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Single nucleotide polymorphisms of genes (SNPs) as markers of an
increased risk of developing health disorders associated with occupational
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It is known that the same environmental factorsluiding industrial ones, at the
same intensity of exposure can cause differentoresgs of the human body,
depending on its individual characteristics, whack determined, among other
things, by the presence and combination of singdeotide polymorphisms of
genes responsible for the specificity of the respoof the human body on the
effects of stress factors, which determines theomamce of their study in terms
of preventing public health disorders.

Based on the generalization and systematizationoofern domestic and foreign
experience, the use of single nucleotide gene pmlghmsms as markers of an
increased risk of developing health disorders aasst with exposure to noise
in the workplace is considered. A list of specifgingle nucleotide
polymorphisms of genes, the presence of which ¢fctahe development of
health disorders under noise exposure, has beemueéd.

It is shown that the use of genetic markers tossstiee individual risk of health
disorders of persons working in conditions of expesto industrial noise will
contribute to the development of personalized medicand the timely
prevention of occupational and general diseasesciadsd with exposure to
harmful working conditions. For the review, pubtioas devoted to studies of

the body's response to industrial noise were saleetith access to the full text.
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Beenenue. [IpenBapurenbHpie U MIEPUOANYECKUE METULIMHCKUE OCMOTPBI
(ITIMO) mMO3BOJAIOT HAa paHHUX CTAAWAX BBISBHTH IPH3HAKHA BO3IACHCTBHS
BpPEIHBIX MPOU3BOACTBEHHBIX (DAKTOPOB HA OpPraHM3M PaOOTHUKOB, HadaJbHbIE
ctaguu  Tpo(decCHOHaNbHBIX W O0mmMX  3a00J€BaHUN,  SBISIOIIHECS
MPOTHUBOIOKA3AHUSMU JUTsl TPOAOIKEHUsS paboThl B mpodeccuu. [Ipu atom ogHu
U T€ e (PaKTOpbl OKPY’KAIOIIEH Cpelibl, BKIItOUasi MPOU3BOICTBEHHbIE (PaKTOPHI,
P OJMHAKOBOW HMHTEHCHBHOCTH BO3JCHCTBUS MOTYT BBI3bIBATH Pa3JINYHBIC
OTBETHBIE pEaKIMM OpraHu3Ma 4YeJloBeKa B  3aBUCMMOCTH OT  €ro
UHAMBUAYAIbHBIX ~ OCOOCHHOCTEH, B  TOM  4YHCIE€  OIpeaesieMbIX
OHOHYKJICOTHIHBIMU  mosmMoppuzMamu  reHoB  (SNP).  Omnpenencnue
MPEPACIIONIOKEHHOCTEH pabOTHUKOB K MpodecCHOHANbHBIM 3a00J€BaHUSIM
no3Bosisier craenarb [IMO mnepcoHuuIUpOBaHHBIMU, CIOCOOCTBYS BBIOODPY
aJIeKBaTHOM CTpaTerud TMpU  OMNPENENIEHUH CIEKTpa JIUarHOCTHYECKHUX
MEpOTPUATUNA C LEJbIO0 BBISBICHUS HAPYIICHUH 370pOBbS HAa paHHUX dTarlax.
Takke BBISBICHUE TIE€HETUYECKHX MPEIPACHONOKEHHOCTEH K KOHKPETHBIM
npodecCHOHaNbHBIM ~ 3a00JIeBaHUSIM M 3a00JIEBaHMSIM,  CBSI3aHHBIM  C
BO3/ICIICTBHEM BpPEIHBIX (PAKTOPOB YCIOBHM TpyJa, MOXKET IMOMOYb M3MEHUTH
HaIpaBjeHUE TPYJIOBOM JEATETbHOCTH TEM, KTO HAXOJUTCA B Hayaje
KapbepHOTO IyTH, a CBOEBPEMEHHAs JMArHOCTUKA TO3BOJUT MPOJJIUThH
TPYAOBOE J0JITOJIETUE COCTOSIBIIUMCS MTpoheccroHaiam.

ITouck SNP s nmarHocTuku reHHbIX 3a0oneBanuii MmetogoM RT-TILP B
HACTOSIIIEE BpEMsl YXKe SBISETCA OJHUM M3 KOMMEPYECKHX HaIlpaBieHUI
COBPEMEHHBIX J1abOpaTopuii M TPOU3BOAMUTENEH pEareHTOB Jisi aHaJUu30B
reHeTnyeckux nojaumoppusmoB (Hampumep, Habopel «SNPCkpua» 0T
komnanun «Cunromn», Habopbel «AmminCenc» mpousBoactea @bYH IHHUNU
Onuaemuosiorur PociotpedHaazopa).

B mHactosiiee BpeMs MHOTHME OTEUECTBEHHbIE YUEHbBIE TNpeaiararoT
MOJIXO/Ibl YCKOPEHHOTO THOpHUAn3aiMoHHoro ananusa redomHoil JIHK uenoseka
¢ nomompbto JIHK-uumoB nnsi  BbIsIBIEHUS  CalWTOB  nonumopdusma,

ONpEACTAIONUX OCOOCHHOCTH HHIMBUIYaJbHOM MPEIpacloioKEeHHOCTH K
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pPa3BUTHIO CEPACUYHO-COCYIUCTHIX, HHIOKPHUHHBIX 3a00JieBaHUM, a TakKxke
ONpEACNAIONMX  YCTOWYMBOCTh K  BO3JACHCTBUIO  BPEIHBIX  (aKTOPOB
OKpYKaroIIel cpepl, CKOPOCTh MeTabomm3Ma (hapMaKoJIOTHISCKUX MPenapaToB
[1].

OcHOBHOE € BHHMaHHE B HACTOSIIEEC BPEMs YICISICTCS BBISBICHHUIO
reHHbIX 3a0osieBanuii [2], nadopmarur o SNP,0TBeTCTBEHHBIX 3a pa3uyus B
OTBETax OpraHM3Ma YelIOBeKa Ha BO3ACUCTBUS (PAKTOPOB OKPY>KAIOILIEH Cpeibl,
MOKa BeChMa HEMHOTO.

B nannoit pabote npoBefeHa cucTeMaTU3alys UCCIeI0BAaHUM 110 MOUCKY
SNP, oTBewarommx 3a peaklUMIO OpraHM3Ma 4YeJOBeKa Ha BO3JCHCTBHE
BUOpPOAKyCTHUECKOTO TPOW3BOJCTBEHHOTO IIyMa, TMPHUBEICHBI Ha3BaHUS
KOHKPETHBIX T€HOB, COJIepKamux cooTBeTcTBYyIomue SNP.

Heab ucciaeroBanuss — 0000IIEHNE U CHCTEMAaTH3alMs COBPEMEHHOTO
OTEUECTBEHHOTO M 3apyOEKHOTO OIbITa HCIOIH30BAHUS OJHOHYKICOTHUTHBIX
noauMop(U3MOB B KaueCTBE MapKEpOB PUCKA Pa3BUTHSI HAPYLICHUH 37J0POBBS
paboOTHUKOB, 00YCIOBIEHHOTO BO3/ICHCTBHEM MIPOU3BOACTBEHHOTO IITyMa.

[Touck nuTepaTypHbIX HCTOYHUKOB MPOBOJIEH MPEUMYIIECTBEHHO O 0aze
PubMed, a taxxe eLibrary, ResearchGater ScienceDaily. B kauectBe
KJIIOYEBBIX CJOB IIOMCKAa YKasblBalMCh «Occupational disease», «SNP»,
HA3BaHUS HO30JIOTHH, KOTOpBIE MPEANOIOKHUTEIFHO Ppa3BUBAIOTCS  IOJ
Bo3zelicTBeM myMa («noise-induced hearing loss», «arterial hyperbens, s
cBs3ke c abOpeBuarypoit «SNP», mpu 3TOM mnpoune 3Ha4YeHUs YKa3aHHOMN
ab0peBHaTypbl OTCEMBAIUCh BpyuHylo. [nyOmHa ToMCKa OXBaTbiBaja
nyosmkamuu 3a nepuon ¢ 1996 mo 2023 rox, Oombliias 4acTh M3 KOTOPBIX
npuxonutcss Ha 2017-2023.11penBaputenbHo npoananu3upoBanbl 6onee 600
UCTOYHUKOB, M3 HUX 64 otoOpan mis o63opa. OCHOBHYIH YacTh CIHCKa
JUTEpPaTyphl COCTABISAIOT HCCIIENIOBATEIILCKHE CTAaThM M HEMHOTOYHCIICHHBIC
CUCTeMaTU4YECKUEe 0030PHI.

['eHeTdeckass MPEApacloNiOKEHHOCTh K  IMOTEpe  CiIyXa MOXKET

NpoABIATBCA HE TOJBKO B HPOHCCCC CTAPCHHA, HO U 110 BOBHeﬁCTBHeM
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(bakTOpOB OKpYKaIOIIEH cpenbl, Hanpumep, myma [3, 4]. Tak, y i, ATuTenTsHO
paboTaronMx B YCJIOBHUSX BO3ACHCTBUS WHTEHCHUBHOTO IIyMa, Pa3BUBAIOTCS
HEHPOCEHCOpHAsl TyroyXOCTbh, TUIIEPTOHHUS, HIIEMHUYECKass 0o0Jie3Hb cepaua [5,
6], HaOmIOmarOTCs pPa3APaXKHUTEIHLHOCTh W HapylIeHHWe CHa [5, 7], CHWXKeHHE
KOIHUTHBHOHN (QyHKIMH [8].

B 2006 romy oOHapyxeHa CBs3b MoiauMopdu3Ma TeHa perysiuu
dakropa TemmoBoro 1moka HSP70 ¢ pasButuem mnpodeccuoHanbHOMN
Heiipocencoprorr tyroyxoctd ([IHCT) y pabOOTHHKOB aBTOMOOHIIBHOM
npoMbinieHHOCTH Kuras [9]. PesynbTaThl viccienoBanus ObUIH ITOATBEPKICHBI
apyrumu  ydenbimu [/, 8] m remnt HSP70 cramm cumraTth reHamu
BOCIIPUMMYHMBOCTA K TpodeccuoHaNbHON moTepe ciayxa. HWranbsHCKue
uccnenosarenu euie B 2004romy mokasana CBS3b MOTEPU CIyXa ¢ HEKOTOPHIMU
n3MmenenusMu reHoB PON2 u SOD2 [12], HO KOHKpETHbIE HOJUMOP(U3MBI
Obutn ycTaHoBieHbl mo3aHee [13, 14, 15]. JlanbHeine ucCIeI0BaHMS
MOKa3ajl, YTO OCHOBHBIE MOJMMOP(U3MBI, CBA3aHHBIE C TOTEpEHl ciyxa,
BBI3BAHHOW IIIyMOM, JIOKQJIM30BaHbI TAK)K€ B T€HAX aHTHOKCHUIAHTHBIX CHCTEM,
KaJUeBOr0 romeocta3a U  (OPMHUPOBAHUS MEXKKICTOYHBIX KOHTAKTOB,
KJIETOYHOTO CTpecca, aKTUBAllMU W PEeryisiuu (pakTopa TEMJIOBOTO IOKa, a
TaK)Ke B IeHaX Mepefadn CUrHAJIOB MMMYHHOM cuctemsl [16, 17, 18]I1pu atom
pe3yJbTaThl HCCIIECIOBAHUN MTOPOiA MpoTuBopeunBhl. Hammpumep, P.-l. Carlssom
coaBT. [19] He MOATBEPIAMIIN MPSMOU CBSI3U MEXKIY HHIYIHPYEMOHW IIyMOM
NoTepeil ciiyxa M PAIOM BBISBICHHBIX paHee T'€HOB aHTHOKCHJIAHTHBIX CHCTEM.
[TonpoGHOE  omucaHWe  TEHOB-KAaHAMJIATOB  MPEIPACIONIOKEHHOCTH K
UHAYIUPYEMOW IIyMOM HEHPOCEHCOPHOW TYrOyXOCTH NpPHBEIEHBI B 0030pax
[17] u [20].

[TockoNbKy pa3nu4HbIC TOMYJISAIMA MOTYT HMETh Pa3jMyHbIC, TPUCYIIHNE
UM HYKJCOTHUIHBIE MOIMMOPGHU3MBI, TO 3Ha4MMble B OAHUX peruoHax SNP
MOTYT OKa3aThCsl HEPEJIEBAHTHBIMU B JAPYTHUX pernoHax [4]. Hampumep, nanabie
o BinusgHuu noauMopduszma rs34287852rena KCNQ4 na passutue ITHCT B

IIOJIbCKOM M IIBEJICKOM MOMYJIALMAX MPOTUBOPEUYMBBIE. MOBBIIIEHHOMY PUCKY B



MOJIbCKON TMOMYJSIUK COOTBETCTBYeT koMOuHamus GG, a B mBeackoit — TT
[21].

OcoOeHHO  IIEHHBIMH  JUJI1  pa3paOOTKM  Mep  NpOo(HIaKTUKU
npoPeCCHOHANIBHBIX W MPOU3BOJCTBEHHO  OOYCJIOBIICHHBIX  HapyIICHUI
3MI0pOBbs  paboTaromiero  HaceneHuss Poccum  SBISIIOTCS  Pe3yJbTaThl
OTEYECTBEHHBIX HcciienoBareneit. B 201 7poccuiickuMu yueHbIMH OOHApPYKEHO,
yro amienb | nonumoppusma 1s494024 B reme CAT  saBusercs
IpeapacroiaraloiiM K  pa3BUTHIO HapylIeHHWs CllyXa COBMECTHO C
BO3/IciicTBIEM myMa [22]. B manpHeWeM TOH ke TPYIION YYSHBIX IMOKa3aHo,
9TO YacTOTHl BcTpedaeMocTH mnomumopdusmoB s494024 CAT), rs2227956
(HSPALL) u rs7785846 (PON2} poccuiickoii MONyJsIUNA HE OTIMYAIOTCS M
COIIOCTABUMBI C IAaHHBIMU €BPOTIEHCKOI momyssinuu [18].

OOHapyKeHBI TaKke MOTUMOP(HU3MBI, KOTOPHIE CHIDKAIOT BEPOSTHOCTH
pasBuTHs MPodeCCHOHATBHON MOTepU ciyxa. JlaHHOe CBOWMCTBO MOKAa3aHO MJIs
nenmenuii reHoB GSTM1 m GSTT1 mis xwuraiickoit momymsium [23] w1 B
MHOTOIOMYJIAIIMOHHOM ~HMCCieoBaHud [24], HO He TOATBEpXKIACTCS IS
upaHckor monyisaiuu [25]. Takke 3a0UTHBIMA CYUTAIOTCS ITOJIUMOP(HU3MBI B
renax NRF2 [26]lu CARDS [27].

B tabnuie 1 npencraBneHsl cBoAHbIC aHHbIe 0 SNP,Biustomux Ha puck
HEHPOCEHCOPHONW TYrOyXOCTH B YCJIOBHUSAX BO3JEHCTBUS MPOU3BOACTBEHHOTO
nryma.

Tabauya 1/ Table 1
OnnonyksieoTnaHbie moauMopdusmsl (SNP), Bausironue Ha puck
HEHPOCEHCOPHOM TYIOYXOCTH B YCJIOBHUAX BO3ACHCTBUS
NMPOU3BOACTBEHHOT0 IIIyMa
Single nucleotide polymor phisms (SNPs) that affect therisk of developing

noise-induced hearing loss

I'en SNP [Mannorun [Mannotun
Gene IOBBILICHHOTO CHHKCHHOT'O pUCKaA
pHuCKa Reduced risk
High risk haplotype haplotype




I'en SNP [Narmmorun [Nammorun
Gene ITOBBIIIICHHOI'O CHM)KCHHOI'O PHUCKa
pHUCKa Reduced risk
High risk haplotyp¢ haplotype

APE1 [28] 656 T>G** TT GG, TG

ATP2B2 [29] | rs3209637 CcC TC, TT

CASP7 [30] |rs2227310 GG CC
rs4353229 CcC TT
rs494024[22, 31] CT CcC
rs7943316, (AT/TT)-
1$769214[32] (GAIAAY* AEET

CAT [22, 31,

. rs564250[31] cC TT
rs475043[31] AA GG
rs1001179[31] AA GG
rs12273124[31] AA GG

CAT, SOD2, |rs769214, rs4880 A-T-A* G-C-G*

GJB2 [32] rs137852540

CDH23 [33] rs3802711 GA, GA GG
rs11592462 GG CC, CG
rs7578578,

DNMT1, rs749131, A-G-G-G,

DNMT3A [34] | rs1550117, T-G-G-A*
rs2228611

ESRR3 [35, 36]| rs61742642 CT CcC

EYA4 [37,38] |rs3813346[37] TT GG
rs3777781 [38] TT AT, AA
rs212769[38] AA, AG GG
rs2802292,

FOXO3 [39] |rs10457180, G-G-T* T-A-C*
rs12206094

GJB1 [21] rs1997625 CcC TT




I'en SNP lNammorun lNammorun
Gene IIOBBIIIIEHHOTO CHIKEHHOTO PHCKa
pHUCKa Reduced risk
High risk haplotyp¢ haplotype
GJB2 [21] rs3751385 GG AA
GJB4 [21] rs755931 GG AA
GPX [40] rs1987628 AA, AG GG
GRHL2 [41] rs3735715 GA GG
GSTP1 [42] rs1002149 GT GG
rs2251780 GA TT, GT
hOGG1 [43] rs1052133 GG CC, CG
HSP70 [10] rs1043618, C-G-T* G-A-C*
(HSP70-1, rs1061581,
HSP70-2 rs2227956
HSP70-hom)
rs2070358 GG AA
KCNEL1 [44]
rs1805128 AG AA
KCNJ10 [21] rs1130183 AA GG
KCNQ1 [35,
rs163171 CT CC
44]
KCNQ4 [21, rs34287852[21] GT GG
45] rs4660470[45] TA TT
rs667907 AC, AT AA
MYH14 [10]
rs588035 CG CC
Notchl [34] rs3124594, A-A-C G-G-C,
rs3124599, G-G-T
rs3124603
NRN1, CAT rs3805789, T-T* C-A*
[46] rs7943316
PCDH [47, 48]| rs1104085 TT CT, CC
PON2 [13, 14, | rs12026[13] GG, CG CC

10




I'en SNP lNammorun lNammorun
Gene ITOBBIIIIEHHOT'O CHM>KEHHOTO PUCKa
pHUCKa Reduced risk
High risk haplotype haplotype
15] rs11767787 [14] CC CT
rs13226149 [14] AA AG
rs17882539[14] TT CC
rs7785846 [13, 15] CT, TT CC
SOD1 [49] rs2070424 GG AA
STAT3 [50] rs1053023 CC, TC TT
rs1053005 CC, TC TT
XPOS5 [51] rs2257082, G-G-T-A/ G-T-C-A*
rs11077, G-T-C-C*
rs7755135,
rs1106841
[Ipumeuanus:

* - OCJIeIOBATEIBLHOCTH B MOpsiake ynomuHanus SNP
/ - ogHa U3 KoOMOUHaALMI

** - orcyrcTByeT B 6aze dOSNP

Notes:

* - sequence in the order of SNP mention

/ - one of the combinations

** - missing from dbSNP database

B HacTosimiee Bpemsi uMeeTcsi O0JIBIIION MacCHB JTaHHBIX, TOKA3bIBAIOIIHX,
4TO BO3JCHCTBHE IIyMa Ha paboueM MecTe SBISCTCS OJHUM U3 (PaKTOpOB pHCKa
pa3BUTHS apTEPUATBHON THIICPTCH3UU, KOTOPHIA TMOBBIMIACTCS TPU HATHYUU
HACIICJICTBEHHON  TpeapacnoiokeHHocTd. OcoOyl posiib B HATOreHE3e
apTepUAIbHOM THUIIEPTCH3WMH WTPAIOT TEHbBI, JICTCPMUHHUPYIOIINEC CHHTE3
aurnotersuHoreHa  (AGT),  aHrHOTeH3WHNIpEBpaImiaromero  QepMeHTa,

penentopa anruorensuHa 1 tuma (AGTR1) [52]. Takke MHOrOYHCICHHBIC

11



MOJICKYJIIPHO-TEHETUYECKAE HCCICAOBAHUS YKa3bIBAIOT HA CYIIECTBECHHYIO
poJib B  Pa3BUTHH CEPIACYHO-COCYIUCTHIX 3a00JI€BaHUN  JCIICIIMOHHOTO
nonumopdusma rena GSTM1 [53],0qHaK0 Oosiee AeTalbHBIA aHAIHM3 MMOKA3all,
YTO C PUCKOM Pa3BUTUS TUIIEPTOHUU CBSI3aH UMEHHO JIBOMHON HYJIEBOU T'€HOTHII
GSTM1/GSTT1 [54]. B  kadectBe  moKaszaTelsd  MHAWBHIYabHOM
NPEAPaCOIOKEHHOCTH K (OPMHUPOBAHHMIO  pPHUCKAa  IPOM3BOJICTBEHHO
0OyCJIOBJICHHOM TATOJIOTUM CHUCTEMBI KPOBOOOpAIEHUS TOJ BO3ICUCTBHEM
IIymMa mpejyiaractcst takke rereposurotneiii Bapuant CT rema MTHFR [55].
Hannasie 0o SNP, BIUAIOMNUX HAa PUCK CEPACYHO-COCYAUCTHIX 3a00JIeBaHUN B
YCIIOBUSIX BO3JICUCTBHS MPOU3BOICTBEHHOTO IITyMa, MPEJCTaBICHBI B TA0IHIIE 2.
Tabnuya 2/ Table 2
OnnonykJsieoTnaHbie moauMopgusmsl (SNP), Bausironue Ha puck
CepAeYHO-COCYANCTHIX 3200/1eBaAHUI B YCJIOBUSIX BO3/1€iiCTBUSA
MPON3BOJICTBEHHOI0 IIIyMa
Single nucleotide polymor phisms (SNPs) that affect therisk of developing

cardiovascular diseases under the influence of industrial noise.

I'en SNP [Mannotun lNannotun
Gene MOBBINICHHOTO PUCKA | CHUXKCHHOTO pUCKaA
High risk haplotype Reduced risk
haplotype
AGT [52] rs699 CcC CT, TT
ACE [52] rs1799752 JEeenus WHCEPITUS
AGTR1 [52] rs5186 CA AA
HYJIEBOW F€HOTHII 110 | HAJU4HE XOTs Obl
GSTM1 06ouM reHam OJIHOTO U3 F€HOB
GSTT1 [54] null genotype for bot presence of at least
genes one of the genes
MTHFR [55] rs1801133 CT CC
[Ipumeuanus:

* - MOCNe0BaTeIbHOCTD B nopsake ynomuHanus SNP

/ - omHA U3 KOMOUHANUI
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Notes:
* - sequence in the order of SNP mention

/ - one of the combinations

CrnenmyeT OroBOpPHUTHCS, YTO HaMU4IHe HEKOTOPhIX SNP MOXeT moBHIIaTh
PHUCK Cpa3y HECKOJIbKUX 3a0o0seBannil. Madopmanus o Hanmnunu nogooHsix SNP
MOJKET OBITh 00bEeIMHEHA B MIEPCOHATIBHOM MPOQUIIE MalMeHTa U UCIOIb30BaHa
npu  pa3pabOTKe MEepPCOHATM3MPOBAHHOTO IUIaHA MOHUTOPHHTA, paHHETO
BBISIBJICHUS W MPOQUIAKTUKU JTaHHBIX 3a0oneBanuii. Hampumep, O6emox ApPOE,
koaupyembiii reHom APEL, ygactByer B MeTtabonm3me TUTUIOB, oOecreunBast
WX TPAaHCHOPTHUPOBKY MEXKIY Pa3IUYHBIMU KIETKAMU M TKAaHSMH OpraHU3Ma,
MO3TOMY YHOMSIHYTBIA monuMopdusm 656 T>G MoxeT oka3pIBaTh BIUSHUE HE
TOJILKO Ha CIIyX, HO s ABIIAETCA (DAaKTOPOM PHICKAa CHHIPOMA MOJMKHCTO3HBIX
snyHuKOB [56] u komopekrampHoro paka [57]. Hammune myranmm rs1052133
(Ser326Cys)s rene hOGG1leenér k cHmxkeHHIO 3(h(HEKTUBHOCTH perapanuu
paauanvoOHHbIX M okuciauTenbHbIX noBpexaeHuil [JHK. Ee HocuTenu mmeror
MOBBIIIICHHBIA PHUCK pa3IUYHbIX BUAOB paka [58, 59, 60, 61],cepreuno-
COCYAMCTBIX 3abojeBaHuii [62], MakynspHoW aereHepanuu [63] u Apyrux
3a00JICBaHMIA, @ TAKXKE MOPAKECHUSI BUPYCOM MANUIUIOMBI YesioBeka [64].

JIsi mpaKTUYEeCKOTO WCIOJB30BaHUS TIOCIEOBATEIPHOCTA PA3TUIHBIX
BapuaIui SNP  moxHO B35ITh B OTKpPHITOM  0aze dbSNP

https://www.ncbi.nlm.nih.gov/snp/.
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3akiaroyeHne. AHanu3 JaHHBIX, [PEACTABICHHBIX B  HAYYHOU
JUTEPATYPE, MOKa3aj, YTO UCIOJIb30BAHNE TEHETUYECKUX MAPKEPOB I OLIEHKH
HOBBILIEHHOTO MH/IMBHTyaJIbHOTO pucka HapyLIeHUH 3JI0pOBBA,
WHAYIUPOBAHHBIX  BO3ACMCTBMEM  NPOU3BOACTBEHHOrO  IymMa  Oyner
CIOCOOCTBOBATh  PAa3BUTHI0  MEPCOHU(PUUMPOBAHHOM  MEIMULUHBI U
CBOEBPEMEHHON MNPOPWIAKTUKY MNPOPECCUOHATBHON U MPOU3BOACTBEHHO

0OyCIIOBJICHHON MAaTOJOTUU y PaOOTHUKOB, 3aHATBHIX BO BPEIHBIX YCIOBHUSAX

TpyJa.
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