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Abstract

Introduction: Mandibular prognathism (MP) patients present with aesthetic concerns and functional issues, including difficulties in
mastication and pronunciation. Studies revealed that mandibular prognathism had definitive Mendelian inheritance patterns. This
study aimed to ascertain distinct genetic markers associated with mandibular prognathism in individuals of Indian descent, focusing
on exploring the prevalent genetic variations associated with certain genes. This study sought to identify the association of the following
gene markers with mandibular prognathism: 1) Matrilin-1 (MATNI) (rs1065755), 2) Bone morphogenic protein 3 (BMP-3) (Tyr67Asn),
3) Homeobox protein hox-A2 (HOXA2) (Val3271le), 4) Rho-GTPase activating protein (ARHGAP 21) (Glyl121Ser), 5) Myosin 1H
(MYOI1H) (rs10850110)

Materials and methods: Forty subjects (age group 18-30 years) were chosen based on their clinical examination, study model, and
lateral cephalogram. Ten subjects had normal skeletal jaw-base relationships, and 30 had prognathic mandibles (skeletal class III jaw-
base relationships). Two milliliters of blood were taken from each person. The genes, as mentioned above, associated with mandibular
prognathism were studied.

To assess the association between genetic markers and mandibular prognathism, the following statistical tests were used: an unpaired ¢-
test was used to compare the mean values of continuous variables between the normal and prognathic groups; a chi-square test was used
to evaluate the association between genetic markers and the jaw-base relationship; and an odds ratio was used to assess the strength of
association between genetic markers and the prognathic mandible. Statistical analyses were conducted using SPSS software.

Results: Out of five single nucleotide polymorphisms (SNP) selected in the study, namely rs10850110, rs1065755, rs111419738,
rs143043350, and rs74764079, three SNPs—rs111419738, rs143043350, and rs74764079—did not show differences in the genotypes
among the study and control samples. Thus, this indicates that these three SNPs may be related to mutations seen in MP in other popula-
tions but do not exhibit any association with the people covered in this study. The other two SNPs, rs10850110 and rs1065755, showed
variant genotypes in control and study samples.

Conclusions: Our research found that rs10850110 and rs1065755 positively correlated with mandibular prognathism. Further studies
are needed to see the association between these two restriction sites in MP subjects.

Copyright by authors. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), ’ PEHSUE
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. °
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INTRODUCTION

Progenism, or mandibular prognathism (MP), is a cranio-
facial developmental condition. It is characterized by irreg-
ularities in the size, shape, and location of the individual
bones. The anomaly is characterized by an excessive lower
jaw protrusion that frequently coexists with insufficient up-
per jaw growth, causing problems with dental alignment.
Complete mesial occlusion, a unique reverse overjet of the
incisors, and two-sided buccal occlusion are their outward
signs.!! The usual facial profile caused by mandibular prog-
nathism often prompts patients to seek orthodontic thera-
py, sometimes in conjunction with surgery. Early pheno-
typic observances are possible, and the phenotype becomes
increasingly apparent with growth.[?!

The prevalence of MP differs based on ethnic back-
ground. The prevalence of mandibular prognathism varies
among different populations. In Asian people, such as Chi-
nese, Japanese, and Koreans, the prevalence ranges from
8% to 40%.1! Sub-Saharan African individuals also exhibit
a higher prevalence, ranging from 3% to 8%.4 In contrast,
individuals of European ethnicity are not frequently affect-
ed, with a prevalence ranging from 0.48% to 4%.°°! Envi-
ronmental factors associated with MP include low oxygen
levels, exposure to ionizing radiation, inadequate nutrition,
metabolic and hormonal issues during pregnancy, and en-
larged tonsils.[1)

The inheritance patterns of mandibular prognathism
(MP) are diverse and have been suggested to include reces-
sivel1*1°], autosomal dominant!'®!7), dominant with partial
penetrance!!!3], and variable expressivity and penetrance,
with variations observed among different ethnic groups!*®l.
Additionally, a polygenic threshold model has been pro-
posed.®] The precise contribution of genetic and environ-
mental factors to the development of MP [?) is a subject that
requires further clarification and study.

Genetic markers are genes or DNA codes that have
a known place on a chromosome and can be used to tell

people or species apart. Variations in the genetic locus may
come from mutations or other changes. Some genetic mark-
ers are short DNA sequences, like the region surrounding
a single nucleotide polymorphism with a single base-pair
alteration, or an extensive DNA sequence, like a minisatel-
lite. Genetic markers can help identify the genetic source of
an inherited disease, such as a gene mutation that causes a
defective protein. It is well known that DNA strands close
together on a chromosome inherit genetic material. This
feature allows the establishment of a marker to specify the
inheritance pattern of a poorly localized gene. Numerous
research studies have discovered a connection between the
presence and incidence of mandibular prognathism and
genetic markers, including Matrilin-1, bone morphogenic
protein 3 (BMP3), homeobox protein hox-A2 (HOXA2),
Rho-GTPase activating protein (ARHGAP 21), and Myosin
1H (MYOIH).

This case-control study aims to identify common genet-
ic variations linked to specific genes and investigate their
ties to the risk for MP.

MATERIALS AND METHODS

Forty people between the ages of 18 and 30 from the Bhara-
ti Vidyapeeth Dental College and Hospital in Pune and
the Xcelris Laboratories in Ahmedabad participated in the
study. The institution’s Research Ethics Review Board ap-
proved the study. The case-control study had 30 MP pa-
tients (20 men and 10 women between the ages of 18 and
30; mean age was 24.73+3.10 years) and 10 healthy people
with normal occlusion (2 men and 8 women between the
ages of 18 and 30; mean age was 23.4+4.09 years) (Table 1).
Informed consent was obtained from all patients. All study
participants had lateral cephalograms done with the same
machine (PLANMECA [PM 2002]). A single author drew
all of the lateral cephalograms. The lateral cephalograms of
MP patients and the control group were analyzed using the

Table 1. Socio-demographic characteristics of the sample population

Study Group Control group P value
n=30 n=10
Age, yrs 24.73%3.10 23.4+4.09 0.451%*, not significant
Male 20 (66.6 %) 2 (20%)
Sex 0.047#, significant
Female 10 (33.3 %) 8 (80%)
Total 30 (100%) 10 (100%)

* using unpaired t-test; # using chi-square test; p>0.05 — not significant; p<0.05 - significant; p<0.001 - highly significant
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Legan-Burstone analysis, focusing on the following points
as well as jaw length:

« ANB: point A-nasion-point B angle,

o SNA: sella-nasion-point A angle, and

« SNB: sella-nasion-point B angle.

“Sella” refers to the midpoint of the sella turcica (a sad-
dle-shaped depression in the sphenoid bone of the human
skull), “nasion” is the midpoint of the frontonasal suture,
“point A” is the deepest point on the anterior contour of
the maxillary alveolar process, and “point B” is the deepest
point on the anterior contour of the mandibular alveolar
process.

Legan and Burstone’s study showed that people in the

control group had normal mandibular length and normal
ANB (242 degrees), normal SNA (82+2 degrees), and nor-
mal SNB (80+2 degrees) angles. The study did not include
patients with craniofacial conditions, such as cleft lip and
palate, endocrine problems, tooth, number, morphology,
eruption problems, face asymmetries, and cases with ret-
rognathic maxilla.

For the genotyping of samples, 2 mL of venous blood
was collected from the antecubital area of the arm, and
DNA was extracted from each sample (Xcelgen blood DNA
isolation kit by Xcelris Laboratory, Ahmedabad). We used
synthetic primer sets to amplify extracted DNA in the PCR
procedures for five different restriction sites:

1. Primers for the restriction site-containing area 10850110
Forward TGTAAAACGACGGCCAGTGTGGTGGTATCTCATTGTGG
Reverse CAGGAAACAGCTATGACCTCTAAAGCCAGGAGTTGGAGAC
2. Primers for the restriction site-containing area 1065755
Forward TGTAAAACGACGGCCAGTAATATCCGGAGAGCACTGAG
Reverse CAGGAAACAGCTATGACCGCTTCCAGTACAGGAAGTCACT
3. Primers for the restriction site-containing area: 74764079
Forward TGTAAAACGACGGCCAGTAGAGAGACCGAAGCCACCTTT
Reverse CAGGAAACAGCTATGACCAACTGGGCTTACAGGAGATG
4. Primers for the restriction site-containing area 143043350
Forward TGTAAAACGACGGCCAGTGAAACTGGGTCAGGGAATCACT
Reverse CAGGAAACAGCTATGACCTTTGAGCAAGCCCTTAGCGT
5. Primers for the restriction site-containing area 111419738
Forward TGTAAAACGACGGCCAGTATGACTTGAGGAAATCCGGTGG
Reverse CAGGAAACAGCTATGACCCGAGGATTCAGGTCCTATCA

The ABI 3730xl at Xcelris Laboratory sequenced all PCR
products. ExoSAP (USB) purified the amplicons, and an
ABI 3730x] Genetic Analyzer from Applied Biosystems in
the US sequenced them. For sequencing, Big Dye Termi-
nator v. 3.1 was employed. The sample’s allele presence or
absence was marked YES or NO, and the data was collected
in percentage. The MP case and control allele frequencies
were compared for distribution. In PCR, we employed syn-
thetic primer sets to amplify isolated DNA.

To assess the association between genetic markers and
mandibular prognathism, the following statistical tests
were used: 1. An unpaired t-test was used to compare the
mean values of continuous variables between the normal
and prognathic groups; 2. A chi-square test was used to
evaluate the association between genetic markers and jaw
base relationships; and 3. An odds ratio test was used to
assess the strength of association between genetic markers
and prognathic mandible. Statistical analyses were con-
ducted using SPSS software.

RESULTS

Differences in age between the two groups were not statisti-
cally significant. Still, they showed significant variations be-
tween both groups as regards the gender of the participants,

indicated by a p-value of 0.047 in Table 1. Table 2 depicts the
mean values for SNA, SNB, and ANB angles, Wits appraisal,
and overjet measurement performed between cases and con-
trols. Comparison for each parameter separately amongst
cases exhibited a highly significant difference between sub-
jects and controls. Table 3 shows the association of presence
of various parameters between study group and control
group. The odds ratio of 1.45 signifies that the individuals
with SNP at rs10850110 were at 1.45 times higher risk of
developing mandibular prognathism than those without
mutation. The odds ratio of 2 signifies that the individuals
with SNP at rs1065755 were at 2 times higher risk of devel-
oping mandibular prognathism than those without muta-
tion. The distribution of SNP at rs111419738, rs143043350,
rs74764079 among cases and controls were inconclusive
due to absence of mutation. Table 4 compares DNA mod-
ifications at two regions (rs10850110 and rs1065755) in MP
subjects and controls. The presence of both mutation types
in cases is 20%, while in controls, it is 0%. Single mutation
types exist in 26.6% of patients and 40% of rules. The absence
of both mutations is seen in 53.3% of subjects and 60% of
controls, indicating protection against developing MP. Ta-
ble 5 depicts the genotype distribution in five restriction sites
among cases and controls. In restriction site 10850110, the
genotypes GA and AG were associated with a significantly
increased risk of MP while the GG genotype was associated

530

Folia Medica | 2024 | Vol. 66 | No. 4



with a decreased risk of MP. Percentage of samples showing
GA and AG genotypes in the study group were 20% and
6.7%, respectively. In restriction site 1065755, the genotypes
TC and TT were associated with a significantly increased
risk of MP while the CC genotype was associated with a de-
creased risk of MP. Percentages of samples showing TC and
TT genotypes in the study group were 26.7% and 6.7%, re-

Genes in Mandibular Prognathism

spectively. The three SNPs rs111419738, rs143043350, and
rs74764079 did not show any differences in the genotypes
among study and control samples. Table 6 compares study
and control group alleles per marker. MP individuals had an
over-presented G allele at restriction site 10850110 (p=0.78).
MP participants had an over-presented C allele at restriction
site 1065755 (p=0.47).

Table 2. Comparison of SNA, SNB, ANB angles, Wits appraisal and overjet measurement between study group and control group,

respectively
Groups N Mean Std. deviation Unpaired t-test p-value
SNA* Study group 30 81.6 1.5
-0.289 0.776
Control group 10 81.8 0.44
SNB* Study group 30 86.1 2.13
5.324 <0.001**
Control group 10 80.8 0.83
ANB* Study group 30 -4.5 1.37
-9.210 <0.001**
Control group 10 1.4 0.54
WITS Study group 30 9.0 5.17
—4.240 <0.001**
Control group 10 1.0 0.0
OVERJET Study group 30 -2.76 1.14
-9.428 <0.001**
Control group 10 2.2 0.27

* p<0.05 - significant difference; **p<0.001 - highly significant difference; *ANB: point A-nasion-point B angle; SNA: sella-nasion-point

A angle; SNB: sella-nasion-point B angle

Table 3. Association of the presence of various parameters between study group and control group

Study group Control group Odds Ratio p-value
n (%) n (%) (95% CI)
rs10850110 Present 8 (26.66 %) 2 (20%)
. 1.45 0.766, not significant
Myosin 1H Absent 22 (73.34%) 8 (80%)
rs1065755 Present 10 (33.33 %) 2 (20%)
Matrilin 1 2 0.573, not significant
atrilin Absent 20 (66.67 %) 8 (80%)
rs111419738 Present 0 (0 %) 0 (0 %)
Rho-GTPase Absent 30 (100 %) 10 (100 %)
rs143043350 Present 0(0 %) 0 (0 %)
Homeobox 2 Absent 30 (100 %) 10 (100 %)
rs74764079 Present 0 (0 %) 0 (0 %)
BMP3 Absent 30 (100 %) 10 (100 %)

Table 4. Comparison of mutation at DNA region of primer 1 (rs10850110) and primer 2 (rs1065755) among study group and control
group as a risk indicator

Risk Study group Control group Odds Ratio p-value*

High risk 6 (20 %) 0 (0%)

Moderate risk 8 (26.6 %) 4 (40%) 2.43 0.038, significant
No risk 16 (53.3 %) 6 (60%)

Total 30 (100%) 10 (100%)

* chi-square test
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Table 5. Comparison of each genotype per marker in study group and control group, respectively

Marker Genotype Study group Control group Chi-square Marker
GA 6 (20 %) 2 (20%)

rs10850110 p=0.837,
AG 2 (6.7 % 0 (0% 0.356

Myosin 1H (6.7%) (0%) no significant difference
GG 22 (73.3%) 8 (80%)
Total 30 (100%) 10 (100%)
cC 20 (66.7%) 8 (80%)

151065755 TC 8 (26.7%) 2 (20%) 0.495 p=0.781,

Matrilin-1 CT 0 (0%) 0 (0%) ’ no significant difference
TT 2(6.7%) 0 (0%)
Total 30 (100%) 10 (100%)

rs111419738 p=1.0,
CC 30 (100% 10 (1009 0.0

Rho-GTPase (100%) (100%) no significant difference
Total 30 (100%) 10 (100%)

rs143043350 p=1.0,
C 30 (1009 10 (1009 0.0

Homeobox 2 (100%) (100%) no significant difference
Total 30 (100%) 10 (100%)

1574764079 p=10,
T 30 (1009 10 (1009 0.0

BMP3 (100%) (100%) no significant difference
Total 30 (100%) 10 (100%)

Table 6. Comparison of each allele per marker in study group and control group, respectively

Marker Allele Study group Control group Chi-square test  p-value

rs10850110 A 8 (13.3% ) 2 (10%) 0.076 0.783,

Myosin 1H G 52 (86.7%) 18 (90%) No significant difference
Total 60 (100%) 20 (100%)

151065755 C 48 (80%) 18 (90%) 0.519 0.471,

Matrilin-1 T 12 (20%) 2 (10%) No significant difference
Total 60 (100%) 20 (100%)

e S S
Total 60 (100%) 20 (100%)

pem e w
Total 60 (100%) 20 (100%)

1s74764079 T 60 20 . .

BMP3
Total 60 (100%) 20 (100%)

DISCUSSION

Treating patients with MP (18] is challenging for ortho-
dontists as it aims to improve facial aesthetics and address
functional problems. Existing dental issues and attempts to
hide disproportionate jaw bases limit treatment possibili-
ties for these patients. Early orthodontic treatment patients
may need surgery after growth.!!8 Identifying class III MP
patients earlier may assist orthodontists in planning future

orthodontic care.!'® Identifying the mutation in the candi-
date gene responsible for the development of MP will help
determine environmental factors leading to the prognathic
phenotype and decide the scope of early treatment and pre-
diction of the prognosis.

The non-collagenous chondrocytes secrete cartilage
protein Matrilin-1. ') TMJ condyle chondrocytes express
Matrilin-1 like the long bones.!?! Matrilin-1 is crucial for
synoviocyte chondrogenic development.?!l' Newborn
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mice’s long bones, skull, and nasal septum bones contain
Matrilin-1.22) Matrilin-1 knockout mice display abnormal
type II collagen fibrillogenesis and fibrous organization.*!
Korean and Japanese studies found various backbone pro-
teins on chromosome 1p36, including Matrilin-1. 2!} No
significant difference in rs1065755 SNP distribution be-
tween cases and controls was found (p=0.575). Individuals
with the rs1065755 SNP often had a higher risk of MP than
those without the mutation.

Our findings contradict Jang et al.*¥ They compared
the genotype distribution of MP and controls at three re-
striction sites in the Korean Matrilin-1 gene to determine
how mutation affects MP. They examined restriction sites
rs20566, rs1149045, and rs1065755. The frequency of SNP
atrs20566 and rs1065755 in patients was substantially more
significant than that in controls. Restricting area 1065755
genes TC and TT also increased the MP risk. In contrast,
the CC genotype lowered the MP risk.1?*! The study by Lavi
et al. demonstrated that the 354 T >C (rs20566) polymor-
phism in the exon 5 region of the MATNI gene, specifical-
ly the CC genotype, is a significant risk factor for class III
skeletal malocclusion with mandibular prognathism in the
Deutero-Malay population.°)

Our investigation found no significant difference in SNP
distribution at rs10850110 between patients and controls
(p=0.766). The study group had 26.66% mutant samples
compared to 20% in the control group. The study group
had 73.34% mutation-free samples, while the control
group had 80%. People with SNP at rs10850110 had a 1.45-
fold increased risk of MP than those without mutation.
Tassopoulou et al.?%! examined MP MYOIH genetic vari-
ation. Atteri et al. found a significant association between
the rs10850110 polymorphism in the MYOIH gene and an
increased risk of mandibular prognathism in a local pop-
ulation, with the G allele notably overrepresented in MP
cases compared to the A allele.l?”) Contrarily, Dalaie et al.
reported no significant correlation between the rs10850110
and rs11611277 polymorphisms of the MYOIH gene and
MP in the Iranian population.l’®! However, they noted
a lower frequency of these polymorphisms in the patient
group, suggesting a potential association with mandibular
retrognathism that warrants further investigation with a
larger sample size. Milosevic et al. aimed to examine the as-
sociation between MATNI1, MYO1H, and BMP-4 gene poly-
morphisms and MP in the Serbian population. Among 110
participants, only the MYOIH polymorphism showed a sig-
nificant difference, with heterozygous carriers of the T allele
having nearly a 3-fold increased risk of developing MP. No
associations were found for MATNI and BMP-4 polymor-
phisms, suggesting that MYOIH gene polymorphisms may
be risk modulators for MP in Serbian patients.?”’

We examined allele frequency at 1p22.2 and found that
the G allele was more common in MP cases than in con-
trols (p=0.54). The genotypes GA and AG at restriction site
10850110 increased the MP risk, while GG significantly re-
duced it. The research samples had genotypes of GA and
AG at frequencies of 20% and 6.7%, respectively. Our MP

Genes in Mandibular Prognathism

investigation found no statistically significant G allele at
1p22.2 frequency (p=0.78).

The study found no significant differences in
rs111419738 SNP distribution between patients or controls
and no changes in rs143043350 SNP distribution between
patients and controls. Mutations in cases and controls did
not cause the SNP at rs143043350. A unique Val327Ile vari-
ant was found in the HOXA2 mutation®"), but MP lacked
this variant. No Tyr67Asn variant in MP’s BMP3 gene was
found, highlighting the need for further research on MP
genetics in India. Not having enough sample size to verify
statistical significance was one of our research limitations.

CONCLUSION

The study found no significant difference between cases
and controls in the SNP distribution of the rs10850110 lo-
cus. However, the GA and AG genotypes were associated
with MP risk, while the GG genotype was associated with
MP. The rs1065755 locus had no significant difference be-
tween cases and controls, with TC and TT genotypes asso-
ciated with MP risk. The study also found a positive associ-
ation between mandibular protrusion and rs10850110 and
rs1065755, but further research is needed to understand
their interaction.
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Pe3tome

BBepeHwme: Ilanuents! ¢ mporuatnamom HipkHeit democtu (ITHY) cTankuBaoTCcs ¢ 9cTeTHYeCKUMI Ipo6meMaMu U QYHKIMOHATID-
HBIMM [Ipo6IeMaMi, BKIIIOYasi TPYAHOCTH C >KeBaHMeM U IpousHolIeHneM. ViccmenoBanus IoKasau, 4TO IPOTHATU3M HIDKHEN de-
JIIOCTY MIMeeT OIIpefie/iéHHble MeHe/IeBCKIe MOJeNy HacmenoBanus. Llepio 9Toro mccmefoBanms ObIIO YCTAHOB/IEHUE OT/E/NIbHBIX
TeHeTNYeCKUX MapKepPOB, CBS3aHHBIX C IPOTHATM3MOM HIDKHEN YeTI0CTI Y AL MHAMIICKOTO IPOMCXOXKEHN, C YIIOPOM Ha U3y4eHue
PacpoCTpaHEHHBIX TeHeTUYECKMX Bapualuil, CBA3aHHBIX C OIIpeie/IEHHBIMMU TFeHaMM. B 9ToM mccmeoBanny Obl1a IpeAnpuHsTa 1o-
IIBITKA BBIABUTD CBA3Db CIEAYIOLMX TeHHBIX MapKepoOB C IPOrHATM3MOM HIDKHeil yemocTi: 1) Matrilin-1 (MATN1) (rs1065755), 2)
Bone morphogenic protein 3 (BMP-3) (Tyr67Asn), 3) Homeobox protein hox-A2 (HOXA2) (Val327Ile), 4) Rho-GTPase activating
protein (ARHGAP 21) (Gly1121Ser), 5) Myosin 1H (MYO1H) (rs10850110).

Matepuanbl n metofbl: Copok cy6beKTOB (Bo3pacTHas rpymma 18-30 yeT) O6bU1y BBIOPaHBI Ha OCHOBE X KIMHIYECKOro 06Cie-
IOBaHIIsI, MOZIE/IV CCTIEROBAHNS 1 6OKOBOII 1iedamorpaMmbl. [lecsTh CyObeKTOB MMeVt HOpMaJIbHbIe CKe/leTHbIE COOTHOIIEHISI YeTIo-
cTelt M OCHOBaHUs, a 30 MMe/y IIPOTHATIYeCKUe HIDKHIE YemocTy (CKeleTHbIe COOTHOLIEH s democTeit n ocHoBauus 11 kmacca). Y
Ka)XJI0TO YelloBeKa ObUIO B3SITO [iBa MIJUIMIUTPA KPOBU. BN M3y4eHbI reHbl, KaK YIOMUHAIOCH BBILIE, CBI3aHHbIE C TPOTHATU3MOM
HIVDKHEN 4e/TIoCTH.

H}Iﬂ OLIEHKM CBA3M MEXAY I€HETUYIECKNMI MapKepaMI M IIPOTHATU3MOM HIDKHEW YeJTI0OCTYU MCTIO/Tb30BAICh cnepymomye CTaTuCcTn-
YECKINE TECThI: HeHaprIﬁ t-TeCT UCIIO/Ib30BAICA /1A CpaBHEHMA CpEeHUX 3HAYEHUN HENPEPBIBHBIX IIEPEMEHHDBIX MEXAY HOpMaHbHOﬁ
n HpOFHaTMLIGCKOI?'I Tpynmamy; TECT XM-KBagpaT MCIIO/Ib30BAICA /I OLEHKM CBA3YM MEXAY reHeTUYECKMIMI MapKepaMi 11 COOTHOIIE-
HMEM 4Y€MI0CTN 1 OCHOBaHMA; I OTHOIIEHNME IaHCOB MCIIOIb30BA/IOCh /I OLE€HKM CMJIBI CBA3M MEXAY I'€HETMYECKMMI MapKepaMu
Y IpOrHaTU3MOM HIDKHEN yemocT. CTaTUCTUYECKIUIT aHa/INA3 IIpOBOANMIICA C VICIIO/Ib30BAHMEM ITPOTPAMMHOIO obecrieuenns SPSS.

Pe3ynbTtaThl: VI3 ATy omTHOHYKIeOTU/THBIX HOIH/IMopq)MSMOB (OHII), BbI6paHHI>IX B uccimenoBaHum, a umeHHo rs10850110, rs1065755,
rs111419738, rs143043350 u rs74764079, Tpu OHIT — rs111419738, rs143043350 u rs74764079 — He IOKa3aIyu pasyirdiii B TEHOTHUIIAX
Cpenu MCCIeyeMbIX I KOHTPOIbHBIX 00pa3ioB. TakuM 06pasoM, 3TO yKasbiBaeT Ha T, 4To 91u Tpu OHII MOryT ObITH CBA3AHBI C MY-
TanusaMy, HabmonaeMpivy ipy ITHY B gpyrux MOy IANMAX, HO He OKa3bIBAIOT HUKAKOIL CBA3M C JIIO[IbMI, OXBaYeHHBIMY 9TVM VICCIIe-
mosauuem. [Ipyrue gsa OHII, rs10850110 1 rs1065755, mokasay BapyaHTHbIe TeHOTHUIIB B KOHTPO/IBHBIX 1 MCCIEYeMBIX 0OpasIax.

3akntoueHue: Harue nccnegoBaHie mokasaso, 4to rs10850110 1 rs1065755 HOIOXNUTEIbHO KOPPENMUPYIOT C IIPOTHATU3MOM HIDKHeI de-
mocti. Heo6XonuMbl fajbHelIe NCCIeIOBAHN, YTOODI YBUETb CBA3b MEXY 9TUMY IBYMs CaliTaMy PeCTPUKIY y CyobekTos ¢ ITHY.
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