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Abstract. In the process of adaptation to cold in humans, genes belonging to the thyroid system signaling pathways
that regulate thermogenesis, energy expenditure, and metabolic rearrangements are implicated. One such gene is
the THRB gene, which encodes the nuclear receptor TRB, with which the thyroid hormone triiodothyronine (T3)
interacts. The activity of thermogenin UCP1 is influenced by the concentration of TRB-T3 complexes, which serve to
uncouple oxidative phosphorylation in mitochondria, thereby enhancing heat production. Consequently, thyroid
hormone receptors have been demonstrated to play a significant role in adaptive thermogenesis. In the present study,
we conducted a comprehensive analysis of published data on the THRB gene polymorphism in Siberian indigenous
populations, with the objective of identifying potential associations between polymorphism variants and adaptation to
cold. The analysis of exon and adjacent noncoding regions of the THRB gene revealed a single nucleotide substitution
in the protein-coding region (synonymous substitution in the locus rs3752874). All other nucleotide substitutions
were detected primarily in 3’-untranslated regions and introns. Analysis of the THRB haplotype distribution revealed
two Koryak-specific haplotypes characterized by the rs762175401-A substitution. The results of population screening
demonstrated that this substitution is prevalent among the Koryak population, with a frequency of 13.8 %, and is also
present in the Siberian Eskimo population. However, in other global populations, the frequency of the rs762175401-A
substitution does not exceed 0.05 % (in the Japanese and Koreans) or has even lower values (less than 0.02 %).
The analysis of the nucleotide sequence of the THRB gene indicates that the rs762175401 locus is situated in the
3’-untranslated region at position +2 from the terminating codon. It is plausible that this substitution may have led to
alterations in translation termination efficiency. In the case of enhanced termination efficiency, it is conceivable that
it contributed to an elevated rate of protein synthesis, thereby resulting in an increase in the concentration of TRE-T3
complexes. The higher frequency of the rs762175401-A variant in the Koryak and Eskimo populations, representing the
oldest populations of Northeastern Siberia, is assumed to be due to long-term adaptation of these populations to cold.
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Ocob6eHHOCTHU MmoaMmMop@du3imMa reHa pelemnropa
TUPEOUIHbIX TOPMOHOB THRB YV KOpeHHOTI0 HacejneHuss Cubdupu
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AHHoOTauuA. B npoueccax ajantaumy K Xonogy y yenoBeKka 3afeliCTBOBaHbl MeHbl, BXOAALME B CUTHaNbHble MyTU
TUPEOMAHON CUCTEMbI, KOTOPbIMU PEryInpyloTCA TepMOreHes, 3HepreTvyeckue 3atpaTtbl UM MeTabonuuyeckue
nepectpoiiku. OauH 13 Takux reHoB — THRB, Kopupyowmin aaepHblin petentop TRB, ¢ KOTOpbIM B3aMMopencTByeT
TOPMOH LUUTOBUAHON Xenesbl — TpUNogTMPoHuH (T3). OT KoHUeHTpauun komnnekcoB TRB-T3 3aBUCUT aKTUBHOCTb
TepmoreHnHa UCP1, ¢ nomolbio KOTOPOro MPOUCXOAWUT pa3oblueHre OKUCIUTENbHOro ¢pocdopunmpoBaHis B
MUTOXOHAPUAX W YCUAMBAETCA MPOU3BOACTBO Tenna. Takum obpa3om, peLentopbl TUPEOUHbIX FOPMOHOB MrpatoT
BaXXHYt0 pOJib B aflanTMBHOM TepmoreHese. B HacTosALeln paboTe Hamu BriepBble NPOBeAeH aHanu3 ony6anNKoBaHHbIX
[aHHbIX 0 nonumopdursme reHa THRB B nonynAuMAxX KOpeHHOro HaceneHua CMbupu C Lenblo MoUcKa BapraHToB
nonumop@dursma, NoTEHLMANbHO CBA3aHHbIX C afanTtauyen K xonoay. AHanu3 nonmopdusma 3K30HOB 1 NpueraLLmnx
HeKoAMPYOLMX yYacTKoB reHa THRB nokasan Hanmuvie BCEro OAHOW HYKIEOTUAHOW 3aMeHbl B 6eNoK-KogupyioLlei
06nacTn (CMHOHMMMYHAA 3amMeHa B JoKyce rs3752874), Bce oOCTabHble HYKIeOTUAHble 3aMeHbl BbIAB/EHDI
npenMyLLecTBeHHO B 3'-HeTpaHCIMpyeMbIX yyacTKax M MHTPOHax. AHanu3 pacnpefeneHuna ranaotunos reHa THRB
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OcobeHHOCTU NonMmopdraMa reHa peLientopa
TUPeonHbIX ropMoHOB THRB y KopeHHoro HaceneHna Cnbupu

No3BONUA O6HAPYXUTb ABa CNeUMOUUHbIX AA KOPAKOB ranioTuna, Xapakrepusytolmeca 3ameHon rs762175401-A.
MonynALMOHHBIN CKPUHUHT NOKasaJs, YTo 3Ta 3aMeHa PacnpocTpaHeHa Cpeam KOpPAKOB € Yactoton 13.8 %, a Takxke
NPUCYTCTBYET Yy CUOBUPCKNX SCKMMOCOB, XOTA B OCTalIbHbIX FPYNMax HaceneHna M1pa YactoTta 3aMeHbl 1s762175401-A
He npes.biwaet 0.05 % (y ANOHLEB 1 Kopenues) v nmeeT elle 6onee HM3KMe 3HauyeHUa (MeHee 0.02 %). AHanu3
HYKNeoTUAHOWM nocnefoBaTenbHOCTY reHa THRB nokasbiBaeT, UTo Nokyc rs762175401 HaxoguTca B 3'-HeTpaHcnu-
pyemol 06nacti B No3uuumn +2 OT TEPMUHUPYIOLLErO KOJOHa. BrnonHe BepoATHO, UTO 3Ta 3amMeHa Morfa npuBecTy
K U3MeHeHVAM B 3GEKTVBHOCTA TePMUHALMUN TPAHCIALMMN U B C/lyYae NoBbileHNA 3GPeKTUBHOCTM TepMUHaLmnm
Ccnoco6CTBOBaNa YBENNYEHNIO CKOPOCTW CUMHTe3a 6enka 1, COOTBETCTBEHHO, KOHUeHTpauuu kommnnekcoB TRB-T3.
Mpennonaraetca, YTO MOBbIWEHME YACTOTbl BapmaHTa rs762175401-A y KOpPAKOB 1 3CKMMOCOB, MpeAcTaBAlLnX
OpeBHelwee HaceneHne CeBepo-Boctoka Cubupy, o6YCNIOBNEHO AOMATOBPEMEHHON ajanTauuein nonynAumi

K xonogy.

KnioueBble cnoBa: reH THRB; nonynauuu yenoseka; CMbMpb; aganTauus K XoNo4y; TMpeougHas cMctema; aaanTUBHbIN

TepmoreHes

Introduction

Physiological studies have shown that the indigenous peoples
of Siberia have an increased metabolic rate, especially in
winter, and changes in thyroid hormone levels synchronous
with the type of metabolism (Leonard, 2024). In Yakuts, the
indigenous inhabitants of one of the coldest regions of the
world, metabolic heat production increases by an average of
6 % in winter (Leonard et al., 2014). In winter, the body’s tis-
sues — mostly brown adipose tissue (BAT) — absorb thyroid
hormones more actively. This increases heat production,
leading to a significant drop in blood levels of triiodothyro-
nine (T3) and thyroxine (T4) (Levy et al., 2013; Nikanorova
et al., 2023). It is well established that thermogenin UCP1
(uncoupling protein-1) is expressed in BAT, where it facilitates
uncoupling oxidative phosphorylation in mitochondria and
heat release (Bianco, Silva, 1988). UCP1-mediated thermo-
genesis is activated by the interaction of thyroid hormones with
the nuclear receptor TRP. Higher concentrations of TRB-T3
complexes result in higher UCP1 activity (Martinez de Mena
etal., 2010; Lee etal., 2012; Yau, Yen, 2020; Maet al., 2023).
Thyroid hormone receptors clearly play an important role in
the nonshivering thermogenesis associated with adaptation
to cold.

It is well established that the distribution of polymorphism
variants of the UCP1, UCP2, and UCP3 uncoupling protein
genes in human populations is associated with a number of
natural and climatic factors, including geographic latitude,
altitude, and the severity of natural conditions (Hancock et
al., 2011; Nikanorova et al., 2021, 2022; Kozlov et al., 2024).

The polymorphism of the THRB gene encoding the nuclear
receptor TR has been characterized in various genetic data-
bases (dbSNP, https://www.ncbi.nlm.nih.gov/snp/). However,
we did not find any special publications devoted to the analysis
of the distribution of polymorphic variants of this gene in hu-
man populations. The main publications related to the poly-
morphism of the THRB gene focus on the search for genetic
variants associated with thyroid hormone resistance syndrome
(Dumitrescu, Refetoff, 2013), the risk of cancer (Gonzalez-
Sancho et al., 2003), and the regulation of transcription and
chromatin remodeling (Grentved et al., 2015).

The present work aims to characterize the polymorphism of
the THRB gene in the indigenous populations of Siberia and
to search for polymorphism variants associated with adapta-
tion to cold.

Materials and methods

Data on whole exome-wide polymorphisms in indigenous
populations of Northeastern Siberia (Eskimos, Chukchi,
Koryaks; N = 25), Central Siberia (Evens, Evenks, Yakuts;
N = 29), Southern Siberia (Tuvinians, Shorians, Altaians,
Buryats; N = 28), and Western Siberia (Kets, Khanty, Mansi,
Selkups, Nenets, Nganasans; N = 20), with the total number
of 102 individuals, were used (Pagani et al., 2016). We ana-
lyzed the polymorphism of all exons and adjacent noncoding
regions of the THRB gene located on chromosome 3 between
positions 24158651 and 24536773. We used the ELB algo-
rithm (Excoffier et al., 2003) implemented in the Arlequin 3.5
software package to identify haplotypes from genotypes with
unknown gametic phase. Fisher’s exact test was applied to as-
sess the statistical significance of differences in the frequencies
of polymorphic variants. The median network of THRB gene
haplotypes was constructed using the Network 10.2 program
(www.fluxus-engineering.com). This work used information
from genomic databases in human populations for compara-
tive analysis: dbSNP (www.ncbi.nlm.nih.gov/projects/SNP),
1000 Genomes (https://www.internationalgenome.org/), and
gnomAD (https://gnomad.broadinstitute.org/).

We performed population screening of polymorphisms
in loci r$762175401 (nucleotide position 3:24164373) and
rs72619908 (position 3:24164268) of the THRB gene. Nu-
cleotide numbers are given according to the human genome
reference sequence GRCh37.p13 (hg19). The study used total
DNA isolated from whole blood from representatives of the
indigenous populations of the Severo-Evensky District of
the Magadan Region. The samples include 98 Koryaks and
110 Evens. The questionnaire data show that the surveyed
Koryaks and Evens have identified themselves as members of
the above ethnic groups for at least two to three generations.

The nucleotide sequence of the THRB gene including loci
rs762175401 and rs72619908 was amplified using oligo-
nucleotide primers 5'-GCGCCATTTTGCTGACTCAA-3"and
S“TCTTCTCTCTTCCCCGCAGA-3'. Primers were designed
based on the nucleotide sequence of the THRB gene (number
NC _000003.12 in the GenBank database) using the Primer3
program (Untergasser et al., 2012).

Amplification products were sequenced using the Brilliant-
Dye™ Terminator Cycle DNA Sequencing kit v3.1 (Nether-
lands) and an ABI Prism 3500xL genetic analyzer (Applied
Biosystems, USA). MEGAS package programs were used for
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nucleotide sequence alignment and analysis (Tamura et al.,
2011). We calculated the allele frequencies, heterozygosity,
and correspondence of the genotype distribution to Hardy—
Weinberg equilibrium using the Arlequin 3.5 software package
(Excoffier, Lischer, 2010).

Results and discussion

The analysis of the THRB gene nucleotide sequences from
102 individuals belonging to different ethnic groups within
the indigenous Siberian population revealed polymorphisms
at 22 nucleotide positions (Table 1). However, only one poly-
morphism variant was detected in the exons: a synonymous
substitution at locus rs3752874 (amino acid position 245). All
other polymorphisms were found in the non-coding region,
primarily in the 3'-untranslated regions and introns of the
gene. Analysis of the distribution of polymorphic variants

The specific features of the thyroid hormone receptor gene THRB
polymorphism in indigenous populations of Siberia

revealed that a similar distribution of allele frequencies was
observed only in two cases (rs56204436-A and rs13326381-T)
in Siberia, East Asia, and Europe (p > 0.05).

In most cases, there are statistically significant differences
in the frequency of polymorphic variants in Siberia compared
to Europe and East Asia. For several loci, the allele frequen-
cies of Siberian populations are more similar to European
than East Asian values (rs75272640, rs79270057, rs3752874,
rs60502621, rs58274299, rs150604595, rs13090120). In three
cases, polymorphisms characteristic of Siberian populations
were detected in all four regions (rs561918607-T) or in par-
ticular populations (rs572372574-C in Chukchi and Evenki,
and rs762175401-A in Eskimos and Koryaks) (Table 1).

To analyze the distribution of THRB gene haplotypes in Si-
berian populations, we narrowed down the set of polymorphic
loci to 16: 175272640, 1s2167116, rs56204436, rs1349265,

Table 1. Frequencies of THRB gene polymorphism variants in indigenous populations of Siberia, East Asia and Europe

Polymorphism  Site Northeastern Central Southern Western Siberia East Asia  p (Siberia- Europe p (Siberia-
variant Siberia Siberia Siberia Siberia (N=102) (N=1170) EastAsia) (N=1266) Europe)
(N=25) (N=29) (N=28) (N=20)
rs3752874-A syn 0.16 0.052 0.107 0.15 0.113 0.056 0.0031 0.149 0.181
rs34833017-G  intron 0 0.017 0.161 0.075 0.064 0.006 0 0.191 0.000001
rs13326381-T 0.6 0.397 0.5 0.525 0.5 0.546 0.187 0.472 0.511
rs60502621-C 0 0.017 0.018 0.025 0.015 0.101 0.000002  0.024 0.481
rs58274299-C 0 0.017 0.018 0.025 0.015 0.101 0.000002 0.024 0.481
rs150604595-A 0 0.017 0.018 0.025 0.015 0.101 0.000002  0.024 0.481
rs13090120-C 0.12 0.034 0.054 0.175 0.088 0.012 0 0.113 0.3
rs572372574-C  5'-UTR  0.02 0.069 0 0 0.025 nd nd nd nd
rs75272640-T 3-UTR 0.12 0.052 0.089 0.15 0.098 0.05 0.0085 0.137 0.134
1s2167116-A 0.06 0.19 0.143 0.225 0.152 0.092 0.0089 0.074 0.0004
1s56204436-A 0.04 0.052 0.107 0.075 0.069 0.046 0.169 0.057 0.53
rs1349265-G 0.54 0.431 0.607 0.375 0.495 0.697 0 0.694 0
rs79270057-T 0.12 0.052 0.089 0.15 0.098 0.05 0.0085 0.139 0.111
rs561918607-T 0.08 0.138 0.018 0.075 0.078 0 0 0.0003 0
rs844107-C 0.52 0.586 0.536 0.65 0.569 0.626 0.114 0.419 0.00005
rs826371-G 0.38 0.397 0.393 0.35 0.382 0.529 0.00007 0.262 0.0004
rs826372-C 0.38 0.397 0.393 0.35 0.382 0.529 0.00007 0.262 0.0004
1s826373-G 0.4 0.534 0.429 0.5 0.466 0.574 0.0032 0.257 0
rs826374-C 0.38 0.397 0.393 0.35 0.382 0.529 0.00007 0.262 0.0004
rs826375-C 0.4 0.534 0.429 0.5 0.466 0.574 0.0032 0.257 0
1s72619908-G 0.02 0.138 0.036 0.15 0.083 0.045 0.024 0 0
rs762175401-A 0.12 0 0 0 0.029 0 0 0.00003 0

Note. Data for East Asian and European populations are from the 1000 Genomes (https://www.internationalgenome.org/) and gnomAD (https://
gnomad.broadinstitute.org/) databases. The statistical significance of differences (p) between the frequencies of polymorphism variants in the com-
pared regions was evaluated using Fisher’s exact test. Designations: 3'-UTR and 5-UTR - 3’- and 5’-untranslated regions; syn — synonymous substitu-
tion in the protein-coding region; nd — no data. The polymorphism variants for which additional population screening was performed in the present
study, as well as p-values greater than 0.05 in cases with a similar allele frequency distribution in Siberia, East Asia, and Europe (for rs56204436-A and

rs13326381-T), are highlighted in bold.
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Median network of THRB gene haplotypes in the indigenous Siberian populations.
Black indicates Northeastern Siberia, blue — Central Siberia, green - Southern Siberia, red - Western Siberia.

rs79270057, rs561918607, rs844107, rs826371, 1s72619908,
rs762175401, rs3752874, rs572372574, rs34833017,
rs13326381, rs60502621, rs13090120. This was done because
several loci located close to each other showed similar frequen-
cies in Siberian, East Asian, and European samples and were
linked. The ELB algorithm identified 34 16-locus haplotypes
(Table S1 of the Supplementary Material)l. For the subse-
quent phylogenetic analysis of the haplotypes, we used the
22 haplotypes that were recorded more than once in the popu-
lations.

The median network of haplotypes obtained demonstrates
rather complex phylogenetic relationships, likely due to recur-
rent mutations in the non-coding regions of the THRB gene or
sequencing errors at the rs13326381 locus (see the Figure).
The haplotypes under study were detected in different regional
groups in Siberia; therefore, geographic clustering of haplo-

! Supplementary Table S1 is available at:
https://vavilov.elpub.ru/jour/manager/files/Suppl_Mal_Engl_30_1.xIsx

type groups is not apparent. Of particular interest are the HT19
and HT20 haplotypes found in samples from Northeastern
Siberia. These haplotypes are characterized by the presence of
a G—A substitution at locus rs762175401, which is located in
the 3'-untranslated region of the gene. This variant polymor-
phism was only found in Eskimos (25 %) and Koryaks (12 %).
According to the dbSNP and gnomAD data, the rs762175401-
A allele was detected at very low frequencies in the Japanese
(0.042 %) and Koreans (0.04 %), and in large samples from
East Asia (0.013 %), the Middle East (0.016 %), South Asia
(0.005 %), and Europe (0.002 %).

Since the Siberian sample size was insufficient, we in-
vestigated the polymorphism of the rs762175401 locus in a
more representative sample of Koryaks and Evens from the
Magadan region. We also included the rs72619908 locus,
located 104 bp from rs762175401, in the investigated region
of the THRB gene (Tables 2 and 3). According to historical
data, the Koryaks (along with the Chukchi) belong to north-
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The specific features of the thyroid hormone receptor gene THRB
polymorphism in indigenous populations of Siberia

Table 2. Genotype and allele frequencies of the rs762175401 locus of the THRB gene in the Koryaks and Evens

Population (N) Genotypes

GG GA AA
Koryaks (98) 0.765 0.194 0.041
Evens (110) 1.0 0 0

Alleles He p

G A

0.862 0.138 0.239 0.08
1.0 0 0 1.0

Note. Here and in Table 3: N - sample size, H, — expected heterozygosity, p - statistical significance of deviation from Hardy-Weinberg equilibrium

(significant at p < 0.05).

Table 3. Genotype and allele frequencies of the rs72619908 locus of the THRB gene in the Koryaks and Evens

Population (N) Genotypes

CcC CG GG
Koryaks (96) 0.948 0.052 0
Evens (110) 0.927 0.064 0.009

eastern Paleoasians, the oldest population in Northeastern
Siberia. The Tungus-speaking Even people began settling in
Koryak areas around the 17th century (Khakhovskaya, 2024).
However, despite living in the same neighborhood for a long
time and intermarrying, these ethnic groups have retained fea-
tures of their gene pools that are adapted to varying degrees to
the extreme conditions of their natural environment (Cardona
etal., 2014; Derenko et al., 2023; Malyarchuk, Derenko, 2024).

Analysis of the rs762175401 polymorphism showed that,
of the studied samples, only Koryaks have the rs762175401-A
allele, which occurs at a frequency of 13.8 % (Table 2). The
polymorphic variants of the rs72619908 locus are distributed
similarly in both ethnic groups (Table 3). The high frequency
of the rs762175401-A variant in Koryaks, as well as its pre-
sence in Siberian Eskimos, suggests that this polymorphism
has adaptive significance with respect to adaptive thermoge-
nesis. The rs762175401 locus is located in the 3'-untranslated
region of the THRB gene, at position +2 relative to the UAG
termination codon. A substitution at this nucleotide position
could potentially alter translation termination efficiency, as the
3’ context of stop codons has been shown to influence transla-
tion termination in eukaryotes (Cridge et al., 2018; Sokolova
et al., 2020). If the rs762175401-A substitution contributes to
increased termination efficiency, it could lead to a higher rate
of protein synthesis, thus optimizing translation (increasing
mRNA stability, ribosome recycling, and translation fide-
lity), as was previously found for Escherichia coli and yeast
(Baggett et al., 2017; Wu et al., 2020).

Improved thyroid hormone receptor synthesis presumably
contributes to an increased concentration of TRB-T3 complex-
es and may therefore have adaptive significance in cold con-
ditions. Thus, the increased frequency of the rs762175401-A
variant in the Koryak and Eskimo populations, which are
among the oldest in Northeastern Siberia, can be explained
by the long-term influence of climatic factors on THRB gene
function.

It is known that several genes associated with cold adap-
tation in humans, including D102, UCP1, UCP3, THRB,

Alleles He p

C G

0.974 0.026 0.051 1.0
0.959 0.041 0.079 0.156

PPARGC1A, and RXRA, are involved in thyroid signaling
pathways that regulate thermogenesis as well as energy expen-
diture and metabolic rearrangements (Laurberg et al., 2005;
Bianco et al., 2019; Tsibulnikov et al., 2020). Genetic studies
have revealed population genetic effects with respect to certain
genes, such as UCP1 and UCP3, which are manifested by
an increased frequency of specific polymorphism variants in
Northeast Asia (Nikanorova et al., 2021, 2022; Kozlov et al.,
2024). Chronic exposure to cold in Arctic populations likely
increases the activity of the DIO2 enzyme, which regulates
T3 levels in cells. This increases the production of T3 to
compensate for the high metabolic demands of thermogenesis
(Noahsen et al., 2021).

Natural selection has likely affected the ANGPTL8 and
PLA2G2A genes in indigenous Siberian peoples, such as the
Koryaks, Yukaghirs, and Nenets (Hallmark et al., 2019). These
genes are involved in the adaptive response to cold; they are
activated by hormone T3 and participate in regulating lipid
metabolism (Sharma et al., 2014; Tseng et al., 2014). The ef-
fect of selection on the THRB gene has also been reported in
the Yakut sample using the PBS test (Cardona et al., 2014).
However, an analysis of the effect of selection in regional
groups worldwide found statistical associations with thyroid
system function, BAT, and thermoregulation only in Central
Siberians and Africans using the EHH test (Pagani et al., 2016).

However, a recent genomic study of Greenland Eskimos did
not reveal selection acting on thyroid system genes (Staeger
et al., 2025). Polymorphism variants specific to Greenlandic
and North American Eskimos as well as Siberian populations
(FADS1/2, SI, CPT1A, TBC1D), or only to Greenlandic and
American Eskimos (LDLR, HNF1A, ADCY3, ATP8B1, PCCA/
PCCB) were found mainly in lipid and carbohydrate metabo-
lism genes (Steger et al., 2025).

These data suggest the necessity of further investigating
thyroid system gene polymorphisms in indigenous populations
of the Far North of various ethnical backgrounds, as adap-
tive changes in gene pools may exhibit population-specific
characteristics.
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Conclusion

Thus, our study provided the first estimate of the prevalence of
different THRB gene polymorphisms that encode the thyroid
hormone receptor in ethnic groups of the indigenous Siberian
population. Our analysis of THRB gene haplotype distribu-
tion revealed that the rs762175401-A variant, observed in
Koryaks (at a frequency of 13.8 %) and Siberian Eskimos
(25 %), is prevalent in Northeastern Siberia. The increase in
the frequency of this polymorphism is likely associated with
the adaptation of indigenous Far North populations to cold and
with rearrangements of the thyroid system, which is directly
involved in nonshivering thermogenesis. Further molecular
genetic studies will help clarify these mechanisms.
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