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ABSTRACT

Relevance: Molecular genetic testing to determine the patient's genotype and tumor molecular profile is a key component of a
personalized approach to treatment and follow-up. Current research in genetic screening focuses on transitioning from phenotypic
diagnostic panels and PCR testing of predisposition genes to large panels that include many identified genes or whole-genome
sequencing. Multigene testing is widely used across colorectal cancer (CRC) diagnostics and therapy, where genetic components make
a significant contribution. Currently, practical oncology requires a review of high-throughput sequencing systems for the genetic
screening of hereditary and sporadic CRC variants and for the optimization of early diagnosis in relatives of patients.

The study aimed to review the methodology and current results of next-generation sequencing (NGS) applications for genetic
screening of hereditary and sporadic colorectal cancer.

Methods: This analytical review included 70 original research and review articles available in open-access databases, including
Google Scholar, Web of Science, SpringerLink, Scopus, ScienceDirect, PubMed, and BMJ.

Results: NGS-based multigene testing enables the simultaneous analysis of multiple genes involved in carcinogenesis, the
identification of germline pathogenic mutations associated with hereditary tumor syndromes, and the detection of genetic variants in
less-studied regions of genes, such as introns and untranslated regions, which help identify previously unknown factors predisposing
to colorectal cancer.

Conclusion: Molecular genetic diagnostics facilitate personalized treatment of patients and individualized clinical examination
of relatives from risk groups. However, although approximately 25% of CRC cases are familial, fewer than 5% of families are studied
genetically. The analyzed data confirm the need to transition from phenotypic panels to comprehensive panels, encompassing all
identified genes involved in hereditary tumor syndromes or whole-genome sequencing. In addition, identifying new variants with
moderate and low penetrance, as well as those with uncertain functional significance, expands the phenotypic spectrum of CRC and
necessitates further studies to determine their inclusion in diagnostic sequencing panels.
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Introduction: It has been established that approxi-
mately 25% of colorectal cancer (CRC) cases are associat-
ed with a family history of cancer or colorectal adenomas,
and up to 5% arise in the context of hereditary cancer syn-
dromes (HCS) with a relatively clear clinical picture and
known causative mutations [1]. However, in the majority
of cases, the genetic etiology of the disease remains uni-
dentified. Families with clustering of CRC cases are hetero-
geneous with respect to phenotype, inheritance patterns,
and lifetime cancer risk [2]. At the same time, establishing
an accurate genetic diagnosis and identifying mutations
significantly improves the effectiveness of early diagno-
sis and personalized treatment for patients, as well as the
monitoring of conditionally healthy relatives [3]. The diag-
nosis of HCS influences therapeutic approaches (total/sub-
total colectomy vs. segmental resection; choice of chemo-
therapy regimen) and follow-up care (colonoscopy and CT

scan frequency; detection of possible extracolonic mani-
festations and metachronous tumors) [4]. Multigene test-
ing (MGT) for conditionally healthy blood relatives of pa-
tients with familial and hereditary CRC is relevant, as it
enables early diagnosis optimization. In Kazakhstan, only
isolated studies based on next-generation sequencing
(NGS) have been published to date, focusing on the fre-
quency and spectrum of pathogenic germline mutations
(GM) in patients and their relatives. At the same time, as
shown, the proportion of Kazakhstani patients with a he-
reditary burden (HB) accounts for approximately 15% [5].
This underscores the relevance of implementing NGS test-
ing in genetic screening and early diagnosis of CRC, as well
as the interest in published data on methodology and re-
sults across different age and ethnic groups of patients.
The study aimed to review the methodology and cur-
rent results of next-generation sequencing (NGS) appli-
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cations for genetic screening of hereditary and sporadic
colorectal cancer.

Materials and Methods: Original studies and review
articles available in open-access academic databases were
analyzed, including Google Scholar, Web of Science, Sprin-
gerLink, Scopus, ScienceDirect, PubMed, and BMJ, to re-
view the approaches and results of MGT in genetic screen-
ing for CRC. A total of 114 sources were identified, of which
70 were included in the review. The selection criteria for
articles were: the use of NGS as the primary experimental
method with “hybrid” gene panels; the description of nov-
el, previously unannotated mutations; and study designs
that included young patients, patients with familial and
hereditary forms of CRC, and relatives of patients.

Results: NGS-based multigene testing (MGT) enables
the simultaneous analysis of multiple genes involved in
carcinogenesis, the identification of germline pathogen-
ic mutations leading to tumors or HCS [6-8], as well as the
detection of genetic variants in less studied regions of
genes, such as intronic and untranslated regions, which
contributes to the identification of new, previously un-
known cancer predisposition factors [9-11]. The use of
“hybrid” diagnostic panels makes it possible to identify
various types of genomic instability - copy number varia-
tions (CNVs), gene fusions, loss of heterozygosity (includ-
ing copy-neutral LOH), ploidy, breakpoint detection, mo-
saicism, clonal heterogeneity, chromothripsis - as well
as to assess the methylation status of oncogenes, tumor
mutational burden, and microsatellite instability (MSI).
These approaches are actively implemented in the com-
prehensive molecular genetic analysis of sporadic and
hereditary CRC [12, 13].

As shown by S.A. Schubert et al., although approxi-
mately 25% of CRC cases are “familial”, about 95% of indi-
viduals with HB do not undergo molecular genetic test-
ing [2]. According to N.J. Samadder et al., in the United
States, approximately half of CRC patients with clinical-
ly significant genetic variants (mutations) are not identi-
fied when diagnostics are based solely on standard clin-
ical guidelines and criteria [14, 15]. Currently, even for
researchers from countries with well-characterized pop-
ulations, it remains unclear how many CRC patients and
their relatives could benefit from NGS testing using large
gene panels [16].

The concept of a loss-of-function (LoF) mutation is
not equivalent to that of a pathogenic mutation or path-
ogenic genetic variant that leads to the phenotypic man-
ifestation of a disease. The effect of the latter and its
correlation with carrier status must be confirmed by
case-control studies or functional assays [17]. Similarly,
a distinction is made between established cancer predis-
position genes, whose roles in carcinogenesis are clearly
defined, and candidate genes, whose associations with
tumor development are yet to be determined. The con-
vergence of somatic and germline mutation profiles is

well established in CRC genetics. For example, universal
testing for mismatch repair (MMR) deficiency is a wide-
ly accepted approach to identify patients with germline
mutations or Lynch syndrome (LS). While targeted test-
ing of germline mutations in known genes can confirm a
diagnosis of LS (or another specific HCS), large-panel se-
quencing detects GMs whose clinical significance is am-
biguous and difficult to interpret.

In a comparative study of a heterogeneous group of
Russian patients, A. Bilyalov et al., using a 44-gene panel,
identified pathogenic variants (PVs) and likely pathogenic
variants (LPVs) in 21.6% of patients with CRC, gastric cancer
(GQ), pancreatic cancer (PC), breast cancer (BC), and ovar-
ian cancer (OC), with a mean age of onset of 44.5 years.
Most of the mutations (39.4%) were detected in the BRCA1
and BRCA2 genes. The second most frequent were variants
in the CHEK2 gene (9.8%), and the third most frequent were
variants in the ATM gene (6.3%), which were found in cas-
es of PC and BC. In patients with CRC, the highest number
of PVs was identified in the MLHT and APC genes. A previ-
ously unknown PV, c.160_166del in the MLHT gene —a 7 bp
deletion in exon 2 - leads to the formation of a premature
stop codon. In the same study, patients with multiple pri-
mary tumors (MPTs) were found to carry previously unan-
notated LPVs in the MSH2 gene (c.893del and c.1729del) in
a heterozygous state, resulting in a frameshift and forma-
tion of a premature stop codon [18].

Itis well known that cancer risk and survival outcomes
correlate with mutations in specific genes associated
with LS. Although P. Mgller et al. previously estimated
the cumulative risk of CRC by age 75 to be 46% for car-
riers of heterozygous MLH1 mutations and 43% for carri-
ers of heterozygous MSH2 mutations, the mean age at di-
agnosis, according to most publications, is 44 years [19].
Germline defects in MMR genes - MLH1, MSH2, MSH6, and
PMS2, which form the molecular basis of LS — typically rep-
resent nucleotide-level changes within exonic sequenc-
es. These mutations induce generalized genomic insta-
bility, particularly at microsatellite loci. Loss of expression
of MLHT and MSH2 protein products, detected by immu-
nohistochemistry (IHC), is used to identify patients with
hereditary nonpolyposis colorectal cancer (HNPCRC) and
germline mutations in the respective genes. It has been
shown that the absence of known mutations or MSI in
the tumor does not exclude a diagnosis of HNPCRC (so-
called HNPCRC type X syndrome), and therefore necessi-
tates sequencing to identify other germline mutations, as
well as somatic mutations in the second allele or loss of
heterozygosity [20].

Mutations in the EPCAM locus are associated with dis-
ruptions in cell migration, adhesion, proliferation, and sig-
naling processes. It is known that 3'-deletions in EPCAM
lead to hypermethylation of the MSH2 promoter, ultimate-
ly resulting in the phenotypic manifestation of LS. How-
ever, it remains unclear whether mutations in other re-
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gions of EPCAM, including splicing regions, contribute to
LS pathogenesis.

MLH genes are involved in maintaining genomic integ-
rity during DNA replication and meiotic recombination.
Studies on the association between germline MLH3 mu-
tations and the development of HNPCRC have not estab-
lished a clear link. Previously, H.X. Liu et al. demonstrat-
ed that MLH3 is a low-penetrance gene. Furthermore, in a
study of DNA isolated from tumor tissue, MLH3 mutations
did not correlate with MSI levels, suggesting that this locus
may not be involved in carcinogenesis by disrupting MMR
mechanisms [21].

Recent publications report novel pathogenic variants
in other MMR loci. M. Djursby et al., using a 32-gene pan-
el, identified two variants in the PMS2 gene in a cohort of
young patients (under 40 years of age) [22]. The indel var-
iant ¢.736_741delinsTGTGTGTGAAG/p.Pro246Cysfs*3 is an-
notated in the InSiGHT database as pathogenic and was
previously identified in European patients [23]. The splice-
site variant c.2275+1G>C, previously undescribed, was clas-
sified by the authors as an LPV based on results from long-
range PCR, IHC, and in silico analysis. In the same study, a
mutation in MSH2 (c.2168C>T/p.Ser723Phe) was reported
in a cohort of patients with familial forms of CRC. This var-
iant had been previously identified in members of a fam-
ily in Denmark and annotated in the InSiGHT database as
a variant of uncertain functional significance. This variant
was detected in a patient with MPTs — CRC (with loss of
MSH?2 expression and unknown MSI status) and ampullary
duodenal adenocarcinoma (with loss of MLHI1/PMS2 ex-
pression and MLHT promoter methylation). The HB pattern
in this patient is of particular interest: early-onset CRC in
the parents (44 years, non-carrier of the mutation in ques-
tion) and extremely early-onset CRC in the offspring (25
years), who was a carrier of the mutation. Ser-723 is a high-
ly conserved amino acid, and the ¢.2168C>T mutation is
classified as pathogenic based on in silico analysis [22]. Pre-
vious studies using in vitro MMR models and human em-
bryonic stem cells have demonstrated that this mutation
disrupts MMR and is pathogenic [24, 25].

The GALNTI12 gene product participates in the catal-
ysis of N-acetylgalactosamine (GalNAc) transfer from uri-
dine diphosphate N-acetylgalactosamine (UDP-GalNAc)
to a serine or threonine residue on a polypeptide accep-
tor. This reaction constitutes the first step of a type of
post-translational modification known as O-linked pro-
tein glycosylation. K. Guda et al. suggested that germline
loss-of-function mutations in GALNTI12 are associated
with increased CRC risk [26]. The correlation between
GALNTI12 PVs and CRC was further confirmed by D.R. Ev-
ans et al. [27].

Mutations in the tumor suppressor gene APC (non-
sense or frameshift) lead to the formation of a premature
stop codon and a functionally deficient protein. Loss of
gene function may also result from hypermethylation. The

APC gene, located on chromosome 5, encodes a protein
that acts as a negative regulator of the evolutionarily con-
served canonical Wnt signaling pathway. A key function of
this protein is the cytoplasmic degradation of 3-catenin:
normally, this mechanism prevents its translocation into
the nucleus, where it acts as a co-activator of transcription
factors from the TCF/LEF family, thereby preventing un-
controlled cell division.

Several forms of familial adenomatous polyposis
(FAP) are described, each characterized by different phe-
notypes. In Gardner-Turner syndrome, extracolonic man-
ifestations are prominent (Gl polyps, tooth anomalies, os-
teomas, cutaneous fibromas, and epidermoid cysts); in
Turcot syndrome, brain tumors (e.g., medulloblastomas)
occur. Correlations have been reported between muta-
tion sites in the APC gene and corresponding clinical phe-
notypes. The classic form of FAP is caused by mutations
in the central region of the gene, specifically between
codons 168 and 1250, located closer to the 5’ terminus.
The diffuse form of FAP is observed in patients with mu-
tations within codons 1285-1465. A missense variant,
€.289G>A/p.Gly97Arg was described by M. Djursby et al.
in siblings with the attenuated FAP (AFAP) phenotype, as
well as in other family members [22]. This variant had pre-
viously been reported in AFAP patients in a study by D.
Wang et al. [28]. The mutation leads to the formation of
a cryptic splice acceptor site, disrupting normal splicing,
and is annotated as an LPV.

Recently, a growing body of evidence has emerged re-
garding genetic alterations responsible for familial forms
of CRC that are not related to HNPCRC or FAP. This cate-
gory includes mutations in the POLE, POLDI, and NTHLI
genes, identified through genome-wide association stud-
ies (GWAS) [29].

The POLE gene encodes the catalytic subunit of DNA
polymerase epsilon, one of the four nuclear DNA poly-
merases involved in DNA repair. Homozygous patho-
genic mutations in POLE cause autosomal recessive syn-
dromes, such as FILS (OMIM #615139) and IMAGE-I (OMIM
#618336) [18, 30-31]. According to P. Mur et al., germline
PVs in POLE and POLDI1 are most frequently associated
with CRC, endometrial cancer (EC), and OC [32]. Heterozy-
gous variants in POLE that alter the structure of the exo-
nuclease domain are associated with an increased risk of
CRC. Further studies confirmed this association and iden-
tified numerous clinically significant pathogenic variants
in POLE [33]. In the previously mentioned study, A. Bily-
alov et al. described a novel LPV in POLE - c.802-2A>G
- in a CRC patient. This variant represents a single-nu-
cleotide substitution in the canonical splice site. Accord-
ing to the authors, the variant may lead to loss of func-
tion in the exonuclease domain or the entire protein [18].
M.F. Hansen et al. reported a PV in POLE c.1373A>T/p.Tyr-
458Phe was identified in three individuals from the same
family. The inherited mutation ¢.824A>T/p.Asp275Val was
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identified in a patient with OC and HB (CRC), and was in-
itially considered a somatic alteration in EC, rather than
a germline PV [34]. Previously, A. Rohlin et al. [35] and P.
Vande Perre et al. [36] described the variant c.1089C>A/p.
Asn363Lys in two large families with a phenotype includ-
ing multiple tumors. The mutation affects the highly con-
served amino acid Asn-363 in the exonuclease domain of
POLE; however, to date, only missense variants in this do-
main have been considered pathogenic [37]. M. Djursby
et al., who identified this same variant in a cohort of pa-
tients with very early-onset disease (under 40 years), re-
classified it as a likely pathogenic variant based on in sili-
co analysis and segregation data in families, as previously
published by Rohlin and Vande Perre [22].

The serine/threonine kinase ATM is a member of the
phosphoinositide 3-kinase-related protein kinase fami-
ly and plays a critical role in the cellular response to DNA
damage. Loss-of-function PVs in the ATM gene cause atax-
ia-telangiectasia, a rare autosomal recessive disorder char-
acterized by neurodegeneration, increased radiation sen-
sitivity, immunodeficiency, and cancer predisposition.
Heterozygous carriers of germline PVs have an increased
risk of developing various types of cancer, including BC[18,
38]. Hansen et al., using a 112-gene panel for sequencing,
identified pathogenic germline mutations ¢.8494C>T/p.
Arg2832Cys and c.8584+2T>C in patients with CRC - one
of whom had a family history of BC, and the other had HB
with synchronous tumors and polyposis. The same study
also described patients with early-onset CRC and PVs in
the BRCA genes. In carriers of BRCA1 c.4096+3A>G and
BRCA2 ¢.2808_2811del/p.Ala938Profs*21, the family histo-
ry included CRC, BC, and OC. Based on a segregation anal-
ysis within the family, the authors concluded that variant
€.4096+3A>G in the patient and their first-degree relative
is associated with CRC predisposition to a greater extent
than with BC or OC [34].

In a cohort of Norwegian and Australian patients pre-
viously tested for LS, M.F. Hansen et al. described a PV in
the PTEN gene in a patient with MPTs consistent with the
Cowden syndrome spectrum [34]. The missense variant
€.377C>T/p.Ala126Val is located in a highly conserved cat-
alytic domain and, as shown by Costa et al., results in the
formation of a completely inactive protein [39]. The CHEK2
variant c.1100del/p.Thr367Metfs*15 was identified in a pa-
tient with early-onset CRC (age 37). This mutation has pre-
viously been described as being associated with BC, CRC,
and prostate cancer.

In addition to variants in high-penetrance loci, NGS
platforms are increasingly used to study mutations in
moderate- and low-penetrance genes, such as GALNT12
[23] and EXO1 [40], as well as the effects of heterozy-
gous PVs in autosomal recessive genes like NTHLT and
MSH3 [41, 42].

Discussion: NGS and GWAS are currently widely used
to identify the etiology of familial CRC by detecting new

candidate genes and PVs whose association with CRC has
not yet been confirmed through case-control studies [43,
44].1n addition, whole-exome sequencing (WES) is applied
to identify homozygous and polygenic mutations in cases
of FAP, LS, or other familial forms of CRC [45, 46]. Polygen-
ic variation has also been recognized as a potential cause
of increased penetrance in LS [47]. The selection of candi-
date genes (panel design) for sequencing may be based
on prioritization scores [48]; however, WES may also pro-
vide clinically significant information from non-coding re-
gions of the genome. Using extended panels for WES, it is
possible to expand the scope of analysis to include regions
beyond exons, such as 5" untranslated regions to capture
transcription factor binding sites and reading frames, and
3" untranslated regions to identify microRNA binding sites
involved in gene regulation.

Mendelian inheritance syndromes account for ap-
proximately 5% of all CRC cases in which hereditary fac-
tors play an etiological role. These syndromes are caused
by mutations and epimutations in well-studied predispo-
sition genes, including MLH1, PMS2, MSH2, MSH6, EPCAM,
APC, SMAD4, BMPR1A, STK11, MUTYH, PTEN, KLLN, PIK3CA,
AKT1, POLE, POLD1, AXIN2, BUB1, and BUBS3. It is not un-
common for a patient’s personal or family history to re-
quire the simultaneous evaluation of multiple high-pene-
trance genes with known clinical impact — especially when
clinical criteria for several syndromes are met within a sin-
gle family (a phenomenon known as phenotypic overlap,
often attributed to gene pleiotropy) [34], or when the pa-
tient presents with metachronous or synchronous tum-
ors. When detailed family history is unavailable or when
there is a high likelihood of a syndrome in individuals who
do not meet standard diagnostic criteria, MGT is warrant-
ed. In clinical genetic counseling, patients with previous
negative or inconclusive results from single-gene testing
but with a clear familial predisposition to cancer should
undergo NGS-based testing using multigene panels [49].
MGT is particularly clinically valuable in colorectal tumors
with overlapping phenotypes, where differential diagno-
sis requires the analysis of multiple genes. For example, in
Lynch syndrome, NGS may be more appropriate when IHC
results are inconclusive.

In some families with FAP or LS-like features, no muta-
tions are detected in APC, MUTYH, or MMR genes. Recent-
ly, mutations in POLE, POLD1, and other DNA repair genes
have been identified in such families, leading to the di-
agnosis of “polymerase proofreading-associated polypo-
sis” [37]. Considering the evidence of the functional sig-
nificance of newly identified genes and the “phenotypic
overlap” of the most common hereditary syndromes, as
well as cases in which mutations in more than one gene
may cause the condition, MGT represents a cost-effective
approach to molecular genetic analysis and allows for the
detection of mutations that are not identified through
candidate gene testing [50]. Comprehensive genomic
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profiling can be implemented in several formats: testing
both tumor and normal tissue, testing tumor tissue only,
or using circulating tumor DNA (the so-called “liquid bi-
opsy”). For MGT performed using tumor-only DNA, the
ESMO Precision Medicine Working Group (ESMO-PMWG)
has proposed a PV filtering strategy to confirm germline
origin. This strategy considers factors such as age at di-
agnosis, cancer type, the clinical significance of the gene,
and the variant’s allele frequency in tumor tissue [51]. The
germline conversion rate for each gene is calculated as
the ratio of germline PVs to the total number of PVs iden-
tified in the tumor.

In current molecular oncology practice, gene pan-
els are used for targeted or broad NGS-based sequenc-
ing. Diagnostic panels allow for a more comprehensive as-
sessment of syndromic conditions and the evaluation of
CRCrisk in patients’ relatives. Panels routinely used in the
U.S. (e.g., NCCN, Ambry Genetics’) include genes associ-
ated with: FAP (APC), MUTYH-associated polyposis (MU-
TYH), Peutz-Jeghers syndrome (STK71), juvenile polypo-
sis (BMPR1A, SMAD4), Lynch syndrome (MLH1, MSH2, MSHS3,
MSH6, PMS2, EPCAM), polymerase proofreading-associated
polyposis (POLE, POLD1), PTEN-related polyposis, and oth-
er genes whose association with familial or hereditary CRC
has been confirmed in case-control studies (AXIN2, ATM,
GALNTI12, CHEK2, GREM1, NTHL1, and TP53). However, imple-
menting such panels in Kazakhstan’s oncology practice is
limited, as the gene sets were designed for patient cohorts
from the U.S., Europe, Southeast Asia, and China, whose
ethnic-genetic backgrounds differ from those of the Ka-
zakh population. It is known that some pathogenic vari-
ants exhibit ethnic and racial specificity in modulating CRC
risk. Another limiting factor is the restricted scope of any
diagnostic panel used for sequencing; in particular, the ab-
sence of clinically relevant genes such as GSTM1, GSTTI,
DCC, and RAS in several commercial panels [50].

Conclusion: Over the past decade, multigene panels
based on next-generation sequencing (NGS) have been
introduced into both fundamental and practical oncol-
ogy, enabling the analysis of multiple genes associated
with specific HCS. This approach identifies variants in less
well-studied gene regions and improves understanding
of the mechanisms underlying predisposition to colorec-
tal cancer (CRC), including early-onset disease. The NGS
methodology enables the identification not only of path-
ogenic mutations but also of variants of uncertain func-
tional significance, which may influence CRC predisposi-
tion. Variants in the BRCAT, BRCA2, DICER1, FANCC, FANCM,
and TSC2 genes, which alter protein function by disrupt-
ing critical cellular and tissue processes these genes regu-
late, expand the phenotypic spectrum of malignancies in
CRC and help identify synchronous and metachronous ne-
oplasms in other organs [50]. This personalizes treatment
strategies for patients and enables early diagnosis and
medical surveillance for their relatives.
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AHJATIIA

TYKBIM KYAJIAUTBHIH )KOHE CIIOPA TUKAJIBIK KOJIOPEKTAJIB/JIBI KATEPJII
ICIKTIH TEHETUKAJIBIK CKPUHUHI'THAEI'I MYJIBTUTI'EHAIK TECTIJIEY:
9JEBUETKE IOJY

H.A. Banmaes', I A. Aponun'?, I.C. JKynycosa®, /I.P. Kaiioaposa®, B.1O. Benoycoé*

L«Anmatbl oHKonoruAnbIK optanbifbi» LLXKK KMK, Anmarsi, Kasakcrax Pecny6aukach;

2«C.K. Achenanapo atbiHaarbl Kasak ynTTbik MeauuuHa yHusepcuteTi» KEAK, Anmarbl, KasakctaH Pecnybankace;
3Ka3akcTaH Pecny6nukachl FbinbIM xaHe orapbi 6inliM MUHUCTpAITi FbiNbIM KOMUTETHH [eHeTIka XaHe dusunonorna uHcTuTyTbl LMK PMK,
Anmarbl, Kasakcra Pecnybnukacol;
4Tree Gene rexeTikanblk 3eptxaqaci» XKILIC, Anmartbl, Kazakctan Pecny6ankaco

Osexminizi: Haykacmoiy cenomunin dcone iCikmiy MOIEKYIANbIK NPOPUIIH AHLIKMAY2d APHAL2AH MOLEKYIANbIK-2eHeMUKAIbIK
mecminey emoeyee JHcoHe KIUHUKALbIK meKcepyee 0epbecmenipileen mociloiy He2izei Kypamoac 66eiei 6o1ein maodwiiadvl. I enemukaivlk,
CKpununemeei Kazipei sepmmeynep (heHomunmix OUaeHOCMuKAaIblK NaHeab0epOeH Jeone ce3immanovlk cendepin TP mecmineyoen
Konmezen aHblKmanean 2eH0epoi Hemece Mymdac 2eHOM CEeKGCHYUSICbIH KAMMUMbIH YIKeH nauneiboepee omyze 0azblmmazan.
Mynomueendix mecminey konropekmanvovl Kamepii icik (KKI) ouaecnocmuxacol men mepanusicblioly, opmypii caiaiapblHod KeHiHeH
KOJIOAHbLIAObL, OHbIY NAl0a OOLYbIHA 2eHEMUKAIbIK KOMNOHEHmmep MAanbl30bl yiec Kocaowl. Kazipei yaxeimma npaxmuxaivik
onkonoeusi KKI mygviym Kyanaimoit sicone CHOpaouKaiblk HYCKALAPbIHbIY 2eHEMUKANbIK, CKDUHUH2T YULIH JICO02apbl OHIMOI CeK8eHuUpIiey
Jicylienepin Kama Kapayoul JcoHe nayueHmmepoiy myslCmapblHOa OHbIY epme OUACHOCMUKACLIH OHMAIAHObIPYObL maaan emeol.

3epmmeydin maKcamol — myKoiM KyaaaumelH JcoHe CNOPAOUKAIBIK KOIOPEKMAibObl 00bIPObIY 2eHeMUKAIbIK CKPUHUHST YUliH
Kezeci 6ybiHObl cexgenupneyoi (NGS) kondanyoviy adichamacsl Men azblmoaabl HOMuUdHiCeepine woy.

Aoicmepi: Google Scholar, Web of Science, Springer Link, Scopus, Science Direct, PubMed, BMJ caummapvinoa awvix
KOJDICeMIMOLIIKMe KOANCeMIMOI MyNnHYCKAIbIK 3epmmeyiep MeH WOoLy MAKALALIAPbIH Kocd aneanod, 70 2bliblMu dcapusiianblmed
AHATUMUKATBIK WLOTLY HCYPRIZINOI.

Homuocenepi: NGS nezizinoezi mynomueenoi mecmiiey Kanyepoenesee Kamvlcamovli Oipuewe 2eHdepoi Oip yakvlmma manoayea
MYMKIHOIK 6epedi, myKolM Kyaiaimol Kamepii iCik CUHOPOMOApbIMeH OAlIaHbICMbL RAMO2EHOL YPbIK Cbl3bl2blHbLY MYMAYUSIADBIH,
COHOQI-AK UHMPOHOBIK HCOHE MPAHCAYUANAHOA2AH AUMAKMAD CUAKIbL 2eHOePOiH Haulap myciniieen auMakmapblHoaabl 2eHemMUKaIbIK,
HYCKanapovl anvlkmayea Mymkinoik oepedi, 6yn KKI koz0vipamoin 6ypein 6en2iciz pakmopaaposl anbikmayaa Komekmeceol.

Kopoimuinowt: Monexkynsapivik-eeHemukaiolk OUAZHOCMUKA NAyueHmmepol Jiceke emoeyee JICoHe MOyeKel MONmAapblHOa2bl
myvlcmapoul diceke MeOUYUHAILIK mekcepyee MymKinoix bepeoi. [eeenmen, KKI scazoatinapeinviy wamamen 25% omoéacwiiwix bonca
da, ombacuvLiapoviy wiamamen 95% eenemuranvlk coinakman emnezen. Taroanean oepekmep myKblM Kyaiaiumvit iCik CUHOPOMOApbIHA
HeMece mymac 2eHOMObL CeK8eHUpIey2e KAmvlcambvlH 0APIblK AHbIKMAL2aH 2eH0epOi KOca an2anod, (heHOMUnmix naHeab0epoeH YiKeH
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nanenvoepee Kouty Kasjxcemminiein Konoaiiovl. Convimen Kamap, opmawia JdcoHe moMeH enin Kememin Jicanda HYycKaiapovl Hemece
@yuryuonandwvik moni 6eneiciz nyckanapovt anvikmay KKI ¢penomunmix cnexmpin xenetimeoi dicone OUA2HOCMUKAIbIK CeKBEHUPILeY
nauenvoepine Kocy yuiiH 0cvl HycKaiapowvl opi Kapail sepmmeyoi Kadjcem emeol.

Tyitinoi cosoep: Koropekmanvowl xamepai icix (KKI), namozendix mymayusnap, keneci ypnax cekeeHupiey, myKblM Kyaiaumvix
MYKbIM KYanaumsin mox iulex kamepii iciei, 2eHemuKaiblk CKPUHUHE.

AHHOTALUA

MYJUBTUI'EHHOE TECTUPOBAHUE B TEHETUYECKOM CKPUHUHI'E
HACJEACTBEHHOI'O U CHOPAJUYECKOI'O KOJIOPEKTAJIBHOTI'O PAKA:
OB30P JIUTEPATYPbI

H.A. Barmaes', I A. Aponun'?, I'.C. XKynycoeda®, /I.P. Kaiioaposa®, B.IO. Benoycog*

ITKIM Ha NMXB «AnMaTuHCKIii OHKONOTMYeCKMii LieHTp», Anmarl, Pecny6nnka Kazaxcraw;
ZHAQ «Ka3axckmii HauMOHNbHbIA MeauuMHCKWi yHuBepauTeT UM, C.[1. Achenauspoar, Anmarbl, Pecny6nmka Kasaxcras;
3PIT1 Ha NXB «UHcTuTyT rexeTukn u dusnonorum» Komuteta Hayku MHBO PK, Anmarbl, Pecniy6nmka Kasaxcran;
4700 «TeHeTiyeckas naboparopus Tree Gene», Anmatbl, Pecny6nuka Kazaxcrau

Axkmyanvnocme: Monexynaprno-eenemuieckoe mecmupoganue 0iisi Onpeoeenus 2eHOMmuna Nayuenma u MoieKkyIspHoco npoQus
onyxonu npedcmagusen coboil Kaouesol KOMIOHEHM NePCoOHATU3UPOBAHHO20 NOOX00d K neuenuto u oucnancepusayuu. Cospemennvie
uccnedosanusi 8 00IACMU 2eHEMUYeCK020 CKPUHUH2A OKYCUPYIOMCSL HA nepexode om OUA2HOCUYEeCKUX NaHelell, 0CHOBbIBAIOWUXCS
na ¢enomune, u IIL[P-mecmupoganus 0omoenbHbIX 2€HO8 NPEeOPACNONONCEHHOCMU K OONbWUM NAHENSAM ULU NOIHO2EHOMHOMY
cekgenupoganuio. Mynbmueennoe mecmupoganue HaxXo0Um wupoKoe NPUMEHeHUe 8 PA3IUYHbIX 001ACMAX OUASHOCTIUKY U Mepanuu
konopexmanvrozo paka (KPP), 6 603HUKHOGEHUU KOMOPO2O 3HAYUMENEH 6KIA0 2eHeMUYeCKUX KOMNOHeHmos. B nacmosiwee epems
6 NPAKMUYECKOU OHKOIO02UU He0OX00UM 0030p CUCMEM BbICOKONPOU3ZBOOUMENbHO20 CEKBEHUPOBANUSL OISl 2EHEMUYECKO20 CKPUHUNSA
HacnedcmeenHwvix u cnopaduieckux eapuanmos KPP u onmumusayuu e2o panneti OuazHOCMUKU y poOCMEEHHUKOS NAYUEHINOS.

Lens uccnedosanus — 0630p MemMoOOIOUL U COBPEMEHHBIX PE3YIbMAMO8 NPUMEHEHUS CeKEHUPOBANUsL H08020 nokoienus (NGS)
O/ 2eHEMUUECK020 CKPUHUHEA HACACOCMBEHHO20 U CROPAOUHECKO20 KOLOPEKMAIbHO20 PAKA.

Memoowi: Ilposeden anarumuyueckuii 0030p 114 nayunvix nyoaukayuil, 6Ka04as OPUSUHAIbHBIE UCCIE008AHUSL U 0O30PHbBIE CIAMbU,
Haxooawuxca 8 omxkpvimom oocmyne ¢ Google Scholar, Web of Science, Springer Link, Scopus, Science Direct, PubMed, BMJ.

Pesynomameor: Mynomueennoe mecmuposanue na ocnoge NGS noszgonsiem nposooums 00HO8PeMEeHHbII AHANU3 MHOJICECMEA 2eHOB,
yuacmsylouux 6 Kanyepozenese, U0eHMUGUYUposams 2epMuHaIbHble NAmo2eHHble Mymayui,, ACCOYUUPOBAHHbIE C HACTEOCMBEHHbIMU
ONYXONeBbIMU CUHOPOMAMU, 4 MAKJICE 2eHEMUYECKUe BAPUAHMbL 8 MEHee U3YYEHHbIX 0ONACMSX 2eHO8, MAKUX KAK UHMPOHHbLE U
Hempaucaupyembvle 001acmu, Ymo cnocoocmsyem 8vla6leHuio panee Heu38ecmuolx hakmopog npeopacnonodicennocmu k KPP u oyenxe
UX 8K1A0A 8 Peanu3ayuio Onyxoueeo2o npoyeccd.

3akniouenue: Monexynispuo-eenemuueckas OUAZHOCMUKA Oelaenm 603MOJICHbIM NePCOHANUIUPOSAHHOE JleYeHue NAYUeHMOs U
UHOUBUOYATUIUPOBAHHYIO OUCHAHCEPUAYUIO POOCMBEHHUKOS U3 epynn pucka. OOnako necmomps Ha mo, umo oxono 25% cayuaee KPP
AGNAIOMCS ceMelHblMU, 0Koa0 95% cemell ocmaromest eenemuuecku He ucciedosarnul. [Ipoananuzuposanuvie 0auHble NOOMBEPIHCOAIOM
HEobX00UMOCIb nepexooa om nawesetl, OCHO8AHHbIX HA (eHomune K 60aAbUUM NAHEIAM, BKIIOUAIOWUM 8Ce UOeHMUDUYUPOBAHHbIE
2€Hbl, BOBNIEUEHHbIC 8 HACIEOCMBEHHbIE ONYX0Ie8ble CUHOPOMbL UL CeKgeHUposanue eceeo 2enoma. Kpome moeo, uoenmughuxayus
HOBbIX BAPUAHINOG C YMEPEHHOU U HU3ZKOU NeHempPaHmMHOCMbIO UAU 6APUAHINOE C HEONPeOeNeHHbIM (QYHKYUOHAIbHbIM 3HAYEHUEM,
obnadarowux namozenHvlM 3exmom no oannvim in silico ananrusa, pacwupsem genomunuuecxkuti cnekmp KPP, u o6ycrosenusaem
HeoOX00UMOCMb OANbHETMUX UCCTe008AHU IMUX APUAHMOE OJIsl BKIIOUEHUS 8 OUASHOCUYEeCKUe NAHETU.

Knioueeswvre cnosa: xonopexmanvuvwiii pak (KPP), namoeennvie mymayuu, cekéeHupogarue Hogo2o noxoaenus (NGS), nacreocmeennwiil
PAK MOICMOU KUWKU, 2eHEMUYECKUTL CKDUHUHE.
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