%20(x86)/Youdao/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
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heart, lung, pancreas, spleen, mesenchyme of the branchial arches, trachea, oesophagus, 

retinal, B-cells, and nervous system development. During the development of various 

organs and tissues Sox4 genes display specific and unique expression patterns (Schilham 

et al. 1996; Ya et al. 1998; Cheung et al. 2000; Maschhoff et al. 2003; Bergsland et al. 

2006; Potzner et al. 2007; Dy et al. 2008; Hoser et al. 2008; Lin et al. 2009; Iqbal et al. 

2010; Potzner et al. 2010; Usui et al. 2013; Paul et al. 2014; Jiang et al. 2016; Mu et al. 

2017). Sox4-deficient mice die at embryonic day 14 (E14) due to cardiac malformation 

(Schilham et al. 1997). In our study, MaSox4 was expressed in various tissues and organs, 

at various developmental stages, suggesting that it has important roles in development, 

especially in the development of optic and otic vesicles, and of the CNS. Similarly to our 

findings, a critical role of Sox4 has been reported during eye development in zebrafish 

and mice (Usui et al. 2013; Wen et al. 2015). There are, however, no studies about Sox4 

on the development of otic vesicle in vertebrates, which is worth further studying. 

The M. anguillicaudatus has become one of the economically important aquatic 

animals in China due to its delicious taste and abundant nutrition (Li et al. 2012; Lim et 

al. 2013). The present study provides a glimpse into the Sox4 in fishes and suggests that 

Sox4 may have a role during gonad and embryo development in M. anguillicaudatus. The 

molecular tools developed here will be important for future research related to Sox4 in M. 

anguillicaudatus, possibly aiding in unravelling reproductive biology mechanisms useful 

for developing monosexual production strategies in this fish. 

 

Conclusions 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bergsland%20M%5bAuthor%5d&cauthor=true&cauthor_uid=17182872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2939931/#R25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2939931/#R12
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schilham%20MW%5bAuthor%5d&cauthor=true&cauthor_uid=9174623
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In summary, the DNA-binding domain of the cloned Sox4 of M. anguillicaudatus was 

highly conserved across species. In addition, we have surveyed MaSox4 expression 

pattern by qRT-PCR and in situ hybridization. The results showed that MaSox4 gene may 

play important roles during early embryonic development, and for gonadal and neural 

development. These results will provide fundamental information for further functional 

investigation of Sox4 in teleost fish and may be useful for the aquaculture industry. 
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Figure captions 

Fig. 1 Predicted amino acid alignment of MaSox4 with homologues from other species. 

Identical amino acids are indicated by asterisks (*), conservative substitutions are 

represented by colons (:), and semiconservative substitutions are indicated by dots 

(.). The HMG-box domain is boxed; yellow shading indicates specific amino 

acids in the HMG-box domain. The specific amino acids are also underlined. The 

sequences were taken from the GenBank sequence database. The GenBank 

accession numbers for the Sox4 sequences used for alignment are as follows: 

MaSox4 (KY673795), Misgurnus anguillicaudatus; CcSox4, Cyprinus carpio 

(XP_018974521); SsSox4, Salmo salar (NP_001167115); DrSox4, Danio rerio 

(CAE18168); and TrSox4, Takifugu rubripes (AAQ18501). 
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Fig. 2 Phylogenetic tree of SoxC proteins from various species. The phylogenetic tree 

was constructed using the neighbour-joining method with bootstrap analysis. The 

symbol (▲) denotes MaSox4. 
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Fig. 3 MaSox4 gene expression qRT-PCR analysis in adult tissues of female and male M. 

anguillicaudatus (a), differential expression of MaSox4 between both sexes (b) 

and in the developing embryo (c). The data are expressed as the mean of RQ value 

(2−ΔΔCt) (ΔCT = CT of target gene minus CT of β-actin, ΔΔCT = ΔCT of any 

sample minus calibrator sample). Each bar represents mean ± SD (n = 6). 

Statistical significance was set at p < 0.05. The lowercase letters above error bars 
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represent differences as follows: the same letters mean that the data were not 

significantly different (p > 0.05); adjacent letters mean that the data were 

significantly different (p < 0.05) between two tissues. One asterisks indicates a 

significant difference (p < 0.05) between female and male in the same tissue. 

G:gastrulae; N:neurula; T:tail bud formed; H: hatched larva; Y:yolk-sac 

absorption. 

 

 

 

Fig. 4 MaSox4 whole mount in situ hybridization analysis during embryogenesis. a: 

multicellular stage (1.5 h post fertilization, hpf); b: gastrulae stage (5 hpf); 

c:neurula stage (10.5 hpf); d: tail-bud formed (17 hpf); e: otic vesicle formation 

stage (20 hpf); f: otic vesicle formation lateral view (20 hpf); g: otic vesicle 

formation dorsal view (20 hpf); h: otic vesicle formation ventral view (20 hpf); i: 

hatched larva (26 hpf); j: hatched larva stage dorsal view (26 hpf); k: hatched 

larva stage lateral view (26 hpf); l: amplification of head view (26 hpf). Arrow 

heads indicate obvious hybridization signals in violet black colour. 
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Fig. 5 MaSox4 expression analysis of with in situ hybridization in the gonads. The M. 

anguillicaudatus used for in situ hybridization experiments are 10 months old 

(length 8–10 cm). Testis (a, b, c), ovary (d, e, f). Conventional histological 

sections stained with haematoxylin–eosin (a, d), anti-sense Sox4 (b, e) and sense 

probing as control (c, f). sc: spermatocyte, st: spermatid, ov: primary oocyte stage, 

opv: previtellogenic oocyte stage. Scale bars are 50 μm. 
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Supplementary Fig. 3 
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Supplementary Fig. 5 
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Table 1 Primers used in gene cloning and RT-PCR in the present study 
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All the primers are designed with Primer 5.0 software and synthesized by Shanghai Sangon 

bioengineering company. F forward primer, R reverse primer 

 

 

 

 

 

 

 

 

  Primer function   Primer name           Oligonucleotide sequence (5′→3′) 

Degenerate PCR 
HMG-F 5'-TGAA(CT)GC(GACT)TT(CT)ATGGT(GC)TG-3' 

HMG-R 5'-GACTACAA(GA)TA(CT)CG(GA)CC(CGT)(AC)-3' 

3'RACE 
3'Sox4 outer 5'-CTGAAAGACAGCGACAAGATTCC-3' 

3'Sox4 inner 5'-CTTCATCCGAGAGGCAGAGC-3' 

5'RACE 
5'Sox4 outer 5'-CCTCTCGGATGAAGGGAATCTTG -3' 

5'Sox4 inner 5'-CTGTCTTTCAGCAGCTTCCAGC -3' 

 

 

Quantitative 

real-time RT-PCR 

Sox4-F 5'-GCAAATACCTGACAAGAAGAC-3' 

Sox4-R 5'-AGGATGAATGTGAGGCGGAC-3' 

β-actin-F 5'-AGAGAGAAATTGTCCGTGAC-3' 

β-actin-R 5'-GCCAATGGTGATGACCTGT-3' 

ISH 

ISH-Sox4-F 5'-GCAAATACCTGACAAGAAGAC-3' 

ISH-Sox4-R 5'-GAGCCGTGAACACCAAGTTAG-3' 


