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Abstract. Amir A, Darwin E, Juniarto AZ. 2018. Effects of mobile phone exposure to SRY gene in Rattus norvegicus. Biodiversitas 19:
802-808. Mobile phones are low power radio devices, which transmit and receive radio frequency radiation in the microwave spectrum
ranging from 900-1,800 MHz through an antenna used closely to the user’s head. Radiation destructs living tissue by altering structure
of cell and damaging the DNA, damaging of genetic material in reproductive cells causes mutations and affecting to the next generation.
The genetic database of mutation in human SRY gene has been collected and had the correlation between mutation and the occurrence
of sex development disorder (translocation). However, the study focussing on SRY gene mutation to the exposure of mobile phone has
not been studied, yet. This study was aimed to investigate the effect of various time exposure of mobile phone toward the characteristic
of SRY gene fragments in Rattus norvegicus. Experimental research with randomized post test only control design was conducted on 20
Wistar aged 2-3 months with 200-250 grams of weight. Samples were divided into four groups, with three treatment groups based on
radiation exposure time (30, 60, and 90 minutes), and one group as control group (without treatment) for 60 days. Following exposure,
DNA was isolated from blood of rat, and amplified with a pair of SRY primer set. Positive DNA of SRY gene was assessed by
sequencing the genes and determining the mutations. There were three single nucleotide polymorphism (SNP) of SRY gene in histidine
38 glutamine, (CAT> CAG), proline 76 threonine (CCT >ACT) and leucine 102 leucine (CTG >TTG). Long duration of radiation
exposure for 90 minutes increased the risk of SRY gene mutation.
Keywords: Mobile phone, SRY Gene, SNP, radiation exposure

INTRODUCTION
The use of mobile phone is estimated to reach five
billion users (ITU 2010). Most of mobile phone users do
not aware of the dangers of the electromagnetic radiation
from the device, which can affect the human health. This is
because the lack of information on how mobile phone has
an effect on human health (Uddin and Ferdous 2005).
Mobile phones are low power radio devices that
transmit and receive radio frequency radiation in the
microwave spectrum ranging from 900-1,800 MHz (Figure
1). These devices may be classified as analog of advanced
mobile phone system (AMPS). Various types of analog and
digital cellular phones are used across the globe. Analog
telephones transmit modulations of the amplitude or
frequency of electromagnetic waves, which are transmitted
continuously. On the other hand, the digital telephones
transmit data in series of pulses or fast bursts. The digital
systems allow simultaneous transmission of messages from
different users in the same frequency resulting in the
increased capacity of the transmission channels. Digital
systems have recently replaced analog (Talib et al. 2010).
The type of field exposure of radio frequency
electromagnetic radiation (RFEMR) is generally used in
communication via mobile phone. The exposure of
RFEMR has the a broad range of genotoxic effects i.e. the

occurrence of aneuploidy, sister chromatid exchange,
impaired intrachromosomal recombination, and the
increase of nuclei formation in mammalian cells (Sykes et
al. 2001; d’Ambrosio et al. 2002; Tice et al. 2002;
Mashevich et al. 2003). Radiation destructs living tissue by
altering the structure of cell and damaging DNA. The
damage of DNA depends on the type of radiation, energy
level and amount of absorbed radiation (Swamardika
2009). The damage of genetic material in reproductive cells
causes mutations, which can be passed through to the next
generation (Canadian Nuclear Safety Commission 2012).
The SRY/Sry gene is one of genes, which take responsible
to determine the chromosome Y-testis. This gene is the key
of sexual reproduction, which can be used as the engine for
genetic recombination and natural selection. SRY
determines the axis point of XY sex development in
mammalian embryos by stimulating the testes
differentiation rather than the ovaries from the genital
ridges of the embryonic anlagen of gonad (Koopman et al.
1991, The male sex differentiation of the embryo occurs
when testes have formed and it is promoted by hormones
produced by the Leydig cells. On the other hand, in
embryos where SRY is absent or non-functional, the
genital ridges will develop ovaries followed by female sex
differentiation (Hawkins et al. 1992; Kato et al. 2013).
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Figure 1. In the term of electromagnetic spectrum, cell phones fall between microwave ovens and TV transmitter. Such radiation,
through non-ionizing, can reduce biologically significant effect (Behari 2010)

In mammalian, SRY gene present on the Y
chromosome providing the expression of males. Mutations
in SRY have occured in approximately 15-20% of 46
sexual cases in which XY chromosomes have complete or
partial gonadal dysgenesis. The genetic database of
mutation in human SRY gene has been collected over past
25 years and it has been correlated with one of mutation
types such as the occurrence of sex development disorder
(translocation) (Knower et al. 2011). The impaired function
of SRY causes gonadal dysgenesis leading to the
development of a female somatic phenotype (Phillips et al.
2006). Study which concerns about SRY mutation because
of the exposure of mobile phone has been limited.
Therefore, this study investigated the effect of various time
exposure of mobile phone toward the characteristics of
SRY gene fragments in Rattus novergicus.
MATERIALS AND METHODS
Procedures
Animal handling and treatment
This study was conducted from June to September
2017, with Randomized Post Test Only Control design.
Experimental procedures were done at Animal House
Biomedical Laboratory, Faculty of Medicine, Andalas
University. The house, monitor and treatment of animal
were in accordance with institutional animal ethics
requirements. Food and water were provided ad libitum.
Once acclimatized, groups of rats were randomly placed
into standard plastic mouse cages.

Samples consisted of 20 white rats Rattus novergicus,
male, age 2-3 months, and 200-250 g of body weight.
Samples divided into four groups, one control group, and
three treatment groups. In treatment groups, rats were
exposed to radiation for 30, 60, and 90 minutes, and no
treatment applied in control group. After one cycle of
spermatogenesis occurred, testes and cauda epididymides
were dissected, and blood collection was done for
examination of SRY gene mutation.
Irradiation procedures
For each experiment, five rats were placed in a
container plastic box (55x40x30 cm) for 60 days (one cycle
of spermatogenesis). Irradiation was performed at 09.00
pm every day because rat is nocturnal. Each box was hung
up four cell phones; two in left especially for only
receiving calls, and two in right side especially for
outgoing call. Daily measurements included room
temperature and humidity readings. The rats were also
weighed and inspected for clinical signs of illness daily.
After the irradiation schedule based on one cycle of
spermatogenesis, rats were killed by CO2 asphyxiation, and
blood was collected.
Isolation of DNA
DNA was isolated using PureLink DNA isolation kit
Genomic DNA Mini kit (Invitrogen, USA). The isolation
procedure was carried out according to the manufacturer's
instructions. The result of genomic DNA isolation was
visualized by electrophoresis 1.5% agarose gel and DNA
concentration was calculated by Nano Drop (Thermo
Fisher, USA) , which was then stored at-20oC.
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SRY gene mutation
Positive DNA was amplified with a set of forward (5’TTTGGGAGCAGTGACAGTTG-3’) and reverse (5’GTGGACAGTAAGTAGGTTAGCTG-3) SRY primers. A
pair of primer set for detecting SRY gene mutation was
designed from SRY gene sequences in GenBank database
(NCBI Accession No.NC_024475.1) with Geneious
software v7.0 (Biomatters Ltd, Auckland, New Zealand).
Primers were synthesized by Integrated DNA Technologies
(IDT), Singapore (Figure 2). Composition of SRY PCR
reaction with total volume of 25 µl consisted of 12.5 µl
GoTaq Green Master Mix (Promega, USA), 2.5 µl DNA
genomic, 0.4 µM SRY-F primer and 0.4 µM SRY-R
primer. Amplification of SRY gene was performed
followed by: initial denaturation at 95oC for 5 min,
followed by 35 cycles comprised with denaturation at 95oC
for 30 seconds, annealing at 62oC for 30 seconds, and
elongation at 72oC for 50 seconds, and final elongation at
72oC for 5 minutes.
To ensure the specificity of PCR reactions, PCR
products were also visualized after electrophoreses through
a 1.5% agarose gel and stained with DNA GelRed.
PCR product of SRY gene was purified with Na-acetate
and cooling ethanol absolute. 20 l of pure SRY PCR
product was sent for sequencing analysis with Sanger
method in Macrogen, South Korea.
Data of sequencing was analyzed with Geneious
Software v7.0 (Biomatters Ltd, Auckland, New Zealand).
Multiple alignments were performed by comparing the
result of SRY gene sequences with SRY gene database
(NC_024475.1) for genotyping analysis.
Data analysis
The sequence of DNA was checked by online software
BioEdit v7.0.5 (Ibis Therapeutics, Carlsbad). The
genotyping of allele was identified by sequence alignments
analysis with Geneious Software v7.0 (Biomatters Ltd,
Auckland, New Zealand). Percentage of each genotype was
determined by the frequency of allele mutation in each
locus.
RESULTS AND DISCUSSION
Isolation of genomic DNA
A total of 20 sample of blood rat was isolated after
irradiation performences. The result of DNA isolation
visualized in electrophoresis showed that DNA had a good
quality (Figure 3). The size of SRY gene after
electrophoresis was estimated around 500bp (Figure 4).
However, after the sequencing process, the size of SRY
gene was longer (595bp). SRY gene has a pseudogene
which may be amplified with SRY primer, caused the
increased size of gene.
The result of sequencing showed three Single
Nucleotide Polymorphism (SNP), detected in position
Histidine38Glutamine (CAT > CAG), Proline76Threonine
(CCT > ACT), and Leucine 102 Leucine (CTG > TTG)
(Table 1). There were four novel genotypes found in SRY
gene; TG and GG in histidine38glutamine, CA in

proline76threonine, and CT in leucine102leucine. Most of
genotype was heterozygote mutant, and one genotype was
homozygote mutant. Point mutation in three genotypes of
SRY gene (TG, GG, and CA) caused the alteration of
amino acid; TG, GG altered histidine to glutamine, and CA
altered proline to threonine.
SRY mutation in His38Gln location
The mutation of three genotypes were identified in
His38Gln location i.e TT, TG, and GG mutation. 15 out of
20 samples also showed point mutation at TG allele
position and five samples in GG allele position (Table 1).
The TG allele was found both in control group and in
treated groups (30 and 60 minutes radiation exposure), and
GG allele was found in treated group with 90 minutes of
radiation exposure. TT is the wild-type allele, while TG is a
heterozygote mutant, and AA is a homozygote mutant. TG
was predominantly found in His38Gln location (f= 15,
75%, n= 5, 0 min; n= 5, 30 min; n= 5, 60 min), the second
one was GG (f=5, 25%, n= 5, 90 min), while TT did not
find in His38Gln location (f=0, 0%). The mutation in
His38Gln location (CAT > CAG) altered the amino acid of
histidine to glutamine.
SRY mutation in Pro76Thr location
Point mutation also occurred in Pro76Thr, but only one
allele was detected. There are three alleles in Pro76Thr; CC
was a wild-type allele, CA was a heterozygote mutant, and
AA was a homozygote mutant. CA was found in all
samples (f=20, 100%, n= 5, 0 min; n= 5, 30 min; n= 5, 60
min; n= 5, 90 min), but CC and AA allele were not found
in this location (Table 2). The mutation in Pro76Thr
location (CCT > ACT), altered the amino acid of proline to
threonine.
Table 1. Genotype alleles of His38Gln in SRY gene
Genotypes
TT
TG
GG
His38Gln
K1-5
0
5
0
(CAT > P1.1-5
0
5
0
CAG)
P2.1-5
0
5
0
P3.1-5
0
0
5
Total
0
15
5
0%
75%
25%
Note= K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.15, 90 min radiation exposure.
Sample

No. of
sample
5
5
5
5
20

Table 2. Genotype alleles of Pro76Thr in SRY gene
Genotypes
CC
CA
AA
Pro76Thr
K1-5
0
5
0
(CCT >
P1.1-5
0
5
0
ACT)
P2.1-5
0
5
0
P3.1-5
0
5
0
Total
0
20
0
0%
100%
0%
Note= K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.15, 90 min radiation exposure
Site

No. of
sample
5
5
5
5
20
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SRY mutation in Leu102Leu location
In Leu102Leu location, the point mutation was detected
in CT allele (f= 20, 100%, n= 5, 0 min; n= 5, 30 min; n= 5,
60 min; n= 5, 90 min). The mutation was not found in CC

Figure 2. Position of primer construction for detecting the SRY gene
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and TT allele (Table 3). CC was a wild-type allele, while
CT was a heterozygote mutant, and TT was a homozygote
mutant. The mutation in Leu102Leu location (CTG > TTG)
did not change the amino acid of leucine.
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Control

Treated

DNA isolation result

Figure 3. Electrophoresis result of genomic DNA on 1.5% agarose gel. Positive PCR product of DNA was amplified with SRY primer set
Control

Msm

Treated

500 bp

Figure 4. The electrophoresis result of PCR amplification with SRY primers. Each sample showed the good quality of DNA band.
Position of band was at 500bp. Representative gels of eight samples from control and treated groups are shown. Msm = molecular size
marker

Table 3. Genotype alleles of Leu102Leu in SRY gene
Genotypes
CC
CT
TT
Leu102Leu
K1-5
0
5
0
(CTG >
P1.1-5
0
5
0
TTG)
P2.1-5
0
5
0
P3.1-5
0
5
0
Total
0
20
0
0%
100%
0%
Note= K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.15, 90 min radiation exposure
Site

No. of
sample
9
8
9
10
20

Three nucleotide polymorphism found in this study was
detected in position Histidine38Glutamine (CAT > CAG),
Proline76Threonine (CCT > ACT), and Leusine102Leusine
(CTG > TTG) both in treated (30, 60, 90 min of radiation
exposure) and control group. Two of three mutations
showed that the point mutation in two areas of SRY gene
had altered the synthesis of amino acid (histidine >
glutamine and proline > threonine). These indicated that
the radiation exposure of mobile phone for 30, 60, and 90
min in 60 days (one cycle of spermatogenesis) were able to
induce the mutation.
The various alterations in human or animal tissue are
caused by the partial or comprehensive exposure of radio
frequency radiation to the body via mobile phone. (Behari
2010). The effect of radiation elevates the risk of cancer or

the occurrence of genetic mutations, and may be inherited
to the next generations; or the over exposure of radiation
causes severe damage of tissue, and the mortality occurs
within a few weeks of exposure (Goodman et al. 1999;
CTIA 2003). The silent mutations affect the expression of
gene and play a role in different levels with different
mechanisms (Sauna et al. 2011). The variation of DNA
sequence or nucleotide polymorphisms frequently ensues
within a population. Silent polymorphisms (the alteration
of nucleotide does not change the translation of amino acid
in the encoded protein) increase the attention of researchers
in the last decade (Chaney et al. 2015). This kind of polymorphism can produce different effects on gene expression
and lead to functional differences of diverse significance.
Several recent reviews summarize the effects of such
mutations, in particular in relation to human diseases,
personalized biomedicine and pharmacogenomics (Chamary
et al. 2006; Sauna et al. 2007a,b; Fahraeus et al. 2015).
In this study, the mutation was also found in control
group (Table 4). It may be due to the position of container
boxes of all group was placed in one room, and probably
the radiation of cell phone still affected rats in control
group. Sander et al. (1982) revealed that adverse
physiological or psychological effects were observed in
laboratory studies of people exposed to 50-Hz fields in the
range from 2-5 m. Using the phone in areas of good
reception also decreases exposure as it allows the phone to
transmit in the reduced power (WHO 2014).
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Table 4. Polymorphism in SRY gene after radiation exposure with cell phone
Histidine38Glutamine (His38Gln)
Proline76Threonine (Pro76Thr)
CAT > CAG
Phenotype
CCT > ACT
Phenotype
Sample
K1
TG
Heterozygote mutant
CA
Heterozygote mutant
K2
TG
Heterozygote mutant
CA
Heterozygote mutant
K3
TG
Heterozygote mutant
CA
Heterozygote mutant
K4
TG
Heterozygote mutant
CA
Heterozygote mutant
K5
TG
Heterozygote mutant
CA
Heterozygote mutant
P1-1
TG
Heterozygote mutant
CA
Heterozygote mutant
P1-2
TG
Heterozygote mutant
CA
Heterozygote mutant
P1-3
TG
Heterozygote mutant
CA
Heterozygote mutant
P1-4
TG
Heterozygote mutant
CA
Heterozygote mutant
P1-5
TG
Heterozygote mutant
CA
Heterozygote mutant
P2-1
TG
Heterozygote mutant
CA
Heterozygote mutant
P2-2
TG
Heterozygote mutant
CA
Heterozygote mutant
P2-3
TG
Heterozygote mutant
CA
Heterozygote mutant
P2-4
TG
Heterozygote mutant
CA
Heterozygote mutant
P2-5
TG
Heterozygote mutant
CA
Heterozygote mutant
P3-1
GG
Homozygote mutant
CA
Heterozygote mutant
P3-2
GG
Homozygote mutant
CA
Heterozygote mutant
P3-3
GG
Homozygote mutant
CA
Heterozygote mutant
P3-4
GG
Homozygote mutant
CA
Heterozygote mutant
P3-5
GG
Homozygote mutant
CA
Heterozygote mutant
Note: K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.1-5, 90 min radiation exposure

Radiation exposure of mobile phone for 90 minutes to
treatment groups, showed that it has impact on the DNA of
rat, homozygote mutant that detected in SRY sequence
indicated that radiation generated established-genotype in
SRY gene.
Mutations in SRY gene result in XY sex reversal and
pure gonadal dysgenesis. SRY expression initiates a
network of gene activity that transforms the
undifferentiated gonad, genital ridge into testis. Mutations
in the SRY gene have been considered to account for only
10-15% of 46, XY gonadal dysgenesis cases, whereas the
majority of the remaining cases may have mutation (s) in
the SRY regulatory elements or other genes involved in the
sex differentiation pathway (Shahid et al. 2005).
SRY, a seemingly simple, beyond SRY single-exon
gene discovered over a decade ago, given its pivotal role in
mammalian biology. SRY encodes an HMG domain
protein likely to act as a transcription factor, and in vitro
studies of normal and mutant SRY (as produced in some
human XY females) suggest that DNA binding, and the
accompanying bending of the target DNA molecule, are
important features of its function (Koopman 2001).
This study suggested that radiation exposure of cell
phone for 30, 60, and 90 min in 60 days in rat, caused the
mutation in SRY gene. Two of three mutations (His38Glu
and Pro76Thr) showed that the point mutation in SRY gene
altered the synthesis of amino acid (histidine > glutamine,
and proline > threonine), whereas one mutation has no
change the translation of amino acid; Leusine102Leusine
(CTG > TTG). Further study is needed to investigate the
effect of novel mutation in SRY gene to sex determination,
by separating the place of rat box container in different
room to prevent the intervention of radiation effect.

Leucine102Leucine (Leu102Leu)
CTG > TTG
Phenotype
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
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