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Abstract 
 

The steroid 5 alpha reductase encoded by SRD5A2 gene plays a critical role in male sex differentiation and 
mutation happened in the gene might also be one of the major causes of transexualism. In order to make this 
evident, a small study was designed. Blood samples were collected from normal people as well as 
transgenders, from which DNA was isolated by Miller’s method. From the DNA samples, the SRD5A2 gene 
was amplified using site specific primers and the amplified gene products were then sequenced. The 
sequences from the transgender samples were compared with the respective controls using the Bioedit tool. 
This study revealed the presence of few previously reported mutations on the transsexuals which clearly 
states that the mutation in the SRD5A2 gene was one of the vital causes for the transexualism.  
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Introduction 
Transexualism is the term referred to the sexual 
behavior, when a person feels difficulties in his/her 
gender identity. This is when a person is born one 
gender but identifies (psychologically and emotionally) as 
the other gender. It can occur either as a single gene 
disorder or as a multi-factorial disorder with respect to 
various genetic and environmental factors (Wigley et al., 
1994). Since the people affected by this feel 
inconvenience with their gender identity, most of them 
undergo gender transition and are termed as 
‘Transgenders’. The gender transition is found to be the 
common solution for the transexualism due to various 
reasons. 
 
Many researchers were conducting experiments to find a 
complete cure for transexualism. Finding the cause of 
the transexualism is found to be the major part of these 
researches (Wigley et al., 1994). On the search of 
various reasons behind the transexualism, a widely 
accepted reason was the occurrence of mutation in the 
SRD5A2 gene (Mendonca et al., 1996). It has been well 
understood that the mutations occurring in the exons of 
SRD5A2 gene serves as one of the reasons for the 
transexualism. The mutation in the gene results in the 
impaired formation of steroid 5 alpha reductase which in 
turn fails to catalyze the formation of a potent male 
hormone Dihydrotestosterone (DHT) (Skordis et al., 
2011).  
 

 
 
 
Steroid 5 alpha reductase plays a vital role in the 
development and maintenance of secondary male 
characteristics and also during initiation and 
maintenance of spermatogenesis (Fernandez-Cancio et 
al., 2004). Steroid 5 alpha reductase exists as two 
isoforms and coded by SRD5A1 and SRD5A2. The 
former gene SRD5A1 is present only on skin tissues and 
plays no role in the development of genital organs 
(Sasaki et al., 2003). Whereas, the mutation that 
occurred in the gene SRD5A2, the gene that codes for 
the enzyme steroid 5 alpha reductase (type II), serves as 
the major reason for the 5 alpha reductase deficiencies 
(Sahaki et al., 2008). The genotype-phenotype 
correlation of steroid 5 alpha reductase is not established 
till now. It has been well understood that the mutations 
occurring in the exons of SRD5A2 gene serves as one of 
the reasons for the transexualism.  
 
The enzyme steroid 5 alpha reductase is the key enzyme 
that catalyzes the conversion of testosterone into 
dihydrotestosterone. Dihydrotestosterone is an essential 
hormone required for the normal development of male 
external genital organs. The impaired or incomplete 
synthesis of dihydrotestosterone results in 5 alpha 
reductase deficiency or disorder of sexual differentiation 
due to which hormonal changes can occur, especially 
androgens, which are important for the expression of 
male characteristics both physically and mentally.  

RESEARCH ARTICLE 



 
J. Acad. Indus. Res. Vol. 1(1) June 2012         32 
 

©Youth Education and Research Trust (YERT)                                                                                 Ravi kumar et al., 2012  

The deficiency might result in various complications 
including incomplete masculination and female pattern 
baldness (Sasaki et al., 2003). SRD5A2 gene was 
mapped in chromosome 2 and consists of 5 exons. The 
gene is expressed mainly in prostate gland and 
androgen sensitive tissues (Fernandez-Cancio et al., 
2004). Several SRD5A2 mutations were identified: 54 
different mutations of which 42 are missense or 
nonsense mutations (Skordis et al., 2010). The majority 
of these mutation leads to the severe defects in the 
process of formation of male hormone, 
dihydrotestosterone. One of the outcomes of this 
mutation is transexualism.  Hence, this study aimed at 
the analysis of mutation occurred on the SRD5A2 gene 
isolated from transgender blood samples from south 
Indian population which will be a novel approach in 
determining the sex of an individual from this region. 
When this study is found successful then there is a 
proposal to use an extensive amount of samples and 
confirming the most prevalent mutation among the same 
set of population. 
 
Materials and methods 
Reagents and chemicals 
All the chemicals used were of analytical grade and the 
plastic/glass wares were produced from reputed vendors 
like Star lab, Bangalore genei, SRL and Tarsons. 
 
Study subjects 
The experiments were conducted after obtaining prior 
permission from Transgender Rights Association (TRA), 
Chennai. A total of 6 transgender individuals and 5 
normal healthy men (controls) between the age group of 
20–25 were enrolled in the present study. 
 
Sample collection and genomic DNA isolation 
Five mL of peripheral venous blood was collected from 
the bronchial vein at the elbow joint, using the 
Vacutainers with a pinch of Na2 EDTA. The tube was 
inverted for a few times and stored at 4°C till further 
processing. The blood samples were centrifuged at 
3,000 rpm for 30 min in Remi–R8C swing out rotor 
centrifuge. The Buffy coat (seen at the interface of the 
settled RBC’s and the supernatant plasma) was carefully 
transferred to a fresh sterile 15 mL centrifuge tube, with 
the help of a Pasteur pipette. Ten mL of RBC lysis buffer 
was added and aspirated vigorously using Pasteur 
pipette. The tube was incubated at 37°C in a water bath 
for 10 min and centrifuged at 3,000 rpm for 20 min. The 
supernatant was decanted.  
 
The RBC lysis step was repeated till a clear white pellet 
(of WBC) was obtained. 3 mL of WBC lysis buffer was 
added to the pellet and aspirated vigorously. 200 μL of 
10% sodium dodecyl sulphate was added and the tubes 
were gently inverted for 10 minutes. The tubes were 
incubated for 16±2 h (overnight) in a 37°C water bath. 
One mL of 6 M NaCl was added to the tubes and 
inverted several times for 20 sec. The tubes were 
centrifuged at 3,000 rpm for 20 min and the supernatant 

was carefully transferred to new sterile 15 mL centrifuge 
tube. Double the volume of ice-cold absolute ethanol was 
added to each tube and the tubes were inverted several 
times until the DNA precipitates. Then the DNA samples 
along with ethanol were transferred to sterile 1.5 mL 
micro centrifuge tube. Then the samples were 
centrifuged at 10,000 rpm for 10 min and the supernatant 
was discarded without disturbing the pellet.To the DNA 
pellet, one mL of 70% ethanol was added and inverted a 
couple of times. The tube was centrifuged at 10,000 rpm 
for 10 min. The supernatant was discarded without any 
trace of the liquid. The pellet was air dried at room 
temperature. Hundred μL of Tris EDTA (TE) buffer was 
added to the semidried DNA pellet and left at room 
temperature overnight to dissolve. The samples were 
stored at 4C. 
 
PCR amplification of SRD5A2 gene 
As mentioned earlier, SRD5A2 gene is composed of 5 
exons and each has to be amplified separately using 
exon specific primers. The primers (Sasaki et al., 2003) 
chosen for the amplification were described in Table 1. 
The SRD5A2 gene present in the isolated genomic DNA 
was amplified with the help of prescribed PCR primers 
using PTC (Programmable Thermo Cycler) (Courtesy: 
CAS in botany, University of Madras, Chennai) under 
respective PCR conditions. The quantity of the amplified 
sequences was analyzed using 0.7% agarose gel 
electrophoresis. 
 
 

Table 1. PCR primers for the exons of SRD5A2 gene. 

Exons Primers 
Product 
size (bp) 

1 
5'-GCCGCGCTCTCTTCTGGGAG-3' 
5'-AGTGCGCTGCACTGGGCGCC-3' 

371 

2 
5'-AACAGTGAATCCTAACCTTTCCTCCC-3' 
5'-TTGTTAGCTGGGAAGTAGGTGAGAAG-3' 

245 

3 
5'-TGTGAAAAAAGCACCACAATCTGGA-3' 
5'-GCTCCAGGGAAGAGTGAGAGTCTGG-3' 

212 

4 
5'-TGCAATGATTGACCTTCCGATTCTTC-3' 
5'-TGTTTGGAGAAGAAGAAAGCTACGTG-3' 

241 

5 
5'-TCAGCCACTGCTCCATTATATTTAC-3' 
5'-TTGACAGTTTTCATCAGCATTGTGG-3' 

170 

 
 
Sequencing of amplified gene 
The amplified gene products have to be sequenced for 
further analysis. The gene products were sequenced with 
automated sequencer (Courtesy: Chromous Biotech, 
Chennai). 
 
Sequence comparison 
The chromatogram of the sequences was primarily 
compared for the presence of mutations.  
 
Results and discussion 
In this study, the blood samples collected from the 
transgender and normal healthy individuals with the help 
of vacutainers was pretreated with EDTA (to prevent the 
coagulation of blood cells (Choi et al., 2008)).  
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The blood collection using pressurized vacutainers 
minimizes the contamination. The genomic DNA was 
isolated from the blood samples using modified Miller’s 
protocol (David et al., 2006). The basic principal behind 
the Miller’s protocol is the lysis of blood cells using the 
tissue/cell lysis buffer followed by the extraction and 
purification of DNA using isopropanol precipitation. The 
formation of the thick bands near the well indicates the 
presence of Genomic DNA. From 6 transgender sample, 
4 samples showed good yield and was preceded further 
whereas, 2 were sheared, whereas in control, all the 
samples showed good results. Blood is chosen for the 
study since it is found as a significantly overlooked 
source of genetic material for diagnostic and forensic 
studies. The 4 transgender samples and 5 control 
samples were continued for the amplification of SRD5A2 
gene. Since, the gene was composed of 5 exons, 5 exon 
specific primers were used for the amplification of 
respective exons. The annealing temperature for the 
primers was identified using gradient PCR as 60°C. The 
amplification of the exons was carried out and the quality 
of the sequences amplified was analyzed using 0.7% 
agarose gel. The amplification profile of the exons is 
displayed in Table 2. Of the sequences amplified, exons 
1, 2, 3 and 5 showed good level of amplification, 
whereas, exon 4 didn’t show good rate amplification. The 
failure of the amplification of exon 4 of few samples 
might be due to the problem associated with primer or 
minimal DNA concentration. This was double checked 
using the forward and reverse primer with another set of 
primers that worked perfectly with other exons 
amplification. The amplified DNA products were then 
subjected to sequencing. Exon 1 from the samples failed 
to sequence which might be due to the less 
concentration of amplified product present in the 
samples. The rest sequenced products (exons 2, 3, 4 
and 5) were analyzed for the presence of mutations.  
 
In exon 3, single base substitution of adenine by 
thiamine at codon 52, predicted a replacement of 
Asparagine codon by Stop codon in sample T3 (Fig. 1). 
Direct sequencing of exon 5 revealed two mutations. C to 
T transition resulting in a substitution of 30th serine codon  
 

 
by phenylalanine codon in two samples (T1 and T5) (Fig. 
2). T to G transversion leading to a substitution of 37th 

phenylalanine codon by glycine codon in sample T5 (Fig. 
3). In exon 4, mutational screening revealed insertion of 
T in sample T5 results in frameshift mutation from codon 
79 (Fig. 4). The most commonly reported missense 
mutations were in exon 4, valine to leucine substitution at 
codon 89 (V89L) (Makridakis et al., 2001), alanine with a 
threonine at codon 49 (A49T) (Klotsman et al., 2004). 
 

 
 

 
 

Table 2. DNA amplification profile of the transgender. 

Samples Genomic DNA 
amplification 

PCR amplification 

Exon 1 Exon 2 Exon 3 Exon 4 Exon 5 
T1 √ √ √ √ X √ 
T2 √ √ √ √ √ √ 
T3 √ √ √ √ X X 
T4 Sh - - - - - 
T5 √ √ √ X √ √ 
T6 Sh - - - - - 
C1 √ √ √ √ X √ 
C2 √ X √ √ X X 
C3 √ √ √ √ √ √ 
C4 √ X √ √ X X 
C5 √ √ √ √ √ X 

T- Transgender; C- Control; √ - Amplified/Good Result; X–Not amplified/No result; Sh–Sheared DNA. 
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Numerous reports are available which proves that 
SRD5A2 gene is prone for mutations. Various 
polymorphism and mutations has been analyzed in all 
the exons especially in the prostate cancer and in the 
conversion of testosterone to dihydroxytestosterone. 
Some of them are nonsense; missense and few are 
silent mutations, and this study has also found that 
SRD5A2 gene got wide range of mutations. Several 
missense polymorphisms in the SRD5A2 gene have 
been shown to affect the enzyme activity (Table 3). Most 
mutations that have been reported in SRD5A2 gene are 
missense mutations (Wilson et al., 1993, Hiort et al., 
1996 and Ferraz et al., 1999). R227Q (Sasaki et al., 
2003), H231R and G196S (Nordenskjold, 1998) have 
been reported in exon 4.  

 
R246Q and G34W (Baldinotti et al., 2008) in exon 5. 
They have been shown to affect enzyme activity. In this 
study, 6 unrelated male to female transitioning 
individuals of south Indian origin were analyzed. Point 
mutation in exon 3 leads to a premature termination 
Codon. Thus, translation of 5 alpha reductase type 2 

enzyme is truncated. Frameshift mutation in exon 4 
affects the stability of enzyme. Two missense mutations 
in exon 5 alter the functional domain of protein due to 
changes in polarity of side chains. These mutations 
prevent the binding of testosterone to N-terminal of 
enzyme thereby interferes with conversion of 
testosterone to DHT, reducing its plasma level. This 
mutation not only affects co-factor binding directly by 
disrupting this enzyme domain, but also diminishes the 
enzyme activity and changes the optimal pH. This might 
be a cause for gender reversal. Secondary male 
characteristics failed to develop in them. Female 
characteristics acquisition in these individuals begins by 
exposing themselves as female in their attire 
(Fernandez-Cancio et al., 2004). Only few opt for sex 
reassignment surgery since its strenuous and expensive. 
In our study, two opted for sex reassignment surgery and 
they are under hormonal regimen.  
 

Table 3. List of mutations identified. 
Exon Mutation Codon Change 

3 Nonsense mutation N52Stop 

5 Missense mutation 
Missense mutation 

S30F 
F37G 

4 Frameshift mutation From Codon 79 
 
Conclusion 
The present investigation dealt with the diagnosis of 
deficiency in 5 alpha reductase type II in local 
transgender people. The molecular analysis provided an 
additional support for the concept; transexualism which is 
mostly likely be caused by the mutation in SRD5A2 
gene. Therefore, the identification SRD5A2 gene 
mutations contributed in confirming the concept. Further, 
we have to find the molecular correlations by analyzing 
large groups. The frameshift mutation was novel in the 
whole study and this was not mentioned in any of the 
researches till now. Hence the outcomes of the study 
may be used to see whether there is a frameshift 
mutation as frequent as others or it is a novel one. The 
study suggests that there is mutation in SRD5A2 gene 
which causes transexualism and is a potential target that 
could be used in medical field for gene therapy and gene 
silencing measures against a well known problem of 
transexualism. 
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