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ABSTRACT

This study included 120 of obese males with mean age 20-50 year and 50 aged-matched healthy males as a control.
The obese patients classified into 3 groups based on Body Mass Index (BMI). DNA was isolated from the collected
blood samples and applied for PCR using primers designed for exons 3 and 9 of FTO gene. The results showed that
there are 8 mutations in the exon 3. Seven of the mutations are transition and one is transversion. Furthermore,
seven of which are predicted to be missense and oneissilent. Asfor exon 9, twelve mutations were identified. Eight
of the mutations are transversion and 4 are transition, whereas eleven of which are predicted to be missense and
one is silent. The mutations in both 3 and 9 exons recorded a significant differences (p < 0.05) with a Chi-square
(X?) 63.229 and 24.802 respectively in the incidence of the pathogenicity comparison to the control.

INTRODUCTION

Obesity became a threat that rapidly growing toeasily effects on the health of populations in mahgountries.
Obesity associated diseases include hypertensidmopary diseases, coronary heart disease, dialbgtes2,
gallbladder disease, cancer, etc [1]. Body overhteig the sixth risk factor that causes overall ©pfidisease all
over the world [2]. Also, the fifth leading riskrfglobal deaths comes from overweight and obeEiagh year there
is at least 2.8 million adults die as a result oflypoverweight or obese. More than 1.4 billion &luhccording to
the WHO in 2008, were overweight. Over 200 and B0lion of these were men and women obese respgtiv
44%, 23% and 7- 41 % of diabetes, ischaemic hdagade and certain cancer burdens are attributdbdy
overweight and obesity [2, 3, and 4]. The genenfats and obesity-associatéd Q) located on chromosome 16
(16912.2) and encoded for an enzyme known as dptaaylutatate-dependent dioxygenase which repliytated
RNA and DNA through oxidative demethylation of degtranded RNA and DNA containing 3-methyluracitia
3-methylthimine respectively [5, 6, 7 and 8]. Thezyme specifically demethylates N6-methyadenosm6A)
RNA, the most common modification of mMRNA in eukastig. Human hypothalamus highly expressed for FTO.
Also, it expressed by pituitary and adrenal glantitch indicates a potential role f&TO gene in the regulation of
body weight [9]. Mutation iFTO associated with increased obesity and type 2 thalésk factors, which reflect
the importance of m6A in physiological pathwaysdlwing in human diseases [10]. The FTO contributes
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regulation of metabolic rate, body fat accumulati@nergy expenditure and participates in regulatan
thermogenesis and differentiation of adipocytess[and 11]. Boissel et al [12] generated mice Haweporal and
spatial lack fol=TO expression that resulted in a reduction in bodgtle, weight, fat mass and lean mass. A high
fat dietary in mice causes a high expression of Kith contributes in pathogenesis of non-alcohfaity liver
disease [13]. Huang et al [14] identified a selecinhibitor called meclofenamic acid (AM) whichrapete m6A
substrate for binding to FTO, the work that highted on the development of epigenetic processesriag
discovery of obesity. Deficiency in FTO is effeeiwn protection from development of obesity and ahetic
syndrome [15]. Study by Walter et al [16] reveatbdt genes involving in obesity, especidiyO, may directly
effect on phobic anxiety which indicated that obeand phobic anxiety shared common genetic detemts. Two
neighboring genes, RPGRIP1L and IRX3, BFO have been implicated in the obesity associateth WifO.
Disturbance in expression of these genes resultedsmaller mice and mild obesity [17]. Zhao ef18] showed
that the exonic splicing of adipogenic regulataagtbr RUNX1T1 controlled by FTO through regulatiegels of
m6A around splice sites and thus the FTO-depende®#® demethylation plays an important role in the
adipogenesis regulation. Obesity related to caofaiisk alleleFTO gene showed increased in body mass during
aging. In addition to, reduced in brain functiorliding impulse control and taste responsiveness,igcreased
impulsivity and fatty food intake [19].

MATERIALSAND METHODS

Sampling

Four ml of blood samples for genetic analysis wenléected from 170 men who their ages range frorb@@ears,
120 of them are obese who were classified basd&&Mirinto three groups. Obesity groupBMI= 30-34.9), obesity
group Il BMI= 35-39.9) and obesity group IIB¢I= 40 onwards). Other men (50) are apparently healttd they
were grouped as a contr@N]l= 18-24.9).

Body M easurements
For BMI, weight dividing by height square (Kilogram/ m&gwas determined. The central obes@pj calculated
by the ratio of the waist circumference to the Efigumference.

Extraction of DNA
DNA isolation kit from Geneaid was used to extadtA from blood samples and based on the proceduréged
by manufacturer.

Amplifying of exons 3 and 9 of FTO gene

Forward primers (5'- CAC TCC GGT ATC TCG CAT CC)-8hd (5'- CTA TGC TCA GCA CAC GGG AA -3)
were used to amplify the exons 3 and 9 respectiVighile revers primers (5'- ACA ATG GCA CAG CAT CAIA

-3) and (5'- AGC CAG GTC AGA AAG GGA GA -3") werssed to amplify the exons 3 and 9 respectively.tiddl
primers were obtained from Integrated DNA Techn@sg-ompany (USA). The PCR reaction mixture witimal
volume 25 pul included 2 pl of 100 ng/ul DNA, 12.6qf GoTag® Green Master Mix 2X (Promega Company,
USA) and 10.5 ul of nucleases free water. Cycliogdition of PCR was shown in table (1). Agarose (@b %)
was then run for the products of the PCR reactiodures.

Table 1: PCR cycling condition

PCR cycling condition for exon 3

Cyclestep Temp. Time Cycle No.
Initial denaturation 94 °C 5 min 1
Denaturation 94 °C 45 sec
Annealing 64 °C 53 sec 35
Extensiol 72 °C 45 se
Final extensio 72 °C 7 min 1

PCR cycling condition for exon 9
Cyclestep Temp. Time Cycle No.
Initial denaturation 94 °C 5 min 1
Denaturation 94 °C 45 sec
Annealing 62 °C 35 sec 30
Extension 72 °C 45 sec
Final extension 72°C 7 min 1
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Nucleic acids analysis

60 samples with 20 ul of the PCR product, 40 sampected randomly from all obese groups and &iples
selected randomly from control, were sent to Migem company (USA) to check the DNA sequencing ainex3
and 9 ofFTO gene. The obtained results were then comparedthétipublished sequence on the National Center of
Biotechnology Information (NCBI).

Statistics Analysis
Chi-Square (XTest) was used to assess the significant diffese(fe®.05) between different factors in the current
study.

RESULTS

The relationship betwedMI andCO was shown in figure (1), theO was increased by increasingBMI. Also, it
has found significant differences BMI between control and obesity groups as well as anlemghree groups of
obesity themselves (figure 2-A and table 2). Sigait differences ifCO were noticed between control and obesity
groups. In contrast, there are no significant défifees inCO showed among the three groups of obesity (figure 2
B). Bands of a predicted lengths 239 and 559 b wesulted from analysis of PCR products of exoasd 9 of
FTO gene on agarose gels respectively (figures 3 anRekults of nucleic acids alignments frO exon-3 and
FTO exon-9 of control groups, by using NCBI, showe@&®&d 100% identities respectively (figures 5 apd 7

BLASTN of FTO exon-3 of (40) obese men showed many of mutationsucleotides bases. There were (4)
samples have G127265A mutation (transition) redutiean alteration from Alanine to Threonine (figs-A, table
3). Also, twenty eight samples have A127156G an@/AB0G mutations (transitions) resulted in a sitentation

in the first location and missense mutation in faeond location (figure 6-B, table 3). While thevere (36)
samples have A127158G and C127159T mutations causatieration from Histidine to Arginine in bottchtions
(figure 6-B, figure 6-C, table 3). Furthermore, @igamples showed A127154G and A127156G mutatieend fo
Lysine to Glutamic acid missense mutations (figgh€, table 3). On the other hand, A127171T mutakias been
noticed in all samples of obese men caused Glutaaiitto Aspartic acid missense mutation (figuré 6 C).

As for FTO exon-9, BLASTN of (40) obese men showed (16) samplave T413837A mutation resulted in
isoleucine to asparagine alteration (figure 8-Ajléas4). Ten samples were carried T413837A and T43A8
mutations caused isoleucine to lysine alteratiogu(é 8-B and C, table 4). Also, there were (4) gl have
A413833C, C414194T and A414199T mutations whiclulted in alterations in isoleucine to leucine, tnmime to
isoleucine and methionine to leucine respectivéigute 8-B, table 4). Six samples were carried TBRUZS,
G413841A, T413842G and G413878T mutations leadtéoation in isoleucine to Serine, serine to seligilent),
tryptophan to glycine and lysine to asparagineu¢fg8-C, table 4). Moreover, it has found (14) skshaving
A413776G and A413778G mutations caused isoleucivaltne alteration (figure 8-D, table 4).

Statistical analysis revealed that all the mutatioecorded in the exons 3 and 9FGIO gene of obese men were
effective in the occurrence of the diseased(p5) with X 63.229 and X24.802 respectively.

¥ = 1E-04x*- 0.0125x7 + 0.5241x - 5.7775

Central Obesity

20 s 30 is 40 45 0 35

BMI (Kg/m2)

Figure 1: relationship between BMI and CO
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Figure2: BMI (A) and CO (B) among obesity and control groups

Table 2: Sorting of samples depending on BMI (A) and CO (B)

Group BMI (kg/m2) | Global BMI (kg/m2) | No. of samples | CO
Control 23.76 18-24.9 50 0.95
Group | obesity 33.31 30-34.9 30 1.49
Group Il obesity 37.95 35-39.9 40 1.54
Group Il obesity 49.76 40 onwards 50 1.58
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239 239 239 239 239 239 239 239 239300

200
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Figure 3: Analysisof exon 3of FTO geneon 1.5 % agarose gel electrophoresis. The gel wasrun for one hour and half at 100 volts. M:
100 bp DNA ladder; Lane N: Control (healthy); Lanes 1-8: Patients (obese men)

559 559 559 559 559 559 559 559 559 559 559 559 559

Figure 4: Analysisof exon 9 of FTO geneon 1.5 % agarose gel electrophoresis. The gel wasrun for one hour and half at 100 volts. M: 50
bp DNA ladder; Lane N: Control (healthy); Lanes 1-12: Patients (obese men)
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Table 3: Nucleotides alter ation and a concomitant alteration of amino acidsin exon 3 of FTO genein obese men

Replication of location of Nuclectide Amino acid change Predicted Type of
M utation gene bank change effect mutation

4 G127265A GCT/ACT Alanine/Threonine Missensg Transition

28 A127156C AAA/AAG Lysine/Lysine Silent | Transitior

36 A127158C CAC/CGT Histidine/Arginine Missens | Transitior

36 C127159T CA/CGT Histidine/Arginine Missense Transition

28 A127160G ACCIGCC Threonine/Alanine Missenge Transition

8 A127154G AAA/GAG Lysine/Glutamic acid Missensg Transition

8 A127156G AMIGAG Lysine/Glutamic acid Missensg Transition
40 A127170 GAA/GAT Glutamic acid/Aspartic ac Missens | Transversio

Table4: Nucleotides alter ation and a concomitant alteration of amino acidsin exon 9 of FTO genein obese men

Replication of Mutation | location of genebank | Nucleotidechange | Amino acid change | Predicted effect | Type of mutation
16 T413837A ATT/AAT Isoleucine/Asparagine Missense Transversion
10 T413837A ATT/AAA Isoleucine/Lysine Missense Transversion
10 T413838A ATT/AAA Isoleucine/Lysine Missense Transversion
4 A413833C ATT/CTT Isoleucine/Leucine Missense Transversion
4 C414194T ACC/ATC Threonine/ Isoleucingl Missense Transition
4 A4141991 ATGITTG Methionine/Leucin Missens Transvesior
6 T413834G ATT/AGT Isoleucine/Serine Missense Transversion
6 G413841A TCG/TCA Serine/Serine Silent Transition
6 T413842G TGG/IGGG Tryptophan/Glycine | Missense Transversion
6 G413878T AAG/AAT Lysine/Asparagine Missense Transversion
14 A413776C ATAIGTG Isoleucine/Valin: Missens Transitior
14 A413778C ATAIGTG Isoleucine/Valin: Missens Transitior

Homo sapiens fat mass and obesity associated (FTO),

RefSegGene on chromosome 16

Sequence IDref[NG_012969.1ngth: 417505Number of Matches: 1

Score: 235 bits(127) Expect: 1e-58 Identities: 129/130(99%)Gaps: 0/130(0%) Strand: Plus/Plus

Query 62 ACCGAGGCTGAAATAGCCGCTGCTTGTGAGACCTOICAAGCTCAATGACTACCTGCAG

121
LU AT
Sbjct 127160

ACCGAGGCTGAAATAGCCGCTGCTTGTGAGACCTTCCTCAAGCTCAATGACTACCTGCAG 217219

Query 122
ATAGAAACCATCCAGGCTTTGGAAGAACTTGCTGCCAAAGAGAAGGCTAATGAGGATGCT 181

(RN ARRRTEAAE
Sbjct 127220

ATAGAAACCATCCAGGCTTTGGAAGAACTTGCTGCCAAAGAGAAGGCTAATGAGGATGCT 127279

Query 182 GTGCCATTGT 191

[
Shjct 127280 GTGCCATTGT 127289

Figure5: Nucleic acids alignment of FTO exon -3 of (20) control healthy men (Query) with standard sequence (subjct) by using NCBI
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(A)

Homo sapiens fat mass and obesity associated (FTO)

RefSegGene on chromosome 16

Sequence IDref[NG_012969.1ngth: 417505Number of Matches: 1

Score: 240 bits(121) Expect: 4e-60 |dentities: 127/129(98%) Gaps. 0/129(0%) Strand: Plus/Plus

Query 61 CCGAGGCTGATATAGCCGCTGCTTGTGAGACCTTTCAAGCTCAATGACTACCTGCAGA

120
(T DAL RRR R e
Shjct 127161

CCGAGGCTGAAATAGCCGCTGCTTGTGAGACCTTCCTCAAGCTCAATGACACCTGCAGA 127220

Query 121

TAGAAACCATCCAGGCTTTGGAAGAACTTGCTGCCAAAGAGAAGACTAATGAGGATGCTG 180
TR R ARTARAAR

Shjct 127221

TAGAAACCATCCAGGCTTTGGAAGAACTTGCTGCCAAAGAGAAGGCTAATGAGGATGCTG 127280

Query 181 TGCCATTGT 189

[T
Shjct 127281 TGCCATTGT 127289

(B)

Homo sapiens fat mass and obesity associated (FTO)

RefSeqGene on chromosome 16

Sequence IDref[NG_012969.1ngth: 417505Number of Matches: 1

Score: 248 bits(134) Expect: 1e-62 ldentities: 144/149(97%) Gaps. 0/149(0%) Strand: Plus/Plus

Query 42  AGGGTCTAATATAAAGCGIGCCGAGGCTGATATAGOGCTGCTTGTGAGACCTTCCTCAA

101
LA TECRTR AR EEE L CRRRHARATL
Sbjct 127141

AGGGTCTAATATAAAACACACCGAGGCTGAAATAGCCGCTGCTTGTGAGACTTCCTCAA 127200

Query 102

GCTCAATGACTACCTGCAGATAGAAACCATCCAGGCTTTGGAAGAACTTGOGCCAAAGA 161
AR T TSR

Shjct 127201

GCTCAATGACTACCTGCAGATAGAAACCATCCAGGCTTTGGAAGAACTTGO GCCAAAGA 127260

Query 162 GAAGGCTAATGAGGATGCTGTGCCATTGT 190

(TR
Shjct 127261 GAAGGCTAATGAGGATGCTGTGCCATTGT 12728
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(€)

Homo sapiens fat mass and obesity associated (FTO)

RefSegGene on chromosome 16

Sequence IDref[NG_012969.1ngth: 417505Number of Matches: 1

Score: 241 bits(130) Expect: 2e-60 Identities: 142/148(96%) Gaps. 0/148(0%) Strand: Plus/Plus

Query 43 ggdTCTAATATAGAGCGTIGCCGAGGCTGATATAGCCGCTGCTTGTGAGACCTTCTCAAG

102
(T E T TR
Shjct 127142

GGGTCTAATATAAAACACACCGAGGCTGAAATAGCCGCTGCTTGTGAGACTTCCTCAAG 127201

Query 103

CTCAATGACTACCTGCAGATAGAAACCATCCAGGCTTTGGAAGAACTTGCTGCCAAAGAG 162
(PDTENTREIUTEEIOUEROORR R

Shjct 127202

CTCAATGACTACCTGCAGATAGAAACCATCCAGGCTTTGGAAGAACTTGCTECCAAAGAG 127261

Query 163 AAGGCTAATGAGGATGCTGTGCCATTGT 190

LLRLECIRRTRITATARAR
Shjct 127262 AAGGCTAATGAGGATGCTGTGCCATTGT 127289

Figure (6): Nucleic acidsalignment of FTO exon -3 of (40) obese men (Query) with standar d sequence (subjct) by using NCBI. (A):
alignment for 4 samples; (B): alignment for 28 samples; (C): alignment for 8 samples

Homo sapiens fat mass and obesity associated (FTO)

RefSeqGene on chromosome 16

Sequence IDref[ING_012969.1kngth: 417505Number of Matches: 1

Score: 935 bits (506) Expect: 0.0 Identities: 506/506(100%) Gaps: 0/506(0%) Strand: Plus/Plus

Query 25 CTGTCTTTAGGGAGTTCCCTTGATCTCTTGAAAGAGCACAGCCCCATTTACATTATTTC

84
LT TR
Shjct 413781 CTGTCTTTAGGGAGTTCCCTTGATCTCTTGAAAGAEACAGCCCCATTTACATTATTTC

413840

Query 85  GTGGATTTCACCAGCATAGTATAGtttttttCTGTAGTCCCTCATTCTTATGTAATAAC 144
TTERTTTRIDT TR

Shjct 413841 GTGGATTTCACCAGCATAGTATAGTTTTTTTCTGTAGTCCCTCATTCTTATGTAATAAC

413900

Query 145

AGGTGGAACTGAGGTTTGAAGAACCTCAGTGGCCCATCCTGATGACATTGBGACTCAAA 204
AR TR RRAAAR

Shjct 413901

AGGTGGAACTGAGGTTTGAAGAACCTCAGTGGCCCATCCTGATGACATTGAGACTCAAA 413960

Query 205

GAGACAAGAGAGAGTAGGGTTTAAAACCTGAGCTTTAAGACTCCCACTAGCITCGTGTCC 264
AR TR RRAAAR

Shjct 413961

GAGACAAGAGAGAGTAGGGTTTAAAACCTGAGCTTTAAGACTCCCACTAGCITCGTGTCC 414020

Query 265 TTTGGCATGTTAACGTGCCTCAGTTTCCTCATCTBTAATGGGGATATATGAAAGGCAC
324
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TSRO
Sbjct 414021 TTTGGCATGTTAACGTGCCTCAGTTTCCTCATCTBTAATGGGGATATATGAAAGGCAC

414080

Query 325 CAGTCCTAAGGTGAACATTAAGTGAGATGATTCTAGTACAGACTTAGAACAATTTCCAG

384
(NTTOEOTOTOTOTOE AR
Sbjct 414081

CAGTCCTAAGGTGAACATTAAGTGAGATGATTCTAGTTACAGACTTAGAACAATTTCCAG 414140

Query 385 CACATAGTTAAATATCCAGGAAATTCTGGTACTGTATGTGTGGGTGAGCTGACCTGGAT

444
TR AR ERRT
Sbjct 414141 CACATAGTTAAATATCCAGGAAATTCTGGTACTGTATGTGTGGGTGAGCTGACCTGGAT

414200

Query 445 GTAGATGTTTTCCTCTCTCTTGCTGACCCCTCCGRGTTTTGTCTTGTGATGCCATTAA

504
LR
Sbhjct 414201 GTAGATGTTTTCCTCTCTCTTGCTGACCCCTCCGARGTTTTGTCTTGTGATGCCATTAA

414260

Query 505 CACATCTCTCCCTTTCTGACCTGGCT 530

[T
Sbjct 414261 CACATCTCTCCCTTTCTGACCTGGCT 414286

Figure 7: Nucleic acids alignment of FTO exon-9 of (20) control healthy men (Query) with standar d sequence (shj ct) by using NCBI

(A)

Homo sapiens fat mass and obesity associated (FTO)

RefSeqGene on chromosome 16

Sequence IDeef[ING_012969.1kngth: 417505Number of Matches: 1

Score: 863 bits(467) Expect: 0.0 |dentities: 469/470(99%) Gaps: 0/470(0%) Strand: Plus/Plus

Query 1 ACACAGCCCCATTTACATTAATTCGTGGATTTCACAGCATAGTATAGitttCTGTA 60
TRV TR

Shjct 413817 ACACAGCCCCATTTACATTATTTCGTGGATTTCACAGCATAGTATAGTTTTTTTCTGTA

413876

Query 61 AGTCCCTCATTCTTATGTAATAACAGGTGGAACTGAGTTTGAAGAACCTCAGTGGCCCA

120
(AR AT AT AR
Sbjct 413877

AGTCCCTCATTCTTATGTAATAACAGGTGGAACTGAGGTTTGAAGAACCTAAGTGGCCCA 413936

Query 121

TCCTGATGACATTGGAGACTCAAAGAGACAAGAGAGAGTAGGGTTTAAAACCTGAGCTTT 180
LR TR AR

Shjct 413937

TCCTGATGACATTGGAGACTCAAAGAGACAAGAGAGAGTAGGGTTTAAAACCTGAGCTTT 413996

Query 181 AAGACTCCCACTAGCTTCGTGTCCTTTGGCATGTREGTGCCTCAGTTTCCTCATCTGT

240
R R RTRO
Sbjct 413997 AAGACTCCCACTAGCTTCGTGTCCTTTGGCATGTREGTGCCTCAGTTTCCTCATCTGT

414056
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Query 241

ATAATGGGGATATATGAAAGGCACCAGTCCTAAGGTGAACATTAAGTGAGATGATTCTAG 300
TR TR AARR

Shjct 414057

ATAATGGGGATATATGAAAGGCACCAGTCCTAAGGTGAACATTAAGTGAGATGATTCTAG 414116

Query 301 TTACAGACTTAGAACAATTTCCAGCACATAGTTAAAATCCAGGAAATTCTGGTACTGTT

360
TR TR
Shjct 414117 TTACAGACTTAGAACAATTTCCAGCACATAGTTAAAATCCAGGAAATTCTGGTACTGTT

414176

Query 361 ATGTGTGGGTGAGCTGACCTGGATGTAGATGTTTBICTCTCTTGCTGACCCCTCCGCC

420
RS S RRERRTELL
Shjct 414177 ATGTGTGGGTGAGCTGACCTGGATGTAGATGTTTBICTCTCTTGCTGACCCCTCCGCC

414236

Query 421 AGTTTTGTCTTGTGATGCCATTAACACATCTCTCCOTCTGACCTGGCT 470

(TP E
Sbhjct 414237 AGTTTTGTCTTGTGATGCCATTAACACATCTCTCOUTCTGACCTGGCT 414286

(B)

Homo sapiens fat mass and obesity associated (FTO)

RefSegGene on chromosome 16

Sequence IDref[ING_012969.1llength: 417505Number of Matches: 1

Score: 870 bits(471) Expect: 0.0 |dentities: 485/492(99%) Gaps: 0/492(0%) Strand: Plus/Plus

Query 42  TTCCCTTGATCTCTTGAAAGAGACACAGCCCCATHWCCTTAAATCGTGGATTTCACCAG

101
TR T AR
Shjct 413795 TTCCCTTGATCTCTTGAAAGAGACACAGCCCCATRCATTATITCGTGGATTTCACCAG

413854

Query 102 CATAGTATAGtitttttCTGTAETTCCCTCATTCTATGTAATAACAGGTGGAACTGAGG 161
(LR RARRT A

Shjct 413855 CATAGTATAGTTTTTTTCTGTARGTCCCTCATTCTATGTAATAACAGGTGGAACTGAGG

413914

Query 162

TTTGAAGAACCTCAGTGGCCCATCCTGATGACATTGGAGACTCAAAGAGAGAGAGAGAG 221
AR TR RRAAAR

Shjct 413915

TTTGAAGAACCTCAGTGGCCCATCCTGATGACATTGGAGACTCAAAGAGARAGAGAGAG 413974

Query 222 TAGGGTTTAAAACCTGAGCTTTAAGACTCCCACTAGTTCGTGTCCTTTGGCATGTTAAC

281
TR TR
Sbjct 413975 TAGGGTTTAAAACCTGAGCTTTAAGACTCCCACTAGTTCGTGTCCTTTGGCATGTTAAC

414034

Query 282 GTGCCTCAGTTTCCTCATCTGTATAATGGGGATATIRGAAAGGCACCAGTCCTAAGGTGA

341
(OO AR
Sbjct 414035

GTGCCTCAGTTTCCTCATCTGTATAATGGGGATATATGAAAGGCACCAGTCTAAGGTGA 414094
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Query 342 ACATTAAGTGAGATGATTCTAGTTACAGACTTAGALAATTTCCAGCACATAGTTAAATA

401

(TR
Sbjct 414095
ACATTAAGTGAGATGATTCTAGTTACAGACTTAGAACAATTTCCAGCACATAGTTAAATA 414154

Query 402 TCCAGGAAATTCTGGTACTGTTATGTGTGGGTGAQGAICTGGITGTAGATGTTTTCCT

461
LA RRTRR LR AR

Sbjct 414155 TCCAGGAAATTCTGGTACTGTTATGTGTGGGTGAGGACCTGGATGTAGATGTTTTCCT

414214

Query 462 CTCTCTTGCTGACCCCTCCGCCAGTTTTGTCTTGAGECCATTAACACATCTCTCCCTT

521
LR AT
Shjct 414215 CTCTCTTGCTGACCCCTCCGCCAGTTTTGTCTTGABECCATTAACACATCTCTCCCTT

414274

Query 522 TCTGACCTGGCT 533

[T
Shjct 414275 TCTGACCTGGCT 414286

(©)

Homo sapiens fat mass and obesity associated (FTO)

RefSeqGene on chromosome 16

Sequence IDref[NG_012969.1ngth: 417505Number of Matches: 1

Score: 830 bits(449) Expect: 0.0 Identities: 461/467(99%) Gaps. 0/467(0%) Strand: Plus/Plus

Query 1 CAGCCCCATTTACAGTARATEAGGGATTTCACCAGRTAGTATAG iitittCTGTAATT 60
(TR T ALFARR e g

Sbjct 413820 CAGCCCCATTTACATTATTTEGTGGATTTCACCAGOAGTATAGTTTTTTTCTGTAAGT

413879

Query 61 CCCTCATTCTTATGTAATAACAGGTGGAACTGAGGITGAAGAACCTCAGTGGCCCATCC

120
TR TRRSRRTTD
Sbjct 413880 CCCTCATTCTTATGTAATAACAGGTGGAACTGAGGITGAAGAACCTCAGTGGCCCATCC

413939

Query 121

TGATGACATTGGAGACTCAAAGAGACAAGAGAGAGTAGGGTTTAAAACCTGAGCTTTAAG 180
AR T TR RRAAAR

Shjct 413940

TGATGACATTGGAGACTCAAAGAGACAAGAGAGAGTAGGGTTTAAAACCTGAGCTTTAAG 413999

Query 181 ACTCCCACTAGCTTCGTGTCCTTTGGCATGTTAAGGCCTCAGTTTCCTCATCTGTATA

240
TP
Sbjct 414000 ACTCCCACTAGCTTCGTGTCCTTTGGCATGTTAAGGCCTCAGTTTCCTCATCTGTATA

414059

Query 241
ATGGGGATATATGAAAGGCACCAGTCCTAAGGTGAACATTAAGTGAGATGATTCTAGTTA 300
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Shjct 414060
ATGGGGATATATGAAAGGCACCAGTCCTAAGGTGAACATTAAGTGAGATGATTCTAGTTA 414119

Query 301 CAGACTTAGAACAATTTCCAGCACATAGTTAAATATCCAGGAAATTCTGGTACTGTTATG

360
LT
Sbjct 414120 CAGACTTAGAACAATTTCCAGCACATAGTTAAATATCCAGGAAATTCTGGTACTGTTATG

414179

Query 361 TGTGGGTGAGCTGACCTGGATGTAGATGTTTTCCTCTCTTGCTGACCCCTCCGCCAGT

420
T RSRRTT
Shjct 414180 TGTGGGTGAGCTGACCTGGATGTAGATGTTTTCCTCTCTTGCTGACCCCTCCGCCAGT

414239

Query 421 TTTGTCTTGTGATGCCATTAACACATCTCTCCCTIOTGACCTGGCT 467

LR
Sbjct 414240 TTTGTCTTGTGATGCCATTAACACATCTCTCCCTTTGACCTGGCT 414286

(D)

Homo sapiens fat mass and obesity associated (FTO)

RefSeqGene on chromosome 16

Sequence IDref[ING_012969.1llength: 417505Number of Matches: 1

Score: 939 bits(508) Expect: 0.0 Identities: 512/514(99%) Gaps: 0/514(0%) Strand: Plus/Plus

Query 16 GTTGGIGTCCTGTCTTTAGGGAGTTCCCTTGATCTUGAAAGAGACACAGCCCCATTTA

75
[T TTTEINEOOCARRAR E T
Shjct 413772 GTTGATATCCTGTCTTTAGGGAGTTCCCTTGATCTCGAAAGAGACACAGCCCCATTTA

413831

Query 76  CATTATTTCGTGGATTTCACCAGCATAGTATAGHittCTGTAAGTCCCTCATTCTTA 135
TP TORR

Shjct 413832 CATTATTTCGTGGATTTCACCAGCATAGTATAGTTITTTCTGTAAGTCCCTCATTCTTA

413891

Query 136

TGTAATAACAGGTGGAACTGAGGTTTGAAGAACCTCAGTGGCCCATCCTGAGACATTGG 195
LR ARAARRLL

Shjct 413892

TGTAATAACAGGTGGAACTGAGGTTTGAAGAACCTCAGTGGCCCATCCTGAGACATTGG 413951

Query 196

AGACTCAAAGAGACAAGAGAGAGTAGGGTTTAAAACCTGAGCTTTAAGACTCCCACTAGC 255
IR TR AR

Shjct 413952

AGACTCAAAGAGACAAGAGAGAGTAGGGTTTAAAACCTGAGCTTTAAGACTCCCACTAGC 414011

Query 256 TTCGTGTCCTTTGGCATGTTAACGTGCCTCAGTTTCTCATCTGTATAATGGGGATATAT

315
TR
Sbjct 414012 TTCGTGTCCTTTGGCATGTTAACGTGCCTCAGTTTCTCATCTGTATAATGGGGATATAT

414071

Query 316
GAAAGGCACCAGTCCTAAGGTGAACATTAAGTGAGATGATTCTAGTTACAGACTTAGAAC 375

252
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(NTTOEOTOTOOTO AR
Sbjct 414072

GAAAGGCACCAGTCCTAAGGTGAACATTAAGTGAGATGATTCTAGTTACAGACTTAGAAC 414131

Query 376 AATTTCCAGCACATAGTTAAATATCCAGGAAATTCTGGTACTGTTATGTGTGGGTGAGCT

435
TR T LERTET
Shjct 414132 AATTTCCAGCACATAGTTAAATATCCAGGAAATTCGGTACTGTTATGTGTGGGTGAGCT

414191

Query 436 GACCTGGATGTAGATGTTTTCCTCTCTCTTGCTGRTCTCCGCCAGTTTTGTCTTGTGA

495
TR AT R
Shjct 414192 GACCTGGATGTAGATGTTTTCCTCTCTCTTGCTGACCTCCGCCAGTTTTGTCTTGTGA

414251

Query 496 TGCCATTAACACATCTCTCCCTTTCTGACCTGGE29

(TR
Shjct 414252 TGCCATTAACACATCTCTCCCTTTCTGACCTGGE14285

Figure (8): Nucleic acids alignment of FTO exon-9 of (40) obese men (Query) with standard sequence (subjct) by using NCBI. (A):
alignment for 3 samples; (B): alignment for 4 samples; (C): alignment for 6 samples; (D): alignment for 14 samples

DISCUSSION

Eight mutations in th&TO exon-3 has been indicated in this study, mosheit (7) are missense and only one was
silent (table 3, figure 6). On the other hand, l@tations were identified in thETO exon-9, 11 of which are
missense and one was silent (table 4, figure &.dimilar study by Fan et al [20], they showed thatations in the
exon 3 of thé=TO gene were associated with increasing of intramaséat and growth rate in pig. Also, Church et
al [21] showed that a single mutation in fREO exon-6 of mice decreased functional activity ofCFesulted in a
reduction in fat mass and body weight. Furthermbteyre et al [22], they scanned all exons of Hi®© gene,
identified 18 and 6 nonsynonymous (missense) nuutatin the exons 3 and 9 of th&éO gene of Europeans obese
respectively in addition to 11 other nonsynonymougations in the rest of tHeTO exons. And they showed that
these mutations associated with FTO function. Timetion of the FTO could impacts on energy balaiiee null
for FTO are lean and have increasing in metabolic ratélewhice with FTO"" genotype were resistant to diet
induced obesity [23]. Based on findings of the préstudy we can concluded that the mutationsfthatd in the
exons 3 and 9 dfTO could influence on FTO function, resulted in aoréasing in FTO function, which brought
about the obesity.
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