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	 Testis-determining factor (TDF) is an alternative term for the sex-determining region 
(SRY) gene found on the Y chromosome. SRY gene mutations can cause a wide range of sex 
development issues. The single-exon SRY gene is a short and intronless sex-determining gene 
with a DNA-binding high mobility group (HMG) box that is highly conserved. We performed 
cytogenetic analysis on one patient with Turner syndrome having a 45,X/46,XY chromosomal 
composition. Further, we used polymerase chain reaction, single-stranded conformational 
polymorphism, and automated DNA sequencing to detect a substitution of C?A (missense 
mutation) at codon 139, which led to an amino acid shift from Proline to Glutamine (P139Q) 
outside but downstream of the HMG box in the SRY gene. No further alterations in the SRY 
gene were discovered in the patient. The absence of one X chromosome in 88% of the patient’s 
cells might have resulted in a wide variety of phenotypic complications.
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	 Turner syndrome (TS) is a common genetic 
condition mainly affecting women. It is triggered 
by a defective, complete, or moderately deleted X 
chromosome1. TS can cause various medical and 
developmental problems, such as short height, 
ovarian failure, infertility, cardiac anomalies, 
gonadal dysgenesis, and dysmorphic characteristics 
such as neck webbing2. Most cases have a 45,X 
chromosomal constitution, while the others have 
either fundamentally defective sex chromosome 
or a mosaic karyotype3. Patients with TS having 
a mosaic 45,X/46,XY chromosomal makeup and 
mutated SRY gene may have an increased risk of 
developing gonadoblastoma4. A majority of female 
patients with TS are infertile because of gonadal 
dysgenesis and a streak ovary having no eggs or 

follicular derivatives5,6. One of the essential genes 
in sex determination is the Y chromosomespecific 
SRY gene3. It is a 204-aminoacid protein that codes 
a testis-specific transcription factor important in sex 
determination and is found on the p-arm of the Y 
chromosome7. SRY is a short and intronless gene 
containing a conserved DNA-binding high mobility 
group (HMG) box, indicating that it controls gene 
expression. In humans, sex is determined by a 
single-exon SRY gene. SRY gene mutations cause 
testicular failure and abnormal sex determination 
with different impacts on an individual’s phenotype 
and genotype8. In mammals, the SRY gene is 
required for testis development and male sex 
determination. SRY gene alterations have been 
found to be responsible for about 15% of XY sex 
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reversal cases9. To our knowledge, more than 65 
alterations have been detected in the open reading 
frame (ORF) region of the SRY gene. A majority 
of these have been found within the HMG box, 
demonstrating the importance of this domain. 
Several mutations have been found outside the 
HMG box in the 5' and 3' regions upstream 
and downstream10, (Table1)11. We presented a 
substitution in a patient with TS having 45,X 
(88%)/46,XY (12%) mosaic chromosomal makeup. 
To our knowledge, no mutation at this position has 
ever been reported in the literature.
Participants and Methods
	 All the control participants and patient 
provided informed consent to participate in this 
investigation. The study was approved by the 
Ethics Committee and Biosafety Committee at both 
the hospital and the university.
Patient
	 A 26-year-old woman visited the hospital 
with a complaint of primary amenorrhea. A height 
of 128 cm was discovered on clinical and physical 
testing, along with multiple Turner stigmata (i.e., 
webbed neck, broad shield-like chest with evenly 
spaced nipples, presence of Mullerian structures, 
high arched palate, cubitus valgus, sexual 
infantilism at puberty, high blood pressure, and 
glucose intolerance). This patient also had scoliosis, 
nail dysplasia, and ear defects. In streak gonads, 
the histological examinations showed white fibrous 
stromal tissue. The endocrinological examinations 
revealed hypogonadotropic hypogonadism and 
normal levels of testosterone and androstenedione. 
The hair on the axilla and pubis was few. The 
patient’s blood karyotype was 45,X/46,XY (88% 
and 12% respectively) according to the cytogenetic 
examination in the peripheral blood. 
Cytogenetic and molecular genetic analyses
	 G-banding was used to analyze metaphase 
spreads in the patient’s peripheral blood. Proteinase 
K digestion, phenol-chloroform isolation, and 
precipitation using isopropanol with cold 3M 
sodium acetate (pH 5.2) were used to isolate 
genomic DNA from the peripheral-blood leukocytes 
from the patient and normal male controls. The 
genomic DNA quality and quantity were calculated 
using the gel electrophoresis technique after 
vacuum-drying the DNA samples and dissolving 
them in Tris-EDTA. 

PCR analysis
	 Overlapping primers were used to 
examine the whole SRY exon; the required 
primers, which aided in identifying this mutation, 
were stated. The following two sets of primers 
were employed in polymerase chain reaction 
(PCR) to magnify the segments of 254 and 351 
bp from the ORF region of the SRY gene: F1 
5'-CATGAACGCATTCATCGTGTGGTC-3', R15'-
CTGCGGGAAGCAACT GCAATTCTT-3', F2, 
5'-CAGTGTGA AACGGGAGAAAACAGT-3', and 
R2, 5'-GTTGTCCAGTTGCACTTCGCTGCA-3'. 
Fur the r,  the  p r imers  F1  5 ' -TACTCCC 
CTGCCCTCAACAA-3' and R1, 5 '-CATCG 
CTATCTGAGCAGCGC-3' were used to magnify 
exon 5 of the p53 gene as a control. PCR 
amplification was carried out in a 25-µL mixture 
having 10 mmol/L Tris-HCl (pH 8.4), 50 mmol/L 
KCl, 1.5 mmol/L MgCl2, 200 µmol/L each of 
deoxynucleotide triphosphates, 5 pmol primers, 
and 100–500Kg patient’s DNA with Taq DNA 
polymerase. The following PCR cycle settings 
were used: a 4-min denaturation at 95°C, followed 
by 30 s at 55°C and 30 s at 72°C, and a final 
extension step at 72°C for 5 min. Each PCR 
involved both negative and positive controls. On 
an ultraviolet transilluminator, ethidium bromide 
was used to run PCR on 2% agarose gels. A 100-bp 
ladder (as size standard) was used on all agarose 
gels.
Single-stranded conformational polymorphism
	 After 15 more PCR cycles, the PCR 
products were labeled with (á-p32) deoxycytidine 
triphosphate and run on a 6% non-denaturing 
polyacrylamide gel with 5% glycerol. The 
electrophoresis was performed overnight at 200 
V and 17 ± 1oC. The dried gel was exposed to an 
x-ray film at –70°C for 48 hrs. The dried gel was 
subjected to 48-hrsX-ray film exposure at –70°C. 
Automated DNA sequencing
	 Ammonium acetate ethanol precipitation 
techniques were used to purify mutant and control 
PCR products. An ABI Prism 310 automated 
sequencer was used to perform automated DNA 
sequencing of PCR products. The purified 
PCR products were cycle sequenced using a 
GeneAmp PCR 9700 with BigDye Terminator 
Sequencing Ready Reaction Mix and AmpliTaq 
DNA Polymerase FS. The PCR settings were 
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96°C for 10s, 56°C for 5s, and 60°C for 4 min for 
25 cycles. The extension yields were cleaned by 
an ethanol/sodium acetate precipitation method 
to remove any unincorporated dye-labeled 
terminators after cycle sequencing. The samples 
were heat-denatured, freeze-dried, and placed on 
a Prism 310 sequencer after adding the template 
suppressor reagent. Sequencing analysis software 
3.4.1 was used to examine the sequences on a Mac 
OS 9.1 computer. 

Results

	 We performed cytogenetic analysis on 
metaphase spreads from the cultured peripheral 
blood cells of the patient. Mosaic chromosomal 
makeup 45,X/46,XY (88% and 12%, respectively) 
was found in the patient with TS. The estradiol, 
LH, and FSH levels were abnormal, whereas the 
testosterone and androstenedione levels were 
normal in the patient. Based on the aforementioned 
findings, we designed a PCR to amplify a particular 
area of the SRY gene. In the SSCP experiment, the 
PCR product migrated abnormally. We identified 
a mutation in DNA from the patient’s blood using 
direct DNA automated sequencing of the SRY gene. 
This alteration was a missense mutation that caused 
an amino acid change from Proline to Glutamine 
(P139Q) immediately outside but downstream of 
the HMG box in the SRY gene (Figure1). SRY 
sequencing of 25 unrelated normal men revealed 
no mutations, ruling out the possibility of a 
polymorphism. These findings indicated that the 
aforementioned variations were mutations rather 
than ordinary polymorphisms.

Discussion

	 The SRY gene, which is found on the 
Y chromosome, is shown to be essential for 
appropriate male sex determination12. Many 
investigations of human intersex disorders support 
the designation of SRY as the testis-determining 
factor9,11,13-15. The timing and expression of this 
gene are extremely controlled, facilitating testis 
development in the growing embryo16. A mosaic 
45,X/46,XY chromosomal make-up with a 
mutant SRY gene may enhance the incidence of 
gonadoblastoma in TS patients. Numerous medical 
and developmental issues, including low stature, 

ovarian failure, infertility, heart malformations, 
gonadal dysgenesis, and dysmorphic features 
including neck webbing, may be brought on by TS2. 
The Y chromosome-specific SRY gene is one of the 
crucial genes in sex determination. In the present 
study, the patient had 45,X/46,XY chromosomal 
makeup (88% and 12%, respectively) with multiple 
Turner stigmata. In this patient, the levels of 
estradiol, LH, and FSH were abnormal, while the 
levels of testosterone and androstenedione were 
normal. We identified a change in DNA from the 
patient’s blood sample. This mutation resulted in 
a missense alteration in the SRY gene, causing 
an amino acid change from Proline to Glutamine 
(P139Q) just outside but downstream of the HMG 
box. The patient’s male relatives declined to have 
their DNA tested, even though some of them were 
already fathers to healthy children. This mutation 
might induce a change in a non-functional protein, 
as evident from the failure to produce male 
sex structures. A complex mix of genetic and 
nongenetic elements determines early embryonic 
sexual differentiation17.  Sufficient evidence 
shows that SRY is important for determining sex, 
and altered gene expression has been linked to 
gonadal dysgenesis3. Few studies have reported 
patients with a clinical presentation similar to 
TS, who have a large segment of cells with the 
imitative Y chromosome. A hormonal malfunction 
was observed during male sexual differentiation 
despite the existence of a structurally defective 
SRY gene17. In the present case, the alteration in 
the SRY gene and the occurrence of the overriding 
45,X cell line together might have led to a cause-
effect connection. A small percentage of 45,X cell 
line appeared to be adequate to block the male 
sex-determining activity of the SRY gene18-20. This 
showed that neither aberrant sex chromosomal 
pairing nor deletion of the SRY region of the Y 
chromosome led to the problem. In the present 
case, the nondisjunction loss of the Y chromosome 
following normal disomic fertilization might have 
resulted in the mosaic karyotype. Although the 
Y chromosome appeared to be normal, changes 
in other genes on the chromosome, which were 
essential for chromosomal reliability, might 
have eventually caused its loss21. The SRY 
protein belongs to the SOX transcription factor 
family. It is defined as an HMG domain with 
DNA-binding and bending characteristics, the 
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Table 1. SRY gene mutations that have been discovered so far11
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Fig. 1. HMG box partial upstream and downstream sequences, as well as the mutation’s site 
(Affected residue, amino acid in the arrow)11.

capacity to mediate protein–protein interactions 
and the presence of nuclear import signals22. We 
described a case of a female patient with a codon 
change in the SRY gene (substitution of C’!A) 
and a missense mutation that caused an amino 
acid change from Proline to Glutamine (P139Q) 
directly outside but downstream of the HMG 
box. The mutation facilitated protein–protein 
interactions and comprised nuclear import signals. 
It was conceivable that the mutant SRY protein 
could not reach the nucleus and damaged the 
nuclear localization signal required for male gene 
expression. This alteration might have resulted 
in an electrostatic and hydrophobic connection 
between DNA’s phosphate and sugars. This caused 
changes in the main groove’s particular orientation 
and binding to DNA bases22. The interactions of 
SRY with DNA might have been completely or 
partially inhibited by this alteration23. A mutant 
SRY protein was previously identified in patients 
with TS having a mosaic 45,X/46,XY karyotype. 
This anomaly increased the functional relevance 
of the alteration, which probably resulted in 
a protein that had lost some of its ability to 
stabilize23. Dysgenetic gonads, perhaps caused 
by SRY mutations, often lead to gonadoblastoma. 
However, the molecular cause of gonadoblastoma 
is yet unknown. During development, some 
gonads do not mature into testes, resulting in 

a girl with delayed puberty and amenorrhea24. 
A proto-oncogene implicated in the genesis of 
malignant tumors is considered to be found in the 
GBY gene in the Yq region24. TSPY is normally 
expressed in adult testis spermatogonia and is 
thought to be involved in mitotic proliferation25. 
The control of the major genital ridge by the 45, 
X cell line during initial embryonic phases may be 
responsible for the appearance of streak gonads. 
This is supported by the fact that the mutations 
in oncogenes, tumor suppressor genes, and DNA 
repair genes accumulate with age, leading to tumor 
formation in the streak gonads26. Many people with 
SRY gene abnormalities do not acquire secondary 
sexual characteristics when they reach puberty. 
Previous studies have shown that the entire Y 
chromosome is associated with an elevated risk 
of gonadoblastoma in patients with TS. Most of 
the SRY gene alterations discovered so far are 
inside the conserved motif, resulting in changes in 
DNA-binding/bending activity and, subsequently, 
individuals with 46,XY chromosomal makeup27. To 
the best of our knowledge, more than 10 mutations 
outside the HMG box have been discovered 
so far, and each has a diverse influence on the 
patients’ phenotype. The areas beyond the HMG 
box are thought to be needed to stabilize protein 
binding and produce specificity by helping in the 
differentiation of protein–protein interactions19. 
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The capacity of SRY protein to bind to DNA 
and bend has been shown to be critical for 
testis development11. The findings of this study, 
particularly the missense mutation downstream of 
the HMG box, highlighted the functional role of 
the SRY gene in the expression and activity of the 
patient. 

Conclusion
	
	 The current findings, particularly the 
missense mutation outside but downstream of the 
HMG box in the SRY gene, support its functional 
significance in this patient’s expression and activity. 
As a result, it is concluded that patients with TS 
must be evaluated using traditional cytogenetic, 
FISH, and molecular genetics techniques to 
determine the presence of the SRY gene as well 
as GBY region.
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