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Abstract

The purpose of the present study was to evaluate a possible interrelation of the 70 rs9939609 SNP and the DAT! rs27072
SNP with BMI and grade of obesity in the population of Yakuts

Materials and Methods: A total of 191 people of Yakut nationality were tested (143 women and 48 men). Two groups of
subjects were formed: the control group (CG) with BMI<25 kg/m? and the obesity group (OG) with BMI>30 kg/m?. The study
of the FTO 159939609 SNP and the DAT' rs27072 SNP was performed by PCR and restriction fragment length polymorphism.

Results: According to the results obtained from all persons surveyed, the frequency of the A risk allele of the F70 rs9939609
SNP was 27% with the AA genotype frequency of 9.4%. Analysis of the distribution of alleles and genotypes of the DATI rs27072
SNP showed the predominance of the wild-type G allele (90.8%) and the GG genotype in all groups (82.7%). Thus, in the Yakut
population, a reliable relationship was found between the carriage of the A risk allele of the 70 SNP rs9939609 SNP with obesity
and the degree of obesity. A significantly higher BMI was found in carriers of the wild-type G allele of the DAT! rs27072 SNP,
both in the heterozygous and homozygous forms than in the carriers of the homozygous AA genotype, which is probably related
to the small number of people studied and requires careful research on larger samples of populations of Yakutia.(International

Journal of Biomedicine. 2019;9(3):210-215.)

Key Words: BMI ¢ obesity * the FTO gene * the DAT1 gene * eating disorders

Introduction

Until recently, it was believed that obesity mainly affects
people in industrialized countries, but in recent years, obesity
has spread around the world regardless of professional, social,
geographical, sexual and age groups. This is mainly due to
two factors: a decrease in the need for intense physical activity
in the workplace and at home, which led to a decrease in the
requirements for energy consumption; and the abundance,
availability, attractiveness and relative cheapness of food,
which increases due to commercial promotion.!) According to
WHO (2016) among the working-age population, about two
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billion people were overweight; of these, over 650 million
(about 13% of the world’s adult population) were obese.®

Yakutia is the coldest of the inhabited regions of the
planet, with extreme climatic conditions, which in turn have
resulted in peculiarities in the metabolism of the indigenous
people. According to the research of L.E. Panina (2010), the
influence of extreme conditions forms the polar metabolic
type, which is characterized by lipid energy metabolism
instead of carbohydrate energy metabolism, which in turn
affects the nature of human nutrition.®

In recent years, due to industrialization, the nature of
nutrition of indigenous people has changed from protein-lipid
to carbohydrate-lipid. According to Darbasov et al. (2017), the
intake of proteins and fats in the daily diet decreased by 13%
and 18%, respectively, while the proportion of carbohydrates
increased to 65%.“ Among the indigenous population, the
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number of obese people has increased, due not only to changes
in diet, but also to physical inactivity.®)

One of the important factors in obesity pathogenesis
is genetic predisposition.© In 2007, a T2D GWAS identified
multiple SNPs in the first intron of the F7O (fat mass and
obesity-related) gene associated with disease and increased
weight. Confirmation of this association with body mass
index (BMI) was replicated in 13 independent cohorts totaling
38,759 participants.” A significant association of an SNP
1s9939609 in the FTO gene with obesity in various ethnic
populations of the world has been well studied (Figure 1).®)
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Fig. 1. Allelic polymorphism of the FTO rs9939609 SNP in
various populations.

Red color - T allele, green color - A allele. Data obtained from
the database of the project “1000 genomes”.”¥

Gerken et al.®” showed that FTO shares sequence motifs
with Fe(Il)- and 2-oxoglutarate—dependent oxygenases.
Studies of wild-type mice indicate that Fto messenger
RNA (mRNA) is most abundant in the brain, particularly in
hypothalamic nuclei governing energy balance, and that Fto
mRNA levels in the arcuate nucleus are regulated by feeding
and fasting. The FTO SNPs associated with adiposity are
intronic and may exert functional effects through altered
expression of 70 mRNA.

Frayling et al.”” reported that individuals homozygous
for the A “risk” allele weigh approximately 3 kg more and
have a 1.67-fold increased risk of developing obesity, while
heterozygous carriers display an intermediate weight gain of
1.5 kg.

Subjects homozygous for the A risk allele of 159939609
eat significantly more,'®!") have reduced satiety,!*'¥ prefer
higher caloric food and have a higher fat mass 159 than
subjects homozygous for the T allele.

Also contributing to the development of obesity are
disruptions in the functioning of the dopaminergic system receptor
genes leading to impaired appetite control, nutritional motivation
and reward as components of eating behavior.!” The dopamine
transporter (DAT) is the most relevant neurotransmitter
transporter, controlling both extracellular and intracellular
concentrations of dopamine.!® Experts believe the action
of the neurotransmitter dopamine on the brain’s “common
reward pathway” is primarily accountable for hedonic
motivations for food intake.!*?” The genetically determined
action and availability of dopamine on this pathway appear

to determine individual variations in the tendency to overeat
and vulnerability to binge eating disorders and obesity. The
DAT protein is coded by SLC6A3 gene (or DAT1) which
spans >60kb and is located in human chromosome 5 (5p15.3).
2122 The SLC6A3 contains 15 exons separated by 14 introns,
and the protein-coding portion excludes exon 1 and ends
near the beginning of exon 15. Polymorphisms in the DAT!
locus are involved in gene expression, transcriptional activity
and protein availability. The works of domestic and foreign
researchers have shown the relationship of dependence on
nicotine, alcohol and other psychoactive substances with the
DATI gene.?>> Shinohara et al.?® showed that the association
between the DAT/ VNTR and binge-eating behaviour indicates
that dysregulation of dopamine reuptake may act as a common
pathophysiologic mechanism in eating disorders with binge-
eating behaviour and in disorders related to substance use
(Figure 2).
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Fig. 2. Allelic polymorphism of the DATI rs27072 SNP in
various populations.

Orange color — A allele, blue color — G allele. Data obtained
from the database of the project “1000 genomes”.©®

The purpose of the present study was to evaluate a
possible interrelation of the F70O rs9939609 SNP and the
DATI 127072 SNP with BMI and grade of obesity in the
population of Yakuts.

Materials and Methods

The study was approved by the Ethics Committee of the
Yakut Science Center of Complex Medical Problems (YSC
CMP). All patients gave their written informed consent.

A total of 191 people of Yakut nationality were tested
(143 women and 48 men). The ethnic origin was considered to
the third generation. The study was performed after participants
signed a written, informed consent. Two groups of subjects
were formed: the control group (CG) (70 women and 21 men)
with BMI<25 kg/m? and the obesity group (OG) (73 women
and 27 men)-with BMI>30 kg/m?. OG was divided into two
subgroups: obesity grade 1 (BMI 30.0-34.9 kg/m?) (OGG1)
and obesity grades 2 and 3 (BMI> 35 kg/m?) (OGG2-3).

Genotyping of the 70 1s9939609 SNP and the DATI
rs27072 SNP was performed in the laboratory of molecular
genetics at YSC CMP. Genomic DNA samples were isolated
from the peripheral blood leukocytes using a commercial DNA
kit, Excel biotech (Yakutsk, Russia). The study of the FTO
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1$9939609 SNP and the DAT! rs27072 SNP was performed
by PCR and restriction fragment length polymorphism. The
conditions of amplification and restriction are presented in
Table 1. Samples after PCR-RFLP were visualized using
ethidium bromide-stained gel electrophoresis (2-4% agarose)
and a UV transilluminator (Vilber Lourmat, France).

Table 1. Conditions for PCR-RFLP analysis

Gene Primer Sequence LA, AT | RE RFL,
bp bp
F:5°-AACTGGCTCTTGAA
TGAAATAGGATTCAGA-3’ AA:154,28

FTO 18258 °C|Zrm 1|AT:154,28,182

R:5’-AGAGTAACAGAGAC TT:182

TATCCAAGTGCAGTAC-3’

F: 5-ACGGGGATTCT

CAGCAGGTG-3’ AA:217
DATI 21762 °C{Mspl|AG:217,137,80)

R: 5-TACAGCAACAC GG:137,80

AAGACACGG-3’

two groups were assessed by x2- test with Yates correction.
Odds ratios (ORs) and 95% confidence intervals (Cls) were
calculated. A probability value of P<(.05 was considered
statistically significant.

Results and Discussion

According to the results obtained from all persons
surveyed, the frequency of the A risk allele of the FTO
r$9939609 SNP was 27% with the AA genotype frequency
of 9.4% (Table 2). In men, the A risk allele was slightly
more common than in the group of women (OR=1.061;
95% CI=0.62-1.816; P=0.938). Since the differences in the
frequencies of alleles and genotypes in men and women were
not significant, and the confidence interval showed a wide
range, the samples of the compared groups were not divided
by gender.

Table 2. The frequencies of alleles and genotypes of the FTO
rs9939609 SNP with the calculation of OR in studied groups

LA- length of amplificate; AT- annealing temperature; RE- restriction
endonuclease; RFL- restriction fragment length

Interpretation of the results of genotyping was performed
on the basis of various template patterns for the 70 gene: the
T allele produced a 182 bp band and the A allele produced 154
and 28 bp bands. Polyacrylamide gel picture (Fig. 3) showing
digested PCR products for the FTO gene: AT genotype (182,
154 and 28 bp), TT genotype (182 bp) and AA genotype
(154 and 28 bp). For the DAT1 gene, the interpretation of the
results of genotyping was as follows: the G allele produced
137 and 80 bp bands and the A allele produced a 217 bp band.
Polyacrylamide gel picture (Fig. 4) showing digested PCR
products for DAT1 gene: GG genotype (137 and 80 bp), AG
genotype (217, 137 and 80 bp), and AA genotype (217 bp)
(Figure 4).
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Fig. 3. Polyacrylamide gel ele- Fig. 4. Polyacrylamide gel ele-
ctrophoresis of the FTO gene. ctrophoresis of the DATI gene.
M - marker pUC19/+Msp 1. M - marker pUC19/+Msp I.

Statistical analysis was performed using the
Statistica 10.0 software package (StatSoft Inc, USA). For
descriptive analysis, results are presented as mean (M) +
standard error of the mean (SEM). Multiple comparisons were
performed with one-way ANOVA and Tukey’s HSD Post-
hoc Test. Differences in the allele distribution between the

The distribution|  Allele

of genotypes,% |frequency,% OR for risk allele (A)
Group OR
AA| AT |TT | A T (95 % CI) P
All surveyed
(n=191) 9.4 [35.1(55.5| 27 73 - -
OR depending on gender
Allwomen | ¢ 4 1343(57.3 25.5 | 74.5
(n=143) 1061 {0038
(0.620-1.816) |
All men 6.7 |40.0|53.3| 26.7| 73.3
(n=48)
OR in OG relative to CG and depending on the obesity grade
CG
(n=91) 8.8 131.9(59.3|24.7|75.3 - -
oG 1.244
(n=100) 10.0{38.0|52.0{29.0 | 71.0 (0.789-1.959) 0.409
0GGl 0.995
(n=69) 5.8 137.7156.5(24.6 754 (0.596-1.663) 0.910
1.923
0.051
_ (1.043-3.546)*
OQGZ 3 19.4|38.7|41.9] 38.7 | 61.3
(0=31) 1932 |06
(1.017-3.668)**| *

*~in relation to CG; **- in relation to OGG1

In OG, the A risk allele was more common (29%) than in
CG (24.7%) (OR=1.244, 95% CI=0.789-1.959, P=0.409). We
found that the number of people with the A risk allele in OGG2-
3 exceeded that in OGG1 (24.6%) and CG (24.7%) by 14.1%
and 14% (OR=1.923, 95% CI=1.043-3.546, P=0.051) and 14%
(OR=1.932, 95% CI=1.017-3.668, P=0.06), respectively.

Analysis of the distribution of alleles and genotypes of
the DATI rs27072 SNP showed the predominance of the wild-
type G allele and the GG genotype in all groups (Table 3).

In women, a slightly higher frequency of the G allele
was observed (OR=1.413, 95% CI=0.664-3.004, P=0.486)
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than in men. Since the differences in the frequencies of alleles
and genotypes in men and women were not significant, and the
confidence interval showed a wide range, the samples of the
compared groups were not divided by gender. When comparing
the sample with persons with normal BMI and obesity with
different degrees, no significant differences were found.

Table 3. The frequencies of alleles and genotypes of the DATI1
rs27072 SNP with the calculation of OR in studied groups

In OG, the combinations of F'70 rs9939609(AA)+DATI
rs27072(GG) (OR=1.068, 95% CI=0.690-1.654, P=0.970),
FTO 1s9939609(AT)+DAT1rs27072(AG) (OR=1.563; 95%
CI=1.146-2.131; P=0.079), and FTOrs9939609(TT)+DATIrs
27072(AG) (OR=1.265. 95% CI=0.865-1.850. P=0.416) were
more common than in CG.

Table 4. BMI depending on the genotypes of the FTO rs9939609
SNP and the DATI rs27072 SNP

The distribution] Allele

of genotypes,% [frequency,% OR for the G allele

Group

AA|AG |GG | A G | OR(O5%CI) | P

Allsurveyed | o |162(82.7| 9.2 | 90.8 - -

(n=191)
OR depending on gender
All women | 4 4 1140 846| 8.4 | 91.6
(n=143)
1.413 0486
All men (0.664-3.004) |
(n=48) 0 [22977.1|11.5| 885

OR in OG relative to CG and depending on the obesity grade

Genotypes of Genotypes of
the FTO 1s9939609 SNP the DATI rs27072 SNP
g AA AT TT AA AG GG
E | (0=18) | (n=67) | (n=106)| (n=2) (n=31) | (n=158)
IBMI|29.55+1.85(28.47+0.14{27.19+0.13(18.81+0.29(29.7340.18[27.61+0.11
f;; F=8.8112, P=0.0002 F=80.2409, P=0.0000
& P =0.2773 P, ,.,c=0.0000
%‘ P,,;=0.0017 P, =0.0064 [P, ..=0.0000P, . =0.0000

Table 5. The distribution of the combinations of genotypes of the
FTO gene and the DATI gene according to BMI

cG
o) 2299 (879 7.1 [ 92,9 - -
0G 0.622
100y | 00 [22.0/78.0| 10| 89.0| 307555, [0-260
0GG1 0.482
rc)) 0.0 |27.5]725( 138|862 | (0,95 13 0077
1,513
0GG23 (0.416-5.495y% 0737
G623 10,0 9.7 903 4.8 | 9522
(@=31) 3.140
: 0.105

(0.893-11.037)**

*_in relation to CG; **- in relation to OGG1

The BMI analysis depending on the genotypes of the
FTO 1s9939609 SNP and the DAT1 rs27072 SNP are presented
in Table 4. The highest BMI scores for the F70 rs9939609 SNP
were individuals homozygous for the A allele (AA) (P=0.0002).
According to theresults of the analysis of the DAT7 rs27072 SNP,
a high BMI was observed in individuals with the heterozygous
AG genotype (P=0.0000). In persons with the heterozygous
AT genotype for the FTO SNP rs9939609, BMI indices were
significantly higher (P=0.0064) than in individuals with a
homozygous TT genotype. In terms of the DAT/ rs27072 SNP,
the carrier state of the G allele was associated with significantly
high rates of BMI in comparison with the homozygous AA
genotype, as the heterozygous AG genotype (P=0.0000) and
the homozygous GG genotype (P=0.0000).

An analysis of the distribution of combinations of
genotypes showed the predominance of people with the F7O
1$9939609(TT)+DAT1rs27072(GG)  combination  (46%)
(Table 5).

Gene Combination of genotypes

Index| FTO | AA | AT AT AT | TT | TT TT

DATI| GG | AA | AG GG | AA| AG | GG

Distribution 18 1 14 52 1 17 88

f genot
?ntgoigﬁryf}%/i) 9.5) [(0.5)| (7.3) | (27.2)| 0.5)] (8.9) |(46.1)

Distribution 8 | 3 25 1 6 47

f
?n(%%‘i";y(l?,js (8.8) [ (1.1)| (3:3) | 27.5)| (1.1)| (6.6) |(51.6)

Distribution 10 1 27 1 41

f’nf(%eé“’;y(ﬂzs) an | L an | en!| | an | @y

OR 1068 | o | 1.563 | 0989 | | 1265 [0.813

Osv,cry | (0:690- (1.146-|(0.728- (0.865-1(0.615-

o 1.654) 2.131) | 1.342) 1.850) |1.075)

P-value 0.970 |0.963| 0.079 | 0.929 |0.963| 0.416 |0.184
Average

29.55 31.77 | 27.77 28.05 | 27.12

BMI +1.85 [1892] 2719 | 019 [ 191 | 12 X015

Evaluation of BMI with a combination of carriers of
different genotypes of both genes showed that the highest
rates (31.77+2.19) were observed in the group of people with
a combination of heterozygous AT genotype for the 70O SNP
189939609 and heterozygous AG genotype for the DAT/ SNP
rs27072. Their BMI was significantly higher than in people
with a combination of the TT genotype for the F70 SNP
189939609 and the GG genotype for the DAT/ SNP rs27072
(27.12+0.15).



214 N. I Paviova et al. / International Journal of Biomedicine 9(3) (2019) 210-215

Conclusion

Thus, in the Yakut population, a reliable relationship
was found between the carriage of the A risk allele of the FTO
SNP rs9939609 SNP with obesity and the degree of obesity.
Thus, the number of carriers of the A allele in OGG2-3 exceeds
the number of carriers of the A allele in OGG1 (OR=1.932,
95% CI=1.017-3.668, P=0.063) and CG (OR=1.923, 95%
CI=1.043-3.546, P=0.051). In addition, in carriers of the AT
genotype of the F7O SNP rs9939609 SNP BMI was higher
than in carriers of the TT genotype.

Analysis of the distribution of allele and genotype
frequencies for the DATI rs27072 SNP in CG, OGGI, and
0OGG2-3 did not reveal any significant differences. Comparing
the BMI index depending on the genotype, a significantly
higher BMI was found in carriers of the wild-type G allele,
both in the heterozygous and homozygous forms than in the
carriers of the homozygous 44 genotype, which is probably
related to the small number of people studied and requires
careful research on larger samples of populations of Yakutia.

The combination of different genotypes of both genes
showed that the highest rates of BMI were observed in a group
of people with the FTO SNP rs9939609(AT)+DATI SNP
rs27072(AG) combination, which was significantly higher
than in people with the F7O SNP rs9939609(TT)+DAT! SNP
rs27072(GG) combination.
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