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ABSTRACT

Aim. To evaluate the effectiveness of automated Sanger sequencing of the UGT1A1 gene to search for pathogenic
mutations in individuals with the Gilbert syndrome phenotype.

Materials and methods. Automated Sanger sequencing of exons and part of the promoter in the UGT1A1 gene
was carried out for 24 people with unconjugated hyperbilirubinemia, in whom all other causes except for genetic
ones were excluded and DNA analysis was performed to determine the number of TA repeats in the promoter of
the UGTIAI gene (rs3064744). Distribution of rs3064744 genotypes in the group was the following: 5 people —
TTA/TTA genotype, 5 people — 6TA/6TA genotype, 12 people — 6TA/7TA genotype, 1 person — STA/7TA
genotype, 1 person — 6TA/8TA genotype. DNA was isolated using phenol — chloroform extraction or express
methods. The sequencing was performed by capillary electrophoresis on the Hitachi 3500 Genetic Analyzer
(Applied Biosystems, USA).

Results. Single nucleotide variants of uncertain significance were identified: rs3755319 (in 21 people) and
1528899472 (in three people with the 7TA/7TA genotype of rs3064744) in the promoter of the UGTIAI gene,
152125984650 in the first exon of the UGT1A41 gene (in one person with the STA/7TA genotype of rs3064744). In
two individuals with the 6TA/7TA genotype of rs3064744, gene variants were identified that were pathogenic or
likely pathogenic for the Gilbert syndrome according to some sources (rs4148323, rs1273237448).

Conclusion. According to the results of the study, automated Sanger sequencing of the UGTIA! gene may be the
next stage of DNA analysis after determining the rs3064744 genotype for individuals with 6TA/6TA, 6TA/7TA
1s3064744 genotypes and suspected Gilbert syndrome.
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Pe3ynbTaTtbl cekBeHnpoBaHuAa reHa UGTTA1 y nuy ¢ deHoTMNOM
cnHppoma XKunbbepa

MNBaHoBa A.A.", AnapueBa H.E.", KawunpuHa A.l.", Hemuosa E.Il'.2, UBaHoBa 10.B.",
KpyunHuna M.B.’, Kypunosuu C.A.’, Makcumos B.H.'

! Hayuno-ucciedosamenvckuti uncmumym mepanuu u npoguiaxmuyeckou meouyunvl — unuan QedepanbHozo
uccnedosamenvbckoeo yenmpa «Mucmumym yumonoeuu u cenemuruy Cubupckoeo omoenenusi Poccutickoii akademuu
nayx (HUUTIIM — ¢unuan ULJul” CO PAH)

Poccus, 630089, e. Hosocubupck, yn. b. bocamkosa, 175/1

2 Cegepo-3anaonuiil 2ocyoapcmeenivlii meouyunckuil ynusepcumem (C3IMY) um. H.U. Meunuxosa
Poccus, 191015, o. Cankm-Ilemep6ype, yn. Kupounas, 41

PE3IOME

Hean. Onenka 3 HeKTHBHOCTH MPSIMOTO aBTOMATHYECKOTO cekBeHUpoBanusi reHa UGTIA1 mis moucka MyTanui
y HanueHToB ¢ GeHoTunom cunapoma XKuanoepa.

Matepnaibl 1 MeToAbL. [IpoBeeHO NMpsIMOE aBTOMAaTHYECKOE CEKBEHHpOBaHHE 10 CoHrepy 3K30HOB U 4aCTH
npomotopa reHa UGTIA1 st 24 denoBex ¢ HeNpsMoii TUIepOnmpyOrHeMuet, y KOTOPBIX OBLTH HCKITIOYEHEI BCe
JIpyTue ee MpUYKHBI, KpOMe reHeTHYecKuX, U caenan JIHK-ananus Ha onpenenenue konudyectsa TA-OBTOpoB B
npomotope reHa UGTIAI (rs3064744). Pactipenencaue reHoTunoB rs3064744 B rpymme: Tk YEIOBEK — T'€HO-
tunt 7TA/7TA, nare uenoBek — rerotun 6TA/6TA, 12 yenoBek — renotun 6TA/7TA, oquH 4eTOBEK — FeHOTHIT
5TA/TTA, onun uenosek — renorurt 6TA/8TA. JIHK Brienena MeTo1oM (GeHOIXI0pohOpMHOI IKCTPAKIMY W
sKcrpecc-MeToaMy. CeKBeHNPOBAaHHE BEIIIOIHEHO METOAIOM KallMILIIPHOTO IeKTpodopesa Ha ammapare Hitachi
3500 Genetic Analyzer (Applied Biosystems, CILIA).

Pe3yabrarsl. VneHTHOUIMPOBAHBI OJJHOHYKJICOTHHBIC BAPUAHTHI HEONPEIEICHHON KIMHUYECKOH 3HAaYMMOCTH
1s3755319 (y 21 genoseka) u 1528899472 (y Tpex uenoBek ¢ reHotuniom 7TA/7TA rs3064744) B mpomoTope reHa
UGTIAI, 152125984650 B 1-m ax30He reHa UGTIAI (y omHoro uenoBeka ¢ reHoTHioM STA/7TA rs3064744).
VY nByx mun ¢ renotuniamMu 6 TA/7TA rs3064744 BeIABICHB BAPUAHTHI Te€HA, KOTOPHIE SBIISIOTCS HATOTCHHBIMU U BE-
POSATHO MAaTOT€HHBIMH JUTA cuHApoMa JKup0epa 1mo JaHHBIM HEKOTOPBIX UCTOUHHUKOB (154148323, rs1273237448).

3akmovyenue. [Ipsmoe aBTomarnyeckoe cexseHupoBanue 1o Canrepy reHa UGTIAI MoxeT OBITh ClEIyOLINUM
sraniom JIHK-ananusa mocne ompenenenus: reHotuna rs3064744 mns nun ¢ redorunamu 6TA/6TA, 6TA/TTA
rs3064744 u nono3penuem Ha cunapoM JKuisoepa.

Kirouessle ciioBa: cunapom XKunsoepa, ren UGT1A4 1, HEKOHBIOTUPOBaHHAS THIIEPOUINPYOHMHEMHS, CEKBEHHPO-
BaHue o CrHrepy

KOHQ).]'IP[KT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq;)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOi[H.Ieﬁ CTaTbHU.

Hcrounuk ¢punancupoBanus. VccienoBanre BRIIONHEHO 3a c4yeT rpanTa Poccuiickoro Hayunoro ¢onma Ne 23-
25-00062.

CooTBeTcTBHE MPUHIUIIAM 3THKH. Bce manuenTsl noamucany 100poBoibHOe HHPOPMUPOBAHHOE COTIacHe Ha
MOJICKYJISIpHO-TeHETHYeCKHi aHanu3. VcciaenoBanue 000peHO JIOKadbHO-3THYeCKUM Komutetom HUUTIIM —
¢dunmana ULul" CO PAH (mporokorn Ne 4 ot 14.02.2023).

Jns uutupoBanus: VsanoBa A.A., Anmapuesa H.E., Kammpuna A.Il., Hemmosa E.I'., MBanoBa 10.B., Kpyun-
nuna M.B., Kypunosuu C.A., MakcumoB B.H. Pesynbrarsr cekBenuposanust rena UGT1A1 y nun ¢ peHoTUIOM
curnpoma XKunsoepa. bronremens cubupcroil meduyunwl. 2024;23(2):65-73. https://doi.org/10.20538/1682-0363-
2024-2-65-73.
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INTRODUCTION

According to our study, in almost 35% of
individuals with the Gilbert syndrome (GS) phenotype
and excluded known causes of unconjugated
hyperbilirubinemia, except for genetic ones, it is not
possible to find a common variant rs3064744 of the
UGTI1A]I gene (the number of TA repeats in the gene
promoter) in the 7TA/7TA homozygous state, which
would explain the cause of hyperbilirubinemia in
these patients [1]. For individuals with 6TA/6TA and
6TA/7TTA genotypes of rs3064744, with unconjugated
hyperbilirubinemia and suspected GS, the next stage of
molecular genetic diagnosis may be automated Sanger
sequencing of the UGTIAI gene to search for gene
variants that may be the cause of the GS development.

The aim of this work was to evaluate the
effectiveness of automated Sanger sequencing of the
UGTIA]I gene to search for pathogenic mutations in
individuals with the GS phenotype.

MATERIALS AND METHODS

Automated Sanger sequencing of exons and part
of the promoter in the UGT1A41 gene was carried out
for 24 people with unconjugated hyperbilirubinemia,
in whom all other causes except for genetic ones were
excluded. The patients were examined and referred to

DNA analysis by highly qualified gastroenterologists
from 2012 to 2023. Distribution of rs3064744
genotypes in the group was the following: 5 people had
TTA/TTA genotype (the number of TA repeats in the
promoter), 5 people — 6TA/6TA genotype, 12 people —
6TA/TTA genotype, 1 person — a rare STA/7TA
genotype, 1 person — a rare 6TA/8TA genotype. The
characteristics of the patients are presented in Table 1.
The concentrations of total and unconjugated bilirubin
shown in the table are random — they were recorded at
the doctor’s visit and could be higher during patient
lifetime.

DNA wasisolated by phenol—chloroformextraction
or a rapid DNA extraction method (PREP-RAPID
GENETICS, DNA Technology LLC, Moscow).
The polymerase chain reaction (PCR) conditions are
described in Table 2. The PCR temperature regime
included 1 preheating cycle at 95 °C for 5 minutes and
1 final cycle at 72 °C for 7 minutes. To amplify the
required DNA region, primers designed by us were
used along with primers described by N. Abdellaoui
et al. and E. Costa et al. [2, 3]. To amplify exon 1 in
carriers of the heterozygous genotype of rs3064744
(6TA/TTA, STA/TTA, 6TA/8TA), primers were used
that excluded the zone of rs3064744 to improve the
quality of reading during automated sequencing.

Table 1
Patients included in the study
Age Genotype Total | Unconjugated Sequencing results
No. Sex ’ of bilirubin, |  bilirubin, rs28899472 | rs3755319 | rs2125984650 | rs1273237448 | rs4148323
years
rs3064744 | umol/l umol/l genotype genotype genotype genotype genotype
394 male 32 TTA/TTA 56.4 47.0 CT CC AA CC GG
386 female | 50 TTA/TTA 48.0 42.0 CT CC AA CC GG
301 male 57 TTA/TTA 34.9 32.6 CT CC AA CC GG
405 male 18 TTA/TTA 54.8 46.4 CC CC AA CcC GG
533 female | 38 TTA/TTA 68.2 58.2 CC CC AA CC GG
240 female | 61 6TA/8TA 51.0 46.2 CC CC AA CcC GG
56 female | 22 STA/TTA 170.0 155.8 CC CC AT CC GG
404 male 18 6TA/TTA 55.4 47.8 CC AC AA CC GG
447 male 76 6TA/TTA 36.7 29.5 CC AC AA CG GA
12 male 18 6TA/TTA 58.0 53.4 CC AC AA CC GG
442 male 21 6TA/TTA 46.4 37.8 CC AC AA CcC GG
475 male 38 6TA/TTA 41.7 27.2 CC AC AA CC GG
498 male 38 6TA/TTA 35.0 20.3 CC AC AA CC GG
495 male 17 6TA/TTA 32.0 26.0 CC AC AA CC GG
523 male 9 6TA/TTA 23.0 17.0 CC AC AA CC GG
535 female 17 6TA/TTA 25.2 21.2 CC CC AA CC GG
558 male 18 6TA/TTA 33.5 22.8 CC CC AA CC GA
587 male 15 6TA/TTA 36.3 33.1 CC AC AA CC GG
43 male 52 6TA/TTA 60.7 49.5 CC AC AA CC GG
11 male 56 6TA/6TA 54.2 45.5 CC AC AA CcC GG
9 female 54 6TA/6TA 50.0 30.0 CC AA AA CC GG
206 male 40 6TA/6TA 40.2 28.6 CC AA AA CC GG
224 female | 46 6TA/6TA 29.0 24.0 CC AC AA CC GG
104 male 28 6TA/6TA 33.7 29.6 CC AA AA CC GG
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Table 2
Polymerase chain reaction conditions, n = 33
Temperature Product
Gene region Primer sequence pet? PCR mixture length
Duration
(bps)
, s 95°C 30 sec, . . .
Promoter D: 5’-ctctaagcacatccccaagta-3 54°C 30 sec 10 pl BioMaster LR HS-PCR-Color reaction mixture (2x) 525
R: 5’-taagcaagtttccatccttca-3’ [3] 72°C 30 sec, (BIOLABMIX LLC, Novosibirsk), 0.4 mM each primer
95°C 30 sec 75 mM Tris-HCI (pH 9.0), 20 mM (NH,), SO,, Tween-20
1-1_D: 5’-gaacctctggcaggagcaa-3’ 62°C 30 sec, 0.01%, 2.5 mM MgCl,, 0.4 mM each primer, 0.3 mM 461
Exon 1 1_1 R:5’-aaagctgctttctgecag-3’ . > | ANTP mixture, 2 pg DNA, 1 unit of Taq-DNA polymerase
- 72 °C 30 sec . o
(heterozygous (SibEnzyme, Novosibirsk)
for rs3064744 °
ors ) 1 2 D: 5’-acttactgcacaacaagga-3’ 22 g gg :Zz’ 10 pl BioMaster LR HS-PCR-Color reaction mixture (2x) 551
1_2 R:5’-ggctagttaatcgatcca-3’ 72°C 30 sec; (BIOLABMIX LLC, Novosibirsk), 0.6 mM each primer
1 1 D: 5 -aactieatotatcoatios-3" 95 °C 30 sec, 110 pl BioMaster LR HS-PCR-Color reaction mixture
— 0> -aactigglglategaligs->. 50°C 30 sec, | (2x) (BIOLABMIX LLC, Novosibirsk), 0.24 mM each | 516
Exon 1 1 1 R: 5’-aaagctgctttctgecag-3 o .
72 °C 30 sec primer
(homozygous 95°C 30
for rs3064744) | 1 2 D: 5’-acttactgcacaacaagga-3’ 56°C 30 z:z’ 10 pl BioMaster LR HS-PCR-Color reaction mixture (2¥) |
1 2 R:5’-ggctagttaatcgatcca-3’ 72°C 30 sec, (BIOLABMIX LLC, Novosibirsk), 0.6 mM each primer
, s 95°C 30 sec, . . .
Exon 2 D: 5’-tgtaagcaggaacccttectee-3 60 °C 30 sec 10 pl BioMaster LR HS-PCR-Color reaction mixture (2x) 409
R: 5’-gaagctggaagtctgggattag-3’ [2] 72°C 30 sec, (BIOLABMIX LLC, Novosibirsk), 0.4 mM each primer
s R 95 °C 30 sec, . . .
Exon 3 D: 5’-cctcccactetgttaaagactgttc-3 60 °C 30 sec 10 ul BioMaster LR HS-PCR-Color reaction mixture (2x) 402
R: 5’-agtgttactcacatgcecttge-3°[2] 72°C 30 sec, (BIOLABMIX LLC, Novosibirsk), 0.4 mM each primer
, s 95 °C 30 sec, . . .
Exon 4 D: 5’-tgcaagggcatgtgagtaacac-3 44°C 30 sec 10 pl BioMaster LR HS-PCR-Color reaction mixture (2x) 434
R: 5’-ttgaaacaacgctattaaatgctacg-3’ [2] 72°C 30 sec’ (BIOLABMIX LLC, Novosibirsk), 0.4 mM each primer
, , 95 °C 30 sec, . . .
Exon 5 D: 5’-gagaggattgttcataccacagg-3 60 °C 30 sec 10 pl BioMaster LR HS-PCR-Color reaction mixture (2x) 429
R: 5’-cactgattctgttttcaagtttgg-3’ [2] 72°C 30 sec’ (BIOLABMIX LLC, Novosibirsk), 0.8 mM each primer

Note. The number of cycles — n, base pair — bp.

The obtained amplification products were purified

from salts, non-activated primers, and deoxynucleotide
triphosphates using a CleanMag DNA suspension
(Eurogen, Moscow). The samples were sequenced by
capillary electrophoresis using the BigDye® Terminator
v3.1 (Applied Biosystems, USA) and BrilliantDye™
Terminator (v3.1) Cycle Sequencing Kit (NimaGen,
Netherlands) on the Hitachi 3500 Genetic Analyzer
(Applied Biosystems, USA) using the POP-7 separation
matrix. The sequencing results were analyzed using the
SeqScape v.2.7 and Sequence Scanner software.

RESULTS AND DISCUSSION

The results of automated Sanger sequencing are
shown in Table 1. A common single nucleotide variant
rs3755319 was found in 21 people in a heterozygous
or homozygous state (Fig. 1, 2). The rs3755319 variant
(g.234667582A>C) is localized in the promoter of the
UGTIAI gene and is common among the population
[4]. According to gomAD data, the frequency of the

rare C allele for Europeans is about 0.43. According to
ClinVar, the variant is pathogenic for transient familial
neonatal hyperbilirubinemia. However, in a study
performed in Korea, its effect on the level of gene
expression was not found (when evaluated as part of
haplotypes): the haplotypes rs3755319C-rs2003569A-
rs887829C-rs3064744(TA)6  and  rs3755319A-
rs2003569G-rs887829C-rs3064744(TA)7 were
associated with lower gene expression compared to
the haplotype rs3755319C-rs2003569G-rs887829T-
rs3064744(TA)6 [5]. Studies on rs3755319 are found,
devoted to its effect on the pharmacokinetics of
moxifloxacin and irinotecan [6, 7]. The genetic variant
was associated with the level of total bilirubin and
cholelithiasis in patients with sickle cell anemia [8]. In
order to make an unambiguous conclusion about the
association of the variant with GS, additional research
is required.

In 3 people with 7TA/7TA rs3064744 genotype
(patients No. 301, 386, and 394), a common single
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nucleotide variant rs28899472 in a heterozygous
state was identified (Fig. 3). The single nucleotide
variant rs28899472 (g.234667809C>T) is localized
in the promoter of the UGTIAI gene [9]. According
to gnomAD data, the frequency of the rare allele for

Europeans is about 0.03. The variant is not described
in ClinVar, and no scientific articles have been found
devoted to it. According to the in silico predictive
analysis, the variant is classified as benign or neutral
(PolyPhen-2, PhD-SNP, SNPs&GO).
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Fig. 1. Sequence of the sample
(rs3755319 in a heterozygous state)
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Fig. 2. Sequence of the sample
(rs3755319 in a homozygous state)

The rs28899472 variant was searched for in the next
of kin of patients No. 386 and 394. All the relatives of
the patients included in the study did not show clinical
symptoms of hyperbilirubinemia and never had an
increase in the level of bilirubin and its fractions,
according to the results of blood biochemistry. Both
sons of patient No. 386 (a 50-year-old woman; the
maximum concentration of bilirubin was recorded
during pregnancy; during life, fluctuations in bilirubin
levels from normal to elevated figures were observed)
were heterozygous carriers of the rs3064744 variant
(6TA/7TTA). In one of the sons (28 years old), the
rs28899472 variant in a heterozygous state was iden-
tified; the second son (24 years old) was not a carrier of

the rare allele of rs28899472. The father of patient No.
394 (a 32-year-old man with newly diagnosed unco-
njugated hyperbilirubinemia during treatment of diffu-
se toxic goiter with thyrostatics) was also a hetero-
zygous carrier of the rs3064744 variant (6TA/7TA)
and was not a carrier of the rare allele of rs28899472.
Therefore, the rs28899472 variant was identified
in a heterozygous state in a person without
hyperbilirubinemia, a carrier of the 6TA/7TA genotype
of 1s3064744. Consequently, it is currently impossible
to consider the variant as pathogenic in relation to
GS; case-control studies are required to determine the
frequency of the variant in the group of people with
hyperbilirubinemia and in the control group.
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In patient No. 56 (rare genotype S5TA/7TA
rs3064744, female, 22 years old, without a history of
liver and gallbladder diseases), a rare single nucleotide
variant rs2125984650 was identified in a heterozygous
state (Fig. 4). The rs2125984650 variant in exon 1 of
the UGT1A41 gene (c.188A>T) is a missense variant
leading to the replacement of the aspartic amino acid
with valine p.Asp63Val in position 63 of amino acid
sequence [10]. The variant is not described in ClinVar.
There are no data on the frequency of the variant in
gnomAD. No scientific articles have been found
devoted to the rs2125984650 variant. According
to the in silico predictive analysis, the variant is
classified as benign or neutral (PolyPhen-2, PhD-
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SNP, SNPs&GO). Thus, the rs2125984650 variant
in the UGTIAI gene can be currently regarded as a
variant of uncertain significance.

In patient No. 447, (genotype 6TA/7TA rs3064744,
male, 76 years old, hyperbilirubinemia was detected
accidentally at the age of 76, Tatar, history of gallstone
disease, ultrasound examination revealed cysts in
the left lobe of the liver), we identified a rare single
nucleotide variant rs1273237448 in a heterozygous
state (Fig. 5). The rs1273237448 variant localized in
exon 1 of the UGTIAI gene (¢c.182C>Q) is a missense
variant leading to the replacement of alanine with
glycine p.Ala61Gly in position 61 of amino acid
sequence [11].

‘ | Fig. 3. Sequence of samples No.
| _},'l \ 301, 386, 394 (1528899472 in a

heterozygous state)
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It lllt‘ \/ ' '-.’
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Fig. 4. Sequence of sample No. 56
f \ JI| \ (rs2125984650 in a heterozygous
1 X state)

According to ClinVar, the variant is likely
pathogenic for GS [12]. The frequency of the rare allele,
according to gnomAD, is very low — about 0.000009;
no homozygotes were recorded. No scientific articles
have been found that mention the rs1273237448
variant. Following the in silico predictive analysis, the

variant is classified as benign or neutral (PolyPhen-2,
PhD-SNP, SNPs&GO). Currently rs1273237448 can
be regarded as a variant of uncertain significance;
however, it may be related to the patient’s phenotype.

Patient No. 558 (genotype 6TA/7TA rs3064744,
male, 18 years old, without a history of liver and
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gallbladder diseases) was a carrier of the rare variant
rs4148323 (UGT1A1%*6) in a heterozygous state (Fig.
6). The rs4148323 variant is localized in exon 1 of
the UGTIAI gene (c.211G>A, p.Gly71Arg) [13]. The
frequency of the rare allele, according to gnomAD,
is low —about 0.002. The variant is most common
in Asian countries (the frequency of the rare variant
is about 0.15). The rs4148323 variant (UGTIAI%*6)
in the homozygous state was associated with the
development of GS, neonatal hyperbilirubinemia,
and a 70% decrease in the activity of the UDP-
glucuronosyltransferase 1A1 enzyme compared to the
wild type [14, 15].

Previously, we conducted a search for the variant
in a group of people with GS (125 people). Patients
No. 447 and 558 were not included in the group. In
two individuals with GS in this group, the rs4148323

variant was also identified in a heterozygous state.
Except for the rs4148323 variant, patients were
heterozygous for rs3064744 (genotype 6TA/7TA) [1].
The main studies on rs4148323 were conducted in
Asian countries (India, China). They showed that both
homozygous carriers of rs4148323 and compound
heterozygotes for rs4148323 and rs3064744 were
found in GS, which was observed in patients No. 447
and 558 [16, 17].

Therefore, patient No. 447 was a heterozygous
carrier of four variants: rs3064744 (a common variant
in GS), rs1273237448 (arare variant, likely pathogenic
for GS, according to ClinVar data), and rs4148323
(a known variant for GS in Asian countries), which
may explain unconjugated hyperbilirubinemia, and
rs3755319 which is common in the population and the
clinical significance of which is currently uncertain.
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Fig. 5. Sequence of sample No. 447
(rs1273237448 in a heterozygous state)
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CONCLUSION

According to the results of the study, automated
Sanger sequencing of the UGTIA41 gene may be the
next stage of DNA analysis after determining the
rs3064744 genotype for individuals with genotypes
6TA/6TA and 6TA/7TA rs3064744 and suspected GS.

f | |
JI Wy || : ,J |1, Fig. 6. Sequence of sample No. 447
| |}

L .__l (rs4148323 in a heterozygous state)

A common single nucleotide variantrs3755319 was
identified in the gene promoter, whose significance in
relation to unconjugated hyperbilirubinemia will have
to be evaluated in future scientific studies. In three
individuals with confirmed GS (7TA/7TA rs3064744),
we identified the rs28899472 variant, the role of which
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in the development of the GS phenotype is not yet clear
and requires further study. A single nucleotide variant
of uncertain significance rs2125984650 was identified
in a patient with a rare genotype STA/7TA rs3064744.
In two individuals with genotypes 6TA/7TA
rs3064744, gene variants that were pathogenic and
likely pathogenic for GS (according to some authors)
were revealed (rs4148323, rs1273237448).
Therefore, none of the six people with
unconjugated hyperbilirubinemia and 6TA/6TA
rs3064744 genotype had any pathogenic variants
for GS in the UGTIAI gene. Among twelve people
with unconjugated hyperbilirubinemia and 6TA/7TA
rs3064744 genotype, two had variants explaining
their condition. Consequently, automated Sanger
sequencing of the UGTIAI gene revealed causal
variants of the gene only in 11% of people (2 out of
18 people with 6TA/6TA and 6TA/7TA rs3064744
genotypes). The results obtained may indicate either
the presence of variants of other genes that are
associated with GS or an insufficient examination
of patients with 6TA/6TA and 6TA/7TA 153064744
genotypes and a false clinical diagnosis of GS.
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