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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> CAGQG), 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. [
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INTRODUCTION occurrence of aneuploidy, sister chromatid exchange,
impaired intrachromosomal recombination, and the
The use of mobile phone is estimated to reach five increase of nuclei formation in mammalian cells (Sykes et
billion users (ITU 2010). Most of mobile phone users do  al. 2001; d’Ambrosio et al. 2002; Tice et al. 2002;
not aware of the dangers of the electromagnetic radiation =~ Mashevich et al. 2003). Radiation destructs living tissue by
from the device, which can affect the human health. This is  altering the structure of cell and damaging DNA. The
because the lack of information on how mobile phone has ~ damage of DNA depends on the type of radiation, energy
an effect on human health (Uddin and Ferdous 2005). level and amount of absorbed radiation (Swamardika
Mobile phones are low power radio devices that 2009). The damage of genetic material in reproductive cells
transmit and receive radio frequency radiation in the causes mutations, which can be passed through to the next
microwave spectrum ranging from 900-1,800 MHz (Figure  generation (Canadian Nuclear Safety Commission 2012).
1). These devices may be classified as analog of advanced  The SRY/Sry gene is one of genes, which take responsible
mobile phone system (AMPS). Various types of analog and  to determine the chromosome Y-testis. This gene is the key
digital cellular phones are used across the globe. Analog  of sexual reproduction, which can be used as the engine for
telephones transmit modulations of the amplitude or genetic recombination and natural selection. SRY
frequency of electromagnetic waves, which are transmitted  determines the axis point of XY sex development in
continuously. On the other hand, the digital telephones mammalian embryos by stimulating the testes
transmit data in series of pulses or fast bursts. The digital  differentiation rather than the ovaries from the genital
systems allow simultaneous transmission of messages from  ridges of the embryonic anlagen of gonad (Koopman et al.
different users in the same frequency resulting in the 1991, The male sex differentiation of the embryo occurs
increased capacity of the transmission channels. Digital  when testes have formed and it is promoted by hormones
systems have recently replaced analog (Talib et al. 2010). produced by the Leydig cells. On the other hand, in
The type of field exposure of radio frequency embryos where SRY is absent or non-functional, the
electromagnetic radiation (RFEMR) is generally used in  genital ridges will develop ovaries followed by female sex
communication via mobile phone. The exposure of differentiation (Hawkins et al. 1992; Kato et al. 2013).
RFEMR has the a broad range of genotoxic effects i.e. the
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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 CO, 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-20°C.
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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 pl consisted of 12.5 pl
GoTaq Green Master Mix (Promega, USA), 2.5 ul DNA
genomic, 0.4 uM SRY-F primer and 0.4 pM SRY-R
primer. Amplification of SRY gene was performed
followed by: initial denaturation at 95°C for 5 min,
followed by 35 cycles comprised with denaturation at 95°C
for 30 seconds, annealing at 62°C for 30 seconds, and
elongation at 72°C for 50 seconds, and final elongation at
72°C 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 pl 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 > CAGQG), 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
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proline76threonine, and CT in leucinel02leucine. 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 His38GIn 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 His38GlIn 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 His38GIn location (f=0, 0%). The mutation in
His38GlIn location (CAT > CAGQG) 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 (=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

No. of Genotypes

Sample sample TT TG GG

His38GlIn K1-5 5 0 5 0
(CAT > P11 5 0 5 0
CAG) P2.1-5 5 0 5 0
P3.1-5 5 0 0 5

Total 20 0 15 5
0% 75% 25%

Note= K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.1-
5, 90 min radiation exposure.

Table 2. Genotype alleles of Pro76Thr in SRY gene

Site No. of Genotypes
sample CC CA AA
Pro76Thr K1-5 5 0 5 0
(CCT > PLIS 5 0 5 0
ACT) P2.1-5 5 0 5 0
P3.1-5 5 0 5 0
Total 20 0 20 0

0% 100% 0

X

Note= K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.1-
5, 90 min radiation exposure
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SRY mutation in Leul02Leu location and TT allele (Table 3). CC was a wild-type allele, while
In Leul02Leu location, the point mutation was detected  CT was a heterozygote mutant, and TT was a homozygote
in CT allele (f= 20, 100%, n=5, 0 min; n= 5, 30 min; n=5, mutant. The mutation in Leul02Leu location (CTG > TTG)
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n= 5, 90 min). The mutation was not found in CC  did not change the amino acid of leucine.[!

o 0 a a0 o a0 'm o o 1 3 B 7 12 120
CTTC AAC ACTC TETTGETETC CAAG AAATECATTC TTTC TETAGAAGGGT ACAGTC TG 64 ABAG TAATTTT GATCAAG GETAGGAATTEG6ACATTGTS TATG TG ATTT ATTTTTA TAG TTATATG TAARTATATAT AAT TATATATATAT ATATTTG T6T6 TETE TG T ET6 TETE TETGTETETE T TE

200 210 220 230 240 250 260 210 280 200 00 310 a2 330 340 350 360 an 380
TGTGT6TGTGTETE AGCATGTETCT CCTAGHE GATGAAC TCAGGTTACTAGAC CTG 6 ACTAGGAGCC TTTACCTGCTC TTG ATTT 6 TTAGTT GAGT TTC CTTTARATAARGEAGEAT TEC CTCAGCARATG CTG CTEA TEA AATC ACATTGAGTAT GCACGETC ACTCTAC CCACTC AAGG GCARGAT GATA

300 40
AGGTTCTATCAGACCAAC CGC TEAAD

420 430 4 480 480 40 480 40 500 510 520 530 540 550 560 570
ACCTGAGTCTCCC ARGG TCATCCTTETT TTC ACTTGTAACCACARATTTGTC TTGC CTTGTCACTATARAACATCTG TCCATTC CAGCACC CTTACAAGTEACAG GAGE CAC RGCC ARAC TAC TGCT TTG CGTG CTAACATCAC TACTCCT TTCTTCE TATA

840 o 720 740
CAACTTTAC ATTTTTECTTCTLanvtvEAAAATAtvt.nl:M\LvATLvTTTTTLvaAAAT(vCTLvAAC cccuu: Acn un TLvTC AECATCATG&TECE tvtvnAM:TthtvE CTLvTEMvTLvE EATLvl:EM:TTC 'rcvc TthTEATLv(vaC c'rc c'rcc chrnncbo nu TLvTLvaA(vETE J\'rc Tred ATAECALvthC c'ruv
BT

770 760 T80 800 810 820 830 840 850 860 870 880 800 o00 alo 020 230 240 950
CTACTETCTGE GAATCGGE GCC TCTC ATTTCCCATG GCAG ATTC TTG ToGATGE GEATT66 ARG TGCC TECAACTAC TACAATAAG ATG TATG GAGAGTTCATE AGAGTC TEEATCAS T66 A6 A6 GRG ACAC TCATCAT CAG CAAG TCCTCGAGCAT GETCOATETE ATEAAGC ACAGCARCTAC ATC TCCA
T 0 o T A e o " - (S0 TN i S T e S T S DT e O A~ TR - e ) (i S A A P

E

080 70 080 220 1.000 1010 1.020 1,030 1.040 1,050 1,080 1,070 1,080 1,000 1,100 1110 1.120 1,130 1,140

nncw CAG nbcwssoc 'rsc A thtvEATT(vaC .n'roc M:LvaAnTLvaC .u'c .nn'r'rrucncnccco A ETthLvthLvm\E GETC ELvE TTTCTT nuubc TETtvn T 'rc'r'rn'rrctvu'rtvo TMv utv'rcrtvn'mun cea TCAA&EAGEATTT&&AC Mvtvt nvuv'rs.n ELvTC
R q 5 T T 3

1,160 1,170 1.180 1,180 1200 1210 1220 1230 1.240 1250 1.260 1270 1.280 1280 1,300 1310 1.320 1330
cnc rc LvtvaCTM: GTLanCtvTLvthLanCETCATLvaACACATCATGETGM\C AETTETAACAEGETETTECTLvatvaATCE (44 TtvtvhELvnAMvTTETATTLvTCvAMvAAAATCCAGG&TTATTTTAAT&E CTLvtvEAn cvc Ac TECTTATCAAAECnAAEATETTETTTAAGRTTTCTT&&C 'rc'rnc ntv
3 v L bij 2 1 2

1340 1380 1,380 1370 1,380 1,300 1,400 1410 1420 1,430 1440 1480 1,480 1470 1,480 1480 1500 1510 1520
ARAGTATGAGAGATCCGTCARGGAC TG AAAGACG AGATCGARRTT TGS TG0 AARAGAARRGACAG ARAG TTTCCTC AGC ACAG ARACTEG AAGAC TG TATE GATTTTC CARCTEATTT GATTTTC GOTG ACACACG T66 ACAC CTCACARAGCA GAACGETE AATCAGTETATATT 66AAATE CTG ATTG
e T o VAR Gl VY D (G vl Gl BT U DU - e e VIO - e o) S0V [ N G TR VG R - ) PO e T SNl SR VLN A S VA e T GG U W At - o VG- G TR e - R T e e et T Nl ) S |

1530 1,540 1560 1,560 1570 1,580 1500 1,600 1810 1,620 1630 1,640 1860 1860 1670 1880 1800 1700 1710
CGGECOE TEAC ACCATETCOG TCAC TCTETAC GTC ATET TG0 TTCTCATE GCAGAGTATE CEGAGETECARACA GO TATAC TEARGHAARTC CACACTE TTET TG6 TEAD A-AGACATAR GEATTG: TEATCTE CARA ATT TEAAAGTG GTC GAAR AC T TCATTAACGAG ACE € TEE GETATCAGCE TETE
A & F N O T N N~ N T ) B0 GE T A IS T X GEY IR [T T N T O ¢ BN QX E K WO W GEGE- T D W 8 5 oY Q u

[

1720 1.730 1740 1760 1760 1770 1780 1700 1,800 1810 1520 1830 1840 1860 1,880 1870 1,880 1800 1,800 1010
Msucnw'rc).n:bc Autvccc TtvtvMvthTLvACLvTLvATTLvACtvaCTACCCtvaTTM.AM.LvtvaAACTAACATCATTCT&AACATC&&AA& AATLvCAC A&oc TCLvAthATTTCCCCAAGCCCAAT&M.TTTAC cc'r'r cvu uc'r'muuuvnc thTCCCTACAGLYTATTTTCA&CCATTT&GCTTTtva
q

1,820 1,830 1,840 1,860 1,050 1,870 1080 1200 2,000 2010 2,020 2030 2,040 2,050 2,060 2,070 2,080 2,000 2,100
GRCECEEAGETETE CTEE CAACTAC ATC GOCATEG TEAT CAT G AARGTTE TOE TG TTAC ACTTTTG ARAC GATTCCATCT FAAG ACATTEC AARAAAG CTGTATT G AARATATGCC GARAARTART GCACTTETCOTT GCA TC TAGATG AGE ACAG CCC CATTE TG GARATAATTTTCTC TECAAGE AATT
b R S T G AT N COT VT S e TN eSO Y O VT (- A R P e M B ) T30 I TR e e e O W el T T S Y R T

2,110 2,120 2,130 2,140 2150 2,160 2170 2,180 2,100 2,200 2210 2220 2,230 2,240 2,250 2,260 2270 2,280 2,200
CAGAAARGTAC CTCARAC AGTGAAC AAG TRGHGGTC TETC TAC TOTG ACAL ATTACTC ATC GATAGTTACCT 666 AACC ATCAGTT TTATCCA GTAG GTE GOCTCAACCTC ACC ACGE ATG TTTE ATG GTCTGAAGCCAT TTTATGATCAC AGC TCCTATG GTTTETC AGCAAGC CEAFCATCCATCCAGAGA
;T A

T T

2; i 2320 2330 2340 2,350 2,360 2370 2380 2,300 2,400 2410 2,420 440 2,450 AfD 2470 2,480
CCECEATECAAMAEARAEEAETCL ATE TTCG GEACCA TALAGAG ACTE AAG CCTT AAAECAC CAA PECT AC A AAATATACATT 6L AMAG CAGE CCATCAG TALARCE CATOTEE TOTCOTE CTALACTTCE AMAL TG TCCTEAC ACATETA AT CACTCTE COAG ARG TACT TAAGTTATTA EAMA

2,400 2500 2510 2520 2530 2540 2,560 2,560 2570 2580 2,500 2500 2,610 2520 2,630 2,640 2,860 2,660 2870
GECCAGG CCAT TG GEETCAG GCATAAATEAACAAAGGAAC T TTCATTTG TETG TG T6T6 TET6 TeTETET 6T6 TeTe TETET6T 6T6 T6 TG T6TE TeTTEAC 66 TARGT 656 AAGT AAC AATC TAG ACTE TTC CCAC AAG TTAAGCCC GGTTECT TAT GATE GATCCCC ATG TAAACTE TTTT GGG GECA

2,380 2,00 2,700 2710 2720 2,730 2740 2,750 2,760 2,770 2780 2,700 2,800 2810 2,820 2,830 2,840 2,850 2,863
AAAGTTAAACATGE GAGTATTGTTT CTTACTC TCAGTTC 616 CTCC CAGE ACTGTAG C TTEACT GTAGTAG GTG TAGATTCAGGTAGAACAT GCCTAAG TCGTATTAGCC ToAGTARAATATAG CTAGGAC TCTCTET G TG CTET GEHG HAARAT CAC ATEE TEC ATTTCAAATARATAGETC TTTTT

Figure 2. Position of primer construction for detecting the SRY gene
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Figure 3. Electrophoresis result of genomic DNA on 1.5% agarose gel. Positive PCR product of DNA was amplified with SRY primer set
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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 Leul02Leu in SRY gene

Site No. of Genotypes
sample CC CT TT
LeulO2Leu KI1-5 9 0 5 0
(CTG > P1.1-5 8 0 5 0
TTG) P2.1-5 9 0 5 0
P3.1-5 10 0 5 0
Total 20 0 20 0
0% 100% 0%

Note= K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.1-
5, 90 min radiation exposure

Three nucleotide polymorphism found in this study was
detected in position Histidine38Glutamine (CAT > CAQG),
Proline76 Threonine (CCT > ACT), and Leusinel02Leusine
(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 poly-
morphism 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)

Leucinel02Leucine (Leul(2Leu)

Sample CAT > CAG Phenotype CCT > ACT Phenotype CTG>TTG Phenotype

K1 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
K2 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
K3 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
K4 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
K5 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P1-1 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P1-2 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P1-3 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P1-4 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P1-5 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P2-1 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P2-2 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P2-3 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P2-4 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P2-5 TG Heterozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P3-1 GG Homozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P3-2 GG Homozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P3-3 GG Homozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P3-4 GG Homozygote mutant CA Heterozygote mutant CT Heterozygote mutant
P3-5 GG Homozygote mutant CA Heterozygote mutant CT 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 ACKNOWLEDGEMENTS

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; Leusinel02Leusine
(CTG > TTQG). 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.
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