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"DcJVuUiuMH of IlistniuL'A. i acui-v of xk'da n i ( ' i l  i I 1 in k-.it lit- m I t( h it i I i I m I 11 ! . I’ada a-j 2M 2'.*. 'A c;U Nil a t.ifi a.

in.jtai I w I s  ■ _ s ( i  i o. it It i I \ m hr! i d

\'l.nuisvt!|!-i i ;_W5\ ed 14 i.Xluka 2n| ' Kevt'-inii ;n copied I' Apr! Jets

Abstract. Am ir .!. i  u in E. Junmnu. I/ .  20/a t j i \ \  o of wofriL- t>ii<nu ,\n , >, <- :<> N /V ) g-ov in Rati us norv cgicus. /Yta/ovo v o  / v 
SU'-Sas Mobile phone> a:c 1ms pov.c: radio dcvu.es, whit!! kun-atit and receive radio frequency radiation in the micrnu a\ t. s|iu * i n 
ranging irom 900-1,800 MHz through an antenna used closcL to the user'1- head. Radiation dcstruc-s in mg iomic h\ ah.enne s um l 
ol cell and damaging * he DNA. Jaiiia^ng nt genetic material m reproductive cells causes mutations and a Meeting to the next generation. 
1 he genetic datnhnsc ol mutation in numan Nk 1 _c ic io  I u  t collected unci had the eon'da'ion between mutation and the uev.ii -v. 
of sex development disorder (translocation). Ho t vc k s udv focussing on SRY gene mutation to the exposure of mobile onone ui 
not been studied, yet. This study "  - iT.ed ‘u m l i i ii i fleet of v ariou- lime exposure of mobile phone to ward the characteristic
ol SRY gene fragments m R<nrus n,n tvenvo. I \ u  i m i d n'-sureh with sandonti/ecl post test unL control design was conducted on 20 
Wistar aged 2*2 months with 200-25') grams of weight. Samples we a* divided isito four groups, with three treatment groups based on 
radiation exposure time (2d. 60, and on minutes), and one group as control group (without treatment) lor 60 day-. Following exposure. 
I.)NA was isolated Irom blood ol rat. and amplified with a pair of SRY’ primer set. Positive DNA of SKY' gene was assessed hv 
sequencing the genes and delenvnmng the mutation-. There were three single nudenude poh morphism (SN P) of NRY' gene in histidine 
28 glutamine. ((’AT ‘ CA<0. piolme 76 threonine (CtT AtTi and leucine H'2 leucine ((.T(i TTCit. Long duration of radiation 
exposure lor 00 minutes increased the risk of SRY gene mutation.

Keywords: Mobile phone. SRY' <.icnc. SNP. radiation exposure

INTRODUCTION

The use of  mobile phone is estimated to reach five 
billion users (I Id: 2010). Most ol’ mobile phone users do 
not aware ot the dangers of the electromagnetic radiation 
from the device, which can affect the human health This is 
because Ihc lack of information on how mobile phene has 
an £& ct  on human health (Uddin and Fcrdous 2005).

Mobile phones are low power radio devices that 
transmit and receive radio frequency radiation m the 
microwave spectrum ranging from 900-1.800 Mil/  (Figure 
F). These devices may be d a s - ^ e d  as analog of  advanced 
mobile phone system i AM PS ), 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 arc 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 m the 
increased capacity of  the transmission channels. Digital 
systems have recently replaced analog (Tulib el al. 2010),

The type of  field exposure of radio frequency 
dectroimgnetic radiation (R.F12MR) is general!v used in 
communication via mobile phone. The exposure of 
RFFMR has the a broad range of gcnotoxic effects i.e. the

occurrence of ancunloidy. sister chromatid exchange, 
impaired imraehromosoniai recombination cod the 
increase of nuclei unmation in mammalian cells tSvk.es ct 
al. 2001: d'Ambrosio el ui. 2002: Tice ct al. 2002. 
Mashcvichet ah 2002), Radialion destrucls living tissue h\ 
altering tire structure of cell ami damaging DNA. The 
damage of DNA depends on the type of radiation, energy 
]c\el and amount el absorbed radiation (Swamardika 
2000). Tire damage of genetic maternal m reproductive cells 
causes mutations, which can be passed through tv) Ihc next 
generation (Canadian Nuclear Safety Commission 2012). 
The SRY Sry gene is one of  genes, which take responsible 
to determine the chromosome Y-testis. Tins gene is the key 
of  sexual reproduction, which can be used as the engine for 
genetic recombination and natural selection. SRY 
determines the axis poini of XY w.x development m 
mammalian embryos by stimulating the testes 
differentiation rather than the ovaries from the genital 
ridges of the embryonic anlagen of gonad (Koopman et al. 
i 99 R 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 el al ! 992: fCuto el a!. 20 i 2)
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Figure l. in the term of electromagnetic spcciruni, cell phones Uhl hc-n.’-ccn nucros'.avc o\c:is and 1A irnnsmiuer. Such radiation, 
through non-ionizing, can reduce No logical Iv sign ill can? cl lee* (Hehari 20! u i

In mammalian. SRY gene present on the Y 
chromosome providing the expression of males. Mutations 
in SRY have occurcd in approximately 15-20°h of 46 
sexual eases in which XY chromosomes have complete or 
partial gonadal dysgenesis. The genetic database of 
mutation in human SRY gene has been collected over pas! 
-A years and it has been correlated with one ol mutation 
types such as the occurrence of  sex development disorder 
(translocation) (Knovcer et al. 2 0 1 I). The impaired function 
ol' SRY causes gonadal dysgenesis leading to the 
development of a female somatic phenotype (Phillipsct a). 
2006). Study which concerns about SRY mutation because 
ol the exposure ol mobile phone has been limilcd. 
Therefore, this study investigated the cficct of various iimv 
exposure of mobile phone toward the characteristics of 
SRY gene fragments in Riiaus mo-erg/, u.v

MATERIALS AND METHODS

Procedures

Anim al hand ling  ana 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 
Univerjjjy. The house, monitor and treatment ot animal 
were m accordance with institutional animal ethics 
requirements. Food and water were provided ad libitum. 
Once acclimatized, groups o f  rats were randomly placed 
into standard plastic mouse cages.

Samples consisted o f  20 white ruts RaHus umvre/<nv>. 
male, age 2-7 months, and 200-250 g of body weight. 
Samples divided into Ibiu' groups, one control group, and 
three treatment groups. In treatment groups, rats were 
exposed to radiation for 50. 6(). and 90 minutes, and no 
trealmen! applied in control group After one cycle of 
spermatogenesis occurred, testes and caudu epididymides 
were dissected, and blood collection was done for 
examination of SRY gene mutation.

Irra d ia tio n  nnn aiitre.s
For each experiment, live rats were placed in a 

container plastic box (55\40.\50 cm! forfOi days (one cycle 
ol spermatogenesis). Irradiation was performed at 09.lit) 
pm ci cry dav because rat is nocturnal Fach box was hung 
up lour cell phones: two in left especially Mr onk 
receding call' .0 two in right side cspcciaik for
v uitgoing call. Daily measurements mciud 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 ot 
spermatogenesis, rats were killed by CO: asphyxiation, and 
blood was collected.

Isnla'anii o f  D S  t
DNA was isolated using PureLink DNA isolation kit 

Cicnomic 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 ge! and DNA 
concentration was calculated by Nano Drop (Thermo 
Fisher. USA). which was then stored at 2(UC.
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SRY ,gexe nnuann/i
Positive DNA was amplified with a set of iovward 15' 

TTTGGGAt U.'AGTt i At 'A(.ITTt t-5' i and reverse (5 '■ 
GTGGACAGTAAGTAGGTTAGC ‘TCi-3> SRY primers. A 
pair of primer sel for detecting SRN eene mutation was 
designed from SRY gene sequences m C e d a n k  database 
(NY13J Accession No.NC 024475.1) with Geneious 
software v7.0 (Rjomutlcrs Ltd. Auckland. New Zealand) 
Primers were synthesized by Integrated DNA Technologies 
(IDT), Singapore (Figure 2). Composition of SRY PCR 
reaction with tola! volume of 25 ul consisted of 12.5 ul 
GoTaq Green Master Mix fPromega. CSAi. 2.5 id DNA 
genomic. 0.4 pM SRY F primer and 0,4 llM SRY R 
primer. Amplification of SRY gene was performed 
followed by: initial dcmtluralion a? 95'Y‘ tor 5 mm. 
followed by 35 cycles comprised with donaiuration at 95"C 
for 30 seconds, annealing at 62'C for 30 seconds, and 
elongation at 7 2 ’C for 50 seconds, and final elongation at 
7 2 'S ib r  5 minutes.

To ensure the specificity of PCR reactions. PCR 
products were also visualized aiier electrophoreses through 
a 1.5': o agarose gel and stained with DNA Gel Red.

PCR product of  SRY gene was purified with Na acetate 
and cooling ethanol absolute. 20 ul of pure SRY PCR 
product was sent for sequencing analysis with Sanger 
method in Maerogen. South Korea.

Data of sequencing was analv/cd with Geneious 
Software vTO (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 genolyping analysis.

Data analysis
The sequence o f  DNA was cheeked by online software 

DioEdit v7.0.5 (Ibis Theiapei :v  Carl shad). Tire 
genolyping of allele was identified by sequence alignments 
analysis with Geneious Sofiw su \7  0 (BiomaUers Ltd. 
Auckland, New Zealand). Percentage of  each genotype was 
determined by the frequency of allele mutaiion m each 
locus.

RESULTS AM ) DISCUSSION 

Isolation of genomic DN A
A total of 20 sample of blood rat was isolated after 

irradiation performances. The result of DNA isolation 
visualized in electrophoresis showed that DNA had a good 
quality (Figure 3). The size of SR’)' 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 v'f sequencing showed three Single 
Nucleotide Polymorphism (SNP). delected in position 
IhstidmeaSGlutamine (CAT CAG). Prolinc7(iThrconmc 
(CCT ACT), and Leucine 102 Leucine (CTG - TTG) 
(Table 1). There were four novel genotypes found in SRY 
gene: TG and GG in luslidinenSglutamme. GA in

pmline/Mhreonine. and CT in leucine I OJleueine. Most of 
genotype was hetero/.ygote mutant, and one genotype was 
homo/Ngote mutant. Point mutation m three genotypes of' 
SRY gene f lG .  GG. and GA) caused the alteration of 
amino acui: TG. GG altered histidine to glutamine, and GA 
altered proline to Ihreomne.

SRY imitation in IlisTKGlii location
The mutation of three genotypes were identified in 

Ilisd-SGIn location i.e TT. TG. and CiG mutation. 15 out of 
20 samples also showed point mutation at TG allele 
position and five samples in GG allele position (Table 1). 
Tlte TG allele was found both in control group and in 
treated groups (30 and 00 minutes radiation exposure), and 
GG allele was found in treated group with 00 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 m IlisdKGln location (C" 15. 
75%. n 5. 0 min. n 5. 30 mm, n 5. 00 min), the second 
ime was GG i f ' 5. 25"«,. n 5. 00 min), while TT did not 
find in IhsdSGln location (CO. 0%). The mutation in 
Ilis.LSGln location (CAT CAG) altered the ammo acid of 
histidine to glutamine.

SRY mutation in Pro7(> i hr location
Point nmtal ion also ioeeuiTed in IToO I lir. but on!iv one

allele wa s detected. T he re are three alleles in ProToThr: CC
was a vvi Id-tvpc allele. GA was a hclcro/vgotc mutant, and
AA was a homozygot e mutant CA was found in all
samples Cf 20. i 00%. n- 5. 0 nnn: n 5. 30 min: n:: 5. 60
min. n- 5. 00 min), but CG and AA allel e were mu Kumd
in this location (Table 2). The mutati on in Pro 76Thr
location ((X T -' ACT). altered the ammo acid of prolime to
threonine

Table 1 (.ieiiotype alleles 1of fiis.%;Gln m SRY gene

......... Sample No. of
n

Genotypes
sample t( , g g

His3iS( iln K1 - 5 y 0 5 o
(CAT •• PL1-5 5 0 5 0

CAG) P2.1-5 5 0 5 0
P3.1-5 s 0 0 5

Total 20 0 i 5 5
ON, 75%

Note k. 1•>. control groupi. PU-5. 50 nun: PI' 1-5, 00 utin . P5.! -
5, on nun radiation exposure

Table 2. ( ie:toi\pe alleles iof PmAi (hr in SRY gene

................. No. of ~ — ' Genotxpes
sample CC ’ C \ A. A

ProAThr K i-5 5 (1 5 0
(CCT PU-5 5 0 5 0
U Tt PI 1-5 5 0 s 0

1*3.1-5 y 0 5 o
Total 2'> 0 2o 0

0":1 1 Oir-'i, ()%
Note K] -5. eoniml group PU-5. 50 nun. PI1 1-5. 00 min: P5.! -
5. oil mm radiation exposure
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SRV mutation in L«u!02Leu location
In Leul02Leu location, the point mutation was delected 

in ( T  allele ({’••• 20. 1 Ot V: n  5. 0 min; \v  5. .0' mm; » 5. 
60 min; i r  5. 00 mm). Hie mutation was not found in

and TT allele (Table 3). CC  was a wild-type allele, while 
( T  was a heterozygote mutant, and TT was a homo/ygote 
mutant. The mutation in 1 eu 1 02Leu location (kIT i TT< A 
did not change the amino acid of leucine.

wm '-••'V ''y*; - .-'-y <7“-” .- W'- "

♦NWVSW9WK' »vVVV....... ô -vs. ;

mmmmw,

WM%m , / \ % % s s >V<•, ,-^-V ........... ..  .

Figure 2. Position ot'nnnser construction mr detecting the SRV gene
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Figure 3. kleetrophoxsis n>uk o f genom ic DNA on 1.5% agarose ge! Punitive P(. K product oi l )N A u as amplified with SK 'i primer sel

Figure 4. fhc ele'elrupho.eM'' uli of IN R amplilieaaon with SRV piimers f.ueh sample shoved die good quaky of DNA hand. 
Position of band was as 50t)hp. RepresentaUv c gels of eight samples irons control and treated groups arc shown Msm molecular size 
marker

Table 3 Genotypealleles ul'Leu 1021.cn in SRV gene

Site No. or ( .enntv |>es
sample CC ( f f t

Leiil02Leu K. i -5 a 0 5 o
(CTG > I’M -5 X n u
TTGi f’2 i-5 •-) it 5 n

P M -5 10 n s u
i ota! :n

O N :

:o o
iOflN. ! J ” o

S o l  kl ' control ert1 ip- PI.1-5. 3(1 nun; 1.’M o .  6U mm; P5.I-
5. 9U nun radiation exposure

Three nucleotide polymorphism Sound in this study was 
detected in position HistidinedSGIutaminc (CAT " CAG). 
Proline76Threonine tCCT • ACT), and LcusincK'OLcusinc 
jCTG • TTG'i both in treated (30. 60. 00 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 o f  ammo and  (histidine 
glutamine and proline '> threonine). These indicated lhal 
the radiation exposure of  mobile plume !6 r 30. 60. and 00 
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 o f  radio 
frequency radiation to the body via mobile phone. (Bchari 
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 ol radiation 
causes severe damage of tissue, ami the mortality occurs 
within a lew w eeks ot exposure (Goodman el al. 19VO; 
CTIA 2003). The silent mutations asi'ec! the expression of 
gene and plav a role in different levels with different 
mechanisms (Sauna et al. 201 I j. The variation of DNA 
sequence or mivlcutiuv polymorphisms frequently ensues 
within a population Silent polymorphisms (the alteration 
of  nucleotide does not change the translation of  amino acid 
m the encoded protein.» increase the alter^lm of researchers 
in the last decade [ i  hancy el al. 2015). th is  kind of poly
morphism can produce different e fie els 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 pharmacogenomies (('hamary 
el al. 2006: Sauna et al. 2007a.b; Eahraeus 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 slill affected rats in control 
group. Sander et al. (10x2) revealed that adverse 
physiological or psychological effects were observed in 
laboratory studies of people exposed to 50 II/ fields in the 
range from 2 5 m. Gsing the phone m areas of good 
reception also decreases exposure as it allow s the phone to 
transmit m the reduced power f \Y110 2014).
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Table 4. Polymorphism in SR.Y gene alto; radiation exposure v-ith eell phono

HisttdiiuRXGlutamme (liis3S(,ln) Pni!ine76l hreunine (Pni7(flhr) l.tucinc Ill2l.cuchic (L-cu
Sample . 1  ■ M. S’hcnos.vpe ( ’( r - A C Plieno'opc CTG - TTC1 Phenotv ie
K! TG f Ictero/.viotc mu tarn \ Hetero/veote mutant r r 1 letero/.Ygiue mutant
K2 TG H e ' e r o / \ m a ' a m A Hetero/viiote mutant Gf 1 lotc; o/YCute mutant
K5 TG lletero/vgoie mutant c A Hetero/ygnte mutant GT l k 'e , n / \ d w t L mutant
K4 TG Heiero/xeote mutant c A Hctero/ygote mutant C \ 1 letero/.vgoie mu,am
K5 TG Heiero/sgote mu lam (. A Hetero/ygote mutant (T 1 leiero/yoote mutant
PM TG H elcro /\  cot c mu tan t c A Hctoro/Yuotc mutant GT Hctero/ygote mutant
Pi-2 TG Hctero/.vgote mutant ( A Hctero/vgoie mutant GT 1 letero/.Ygote mutam
PI-5 TG Hctcro/veote mutant (. A 1 ie'ero/ygotc mutant M 1 R te. i >/\ gotL mutatit
PI-4 TG lletero/vgoie mutant (. A 1 letero/vgote mutant r r 1 k c e io /N  eote mutant
pi -5 TG Hetcm/vgoto muami c \ Heiero/ygote mutant GT f lc 'e r o / Y i io 'e mutant
P2- TG 1 let cro/vgow mutant (. A 1 leiero/ygote mutant GT 1 letero/x goto mutant
P2-2 TG 1 ieteru/Acote mutan; ( A Hctero/.ve.ote mutant GT 1 ieteto/ygote mutant
P2-2 TG 1 -leiero/Acote mutant ( A Hc'.eso/vgute mutant GT Hetero/A goto mutant
P2-4 TG lielero/vgote mutant (. A 1 ietero/vgnte mutant r r Hetem/vgote mutant
P2-5 TG [ ictcro/mjo'c mutant ( \ Hcteio/wote mutant GT Heiero/ygo;e mutant
P3- GG 1 lomo/ACo?e mutant t A Hetem/ojote mutant GT 1 le ie ro /.y g o te mutant
P2-2 GG Homo/\goto mutant (, A H e t e r u /v g o ’e m utant GT Heieiwvgoie mutant
PM GG Homo/v/otc muumt (. \ i f . : ,  n o v . i o e  m utant GT Hetero/YL'ote mutant
P2-4 t. i ( j Homo/.veote mutant c A IMcromgutc mutant GT Heieio/.ygoie mutant

GG 1 iomo/\eotc mutant ( A fleteri'/’vgote n:c/-ant r r 1 lete.’ o /v ^ o t e mutant
Note: K 1 5, control group: ’ ! . 1-5. M nun: P2. !-5. M) nun P.T i -5 4 6  min ra d ia tio n  c \p " v u r e

Radiation exposure of mobile phone lor 70 minutes to 
treatment groups, showed that it has impact on the DNA of 
nil. homozygotc mutant that detected in SRY sequence 
indicated that radiation generated established-genotype m 
NR^ ;ene

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 onh 
.10-15% of 46. XY gonadal dysgenesis cases, whereas the 
majority of  the remaining cases may have mutation (si in 
the SRY regulatory elements or other genes involved in the 
sexSfferentiution pathway (Shahid et al. 2005).

SRY. a seemingly simple, beyond SRY single-exon 
gene discovered over a decade ago. given Os 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 tas 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 20. 60. and 70 min in 60 days in rat. caused the 
mutation in SRY gene. Two of three mutations illisoHGIu 
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; Leusmel02Lcusinc 
iCTG > TIG). 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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SRY gene mutation in Rattus norvegicus induced by various time
exposure of mobile phone
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