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Momusayusa u yenv: Muonust sBsieTCsl MyJIbTH()AKTOPHATBHBIM 3a00J€BaHUEM, 3TO
3HAYUT, YTO Pa3BUTHE NAHHOW OOJIE3HU 3aBUCUT U OT T'€HETHYECKUX OCOOEHHOCTEH
WHAMBHUIA, U OT oOpa3a ero xu3Hu [1]. Takum 00pa3om, CI0XKHOE U HEpPa3pPbIBHOES
B3aMMO/JICHCTBUE TEHETUUECKUX (PaKTOPOB C OKPYKAIOIICH Cpeloi MPUBOIUT K HAYaTy
ONMM30PYKOCTH U ee JAaibHeeil mporpeccuu. J{ns HanOombIero MOHNMAaHUS BOIIpoca
MHOITUH, PACCMOTPUM MOPOOHEE TEHETHUECKYIO OCHOBY OJIM30PYKOCTH.

Memoowr u aneopummer: O630p mTUTEpPaTypHI BHIMONIHEH ¢ moMomnisio PubMed, PMC,
6aszer  elibrary.ru. Jlns ompemeneHHss TEHOB, AacCOIMUPOBAHHBIX C MHOITHEH,
MCTIONB30BANCH 0a3bl MaHHBIX reHeTndeckor mHpopmarmu OMIM, NCBI GenBank,
GeneOntology.org u mybmukaiuu GWAS, ony6inKoBaHHbIE TOMYIISIIHOHHBIE TAHHBIE.
Crucku TEeHOB aHATU3UPOBAIHCH C moMoIlsio pecypcoB GeneCards.org u STRING-
DB.org, metascape.org.

Pezynomamur: Cobpana Hay4Has JUTEpaTypa IO TEHETHKE MHONHMU. MHONHS MOXET
NepeaaBaThCsl M0 ayTOCOMHO-IOMUHAHTHOMY, MO ayTOCOMHO-PEIIECCUBHOMY U 1O X-
CIIETUICHHOMY pELeCCHBHOMY THIy HacienoBanus [2—4]. [lpu nHaciemoBanwm 10
ayTOCOMHO-AOMHUHAHTHOMY THIIY 6OHC3H]) HE IPOABIACTCA OOJIIOC BpPCMH. O6I)I‘-IHO
3a00JIeBaHNEe HAYMHAET OCCIOKOUTH MAlMEHTOB B TMOAPOCTKOBOM, JTMOO IIKOJILHOM
Bo3pacTe. B Takom ciywyae knmHMYeckoe TeueHHe Oonie3Hu Oonee msrkoe. Ilpum
HacJIeIOBaHUU TI0 ayTOCOMHO-PELIECCUBHOMY THITy OOJIE3Hb cpa3y IpOsBIIAET ceOsl B
paHHEM JeTcKoM Bo3pacte. KiMHM4Yeckass KapTHHA COMPOBOXKIAETCS MHOMKECTBOM
COITyTCTBYIOIIMX OCJIOXKHEHUH. OnHAaKO y4eHbIMH ObUIO AOKA3aHO, YTO NPH Iepenade
[0 ayTOCOMHO-JIOMHMHAaHTHOMY THIIy HAacle[0OBaHUs HEOIaronpusTHele (akTopsl
BHEIIIHEH Cpe/ibl IMEIOT ropas io OOJBIIYIO POJIb B (POPMHUPOBAHHUH MTATOJIOTUH, YeM MTPH
nepejaye ayTOCOMHO-PEIeCCUBHOM (opmbl  Omuzopykoctu. [lpu  X-cluerieHHOM
PELIeCCUBHOM HaclieIOBaHUM 3a00JIeBaHUE MPOSIBISETCS Y JIMI MY>KCKOTo mnoja. Jluma
JKEHCKOTO I10J1a SIBJSIFOTCS HOCHTENSAMH MYyTalui, OOJe3Hb y HUX HE HaxOJuT
(EHOTHITNYECKUX TIPOSIBIICHHH.

B menom OiM30pyKOCTh TNpEACTaBIsiET COOOH ClIOKHOE 3aloJeBaHHE, KOTOpOE
KOHTPOJIMPYETCS MHOXECTBOM B3aUMOCBSI3aHHBIX T'€HOB. Hawubonee
pacrpocTpaHeHHble (HOPMBI JIETKOW M CpellHe MHOMUW TMEePeAaloTcsl KaK CIIOXHEIC
MHOI'OI'CHHBIC ITPU3HAKH, TAXKEIIBIC KC q)OpMLI MHOIINU NEPEAAIOTCA KaK MOHOI'CHHBIC
JedeKThl M dYalle BCEro COMNPOBOXKIAIOTCS COMYTCTBYIOIIUMH OCJIOXXHEHHSMH H
anomanusaMu. MiMmenno IMO3TOMY B OCHOB€ M3Yy4YC€HHA I'€CHCTUKHU MHOIIHNKU CYHIECCTBYIOT
SHAYUTCIIBHBIC CJIIOKHOCTHU: MHOXCECTBO I'€HOB, OTBCYAIOMIUX 3a PA3BUTHUC MHUOIIUMH
XapaKTepU3YIOTCSl HHU3KOW 4YacTOTOM BCTPEYaeMOCTH WM c€J1a00 BBIPAKEHHBIM
3¢ $eKTOM NPOSABIECHHUS, YTO BBI3BIBACT 3aTPYAHEHHS B UX ONPEACICHUHU C ITOMOIIBIO
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KJIACCHYECKUX TCHETHYECKHX MeToAoB. Ilo maHHBIM Yy4YeHBIX, HCCIEIOBaHUS
MOJTHOT€HOMHOT'O MOWCKA accoluanuii ¢ mpuMeHeHuem MeTogukn GWAS BbISBHIIO
MHOXECTBO JIOKYCOB, KOTOpPBIE COAEPKaT I'€HBbI, BIUSIOIIME HAa TEYEHHE U pa3BUTUE
muonuu. OHaKo, 10 OLIEHKaM HCCIIe0BaTeNeH, Ha 3TH BapUAHTHI JIOKYCOB IIPUXOIUTCS
MeHee 5 % OT Bcex MOMyJSUOHHBIX H3MEHEHHH. J[aHHOE sBIEeHUE Ha3bIBACTCA
mpo0OiieMa OTCYTCTBYIOIIEH HAclIeACTBEHHOCTH. lIpWYMHON 3TOTO MOXET SBISTHCS
OrpaHUYEHHAsl CTATUCTUYECKAs MOILIHOCTh W HAJM4YUE OOJBLIOrO KOJUYECTBA PEIKUX
BapHUaHTOB C HU3KOW YaCTOTOH BCTPEUaeMOCTH, KOTOPbIE HE ObUTH UASHTU(HUIIMPOBAHBI
metogoM GWAS. MU3BecTHO, 4YTO cTaTUCTUYeCKas MOIIHOCTL MeToma GWAS
SKCHOHEHLUAIBHO CHIPKAETCS C YMEHBIICHHEM 4YacTOThl MHUHOPHBIX ajUlesed, h3-3a
3TOTO TPAJULMOHHBIN MOTHOT€HOMHBIN MOKCK acconmaruii GWAS He o4eHb TOAXOAUT
JUT UACHTH(OUKANY PEKUX BAPUAHTOB U BBISBISIET B OCHOBHOM OOIIME BAPUAHTEI.
Ha ceromusmmanii neHbp WASHTUGUIMPOBAHBI 26 JOKYCOB XpOMOCOM, KOTOpPBIE
aCCOLMMPOBAHbl C IMPOSBICHHEM MHONMU. B uwacTHOcTH, HalieHa accouuaunus Uit
renoB COL2A1, COL1Al, COL18A1, FBN1, NYX, CACNA1F, GRMG6, LRIT3, RP2,
RPGR, ADAMTS10, ADAMTS17, ADAMTS18, VPS13B, OPN1LW, SCO2, ZNF644,
CCDC111, LRPAP1, SLC39A5, P4HA2, ARR3, CPSF1, BSG, CTSH, DZIP1,
LEPREL1, LOXL3, NDUFAF7, TNFRSF21, XYLT1. PaccMoTpeHbl KaTeropuu
T€HHBIX OHTOJIOTHH U (I)YHKHI/IOHaJII)HaH aHHOTalusa HaI\/'I):[eHHBIX T'€HOB.

Buvigoowi: TlogBonms wrorn, MUOMHS TPEICTABISIET c000i HapylieHrne pedpakiud,
KOTOpOE MPOMCXOAMT dYallleé BCEr0 M3-32 YBEIMYEHHS OCEBOW MJIMHBI TIJaza. ITO
MyJIbTU(AKTOpUAIBHOE 3a00JIeBaHKEe, OOJBIIYID POJIb B KOTOPOM HIPAacT BIUSHHUEC
(bakTopoB cpeapl. bIM30pyKOCTh HOCHT 3MMIEMMOJIOTHUECKUI XapakTep U LIMPOKO
pacmpocTpaHeHa 1o BceMy MHpPY, 0OCOOeHHO B cTpaHax BoctouHoit Asmu. Ha mannbri
MOMEHT €IlI€ HE CO3/1aHO JAEHCTBEHHOI'O PELICHUS B M3JICUEHUM MHUOINHUH, B CBSI3U CO
CJIO)KHOCTBIO cOOpa MH(pOPMALIMH 1I0 BCEM TeHETHYECKUM actieKTaM. IMeHHO mosTomMy
CTOMT TPOJOJKATh M3y4aTh TIEHETUYECKYI0 OCHOBY JaHHOM HAaTOJOTMM IS
HaxX0XACHUSA COOTBETCTBYIOIIUX MMOTCHIHUAIBHBIX TCPAIICBTHYCCKUX T'€HOB-MUIIICHEM.
Qunancuposanue. UccnenoBanue noaaepxxano PHO (rpant 24-24-00563, «Pa3paboTka
M POBBIX 00PAa30BATENBHBIX TPOrPaMM B OMOMETUIIIHEY).
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Motivation and Aim: Myopia is a multifactorial disease, which means that the
development of this disease depends on both the genetic characteristics of the individual
and his lifestyle [1]. Thus, the complex and inextricable interaction of genetic factors
with the environment leads to the onset of myopia and its further progression. For the
best understanding of the issue of myopia, let's take a closer look at the genetic basis of
myopia.
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Methods and Algorithms: The literature review was carried out using PubMed, PMC,
database elibrary.ru. OMIM and NCBI GenBank genetic information databases were
used to identify genes associated with myopia, GeneOntology.org and GWAS
publications, published population data. Gene lists were analyzed using resources
GeneCards.org, STRING-DB.org, and metascape.org.

Results: Scientific literature on the genetics of myopia has been collected. Myopia can
be transmitted by autosomal dominant, autosomal recessive, and X-linked recessive
inheritance [2—4]. When inherited by an autosomal dominant type, the disease does not
manifest itself for a long time. Usually, the disease begins to bother patients in
adolescence or school age. In this case, the clinical course of the disease is milder. When
inherited by an autosomal recessive type, the disease immediately manifests itself in
early childhood. The clinical picture is accompanied by many concomitant
complications. However, scientists have proved that in the transmission of an autosomal
dominant type of inheritance, adverse environmental factors play a much greater role in
the formation of pathologies than in the transmission of an autosomal recessive form of
myopia. With X-linked recessive inheritance, the disease manifests itself in males.
Female individuals are carriers of mutations, the disease does not find phenotypic
manifestations in them.

In general, myopia is a complex disease that is controlled by many interconnected genes.
The most common forms of mild and moderate myopia are transmitted as complex
multigenic signs, while severe forms of myopia are transmitted as monogenic defects
and are most often accompanied by concomitant complications and abnormalities. That
is why there are significant difficulties in studying the genetics of myopia: many genes
responsible for the development of myopia are characterized by a low frequency of
occurrence or a weakly pronounced manifestation effect, which causes difficulties in
determining them using classical genetic methods. According to scientists, studies of
genome-wide association search using the GWAS technique have revealed many loci
that contain genes that affect the course and development of myopia. However,
according to the researchers, these locus variants account for less than 5% of all
population changes. This phenomenon is called the problem of missing heredity. The
reason for this may be limited statistical power and the presence of a large number of
rare variants with a low frequency of occurrence that have not been identified by the
GWAS method. It is known that the statistical power of the GWAS method decreases
exponentially with a decrease in the frequency of minor alleles, because of this, the
traditional genome-wide search for GWAS associations is not very suitable for
identifying rare variants and reveals mainly common variants.

To date, scientists have identified 26 chromosome loci that are associated with the
manifestation of myopia. In particular, an association was found for the genes COL2A1,
COL1A1, COL18A1, FBN1, NYX, CACNAILF, GRM6, LRIT3, RP2, RPGR,
ADAMTS10, ADAMTS17, ADAMTS18, VPS13B, OPN1LW, SCO2, ZNF644,
CCDC111, LRPAP1, SLC39A5, P4HA2, ARR3, CPSF1, BSG, CTSH, DZIP1,
LEPREL1, LOXL3, NDUFAF7, TNFRSF21, XYLT1. The categories of gene
ontologies and the functional annotation of the found genes were considered.
Conclusion: To summarize, myopia is a refractive error that occurs most often due to an
increase in the axial length of the eye. This is a multifactorial disease, in which the
influence of environmental factors plays an important role. Myopia is epidemiological
in nature and is widespread around the world, especially in East Asian countries. At the
moment, an effective solution has not yet been created in the treatment of myopia, due
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to the complexity of collecting information on all genetic aspects. That is why it is worth
continuing to study the genetic basis of this pathology in order to find appropriate
potential therapeutic target genes.

Funding: The study was supported by the Russian Science Foundation (grant 24-24-
00563).
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