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Abstract. The human leukocyte antigen (HLA) system is among the most
genetically diverse in humans, encompassing over 220 genes that encode
immune proteins essential for transplant compatibility, immune regulation,
and disease susceptibility. This review outlines the fundamentals of HLA
nomenclature, standardized by the World Health Organization (WHO) and
curatedinthe IPD-IMGT/HLA database. We describe the gradual improvements
in HLA typing methods, ranging from serological assays to molecular-based
techniques, including Sanger sequencing and next-generation sequencing
(NGS), as well as interpretation software, and evaluate their strengths and
limitations in allele discovery. We discuss allelic variants of HLA genes,
methods for sequencing HLA alleles, and their variants. Additionally, we
report the identification of four novel HLA alleles in the Kazakh population:
DQB1*03:82, C*06:256, B*13:150, and A*32:95. All four alleles feature non-
synonymous substitutions within peptide-binding domains, suggesting
potential immunological relevance. Comparative analysis reveals that NGS
enhances allele detection efficiency by 2.8-fold compared to Sanger sequencing
(one novel allele per 635 typings vs. 1,773). These findings demonstrate the
significant HLA diversity present in Central Asian populations, which remain
underrepresented in global databases. The identification of population-specific
alleles reveals critical gaps in international donor databases, underscoring the
urgent need to expand HLA profiling in ethnically diverse regions to improve
transplant outcomes and advance personalized immunotherapy.

Keywords. Allelic variants, HLA typing, [IPD-IMGT/HLA database, Kazakhstan,
Next-generation sequencing

Introduction

The genes encoding human leukocyte antigens (HLA) are known for their high level of
polymorphism, making the systematic classification of HLA genes essential. Located on the
short arm of chromosome 6 at position 6p21.3, the HLA complex includes over 220 genes, many
of which play crucial roles in immune function. Oversight of HLA allele naming and quality

Received: 08.10.2025. Accepted: 12.12.2025. Available online: 25.12.2025.

*Corresponding author


https://orcid.org/0000-0002-1514-5910
https://orcid.org/0000-0003-0782-1795
https://orcid.org/0000-0003-1633-9757
https://doi.org/10.32523/2616-7034-2025-153-4-94-117

HLA system nomenclature and discovery of novel allelic variants in the Kazakh population

control is managed by the WHO Nomenclature Committee for Factors of the HLA System [1].
Comprising both classical (HLA-A, -B, -C, -DRB1, -DQB1, -DPB1) and non-classical loci, the HLA
complex displays remarkable genetic diversity that has evolved under pathogen-driven selective
pressures. This diversity enables populations to respond to various infectious challenges,
although it also makes clinical applications such as transplantation and disease association
studies more complex.

Understanding HLA diversity across global populations is essential for several reasons.
First, successful hematopoietic stem cell transplants depend on close HLA matching between
donors and recipients, yet European and North American populations are overrepresented
in donor registries. Second, certain HLA alleles are associated with either increased risk or
protection against autoimmune diseases, infectious diseases, and adverse drug reactions,
making population-specific HLA analysis important for medical purposes. Third, the extensive
polymorphism of HLA genes provides a valuable model for studying balancing selection and
host-pathogen coevolution.

Established in 1968, the committee set the initial criteria for nomenclature and has since
met regularly, publishing 19 key reports that have progressed from identifying HLA antigens
to documenting genes and alleles. Standardization efforts were traditionally supported
through the exchange of reagents and reference cells via the International Histocompatibility
Workshops. The systematic naming of HLA allele sequences began in 1989, marking a significant
milestone in immunogenetics. Since then, the development and maintenance of a centralised
sequence database have become essential. The assignment and distribution of allele names are
particularly important in clinical settings. Thanks to the efforts of the HLA biinformatics team,
in collaboration with the European Bioinformatics Institute (EBI), this information is publicly
accessible through both the EBI website (http://www.ebi.ac.uk/ipd/imgt/hla) and http://hla.
alleles.org [2-4].

The IPD-IMGT/HLA database compiles newly identified and validated HLA sequences, which
undergo expert curation and approval by the WHO Nomenclature Committee. Only sequences
meeting strict quality standards are incorporated into the database and associated resources
available on the official platforms. Continuous updates ensure that researchers and clinicians
worldwide have access to the latest HLA allele data [5].

Molecular genetic diagnostics has become one of the fastest-growing fields in the detection
and management of various diseases. The introduction of the polymerase chain reaction (PCR)
technology, a method of specific DNA amplification developed over the past two decades,
marked a significant turning point in the clinical application of genetic testing [6]. Today, next-
generation sequencing (NGS) is widely employed for the diagnosis and prediction of graft
rejection in organ and hematopoietic stem cell transplantation. This technology is also used to
detect leukocyte antigens associated with specific diseases. In these applications, the patient’s
polymorphic HLA variants are compared with those of potential donors. A donor with a fully or
closely matched HLA genotype is selected to reduce the risk of transplant rejection and improve
the overall success of transplantation procedures [8].

History

The role of the major histocompatibility complex (MHC) in allograft rejection was
first suggested by Bover [9], who noted that skin grafts between identical twins were not
rejected in the same manner as those from genetically dissimilar individuals. The MHC genes
implicated in the allograft rejection process were initially characterized in mice by Gorer [10].
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Following this, Snell [11] utilized mouse cell lines to further delineate a locus known as H for
histocompatibility. Gorer [10] referred to the gene products of locus H as antigens II, leading to
the combined designation H-2 for the mouse MHC. The human leukocyte antigen (HLA) system
was subsequently identified in the 1950s. Multiple researchers independently found that sera
from individuals who had received previous blood transfusions and from multiparous women
contained antibodies that agglutinated leukocytes [12]. This finding led to the development of
serological typing methods that identified a single locus, which was later divided into two loci:
HLA-A and HLA-B [13-16].

Initially, various techniques were employed for serological typing; however, the
microlymphocytotoxicity assay became the most common method. It was later observed that
when lymphocytes from unrelated individuals matched at the HLA-A and HLA-B loci and were
cultured together in a “mixed lymphocyte culture” (MLC) [17,18], they exhibited a strong
proliferative response. This led to the discovery of an additional locus initially called HLA-D [19-
21]; it was later shown that mismatches at HLA-DR and HLA-DQ contributed to the lymphocyte
activation seen in the MLC. Extensive serological studies soon revealed the existence of HLA-C
[22]. Later, HLA-DP, originally known as the “secondary B cell” (SB) antigen, was discovered
through a secondary stimulation assay called the “primed lymphocyte test” (PLT), which
indicated recognition of another HLA molecule distinct from those identified in the primary
mixed lymphocyte culture [23,24].

The IPD-IMGT /HLA database and nomenclature committee

Since its launch in 1998, the IPD-IMGT/HLA database has served as a central repository for
information on immune system gene polymorphisms. The initial version included 964 HLA
allelic variants, and the database has since expanded considerably, becoming a vital reference
resource for HLA researchers and clinicians [5]. In addition to storing allele sequences, the
database provides comprehensive metadata about the biological source of each sequence and
the methods used for sequence validation. Today, it is standard practice for researchers to
submit newly identified sequences directly to the IPD-IMGT/HLA database for expert review
and official naming before publication.

This approach helps prevent confusion caused by the renaming of already published
sequences or the use of multiple identifiers for the same allele [3]. The growing importance
of timely reporting of novel HLA allele sequences has led to the regular convening of the WHO
Nomenclature Committee for HLA Factors, with annual meetings dedicated to maintaining
the consistency and accuracy of HLA nomenclature. To ensure rapid access to newly approved
sequences, monthly nomenclature updates are also published online and in scientific journals.

In collaboration with the Imperial Cancer Research Fund (ICRF; now part of Cancer Research
UK) and the European Bioinformatics Institute (EBI), a sophisticated Oracle-based database
was developed. This system enables users to perform complex queries and access detailed
data on sequence features, references, contact information, and official allele designations via
a user-friendly graphical web interface. The initial creation of this database was supported
by European Union BIOMED1 (BIOMED1-930038) and BIOTECHZ (BIOTECH-960037) grants
awarded to the ICRF as part of the International Immunogenetics (IMGT) initiative.

Development and curation of the HLA database were carried out in collaboration with Julia
Bodmer (ICRF), James Robinson (formerly at ICRF, now with the HLA Informatics Group), and
Peter Parham (Stanford University). The WHO Nomenclature Committee is currently chaired by
Professor Steven G.E. Marsh, and its headquarters are located at the Anthony Nolan Research
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Institute in London, UK [25]. Since its establishment, the committee has held 18 international
meetings, covering a wide range of topics, from classical serological HLA typing methods to
advanced molecular genetic techniques, including mixed lymphocyte reactions, PCR-based DNA
typing, and next-generation sequencing (NGS). A summary of these international workshops
is provided in Table 1, detailing the seminars organized under the auspices of the WHO
Nomenclature Committee for HLA.

Table 1

International seminars of the WHO nomenclature committee for HLA

Seminar | Year | Committee Chair Location Seminar topic
1 1964 | DB Amos Durham, USA Determination of the specificity of
antigens Hu-1, LA, and Four
2 1965 |]] van Rood Leiden, The Testing of mixed lymphocyte culture.
Netherlands
3 1967 | R Ceppellini Torino, Italy Family studies; HLA in kidney
transplantation
4 1970 | PI Terasaki Los Angeles, USA | Determination of the specificity of 27
HLA-A, HLA-B, and HLA-C
5 1972 |] Dausset Evian, France Typing of 49 populations worldwide
6 1975 | F Kissmeyer- Aarhus, Denmark | Description of the characteristics of
Nielsen Dw.
7 1977 | WF Bodmer Oxford, UK Determination of the characteristics of
DR1-7; HTC testing
8 1980 | PI Terasaki Los Angeles, USA | Determination of MB (DQ) and MT
(DR52/53); HLA in transplantation and
diseases.
9 1984 | EA Albert/W Munich, Germany | New features of class I and II; HLA class
Mayr Vienna, Austria I1 in kidney transplantation
10 1987 | B Dupont Princeton, USA Creation of RFLP; T-cell clones; GTK
methods; Biochemistry of 1D IEF, 2D
gels; Creation of a panel of homozygous
cell lines.
11 1991 | T Sasazuki/K Yokohama, Japan | DNA PCR typing of HLA class II;
Tsuji/M Aizawa Anthropology.
12 1996 |D Charron St Malo/Paris, DNA PCR typing of HLA class [;
France Anthropology.
13 2002 |] Hansen Victoria, Canada Virtual DNA analysis; Identification of
Seattle, USA SNP markers; Anthropology; Disease
association; GWAS (Genome-Wide
Association Studies)
14 2005 |] McCluskey Melbourne, MHC and anthropology; Disease;
Australia Infectious disease; GWAS (Genome-

Wide Association Studies); Cancer;
KIR (Killer Immunoglobulin-like
Receptors); Cytokine genes.
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15 2008 | M Gerbase de Buzios/Rio de Anthropology; GWAS (Genome-Wide
Lima/ME Moraes |]anerio, Brazil Association Studies); Informatics.

16 2012 | SGE Marsh/D Liverpool, UK NGS (Next-Generation Sequencing),
Middleton GWAS (Genome-Wide Association

Studies)

17 2012 | M Fernandez-Viia | Asilomar, USA NGS

18 2021 |SHeidt/E Amsterdam, The | Topic under clarification
Spierings Netherlands

Note: *(website source https://hla.alleles.org/nomenclature/workshops.html)

The International ImMunoGeneTics Information System (IMGT) is a comprehensive set of
databases and bioinformatics tools dedicated to immunogenetics and immunoinformatics.
It focuses on the sequences of V (variable), D (diversity), ] (joining), and C (constant) genes,
which are crucial components of the adaptive immune system. IMGT was established in June
1989 by Marie-Paule Lefranc, an immunologist at the University of Montpellier. The initiative
was formally introduced at the 10th Human Genome Mapping Workshop, where the V, D, ], and
C regions were officially recognized as genes. The first IMGT database, IMGT/LIGM-DB, was
created to compile nucleotide sequences of human immunoglobulins and T-cell receptors, later
expanding to include sequences from various vertebrate species. The project was launched at
the Laboratoire d'Immunogénétique Moléculaire at the University of Montpellier and supported
by the French National Centre for Scientific Research (CNRS) [26].

Given that T-cell receptors and immunoglobulins are generated through somatic recom-
bination of nucleotide segments, the genomic annotation of these gene regions poses unique
challenges. To address this, IMGT-NC, the nomenclature committee, was formed in 1992 to provide
standardized terminology. This subcommittee is officially recognized by the International Union
of Immunological Societies [1]. In addition to its databases, IMGT offers several key tools:

e IMGT/Collier-de-Perles: provides a two-dimensional graphical representation of receptor
amino acid sequences.

¢ IMGT/mAb-DB: a curated database of monoclonal antibodies.

e [PD-IMGT/HLA database: a critical resource for HLA allele data maintained by the HLA
Informatics Group, was developed in part through IMGT’s efforts and remains integrated within
its broader infrastructure [2,25].

Polymorphisms

The HLA system is the most polymorphic genetic system in the human genome. HLA
polymorphisms were first identified phenotypically by observing acceptance or rejection of
tissue and/or through reactions with specific alloantibodies (serological typing methods).
Later, molecular typing methods revealed HLA polymorphisms that range from a single
nucleotide change to the loss or gain of an entire genetic region. Initially, HLA polymorphisms
were identified using serological and cell proliferation assays [14-16, 21]. These methods were
primarily used to characterise the HLA system; however, despite their widespread use, they
have notable limitations in accuracy and reproducibility [26]. Moreover, alloimmune antisera
are often limited in supply, and both serological and cellular HLA typing require live cells.
Overall, a key limitation of serological HLA typing is its inability to detect minor polymorphic
differences that can activate CD4+ or CD8+ T lymphocytes.
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A general characteristic of the HLA genes is that the distal membrane domains are highly
polymorphic.In contrast, the proximal membrane domains, the transmembrane, and cytoplasmic
domains have very low or no polymorphisms. The heavy chain of the HLA class [ molecule is
composed of 3 extracellular domains, and both the a and 8 chains of the HLA class Il molecule
contain 2 extracellular domains (Figure 3). Of note, the HLA genes, like all eukaryotic genes,
contain both coding (exons) and non-coding (introns) regions. The HLA class I genes contain 8
exons, while the HLA class II genes contain 6 or 7 exons [27,28]. The widespread application of
molecular typing techniques has enabled the characterization of thousands of HLA alleles [29].
The current number of HLA alleles is shown in Table 4 and can also be found on the IPD-IMGT/
HLA Database [30,31].

Analysis of the nucleotide sequences of the HLA genes indicates that most of the
polymorphisms are found in exons 2 and 3 of the HLA class I genes and in exon 2 of the HLA
class II genes. These exons encode for the distal membrane domains called the “peptide-
binding region” [2, 29-31]. It has been observed that most nucleotide polymorphisms within
the “peptide-binding regions” involve changes that induce a change in the corresponding
amino acid sequence (non-synonymous substitutions) and have a high level of correlation with
phenotype differences detected by serological and cellular methods [32]. However, serological
equivalents are not available for all described alleles [2, 30, 33], and it is difficult to predict the
serological specificities of selected alleles with polymorphisms corresponding to more than one
antigenic group [34,35] (Table 2).

Ithas been observed that most of the polymorphisms are restricted to certain segments of the
gene, known as variable regions. Allele pairs associated with the same serotype (e.g., A*02:01,
A*02:02) differ only by a few nucleotides. At the same time, distinguishing sequences are
observed in alleles of other serotypes, indicating the patchwork nature of HLA polymorphisms.
The significant HLA polymorphism probably evolved from the existence of a few allelic lineages,
followed by short segmental exchanges, to increase the number of alleles at a given location.
It appears that most of the HLA polymorphisms were generated by this mechanism. Then,
selected natural selection events must have been necessary for new alleles to reach a significant
frequency in the population. Nevertheless, it is worth noting that many alleles arise from single-
point mutations.

With an understanding of the significant level of HLA polymorphism and the improvement
of molecular techniques, several molecular HLA typing methods have been developed [44-46].
These methods have focused on detecting polymorphisms in exons 2 and 3 of HLA class [ genes
and in exon 2 of HLA class Il genes. The application of these molecular techniques has led to the
development of accurate and reproducible HLA typing methods suitable for clinical use [30-32,
36]. The wide application of these methods has led to the identification of many new alleles
that were previously undetectable with the serological and cellular methods. The molecular
HLA typing methods are widely used and take advantage of the efficiency of DNA amplification
by polymerase chain reaction (PCR). The more widely used molecular HLA typing methods
currently used in histocompatibility laboratories are: (1) amplification with sequence-specific
primers (SSP), (2) hybridization with sequence-specific oligonucleotide probe hybridization
(SSOPH), and (3) direct analysis of the DNA sequence (sequence-based typing, SBT) by means
of Sanger sequencing or next-generation sequencing (NGS).
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Table 2
HLA specificities 1 identified by serological and molecular methods (as of September 2022)

Gene Serology Proteins Alleles Null alleles
HLA-A 28 4450 7644 397
HLA-B 60 5471 9097 318
HLA-C 10 4218 7609 330
HLA-DRA1 0 5 43 0
HLA-DRB1 21 2203 3389 115
HLA-DRB3 1 334 446 22
HLA-DRB4 1 144 223 25
HLA-DRB5 1 142 187 23
HLA-DQA1 0 244 508 13
HLA-DQB1 9 1455 2330 102
HLA-DPA1 0 233 491 21
HLA-DPB1 6 1325 2221 113

Note:! Obtained from the IPD-IMTG/HLA Database [30, 31, 36].
Naming of HLA alleles

G-codes are used to identify ambiguous HLA allele types that share identical nucleotide
sequences in the peptide-binding domains. Specifically, they refer to exons 2 and 3 for class |
HLA genes and exon 2 for class Il genes. These alleles are grouped under a "G" designation, which
includes three fields and must contain at least six digits, such as A*01:01:01G [39,40]. Groups
may include alleles with unsequenced genomic regions, as well as those obtained through whole-
gene sequencing that differ only in silent (synonymous) nucleotide substitutions. When full
sequencing is not available, alternative alleles within the same group may be used to infer the
missing parts. A detailed list of such alleles, including information about unsequenced regions
and substituted sequences, can be found in the ambiguous typing files available in the IMGT/
HLA database. If a sequence is revised or removed and only one allele remains in a G group, the
G-code designation is kept and can be expanded later if new alleles with identical nucleotide
sequences in the peptide-binding domains are identified.

P-codes, on the other hand, are used to report alleles that encode identical antigen-binding
domains at the protein level. For class I HLA alleles, this includes proteins encoded by exons
2 and 3, while for class 1], it refers to exon 2. The P-code follows the two-field nomenclature
of the allele with the lowest number in the group and must include at least four digits, for
example, A*01:01P. A full list of alleles grouped by P-code can be found in the downloadable
file HLA_nom_p.txt at https://hla.alleles.org [39,40]. Because exon boundaries often intersect
codons, meaning one base of a codon may be in one exon and the remaining two in another, such
partial codons are excluded from P group comparisons. For example, in the analysis of HLA-A,
codons 1 and 183 are excluded since they straddle the boundaries between exons 1/2 and 3/4,
respectively.

The allotype of an allele is represented by the numbers preceding the first column, which
typically correspond to serological antigen types. The second field identifies subtypes, assigned
sequentially as DNA sequences are discovered. In cases where two alleles differ in the first or
second field, this implies they differ by at least one nonsynonymous substitution, a change
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in the nucleotide sequence that alters the resulting amino acid. The third field distinguishes
alleles that differ only by synonymous (silent) mutations within coding regions. In contrast, a
fourth field is used when alleles differ only in non-coding regions, such as introns or the 5'/3’
untranslated regions (UTRs) adjacent to exons and introns (Figure 1).

LA-A*02:101:01:02N

HLA Prefix -
Field 1:
Allele Group Field 4:

i Used to show
[ Field 2: J differences in a

Suffix used to denote
changes in expression

lI

Separates gene Specific HLA non-coding region

Protein

from HLA prefix

Field 3:
Used to show a synonymous DNA

substitution within the coding region _
© J Robinson 04/2025

Figure 1. Nomenclature of the HLA alleles

In addition to the unique allele number, there are additional optional suffixes that can be
added to the allele to indicate its expression status. Alleles that are not expressed, i.e. 'Null'
alleles, are assigned the suffix 'N'. Alleles that are alternatively expressed may have suffixes L,
S, C, A, or Q (Table 3).

Table 3
Designation of alleles by additional suffixes *
Suffix Interpretation

N An allele that is not expressed on the cell surface.

L An allele that has been shown to have "low" cell surface expression compared to normal
levels.

S An allele that encodes a protein expressed as a soluble, "secreted" molecule, but not present
on the cell surface.

C Assigned to alleles that produce proteins present in the "cytoplasm,” rather than on the cell
surface.

A Indicates "deviant" expression, when it is doubtful that the protein is actually expressed.

Q Used when the expression of the allele is "questionable," considering that a mutation
observed in the allele has been shown to affect normal expression levels in other alleles.

Note: * Taken from www.hla.alleles.org, Anthony Nolan Research Institute, London, UK.
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According to the WHO Nomenclature Committee for Histocompatibility and the IMGT/HLA
database, there are three principal levels of resolution used in HLA typing [4]:

e Low-resolution typing: molecular HLA typing results defined by the first field of the allele
nomenclature (e.g., A*31, B*07), which often correspond to the serological equivalents of HLA
antigens [5,36].

e High-resolution typing: typing results that include both the first and second fields of the
nomenclature (A*31:01, B*07:02, etc.), and distinguishes alleles encoding identical peptide-
binding domains, excluding those that are not expressed as surface proteins. The antigen-
binding domain includes domains 1 and 2 of the a polypeptide chain (class I), and domain 1 of
the a and (3 chains (class II).

 Intermediate-resolution typing: based on results of the first field of the nomenclature,
irrespective of the specific position between low- and high-resolution distinctions. This
includes allele groups such as DRB1*11:01/11:09/11:28, which may be represented using NMDP
(National Marrow Donor Program) codes, such as 11:BYCC [6,33].

The HLA system consists of a highly diverse group of genes and their associated molecules,
which are crucial for immune regulation, transplant compatibility, and transfusion success.
These antigens are encoded by genes found within the MHC on the short arm of chromosome 6.
HLA molecules are essential for differentiating self from non-self, triggering immune responses
to antigenic stimuli, and coordinating both cell-mediated and humoral immunity (Figure 2).

HLA
MHC Complex
HLA-A o\ A
: - 21.32p
-Jﬁ 21.31p
| : p
-Lk 21.2p
- _
HLA-C 20 — centromere
HLA-B 7
> q
HLA-DR arm
\E
HLA-DQ 7
HLADP ~ =

human chromosome 6

Figure 2. The HLA complex on chromosome 6 comprises the 3-6 kb class I region and the 4-11 kb HLA
class Il region. The HLA class Il is not part of the polymorphic HLA system

102 N24(153)/ JLH. I'ymunes ameivoarsl Eypasus yammeuik ynueepcumeminiy, XABAPIIBICBI. Buo.102usi1blK FblAblMOap cepusicbl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espa3sulicko2o HayuoHa/bHo20 yHusepcumema umeru JL.H. ['ymunesa. Cepust 6uoso2uveckue HayKu



HLA system nomenclature and discovery of novel allelic variants in the Kazakh population

The products of HLA genes are crucial in triggering various immune responses by presenting
both self and non-self peptide antigens to T lymphocytes. Most polymorphisms in class | HLA
genes are found in exons that encode the peptide-binding groove and regions involved in
interacting with the T cell receptor. This high level of polymorphism is seen as an evolutionary
adaptation, boosting immune defence by increasing the diversity of peptides that can be
presented to T cells. Additionally, the codominant expression of HLA genes further enhances
this diversity, as both maternal and paternal alleles are expressed, broadening the range of
peptides that can be recognized and presented [7,8,35].

Class I MHC molecules are heterodimeric molecules, comprising a single heavy a-chain
(~45 kDa) that is non-covalently associated with the invariant 12 kDa [32-microglobulin, and
are expressed on the surface of all nucleated cells and platelets (Figure 4). The heavy a-chain
is organized into three extracellular domains (a1, a2, a3), a transmembrane segment, and a
cytoplasmic tail. Of these, the al and a2 domains are or particular importance, as they form
an elongated groove through their a-helical structures, which functions as the binding site for
processed antigens. This antigen-binding complex is essential for immunogenic recognition by
T cells. The al and a2 domains are encoded by exons 2 and 3 of the HLA-A, HLA-B, and HLA-C
genes, as illustrated in Figure 3 [8,34].

MHC Class I MHC Class II

Peptide Bindin P
eca'$ pti inding — i 3 eptide Binding

L 5

Exon 4

/5’2 -microgobulin 6,

Cell Membrane
/ o
7. 3

Figure 3. Structure of HLA class I and class Il molecules. HLA class I molecules consist of one
polymorphic heavy chain () associated with a non-polymorphic 2-microglobulin (2m).
The HLA class Il molecules consist of two disulphide-linked polymorphic a and 8 chains

Conversely, class Il molecules are mainly expressed on the surface of B lymphocytes, activated
T cells, monocytes, macrophages, and dendritic cells, where they are vital in directing the
interactions between T lymphocytes and antigen-presenting cells during immune responses.
Structurally, class II molecules are heterodimers composed of non-covalently linked a- and
B-chains [9,34]. Each chain features an extracellular region folded into two domains, connected
to the transmembrane domain by a short linker peptide. Unlike class I MHC molecules, the
peptide-binding site of class [l MHC consists of domains from both chains, especially the a1 and 1
domains. Therefore, exon 2 of both the a and 3 genes is central to forming this binding groove.
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The structure of classical HLA genes, schematically shown in Figure 3, illustrates the exons
responsible for encoding the peptide-binding region of the antigen-binding site (highlighted in
red). Other exons encoding the transmembrane domain and cytoplasmic tail do not contribute
to antigen presentation and are therefore considered of clinical relevance only when non-
expressed (null) alleles are present. Such alleles may result from premature stop codons within
exons or from mutations at splice sites that disrupt normal mRNA processing [41,42].

The current number of known HLA alleles can be found on the official HLA nomenclature
committee website and in the IPD-IMGT/HLA database [25, 32, 43]. As noted previously, most
polymorphisms in class | HLA genes are located in exons 2 and 3, while in class II genes, they
are mainly found in exon 2. These regions encode the membrane-distal domains that form the
peptide-binding site [30]. Importantly, most nucleotide polymorphisms within these regions
lead to nonsynonymous amino acid substitutions, which strongly correlate with phenotypic
variation observed through serological and cellular typing methods [30, 31]. However,
serological equivalents have not been established for all HLA alleles, and in some cases, allelic
polymorphisms may correspond to multiple antigenic groups, complicating the prediction of
serological specificity [41].

Methods for obtaining HLA allele sequences

Sanger sequencing, also known as Sequence-Based Typing (SBT), is widely recognized as
one of the most precise techniques for HLA typing, as it allows for the direct determination of
nucleotide sequences. Until the advent of newer technologies, the most commonly employed
method for sequence-based HLA typing was the chain termination technique, developed by Dr.
Frederick Sanger in the 1970s [44]. This approach relies on the random incorporation of four
dideoxyribonucleotide triphosphates (ddNTPs), ddATP, ddCTP, ddGTP, and ddTTP, each tagged
with a unique fluorescent dye. During the second phase of the process, the DNA fragments
terminated by ddNTPs are separated by size using gel electrophoresis.

To determine the nucleotide sequence, the gel is read from bottom to top, as the smallest
fragments (which migrated the farthest) represent the nucleotides closest to the 5' end of the
DNA strand. DNA synthesis by DNA polymerase proceeds in the 5' to 3' direction, starting from
a specific primer. Therefore, each fragment ends with a ddNTP that corresponds to a particular
position in the original sequence. A computerized detection system was introduced to analyze
the gel, with a laser exciting the fluorescent dyes at the ends of the fragments. The final output is
a chromatogram, which presents a series of fluorescent peaks, each representing one nucleotide
in the 5’ to 3’ direction of the DNA strand (Figure 4).

Sanger sequencing is commonly employed to obtain clinically relevant HLA exon sequences,
particularly exons 2 and 3 for class [ genes and exon 2 for class II genes, which are critical for
transplantation. Depending on the design of primers in commercial reagent kits and the specific
sequencing requirements, additional exons may also be sequenced. For example, the “Protrans
S4” kit (Protrans medizinische diagnostische Produkte GmbH) enables the sequencing of exons
1 through 4 for class I HLA genes, full exon 2 for HLA-DRB1*, and exons 2 and 3 for HLA-DQB1*
of class Il.
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Figure 4. Three basic steps of automated sanger sequencing

Despite its high accuracy, Sanger-based HLA typing has several limitations, including low
throughput and high operational costs. A notable drawback is its inability to phase heterozygous
nucleotide positions, which often results in ambiguous typing that requires additional, labor-
intensivetestingtoresolve. Theselimitationsareincreasinglybeingaddressed by next-generation
sequencing (NGS) technologies, specifically short-read NGS (second-generation sequencing).
These methods rely on the high-throughput parallel sequencing of clonally amplified short DNA
fragments (typically 250-800 base pairs in length). Several commercial NGS-based HLA typing
kits are now available, offering comparable accuracy to Sanger sequencing, with the added
advantages of efficient multiplexing and the ability to sequence both class I and class Il HLA
genes relevant to clinical practice. A standard NGS workflow typically involves DNA extraction,
library preparation, and sequencing (Figure 5) [45].

Library preparation involves a series of additional steps, such as DNA fragmentation, end-
repair, adapter ligation, and size selection. Fragmentation is crucial for producing DNA fragments
within the optimal size range for a specific NGS platform. Methods used include sonication,
transposase-mediated “tagmentation”, or thermal fragmentation using divalent metal ions.
Shorter DNA fragments generally provide higher sequencing accuracy, while longer fragments
offer valuable phasing information over greater genomic distances. After fragmentation,
DNA ends are repaired to facilitate the ligation of NGS-compatible adapters. These adapters
contain both platform recognition sequences and barcodes, enabling sample multiplexing, the
simultaneous sequencing of multiple samples in a single run.
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Figure 5. Steps of next-generation sequencing (NGS)-based HLA typing. (A) A sequencing library is
generated by fragmenting amplified genomic DNA and attaching platform-specific adapters, which
include index sequences (barcodes), to both ends of each DNA fragment. (B) The prepared library
is then loaded into a flow cell, where DNA fragments bind to the surface and are amplified to form
clonal clusters. Sequencing begins with the addition of fluorescently labelled nucleotides and other
reagents. Each cycle incorporates one nucleotide per cluster, and the emitted fluorescence is recorded.
The wavelength and intensity of the light emitted by each cluster identify the incorporated base. This
sequencing-by-synthesis cycle is repeated over multiple rounds. (C) The resulting sequencing reads
are then aligned to reference sequences from the IPD-IMGT/HLA database [4,5], allowing for the
identification of nucleotide variations between the reference genome and the newly sequenced DNA

Size selection, performed after adapter ligation, enriches DNA fragments of a desired size and
removes residual contaminants, enhancing sequencing efficiency. This can be achieved via bead-
based or electrophoretic methods. Bead-based methods enable concurrent DNA concentration,
whereas electrophoresis offers higher precision. Alternatively, on-bead tagmentation protocols
streamline the process by combining fragmentation, adapter ligation, and normalization into
a single step. A PCR amplification step follows, adding platform-specific adapters and sample-
identifying barcodes. This streamlined workflow enables library generation in under 90
minutes, with less than 15 minutes of hands-on time, making it both efficient and scalable for
clinical and research applications [46].

Given the large volume of data generated by NGS, efficient bioinformatics analysis and data
management are essential for its successful application in HLA laboratories. The initial step in
sequencing data analysis is carried out by the instrument itself, which performs base-calling for
each clonally amplified DNA fragment. During this process, quality control procedures such as
read filtering and trimming are also applied. The sequencing data, along with associated quality
metrics, is stored in a FASTQ file format. For HLA genotyping, specialized commercial software
programs are available for the final analysis phase.

Due to the high polymorphism of HLA genes, aligning sequences to the human reference
genome is often inadequate for precisely identifying the specific HLA alleles in a patient’s
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sample. Instead, alignment is conducted against the IPD-IMGT/HLA Database, which contains
sequences of all currently known HLA alleles [30,31]. Coverage is another crucial quality metric
at this stage, comprising both depth of coverage (the number of times a base is sequenced)
and breadth of coverage (the percentage of the reference genome covered). It is important
to note that coverage may not be uniform across the amplicon, and insufficient coverage in
critical regions such as exons can affect the accuracy of HLA typing results. Commercial HLA
typing software generally includes filters to ensure the minimum coverage required for reliable
genotyping. However, in some cases, lower thresholds may be acceptable, such as when
polymorphisms between alleles at alocus are phased or when low-coverage regions, like introns
and untranslated genomic areas, do not impact typing accuracy. A major concern in HLA data
analysis is ensuring balanced allele representation to avoid allele dropout, which can result
from preferential amplification due to technical factors or the patient's disease state, where one
allele may be lost (loss of heterozygosity).

Recently, third-generation sequencing technologies have been developed, enabling the direct
sequencing of DNA fragments over 10 kb from the genome. Although earlier versions of these
methods had limitations, recent improvements have significantly enhanced their accuracy. NGS
technologies enable the resolution of polymorphisms at various stages, eliminating ambiguities
and providing high-resolution HLA typing without the need for re-testing, thereby offering a
potential solution to previous challenges in HLA typing. Many HLA typing kits, such as Holotype
HLA (Combion Biocomputing Ltd., Hungary), focus on amplifying long PCR fragments of HLA
genes and perform sequencing on platforms like [llumina MiSeq. These kits amplify genes such
as A, B, C,DQA1, and DQB1 across their entire coding region, including parts of the untranslated
5'and 3' regions. In contrast, DRB1 is amplified from intron 1 to intron 4, and DPB1 is amplified
from intron 1 to intron 3 (Figure 6).

WHOLE GENE CHARACTERIZATION

; - HLA-A, B, C,
5'UTR 1 2 — 3 & — e ——BE 7 3IUTR DOA1, DPAL,
DQB1
KEY REGION CHARACTERIZATION

. . HLA-DRB1
UTR 1 r 4 —6 UTR ‘

? ? 8 ? ° DRB3, DRB4

5'UTR 1 = 5 W& 5yt | HLA-DPBL,

DRB5

Figure 6. Gene coverage by NGS sequencing method

The WHO Nomenclature Committee for Factors of the HLA System releases an HLA antigen
database every three monthsattherequestofthe Working Committee on Information Technology
of the World Marrow Donor Association (WMDA) for the interpretation of sequencing in various
computer programs. These files comprise the IMGT/HLA database, which documents the
official HLA nomenclature, the relationships between serologically defined antigens, and the
relationships between HLA allele sequences [30, 31, 36]. The database comprises five files, each
with a short header containing four lines of information: the file name, the date of file creation
(YYYY-MM-DD), the file format (URL), and the author. The files contain information about all
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current and retired HLA antigens and alleles, sorted by locus and antigen/allele number. For
HLA antigen names assigned before November 1987, dates are assigned approximately.

Conditions for accepting new allelic sequences

To accept DNA sequences as a new gene variant and assign an official name, the following
conditions must be met:

e Material used for sequencing: These must be clearly specified.

e Sequencing direction: to be conducted in both directions, using forward and reverse
primers.

e PCR amplification requirements: If sequencing is done using PCR-amplified material in the
forward direction, the products must come from two separate PCR reactions.

e Heterozygous individuals: If one allele is new, it must be sequenced separately from the
other allele. Sequencing both alleles together (as in SBT typing) is insufficient to assign an
official name to a new allele.

e Primer-derived sequences: these should not be included in the submitted data.

e Confirmation through other methods: If the new sequence contains a novel mutation or an
uncharacterized nucleotide combination, it must be confirmed by DNA typing methods (PCR-
SSOP, PCR-SSP). This might require new mutation-specific probes or primers which should be
documented.

e Database registration: A registration number must be obtained for the new sequence.
Sequences can be submitted to online databases such as:

o EMBL: www.ebi.ac.uk/Submissions/index.html

o GenBank: www.ncbi.nlm.nih.gov/Genbank/submit.html

o DDB]J: www.ddbj.nig.ac.jp/sub-e.html

» Sequence length requirements: though preferred, full-length sequences are not required.
Minimum sequence requirements are exons 2 and 3 for class I genes and exon 2 for class II
genes.

e Intron or non-coding differences: The entire gene sequence, including coding and non-
coding regions, must be sequenced if the new sequence differs only in introns or non-coding
regions. In the absence of a full-length sequence of the closest related allele, it may also need to
be sequenced and presented before an official name can be assigned.

e Manuscript submission: A manuscript describing the new sequence is recommended to be
submitted for publication. Draft copies can be sent to the database via email or fax.

e Tumor-derived sequences: Sequences obtained solely from tumor material are generally
not accepted by the nomenclature committee.

e Complete HLA type: A complete HLA type for HLA-A, -B, and -DRB1 genes must be provided
for any material where a new allele is identified. The sample must also have a second allele at
the locus of interest in a heterozygous individual.

* Repository submission: DNA or other materials, preferably cell lines, should be submitted to
a public repository or remain in the originating laboratory. The WHO Nomenclature Committee
will maintain documentation of this material.

¢ Online submission: Sequences should be submitted to the WHO Nomenclature Committee
using their online submission tool at www.ebi.ac.uk/imgt/hla/subs/submit.html. Researchers
must complete a questionnaire comparing their new sequence to related known alleles [47,48].
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New alleles identified in the Kazakh population

From 2011 to 2022, four new HLA alleles at the HLA-A, -B, -C, and -DQB1 loci were identified
in individuals of Kazakh nationality in Kazakhstan. These were DQB1*03:82, C*06:256, B*13:150,
and A*32:95 [49-52], identified using capillary sequencing (SBT method). Initial typing of blood
samples was performed using SBT sequencing for the HLA-A, -B, -C, -DRB1, and -DQB1 loci with
Protrans S4 technology (Protrans, Hockenheim, Germany). During typing at the PCR product
stage, haplotypes were separated, resultinginaheterozygous sequence. The nucleotide sequence
was obtained using BigDye v1.1 Terminator Reagent (Applied Biosystems, Foster City, CA) and
analyzed on a 3730XL Genetic Analyzer (Applied Biosystems). Sequencing was conducted in
both forward and reverse directions for exons 2, 3, and 4 of the HLA-A, B, and C loci; for exon 2
of DRB1; and for exons 2 and 3 of DQB1. The results were analyzed using SeqPilot software (]JSI
Medical Systems, Germany, version 3.35.0):

1. DQB1*03:82: Identified in a patient with acute myeloid leukemia, this allele differs from
DQB1*03:01 at exon 2 at position 223, where adenine (A) replaces guanine (G), resulting in an
amino acid substitution from Cysteine to Tyrosine. Inheritance was confirmed through family
analysis. The allele is registered in the EMBL and IMGT/HLA databases (HWS10018423) and
has been named HLA-DQB1*03:82 [49].

2. C*06:256: Discovered while typing a potential hematopoietic stem cell donor, this allele
differs from C*06:02:01:01 by a C to A substitution at exon 3, leading to an amino acid change
from Glutamine to Lysine (Q—K). Identification was confirmed by NGS. The new allele is
registered under the number HWS10027913 and has been named HLA-C*06:256 [50].

3. B*13:150: Found in a child with acute leukemia, this allele differs from B*13:02:01 by
an A to C substitution at exon 2 that causes an amino acid change from Methionine to Leucine
(M—L). Family analysis confirmed inheritance of the variant from the mother and brother. It is
registered in the database under number HWS10060741 and has been named HLA-B*13:150
[51].

4. A*32:95: Identified in a potential stem cell donor, this allele differs from A*32:01:01 by a
C to A substitution at exon 2 at position 28 that leads to an amino acid change from Lysine to
Threonine (K—T). The allele is registered in the database under number HWS10027001 and
has been named HLA-A*32:95 [52].

Following the implementation of the NGS sequencing technology, our laboratory identified
an additional ten new sequences with changes in clinically significant exons (exons 2 and
3), as well as four sequences in clinically insignificant exons, such as exons 1, 4, 5, and 8 [53,
54]. Despite the short time of using NGS technology, the identification of new sequences has
increased. The frequency of detecting new allelic variants using capillary sequencing is one new
allele per 1,773 typings; whereas with NGS technology, detection of new alleles occurs every
635 typings.

The 2.8-fold increase in detection efficiency after implementing NGS technology results
from NGS's superior ability to phase heterozygous positions across larger genomic areas and
to sequence intronic regions where additional polymorphisms may be found. Additionally, NGS
workflows enable simultaneous typing of multiple loci with high coverage depth, reducing
ambiguities that often affect Sanger-based approaches. All four identified alleles feature non-
synonymous substitutions within exons encoding peptide-binding domains (exons 2 and 3
for class [; exon 2 for class II). These amino acid changes: Cys—Tyr (DQB1*03:82), Gln—Lys
(C*06:256), Met—Leu (B*13:150), and Lys—Thr (A*32:95), occur at positions that may
influence peptide repertoire and T cell receptor recognition. Nevertheless, functional validation
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through peptide-binding assays and T cell activation studies remains essential to determine the
immunological impact of these substitutions.

Discussion

During this study, previously unreported HLA class I and II allelic varFor example, the
“Protrans S4” kit (Protrans medizinische diagnostische Produkte GmbH) enables the sequencing
of exons 1 through 4 for class I HLA genes, full exon 2 for HLA-DRB1*, and exons 2 and 3 for
HLA-DQB1* ofnary pressures related to pathogen antigen recognition [55]. According to the
IMGT/HLA Database (version 3.57.0, January 2025), there are currently over 37,000 different
HLA gene alleles registered, including 8,123 alleles for HLA-A, 9,276 for HLA-B, and 6,475 for
HLA-DRB1, with this number continually increasing [2].

In our analysis, new variants were identified, including B*51:01:XX and DRB1*13:XX, which
contain single-nucleotide substitutions in coding exons that could potentially alter the peptide-
binding domain structure. Such mutations can significantly affect antigen presentation and are
associated with an increased risk of developing autoimmune and infectious diseases [56].

While African and South Asian populations have historically been considered the primary
reservoirs of HLA diversity due to longer evolutionary timescales and larger effective
population sizes [57], our findings indicate that substantial unique ancient migration waves
and prolonged isolation of certain sub-ethnic groups persist in Central Asian populations. The
Kazakh population occupies a geographic crossroads that has historically been traversed by
migration waves connecting Europe, East Asia, and Central Asia. This positioning likely facilitated
admixture between diverse ancestral groups, potentially generating novel allelic combinations
through recombination events. Furthermore, subsequent isolation of certain sub-ethnic groups
within Kazakhstan's vast territory may have preserved rare variants through genetic drift. The
four novel alleles identified in this study show no exact matches in the Allele Frequency Net
Database (AFND), which aggregates HLA data from over 1,500 worldwide [58].

This absence could reflect either recent mutational origin, preservation of ancient variants in
isolated populations, or simply the historical undersampling of Central Asian groups in global
HLA studies. Distinguishing among these scenarios requires expanded sampling with dense
geographic coverage and phylogenetic analysis of allelic relationships. Comparing the obtained
alleles with global panels revealed that several commonly occurring alleles in our study
sample are absent from most standard diagnostic panels used in bone marrow donor typing.
This may complicate donor matching for Kazakh recipients. According to the World Marrow
Donor Association (WMDA), as of 2024, there are over 41 million potential donors registered
in international registries; however, a significant portion is represented by European and North
American populations. This creates a disparity and reduces the effectiveness of finding HLA-
compatible donors for recipients from Central Asia [59].

From a practical standpoint, identifying new alleles highlights the need to adapt HLA typing
panels to local ethnic characteristics. This is particularly important in the context of developing
biomedical products, such as personalized vaccines, immunotherapeutic agents, and transplant
matching algorithms. Moreover, accounting for rare and unique alleles can enhance the accuracy
of population genetic and epidemiological models while minimizing the risks of transplant
rejection and immunological complications [60]. Thus, our findings expand existing knowledge
about HLA gene diversity and underscore the importance of deep local analysis within global
biobanks and registries.
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Several limitations are noteworthy. The sample sizes for individual novel alleles remain small
(n = 1-4 carriers), which hampers the accurate estimation of allele frequencies and restricts
understanding of linkage disequilibrium patterns within the Kazakh population [61-63].
The functional attributes of the identified amino acid substitutions were not experimentally
validated, for example, through peptide-binding assays, thermal stability measurements, or
T cell activation studies. Additionally, our sequencing strategy focused on clinically relevant
exons (exons 2-3 for class I; exon 2 for class II), potentially missing variants in promoter regions
or intronic enhancers that could influence expression levels. Furthermore, the comparison
of detection rates between Sanger and NGS technologies may be confounded by temporal
differences in sample composition, typing indications (e.g., patient versus donor typing), and
operator experience [64]. Future plans include increasing the sample size and conducting
functional tests to assess the impact of identified mutations on antigen binding, which could
help advance personalized medicine in the region.

Conclusions

Our study identified the novel HLA alleles that contain non-synonymous substitutions within
peptide-binding domains: HLA-DQB1*03:82, HLA-C*06:256, HLA-B*13:150, and HLA-A*32:95 in
the Kazakh population. ThisadditiontotheIPD-IMGT /HLA database enhancesourunderstanding
of HLA diversity in Central Asia, a region that has historically been underrepresented in global
immunogenetic studies. The transition from Sanger sequencing to NGS-based typing in our
laboratory increased the efficiency of novel allele detection by 2.8-fold, further demonstrating
the superiority of NGS for HLA characterization, which stems from its ability to resolve phase
ambiguities and sequence extended genomic regions with high throughput. Several aspects
must be considered when identifying a new allele based on DNA sequence. It is essential to have
knowledge of the structure of a similar allele, and the location (exon, intron) of the nucleotide
substitution and its relation to the codon. It is necessary to describe the protein sequence and
determine whether this substitution will lead to an amino acid change. These and related factors
are needed when submitting a new gene to the nomenclature committee and for its registration.

Kazakhstan's multi-ethnic composition (comprising over 124 ethnic groups) and its location
along migration routes support ongoing efforts to identify additional unique HLA variants.
These population-specific data are crucial for improving transplant donor matching for Kazakh
recipients, who are currently underserved by registries dominated by European and North
American data, for developing personalized immunotherapeutic strategies that consider
local HLA diversity, and for studying disease associations in Central Asian populations. Future
research will focus on expanding sample sizes, validating the immunological effects of identified
substitutions through peptide-binding and T-cell assays, and establishing collaborations to
enhance Central Asian representation in international HLA registries and biobanks. These
initiatives will significantly enhance our understanding of HLA genetic diversity in Central Asia
and promote the clinical use of HLA typing in personalized medicine.
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HomeHKnaTypa HLA cucremMsl 1 OTKPbITUE HOBBIX aJ/I/I€JIbHbBIX BADHUAHTOB B Ka3aXCKou
nmonyjasanuu

A. Typran6ekoBa’?, C. A6apaxmanosaZ, B./. Anmasu*>*
'Eepasuiickuil HayuoHaabHbIll yHueepcumem um. JLH. l'ymunésa, Acmana, Kasaxcman
“HayuHo-npoussodcmeeHHblil yenmp mpaHcgysuoaozuu, Acmana, Kazaxcmau
*Yuueepcumem Bpok, Cenm-Kamapunc, Onmapuo, Kanada
*Yuueepcumem 3av-Manap, TyHuc, TyHuc

AnHoTanusa. CucteMa desioBeYeCKUX JieHMKoNUTapHbIX aHTUreHoB (HLA) saBasetrca ofgHoMl U3
HanboJiee reHETUYECKH NMoJMMepPHBIX B OpraHU3Me YesloBeKa, KoTopas BKJo4aeT 6oJiee 220 reHoB,
KOJMPYIOIIUX UMMYHHbBIE 6eJIKY, Urpalolljye KJII04YeBYI0 poJib B TPAHCIIJIaHTAllMOHHON COBMECTUMOCTH,
peryjasiiui UMMYyHHOIO OTBeTa W IMpeApacloJIOKEHHOCTH K 3abosieBaHUsIM. B jaHHOM o0630pe
npeJcTaBJeHbl OCHOBbl HOMeHKJ/aTypbl HLA, cranmapTusupoBaHHOW BceMupHOH opraHusanuei
3/paBooxpaHeHus (BO3) u mognep:xkuBaemoit B 6a3e AaHHbix IPD-IMGT/HLA. OnucaHa 3BoJjitonus
MeToZ0B TUnMpoBaHud HLA - oT ceposioruyecknx TeCTOB [0 MOJIEKYISAPHBIX TEXHOJOTUN, BKIKOYas
cekBeHHpoOBaHue 1o CaHrepy U cekBeHUpoBaHUe HoBoro nokoJsieHus (NGS), a Takke HCIIOJIb30BaHUE
CrelMa/u3MpPOBaHHOrO IMPOrpaMMHOr0 obGecneyeHus [Jisi HWHTeplnpeTanuu AaHHbIX. [IpoBejeHa
OLleHKAa MX NPEHMYLIECTB U OTPaHUYEeHUN NPU BbISIBJIEHUM HOBBIX ajljiesiell. B paboTe paccMOTpeHbI
aJlJlesibHBle BapuaHThl reHoB HLA, MeTozbl X CEKBeHHPOBaHUA U aHaanu3a. Kpome Toro, coobuaercs

JLH. 'ymunee amuindarul Eypasus yammuik ynugepcumeminiy XABAPIIBICHL. Buo/102UsifblK FlablMOap cepusicol N24(153)/ 115
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu


https://doi.org/10.1126/science.1232685
https://doi.org/10.1016/s0198-8859(01)00298-1
https://doi.org/10.1093/nar/gkz1029
https://doi.org/10.1182/blood-2004-04-1674
https://doi.org/10.1111/j.1399-0039.2012.01881.
https://doi.org/10.1111/j.1399-0039.2012.01881.
https://doi.org/10.3390/genes16030342
https://doi.org/10.1016/j.gene.2023.148062
https://doi.org/10.1111/tan.14057
https://doi.org/10.3892/br.2022.1509
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06 naeHTUUKALMU YeThIpEX HOBBIX ajiesedt HLA B kasaxckoil nonyasiuuu: DQB1*03:82, C*06:256,
B*13:150 u A*32:95. Bce 4eThIpe ajLiesis CoJlep:kaT HECUHOHMMUYHbIE 3aMeHbI B e TH/CBA3bIBAIOLUX
JlOMeHax, YTO YKasblBaeT Ha UX BO3MOXXHYI MMMYHOJIOTMYECKYI 3HAa4YMMOCTb. CpaBHUTEJbHbIN
aHa/M3 nokasaJ, 4To TexHosiorusi NGS noBbiiaeT 3¢pPeKTHUBHOCTL 0OHApPYKEHHSI HOBBIX ajljiesied B
2,8 pasa 1o cpaBHEHMIO C ceKBeHMpoBaHUeM 1o CaHrepy (OAUH HOBBIM aJjiesib Ha 635 TUNMPOBAHUI
npotuB 1773).Ilosny4yeHHble pe3yabTaThbl AEMOHCTPUPYIOT 3HAaYHTeIbHOE FTeHeTUYeCKOoe pa3Hoo6pasue
HLA cpenu nacenenus lleHTpanbHOM A3MM, KOTOpOe OCTAaeTCHd HeLOCTAaTOYHO NpeACTaBJIEHHBIM B
MeXXAyHapOoAHbIX 6a3ax JJaHHbIX. BbisiBeHUe ciequUYHBIX AJ1s ONY/IALMM ajljiesiel NoJ4YepKUBaeT
Heo6xoAuMOCTb paclivpeHus HLA-npoduiupoBaHHs B 3THUYECKH Pa3HOOOGpA3HbIX pervoHax [AJsd
yJAy4IIeHUs UCXOL0B TPAHCIJIaHTALMY U Pa3BUTHSA NepPCOHAJN3UPOBAHHON HMMYHOTEpaNUH.
KilouyeBble cJjoBa: aJjjiejibHble BapuaHTbl, HLA-TunupoBaHue, 6a3a agaHHbiXx [PD-IMGT/HLA,
KaszaxcTaH, cekBeHUpoBaHUe HOBOTO nokosieHus (NGS)

HLA xylieci HOMEHK/IaTypachl »K9He Ka3aK NoNy/IALUsAChIH/A »KaHA a/l/IeJIbJiK TYpJiepiHiH,
AHBIKTAJIYbI

A. Typran6ekoBa’?, C. AGapaxmanosaZ, B./. Anmasu*>*
1JLH. T'ymunes amwiHdarsl Eypasus yammbik yHugepcumemi, Acmana, Kazakcman
“TpaHcgy3uon02usiHbIH FolablMu-eHIipicmik opmanvirel, Acmana, Kasakcmau
3Bpok yHusepcumemi, 6U0A02UANbIK FolAbIMOAD Kagedpacsl, Cenm-Kamapurc, Onmapuo, Kanada
*I16-Manap ynusepcumemi, scapamutavicmaty gakyabmemi, Tynuc, TyHuc

Anpgarna. Agam neldkouuTap/blK, aHTUureHgep *kyheci (HLA) - agaM ar3acbiHAaFbl €H Te€HEeTUKaJbIK
TYpFbIJa apTypJai kyHenepaiy 6ipi. On 220-jaH actaM reHji KaMTHUJbI KoHE TPaHCIJIAHTALUSJIBIK,
COUMKeCTiKKe, HMMYH/IBIK, >KayallThlH, PEeTTe/yiHe KoHe JPTYpJii aypysapra OeHiM[ijNiKKe >KayamnTbl
MMMYH/IbIK, aKybI3JlapAbl KoATalabl. byn mosayaa JlyHuexysinik JeHcaynablK cakray yibiMbl (1Y)
6ekiTkeH oHe [PD-IMGT/HLA pepektep 6asaceiHfia cakrajaTblH HLA HOMeHKJ/IATypachbIHBIH
Herizgepi 6agHganaabl. Congai-ak, HLA TunTey aficTepiHiH JaMybl — CepoJIOTUSJIbIK TaaJayaapiaH
6actan CsHrep cekBeHHUpJsieyi MeH >xaHa OybIH cekBeHUpJieyiHe (NGS) aeliHri TexXHOJIOTHSJIBIK
KeTinaipynep KapacTblpblifaH. /JlepekTepZi UHTeplpeTalusjiayFa apHajlfaH OafAap/aMaiblk,
KypaJJapAblH MYMKIHJIKTepi MeH oOJlapAblH apThIKUbIJIBIKTApbl MeH LIeKTeysaepl TajajaHalbl.
3eprTey 6apbicbinzia HLA reHfepiHiH aniesnbAik BapuaHTTaphl, oJap/iblH CEeKBEHUpJEY dficTepi
MeH Tajajay Taciazepi cunattanaabl. COHbIMEH KaTap, Kasak Momy/asuuscbiHAa TepT »kaHa HLA
asiesi aubIKTanAbl: DQB1*03:82, C*06:256, B*13:150 »xaHe A*32:95. bya annenbaepAin 6ap/blFbIHAA
nenTu/ 6aiaHbICTBIPY JJOMEH/epiH/Ae MaFbIHACKIH ©3TEPTETIH aybICyJIap 6APbIH KoHE 6YJ1 0J1ap/blH
VMMYHOJIOTHUSIJIBIK, MaHbI3JbLJIbIFbIH KepceTyi MyMKiH. CasbiCTbIpMaJjbl TajZay HITHXKeJepi
kepceTkeHel, NGS TeXHOJIOTUSACBIH KOJJAHy aHa aJjjesbjep/i aHblKTay TUiMAinirin 2,8 ecere
apTThipajibl (ap6ip 635 TUnTEyTe 6ip KaHA asyiesb, aa CaHrep aficinge - 1773 Tunrteyre 6ip *kaHa
asnesb). bys HoTmwkesep OpTasnblK A3us XaablKTapbiHAarbl HLA KyHeciHiH KoFapbl reHeTUKaJIbIK
OPTYpJiJiriH alfakKTabl. ATajfaH alMaKTap XaJiblKapaJblK JepeKTep 6asachblHAa >XeTKiJiKci3
KaMTbUIFAaH/ABIKTAH, 3THUKAJBIK TYPFbIJaH ajyaH TypJi nonyasanusiapaa HLA-npodunbaeyai
KeHEeNTY KaXXeTTisiri TybIHAaibl. Bys1 63 Ke3eriH/ie TpaHCIJIaHTALUs HITHXKeJIePiH XKaKcapTyFa )KoHe
»KeKeJIeHAipiJiIreH UMMYHOTEepPAaNUsAHb] JaMbITYFa bIKIIAJI eTe/l.

Tyiin ce3gep: Annenbjik Typsep; HLA tuntey; IPD-IMGT/HLA nepekTep 6a3ackl; KazakcraHs; xaHa
OoybIHABI cekBeHUpJiey (NGS)
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HLA system nomenclature and discovery of novel allelic variants in the Kazakh population
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