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CARRIER FREQUENCY OF GJB2 AND GALT MUTATIONS ASSOCIATED WITH
SENSORINEURAL HEARING LOSS AND GALACTOSEMIA IN THE RUSSIAN
POPULATION
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This article continues a series of works estimating carrier frequencies of mutations associated with the development of common
monogenic disorders in the Russian population. The study aimed to establish the frequency of GJB2 and GALT mutations in
first-time blood donors. Genotyping of 1000 first-time blood donors who identify themselves as Russians and permanently
reside in the Russian Federation detected 37 carriers of GJB2 mutations associated with sensorineural hearing loss (carrier
frequency in the sample was 3.7 %, or 1 : 27) and 6 carriers of GALT mutations associated with galactosemia (carrier frequency
in the sample was 0.6 %, or 1 : 167). In one carrier, concurrent mutations were detected; thus, in total 42 carriers of GJB2 and
GALT mutations were detected (carrier frequency in the sample was 4.2 %, or 1 : 24).
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YACTOTA HOCUTEABCTBA B POCCUMACKOM nonyAsiLum MYTALIUM B FEHAX
GJB2 WU GALT, ACCOLIMUMPOBAHHbIX C PA3BUTUEM HEMPOCEHCOPHOM
TYFOYXOCTU U TAAAKTO3EMUMN
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CraTbs NpofomKaeT LMK paboT, MOCBALLEHHbBIX ONMPEAENEHNIO YacTOTbl HOCUTENBCTBA B POCCUNCKOM MOMYNALMA MyTaLmiA,
aCCOUMNPOBAHHBIX C Pa3BUTNEM PaCMPOCTPaHEHHbIX MOHOTEHHbIX 3abonesaHni. Liensto nccnegosaHnst Obi10 yCTaHOBNEHWE
4aCTOTbl PACMPOCTPaHEHHbBIX B POCCUACKOM MOMynaummn MyTaumi B reHax GJB2 n GALT y LOHOPOB NEPBUYHOM KPOBOAAYM.
Mpn reHoTunmposaHny 1000 OHOPOB MEPBUHHOM KPOBOAAYM, MOEHTUMDMLMPYIOLLMX CeBA Kak PYCCKUX 1 MOCTOAHHO MpPO-
YKMBaKOLLIMX Ha Tepputopun Poccurickon ®epepaummn, obHapy»xeHsl 37 Hocutenen Mmytaumin B reHe GJB2, accoummpoBaHHbIX
C pasBUTMEM HEMPOCEHCOPHOM TyroyxoCcTu (4actoTa B Bblibopke cocTtaBuna 3,7 %, i 1 : 27), n 6 HocuTenen mytauuin
B reHe GALT, accoummpoBaHHbIX C pasBUTVEM raniakTodeMun (HacTtoTa B Bblbopke — 0,6 %, nin 1 : 167). BoiseneH 1 cnyyan
COYETaHHOIO HOCUTENBCTBA MyTaLWi, 1, Takm 06pa3oM, BCEro obHapy»KeHbl 42 HOCUTens MyTauuii B reHax GJB2 n GALT
(4acToTa B Bblbopke — 4,2 %, nnn 1 : 24).

Kntouesble cnosa: Tyroyxoctb, GJB2, ranaktodemus, GALT, reHOTUNMPOBaHVe, POCCUINCKas MONyNALms

><] Ans koppecnoHgeHunn: A6pamos OMuTpuii JMutpresn4
Kawmpckoe w., O. 24, kopn. 2, . Mockea, 115478; d.d.abramov@mail.ru

Cratbsl nonyyeHa: 06.12.2016 CtaTbs npuHsATa B neyartb: 12.12.2016

Nonsyndromic sensorineural hearing loss is an inherited
condition (OMIM #220290) characterized by congenital
hearing impairment. The most common type of genetic hearing
disorders found in developed nations is autosomal recessive
nonsyndromic hearing loss associated with a mutation in the
GJB gene that encodes a protein known as connexin 26.
So far, over 90 GJB2 mutations have been associated with
deafness, 35delG mutation being highly prevalent in European
and Russian populations. This mutation results in a premature
stop codon. The carrier frequency of GJB2:35delG can vary

from 1 : 100 to 1 : 30 in European populations and from 1 : 50
to 1: 25 in some Russian populations [1-5].

Galactosemia is a hereditary disease caused by the
deficiency of galactose-metabolizing enzymes. Galactose
enters the body in food as a component of disaccharide
lactose (milk sugar). It is believed that accumulation of toxic
amounts of galactose-1-phosphate in the cells affects cell
metabolism and leads to pathology. The most marked changes
occur in the liver, kidneys, eye lens and brain. Patients who
receive no treatment die within the first months of life from
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sepsis or liver failure; all patients develop mental deficiency
with typical speech impairment (cluttering). But if a diet is
prescribed timely, a child may still develop normally. The disease
is linked to the reduced activity of the galactose-1-phosphate
uridyl transferase enzyme associated with GALT mutations.
In healthy individuals, this enzyme catalyzes production of
glucose-1-phosphate and uridyl diphosphate-galactose from
galactose-1-phosphate and uridyl diphosphate- glucose.
Galactosemia follows an autosomal recessive pattern of
inheritance; its incidence in the Russian populationis 1in 20 000
births. The most critical mutations for the Russian population
are Q188R, K285N, M142K, L358P, IVS3-2A>C [6, 7].

The aim of this study was to determine the frequency of
GJB2 and GALT mutations in first-time blood donors who
identify themselves as Russians and permanently reside in the
Russian Federation.

METHODS

Peripheral blood was collected from 1000 healthy first-time
blood donors who identified themselves as Russians.

DNA was extracted from 0.1 ml peripheral blood using the
reagent kit “PROBA-GS-Genetics” (DNA-Technology, Russia).
The extraction method we used involves lysis of the biomaterial
followed by DNA binding to silica support, washing, and DNA
elution. Some of the obtained DNA samples were immediately
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used for genotyping; others were stored under —20 °C. The
average DNA concentration measured by the Qubit flourometer
(Invitrogen, USA) was 50-100 pg/ml.

To detect single nucleotide substitutions, we used the
reagent kit “Screening for monogenic diseases” (DNA-
Technology, Russia). The detection principle relies on the
method of adjacent (or kissing) probes [8, 9]. The kit can
identify 5 GJB2 mutations associated with nonsydromic
sensorineural hearing loss and 1 GALT mutation associated
with galactosemia.

Each reagent kit includes amplification mixes for
identifying an individual mutation. Each mix contains primers
complementary to both wild-type and mutant nucleotide
sequences, one quencher-labeled oligonucleotide and two
sequence-specific fluorophore-labeled oligonucleotide probes.
The oligonucleotide probes complementary to wild-type and
mutant sequences are labeled with different fluorophores,
which makes it possible to simultaneously identify both variants
using one test tube.

The first step in the identification of single nucleotide
substitutions was PCR. Then the temperature of the reaction
mix was brought down to hybridize oligonucleotide probes to
the obtained matrices. Genotyping was performed following
PCR and hybridization by changing fluorescence intensity
during heat-induced denaturation of the oligonucleotide
duplexes and the obtained matrices. The measurements were
carried out in real time; based on the results, melting curves
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Melting curves for two genotype variants based on the data obtained during the detection of Q188R mutation in the GALT gene
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were constructed (see the image below). If an analyzed sample
contained only one variant of a nucleotide sequence, i. e., the
studied polymorphism was homozygous, the melting point for
a perfect match probe/target duplex was considerably higher
than for a mismatched duplex. If a heterozygous sample
was analyzed that contained both variants of the nucleotide
sequence, then both probes formed a perfect match duplex,
which is why their melting points were practically the same.

This approach certainly has advantages over most
molecular-genetic  techniques for the detection of single
nucleotide polymorphisms, including TagMan assays. Here,
genotyping is performed twice and data are obtained
independently from two fluorescence channels, which
significantly increases the reliability of the genotyping
procedure and is highly unlikely to be reproduced using other
techniques.

Polymerase chain reaction and measurements of
oligonucleotide probe melting points were performed using the
detecting amplifier DTprime (DNA-Technology, Russia). The
following temperature mode was used for amplification: 94 °C
for10s, 64 °Cfor 30 s; number of cycles = 50. After amplification
was completed, the reaction mix was cooled down to 25 °C
at a rate of 2 °C/s. Melting curves were constructed from the
data obtained with the following technique: the temperature of
the reaction mix was increased incrementally from 25 to 75 °C
(1 °C per heating step); fluorescence was measured at each
heating step. We used domestic equipment to automate the
main stages of the research, and thus were able to genotype
40 mutations in up to 100 samples a day.

For control, we performed selective automated Sanger
sequencing using the ABI PRISM 310 Genetic Analyzer (Applied
Biosystems, USA) and reagents by the same manufacturer.
Control tests demonstrated the results identical to those
obtained in our experiment.

RESULTS

Frequencies of GJB2 and GALT mutations detected in 1000
healthy first-time blood donors who identified themselves as
Russians and permanently reside in the Russian Federation
are shown in the table below. Genotyping of these individuals
identified 37 carriers of GJB2 mutations associated with
sensorineural hearing loss (frequency in the sample was
3.7 %, or 1 : 27) and 6 carriers of GALT mutations associated
with galactosemia (frequency in the sample was 0.6 %, or
1:167). One individual carried both mutations. In total,
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42 carriers of GJB2 and GALT mutations were detected
(frequency in the sample was 4.2 %, or 1 : 24).

DISCUSSION

Our research identified a total of 42 carriers of GJB2 and GALT
mutations (frequency in the sample was 4.2 %, or 1 : 24).
Besides, one individual was found to carry both mutations. The
results of the present study are in agreement with the published
research carried out in the Russian population [1, 3-5]. However,
we detected a slightly higher (compared to the average data
on the European population) frequency of the GJB2:35DELg
mutation associated with sensorineural hearing loss.

CONCLUSIONS

In this research study, we determined frequencies of GJB2
and GALT mutations in healthy Russian individuals. In total,
42 carriers of these mutations were detected (frequency
in the sample was 4.2 %, or 1 : 24). These data indicate a
relatively high prevalence of inherited conditions and provide
a rationale for introducing molecular-genetic diagnostic tests
into clinical practice (in addition to neonatal screening) that
can assist pregnancy planning and be a criterion for the use of
reproductive technologies in infertile patients.

The most suitable platform for such research is real time
PCR. This approach may open up new horizons for mass high
throughput sequencing, facilitate automation of laboratory
work and help to achieve highly accurate and reliable results.

Heterozygous variants of GJB2 and GALT mutations and concurrent mutations in
1000 Russian first- time blood donors

Mutation Number of heterozygous variants detected

In GJB2

35delG 37

167delT 0

235delC 0

313_326del14 0

358_360delGAG 0
In GALT

Q188R | 6

Concurrent mutations
GJB2:35delG + GALT:Q188R | 1
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