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Abstract
Background: Steroidogenic factor 1 (SF1, NR5A1) is a key transcriptional regulator involved in the
hypothalamic-pituitary-steroidogenic organ development. Recently, heterozygous mutations in NR5A1
were found may contribute to the male infertility aetiology. Here, we investigated the association of
polymorphisms in NR5A1 gene with azoospermic men in Sichuan, China.

Methods: We have performed the NR5A1 gene direct secquencing in a cohort of 102 well-characterised
idiopathic Chinese azoospermic infertile men versus 103 fertile men, who were selected by Semen
analysis, Karyotype analysis and Y-chromosomal AZF deletion screening. We identified two previously
described missense p.

Results: Gly146Ala (rs1110061; c.437 G>C) and p.Arg313His (c.938G>A), and the frequency of 437C (
[OR] 1.846, 95% [CI] 1.227-2.778, P=0.003), 437GC (OR =1.884 , 95% CI =1.037-3.422 , P =0.037 ) and
437CC (OR =3.586 , 95% CI =1.397-9.206 , P =0.006 ) were found to be increased significantly in
azoospermic patients while no mutations in control .Moreover, one novel heterozygous p.Ser322ILe
(c.965 G >A) missense mutation was found in 8 patients which highly conserved serine to isoleucine
shown in the Beta strand domain on SF-1 protein.

Conclusions: This is the first study, according to our knowledge, to investigate the association between
the polymorphisms of NR5A1 gene and azoospermic men in China, and these results suggest that the
Gly146Ala polymorphism may be a susceptibility factor for the azoospermic men in Sichuan, China.

Introduction
Human fertility rates are declining all over the world, and one in seven couples have ennnnproblems
conceiving [1], and male factor infertility reportedly accounted for approximately 30–40% of these
cases[2]. Overall, over 4000 genes are estimated to be involved in human spermatogenetic failure,
clinically noted as oligo- or azoospermia[3] and research in the last 20 years has definitively established
that male factor infertility has a substantial genetic component, and many cases of azoospermia and
severe oligozoospermia that were previously classified as idiopathic are now recognized to be caused by
mutations in genes involved in germ cell production and function[4],[5],[6]. However, in the majority of
cases, the underlying cause of male infertility is unknown and no candidate gene has been recognised to
be administrable in patient care so far[2]. In addition, 5% of all infertile men carried chromosomal
anomaly (such as 47, XXY Klinefelter syndrome), and Y-chromosomal AZF microdeletions are present in
10% of azoospermic or severely oligozoospermic (< 1 × 106 sperm/ml) men[7]. Although rodent studies
indicate that multiple genes have the potential to cause male infertility, only a few single-gene defects
that cause male infertility have been identified in humans. Recently, Bashamboo et al.[8] found mutations
in the NR5A1 gene (MIM 184757) in a substantial fraction of 4% of infertile men (N=315) with
unexplained reduced sperm counts and all of these were missense mutations leading to reduced protein
function in vitro[8]. Ropke et al. identified three missense mutations in the NR5A1 gene associated with
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and most likely the cause of the male infertility, according to the in silico analyses, and found the
mutation frequency is below 1% (Caucasian German origin, n = 488)[9]. D.Zare-Abdollahi et al. found two
heterozygous NR5A1 mutations and in silico analysis of the mutations showed that founded mutations
could be detrimental, and the mutation frequency in idiopathic Iranian azoospermic infertile men is only
2.2% (Iranian, n=90)[10] . And Ferlin A et al. still reported that mutations on SF-1 protein impaired
transactivation of gonadal promoters[11]. Thus, it can be seen that these studies expanded the
phenotypes spectrum of SF-1 protein to include male infertility.

Steroidogenic factor 1 nuclear receptor (SF-1; AD4BP; SPGF8; OMIM 184757), a member of the nuclear
hormone receptor superfamily, is an essential transcriptional activator for sexual differentiation and
formation of the primary steroidogenic tissues, which is also considered a master regulator of
reproduction in mammals[12]. NR5A1 gene, located in chromosome 9q33.3, consists of 7 exons (exons 2-
7), encoding a central DNA binding domain (DBD) with two NR C4-type zinc-finger , a variable N-terminal
domain with an ‘A’ box region, a flexible hinge region, and a C-terminal ligand-binding domain (LBD)
containing an activation function 2 (AF-2) domain[4],[13]and[14]. NR5A1 binds DNA as a monomer, which
is expressed in Sertoli and Leydig cells of the developing testis, in Sertoli cells of the prepubertal and
adult testis, as well as in multiple cell types in the fetal, postnatal, prepubertal, and mature ovary[15, 16].
The hinge region is important for controlling SF1 transcriptional activity by stabilizing the LBD and
interacts with other proteins. The AF-2 domain recruits cofactors necessary for SF1 transactivation
activity[13]. In mammalian testis determination and differentiation, NR5A1 could function as a positive
regulator of SOX9 (Sry-box 9) and anti-Müllerian hormone (AMH)[13, 17]. NR5A1 also modulates the
expression of many factors involved in cholesterol mobilization and steroid hormone biosynthesis,
including HMG-CoA synthase, steroidogenic acute regulatory protein (StAR), 3β-hydroxysteroid
dehydrogenase (3βHSD), and several cytochrome P450 steroid hydroxylase (CYP) enzymes[13].
Consistent with its key role in gonadal development, NR5A1 mutations are associated with a wide
spectrum of phenotypes, including male infertility.

Here, given the fact that genetic differences in different populations can play an important role in such a
prevalent health problem, in this study, our intention is to evaluate the frequency of NR5A1 gene
mutations in 102 Chinese with azoospermia and 103 fertile men as control in Sichuan, china.

Materials And Methods
2.1 Patient and the Control Populations

A total of 102 men who had unexplained reduced sperm counts and were seeking infertility treatment
were recruited in our study, and all patients recruited were from the Affiliate Reproductive Hospital
Genitalia Hygiene Research Center (Sichuan, China) between September 2015 and November 2016. In
addition, Infertile men with following situations, including chromosome anomalies, Y chromosome
microdeletions, cryptorchidism, hypospadias, occupational hazards, varicocele, and lifestyle factors, such
as drug, alcohol, substance abuse, and tobacco use were excluded from this study. Control samples were
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obtained from the patients recruited in the same hospital, comprising 103 DNA samples from Chinese
populations, who were all fertility men and had fathered at least one healthy child without assisted
reproduction. All participants were informed about the study according to a protocol that was approved
by the Institutional Ethical Review boards of Sichuan University (Chengdu, China), and all gave their
written consent.

2.2. Semen analysis

Semen samples were provided for routine semen analyses performed according to the fifth Edition of the
WHO guidelines (WHO, 2010). Fresh semen collected by masturbation method (abstinence 2-6 days) was
used to calculate the sperm parameters of motility, vitality and concentration by sperm quality analysis
system MIX7.5 after Papanicolaou staining. Semen samples would be regarded as azoospermic men, if
their sperm count was zero, and the standard for control/fertile was that the sperm count of one sample
is greater than 20×106/ml. All samples were examined at least three times according to the fifth edition of
World Health Organization (WHO). (Supp. table 1, 2)

2.3. Karyotype analysis

G-banding, standard karyotype analysis method, was performed as previously described in to exclude
chromosome aberrations[18]. Briefly, peripheral blood lymphocytes (Stored in heparin sodium) were
cultured for 72 h in RPMI-1640 with phytohemagglutinin and fetal bovine serum. Two hours before the
completion of culturing, colcemid was added to the medium. G-banding of metaphase chromosomes
was performed using Giemsa staining. At least 20 metaphase spreads were analyzed for each patient,
and at least 50 metaphase spreads were analyzed to confirm abnormalities. The normalities were
reserved for next study.

2.4 Detection of Y microdeletions

Multiplex polymerase chain reaction was performed to detect microdeletions in the Azoospermia Factor
(AZF) region for patients with azoospermia. According to previous studies in the Chinese population and
the diagnostic criteria of European Academy of Andrology, we chose 6 sequence-tagged site (STS)
markers in the AZF region to detect microdeletions: sY86 and USP9Y in AZFa, sY127 and sY134 in AZFb,
and sY254 and sY255 in AZFc [19, 20]. The products of polymerase chain reaction amplification were
detected with agarose gel electrophoresis, and the detection of AZF microdeletions was described in
Supp. table 3.

2.5. Extraction of genomic DNA

The total of genomic DNA was extracted from human peripheral blood leukocytes using the EasyPure
Blood Genomic DNA Kit (TransGen Biotech Co., Ltd, China) according to the manufacturer's instructions.
Briefly, the total of 200ul blood previously collected in EDTA anticoagulant blood was mixed with 20
mg/ml proteinase K and Binding Buffer 3 (BB3) in clean EP tubes. Uniformly, the mixed was incubated at
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room temperature for 10 minutes without moving and then added in Silica gel mould centrifugal column
with lysis including CB3(Clean Buffer 3 ),WB3(Wash Buffer 3) and EB (Elutiong Buffer 3) to wash and elut
genomic DNA from the centrifugal column. Ultraviolet spectrophotometer was conducted to detect the
concentration of extracted genomic DNA. All of the DNA samples were stored at -20℃ until examination.

2.6 Mutational Analysis of NR5A1

The coding exons of NR5A1 (exons 2-7; NM_004959.4), is located on the long arm of HSA9 (9q33.3),
were amplified from genomic DNA by polymerase chain reaction(PCR) and all exons of NR5A1 gene and
the parts of flanking intronic sequence were performed using the primers described in Supp. table 4, PCR
was using A200 Gradient Thermal cycler (Long Gene) in a total of 25μL volume buffered solution
containing 1.5 mM Mg2+ (Fermentas International Inc., Burlington, Ontario, Canada), 0.25 mM dNTPs
(TransGen, Beijing, China), 0.1 M of each primer (Sangon Biotech, Shanghai, China), 2U of DNA
polymerase (Fermentas International Inc., Burlington, Ontario, Canada), approximately 200 ng genomic
DNA. All of PCR products were analyzed by electrophoresis using 2% agarose gel. The PCR conditions
and the 2% gel electrophoresis conditions were provided. ( 25 uL PCR amplification reaction system: 11.1
uL double distilled water, 3.0 uL 10×Buffer, 2.5ul dNTPs, 1.0 mol/L F-primers/ R-primers 1ul, 0.4 uL
polymerase, 100 μg/μL DNA template 6 μL. PCR reaction conditions: pre-denaturation 95℃ 5min,
denaturation 95℃ 30s, 64℃/62℃ annealing (Exon4, Exon7)/( exon2/3, Exon4a, Exon5, Exon6) 30s,
72℃extension 30s, amplification 30 ~ 35 cycles, 72℃ extension 5min. The specificity of the amplified
product was tested by 2% agarose gel electrophoresis at 120V for 45min. PCR amplification and
electrophoresis were performed three times, and the samples were sent to Shanghai for sequencing.
Subsequently, the PCR products has been sequenced twice with ABI3730XL DNA Analyzer (Applied
Biosystems, Foster City, CA, USA) using the BigDye flourescence labeling Terminarorment of the NR5A1
gene was performed using DNAMAN. Reference sequences of the species were obtained via NCBI
(https://www.ncbi.nlm.nih.gov/).

2.7 Statistical analysis and the pathogenicity prediction

Hardy-Weinberg equilibrium and the comparison of genotype frequencies between patients and control
groups were performed using the chi-squared (χ2) test. Using the unconditional logistic regression
analysis to calculate odds ratio (OR) and 95% confidence interval (95% CI) were to measure the risk
associated with variant genotypes. P < 0.05 was considered to be statistically significant. All data were
analyzed using Statistical Package for Social Sciences software version 20.0 (SPSS Inc., Chicago, IL,
USA). The prediction of the damaging effect of missense mutation to protein structure and function was
performed using PolyPhen-2 Bioinformaticprogra (http://genetics.bwh.harvard.edu/pph2/) and SIFT
(http://sift.jcvi.org/.). Subsequently, we searched the SF-1 protein 3D structure from The Protein Model
Portal (http://www.proteinmodelportal.org/) and the secondary structure from UniProtKB
(http://www.uniprot.org/uniprot/Q13285), and we also used the ExPASy-ProtScale (http://web.expasy.
org/protscale/) to analyze the changes in hydrophobicity of the SF-1 protein due to the mutation.

https://www.ncbi.nlm.nih.gov/
http://genetics.bwh.harvard.edu/pph2/
http://sift.jcvi.org/
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Results
In the current study, a comprehensive screening comprising Semen analysis, Karyotype analysis, and
Detection of AZF microdeletions was performed with 1536 men who were seeking infertility treatment,
and confrimed 102 idiopathic azoospermic patients. Besides, 103 healthy controls were recruited in our
study (Table 1). Screening for the NR5A1 gene revealed the presence of 5 synonymous and 3 missense
variants (Table 2). The 3 missense variants identified in our study group included 1 novel variant
(p.Ser322ILe) and 2 previously reported variants (p.Gly146Ala, p.Arg313His). These substitutions were
found in a heterozygous state and none of these substitutions were found in our control population
consisting of 206 alleles (excluding the already known p.Gly146Ala polymorphism).

The first substitution, p.Ser322ILe (c.965 G>A), was found in 8 patients (Fig.1b) , affecting a highly
conserved amino acid domain of SF-1 protein, encoded by the NR5A1 gene, among species from
invertebrate to higher species, and is predicted to be damaging to SF1 protein function (Fig. 2b), which
localized in the C-terminal ligand-binding domain (LBD)(Fig. 2a). The c.965G>A heterozygous mutation is
located in the Beta strand domain (322-324) of SF-1 protein by the secondary structure from UniProtKB
(Fig. 3c) and the 3D model obtained from the Protein Model Portal (PMP) (Fig. 3a). Moreover, PolyPhen-2
analysis predicted that the S322I mutation is “probably damaging” with a score of 0.994 on HumVar
model (Fig. 4a), and the SIFT results of prediction for position 322 on SF-1 protein also was “harmful”
with a score of 0.02(Fig. 4b). In addition, a hydropathy plot of the S322I mutant polypeptide generated
with the Kyte-Doolittle algorithm by using an online tool ExPASy-ProtScale demonstrated a further
imbalance in its hydrophobicity caused by the S322I mutation and may result in protein structure
changes (Fig. 5a and Fig. 5b).

The previously described missense mutation c.437G>C (p.Gly146Ala, rs1110061) (Fig.1a), located in
exon 4 and fall within the evolutionarily conserved hinge region (Fig.2a), was present in 70 patients (52
hetero-, 18 homozygous) and 52 controls (44 hetero-, 8 homozygous). The frequencies of C allele (OR = 
1.846 , 95% CI =1.227-2.778 , P =0.003) , genotype 437GC (OR =1.884 , 95% CI =1.037-3.422 , P =0.037 )
and 437CC (OR =3.586 , 95% CI =1.397-9.206 , P =0.006 ) were all significantly increased among patients
compared with controls (Table 3). We identified a previously described missense mutation p.R313H
(c.938G>A) in one patient in NR5A1 gene but otherwise healthy men in controls.

Discussion
Azoospermia is a common cause of male infertility found in subfertile couples and most cases are of
unknown origin[21]. It is estimated that in about 30% of eases of male infertility is due to chromosonial
abnortnalities or mutalions of genes involved in germ cell production and function[22]. Chromosomal
abnormalities, Y microdeletions and gene variation are widely reported to be association with
azoospermia [23, 24]. Moreover, it has been reported that defections in the AZF region of the Y
chromosome causes 10%-15% of idiopathic NOA[25]. Additionally, among those factors, the
chromosomal aberrations (including translocations) and quantitative variances (including semen
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concentration) are the most frequent causes of male infertility, affecting nearly 65.9% of infertile men,
and the genetic mutations are about 4-10 times more prevalent among men with abnormal semen
parameters compared with those with normal semen parameters [26]. Numerous studies have reported a
correlation between abnormal karyotypes (chromosomal abnormalities) and azoospermic men, and the
prevalence of chromosomal abnormalities is 15.2%, while in non-azoospermic men is 2.3% ,which
suggesting that chromosomal abnormalities could be a possible cause of azoospermia.[27, 28]. The
human Y chromosome is essential for human sex determination and male germ cell development and
maintenance, and normal male development in humans depends on its functions with complete structure
,and the abnormalities in the Y chromosome, such as microdeletions, are associated with male infertility,
which is consistent with the fact that Y microdeletions long arm occurs 10%-15% of idiopathic primary
testiculopathies (azoospermia and severe oligozoospermia)[24],[29, 30]. Given these current results about
male infertility and azoospermia, karyotype analysis and the testing of Y microdeletions are
indispensable screening means for male infertility causes, and men with karyotype abnormalities and/or
Y microdeletions(AZF region) must be excluded for the case of gene mutation search. In our research,
1536 male who were seeking infertility treatment have been screened by Semen analysis, karyotype
analysis and Y microdeletions testing, resulting in Supp.Table 3 and Table 4, and patients with possible
causes of azoospermia mentioned above were excluded in the subsequent studies.

Steroidogenic factor 1 is an essential regulator of endocrine development and function and is considered
a master regulator of reproduction, and in Human, mutations of NR5A1 were initially described in patients
with 46, XY karyotype and disorders of sex development (DSD), Müllerian structures and primary adrenal
failure (MIM 612965)[31]. Recently, NR5A1 mutations have been related to human male infertility[8],[9],
[10]and[11]{Bashamboo, 2010 #13;Röpke, 2013 #14}. In our comprehensive mutation screen of 102 well-
characterised patients, we identified only three missense mutations (Table 2) likely causative for the
phenotypes of azoospermia according to the in silico analyses. Compared with the mutations found in
the study by them which were all located in the hinge region (amino acids 95–225) or the N-terminal
portion of the ligand-binding domain[8],[9],[10]and[11]{Bashamboo, 2010 #13;Röpke, 2013 #14},
consisting with our experimental results that the P.Gly146Ala mutation was found in the hinge region and
the two mutations (P.Arg313His and P.Ser322Ile) in the ligand-binding domain of SF1 protein.
Nevertheless, in our present study, the C allele frequencies (OR =1.846 , 95% CI =1.227-2.778 , P =0.003)
and the frequencies of genotype 437GC (OR =1.884 , 95% CI =1.037-3.422 , P =0.037 ) and 437CC (OR
=3.586 , 95% CI =1.397-9.206,P=0.006) of missense mutation c.437G>C (p.Gly146Ala,rs1110061) were
significantly increased compared with controls (Table 3), while the C allele and genotype frequencies
were low in their research. Bashamboo et al. [8] reported that the percentage of G146A polymorphism
exhibiting in azoospermia (orcryptozoospermia), severe oligozoospermia (OATs < 1 × 106/ml) and
moderate oligozoospermia ( OATs 1–10 × 106/ml) were 3.9% (4 in 103), 4.3% (2 in 46) and 2% (1 in 50)
,respectively. Ropke et al. [9] pointed out that the missense mutation c.437G>C (P.Gly146Ala, rs1110061)
was present in 16 patients and 5 controls, furthermore, neither allele frequencies nor genotype distribution
differed significantly between patients and controls. D.Zare-Abdollahi et al. [10] indicated that the
c.437G>C polymorphism was only detected in 3 patients and 2 normal
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controls(case=90,control=112,Iranian). Alberto Ferlin et al.[11] revealed that the single nucleotide
polymorphism of p.Gly146Ala in NR5A1 gene was detected 11 out of 196 (5.6%) in patients with the
phenotype of nonobstructive azoospermia and cryptozoospermia(<1*106ejaculate). Moreover, Wuqiang F
et al pointed out that this polymorphism causes slightly diminished transactivation activity (about 80% of
WT)[32]. Therefore, even if this variation exhibits strong ethnic differences in frequency (from 1.4% in
Europeans, to 35.2% in East Asians, to 76.3% in Africans from the ExAC database) and warrants further
investigations, it might be of clinical importance [32]. In addition, we provide an overview of the
previously published data regarding the p.G146A polymorphism in Asia (Table 4). Comparing previously
published results with our data, we noticed a rather high regarding how common the C allele is in the
investigated control populations. According to our data, the C allele has a prevalence of 29.1 % in the
control population, whereas the frequency of the same allele is low rarely in other control populations
which mentioned above. This may be explained by the differences of ethnic group, geographical
environment, or simply by the insufficient number of individuals investigated in each study.

In the current report, we also present the identification of a novel missense mutations (p. Ser322Ile)
located in the LBD of SF-1 in 8 patients and none of the substitution were found in our control population.
The substitution of Ser322Ile was found in a heterozygous state, although, since this specific mutation
has previously not been reported, we hypothesized it may play a role in the development of azoospermia.
In addition, according to the prediction of PolyPhen-2(score=0.994) and SIFT (score=0.02), the position of
it on the Beta strand domain (322-324) of SF-1 protein by the secondary structure and the 3D model,
suggesting that it may affect the expression of SF-1 protein. Moreover, quite recently, Ropke et al. [9]
reported that a patient with severe oligozoospermia, sperm concentration repeatedly below 0.3 million/ml
and no cryptorchidism deceted a mutation(c.968T>C,P.Ile323Thr) in NR5A1 gene, witch next to the
mutation of P.Ser322Ile, which were found in 8 patients(7.8%,8/102) otherwise in healthy men.
Concerning the mutation P.Ser322Ile, the possibility cannot be ruled out that this mutation might well be
play an important role in the process of spermatogenic. Consequently, to clarify the role of the novel
missense mutation (p. Ser 322 ILe) in the disease of azoospermia, additional studies including structure
and functional experiments are required. Moreover, in this research, we identified a previously described
missense mutation p.R313H(c.938G>A) in 1 patient (0.98,1/102) in NR5A1 gene but otherwise healthy
men in controls, and SIFT results of prediction for position 313 on SF-1 protein also was “harmful ” with a
score of 0.00. (Fig.4) Moreover, it has been detected in monozygotic male twins displaying very severe
hypospadias in Caucasians[33] and another study reported the p.Arg313Cys mutation in a patient with
isolated distal hypospadias [34]. In addition, Allali et al. reported that the p.Arg313Cys NR5A1 proteins
associated with ambiguous genitalia and distal hypospadias showed a marked impairment of the
function of the protein, and in vitro and in vivo experiments have previously revealed that functional
cooperation between NR5A1 and a protein partner GATA4 contribute to the proper spatiotemporal
expression of the AMH gene during the development of mammalian genitalia[35], so additional studies
are required to clarify the role of the missense mutation (p.Arg313His) in the disease of azoospermia.
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There are several mechanisms by which mutations in NR5A1, and therefore reduced SF-1 protein activity,
might determine the alteration of the testicular development and descent and spermatogenesis.
Jeyasuria P.et al. reported that the NR5A1 Leydig cell-specific knockout mice had hypoplastic testes with
the lumens of the seminiferous tubules failed to open and spermatogonia never developed into mature
sperm, and also showed reduced the expression of Cyp11a and StAR genes in testosterone
biosynthesis[36]. Kojima Y et al. conducted a study of azoospermic patients and found the levels of
NR5A1 expression in gonadal tissue correlated positively with serum testosterone concentrations,
suggesting a direct connection between these two factors[37]. Zhao L et al. revealed that mice that lack
NR5A1 show marked hypogonadism with a reduction in testis volume, a decreased number of Leydig
cells, and an absence of mature spermatids, resulting in infertility[38]. Bashamboo et al. showed that the
NR5A1 mutants associated with male infertility show impaired activation of two of the NR5A1 target
genes, AMH and Cyp11a1. Furthermore, the detected p.G146A polymorphism located in the hinge region
of SF-1 has previously been described to mildly diminish the SF-1 transactivation function for the adrenal
specific cyp11A promoter and the ovary specific cyp19 promoter II by 20% [32]. And the mutations fall
within the hinge region (amino acids 95–225) and proximal portion of the LBD, and a number of physical
interactions and functional activities have been mapped to this portion of the protein[39].
Phosphorylation of Ser 203 in the hinge region enhances the interaction of GRIP1 and SMRT with the AF1
and AF2 regions of NR5A1, whereas sumoylation of lysines within the hinge region increases interactions
with DEAD box proteins and results in transcriptional repression [40, 41].

In conclusion, this study is the first, according to our knowledge, to investigate the association between
the polymorphisms of NR5A1 gene and azoospermic men in China. The results of this study revealed that
the polymorphisms of the Gly146Ala may be a susceptibility factor for the obstructive azoospermic men
in the population in Sichuan, China. However, due to the limited size of the individuals investigated in our
study or regionally genetic difference, more evidence studies need to be confirmed with larger groups of
participants from different ethnic and geographic origins.
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Figure 1

Mutation analysis of the NR5A1 gene. a.Sequencing analysis of the c.437 G >C in the NR5A1 with
different allele expressions. b.Sequencing analysis of the c.965 G>T in the NR5A1 with different allele
expressions.The position of our reported mutated amino acid (G146A with a blue down-pointing arrow
and S322I with black down-pointing arrow) is framed. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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Figure 2

(a) Schematic diagram of the functional domains of NR5A1. Arrows indicate the mutations in patients
with preserved fertility (details in the main text). Red arrow indicates the mutation of S322I. (b) Homology
study revealed that the serine acid residue at codon 322 is highly conserved throughout the species.
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Figure 3

Protein structure model of NR5A1 was given from The Protein Model Portal(PDB ID: 4QJR) . (a).The
location of mutation (S322I) in SF-1 protein 3D structure. (b).This model is based on target-template
sequence alignment of 99% sequence identity (C). (c). The location of S322I in SF-1 protein secondary
structure.The red down-pointing arrow indicates the position of S322I on SF-1 protein.
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Figure 4

Pathogenic prediction of SF-1 protein. (a).PolyPhen-2 analysis predicting the pathogenicity of the p.S322I
substitution on the SF-1 protein scored 0.994. (b). SIFT results of prediction for position 322 on SF-1
protein with a score of 0.02. SIFT: numerical range: 0 -1, scores < 0.05, predicted amino acid substitution
is harmful; or it is harmless.
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Figure 5

Hydropathy plot for the SF-1 protein prepared in the Expasy ProtScale Website according to the Kyte and
Doolittle algorithm. The hydrophobicity of the wild-type SF-1 protein. (a). is compared to the mutant form,
including the novel p.S322I mutation. (a).The hydrophobicity scores of p.S322I of the SF-1 protein are
higher than the wild type. The change caused by mutated site is indicated with a black arrow.
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