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Pe3ome

AKTyaJbHOCTB: B sTHONMOTMM HenmuddepeHITupoBaHHBIX GOPM YMCTBEHHOM OTCTa-
JIOCTHU U JIIHUJICIICUU 3Ha‘-II/IMyIO pOJII) I/IFpaIOT TCHECTUYCCKHUC q)aKTOI)I)I. C NHTCHCHB-
HBIM BHe)IpeHI/IeM COBpeMeHHBIX TGXHOJ’IOFI/If/i B KJ'II/IHI/I'-IGCKYIO HpaKTI/IKy CTaJIO BO3-
MO>KHBIM BBISIBJISITH TEHOMHBIC MEPECTPONKU ¢ HEIOCTYIHBIM paHee pa3pellieHUeM.
HGCMOTpfl Ha Hporpecc B I/I3y‘IeHI/II/I TCHECTUYCCKUX HpI/I‘II/IH YMCTBGHHOfI OTCTaJIOCTH,
JUTSL OTNIPE/ICNICHUS TATOTCHETHUYECKMX MEXaHU3MOB TaKHX AITHOJOTHYECKH TeTepO-
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TeHHBIX COCTOSIHMH, Kak e€ HeauddepeHunpoBaHHbie (HOPMBI C AUIIETICUEH, TPeOy-
eTcs MPUMEHEHNnEe OMOMH(POPMATHYECKUX METOAOB Ul KOPPEKTHOM MHTEpIpeTalun
pe3yJbTaToOB MOJHOreHOMHOro aHaiuza. Lleas mccaenoBanmsi: OmpeneneHue re-
HOMHBIX (XpOMOCOMHBIX) Bapuaruii, Bkiarodas CNVS, u uX BO3MOXKHBIX KIMHUYE-
CKHUX MOCIIeAACTBUH y Aerell ¢ HeaudhepeHInpOBaHHON YMCTBEHHON OTCTaNOCTbIO U
snuiencued. Marepuanabl M MeTOABI: [[UTOreHEeTHMYECKMMU M MOJIEKYJIIPHBIMHU
TEXHOJIOTUSIMU HCCIeI0BaHbl KIeTKU KpoBu U oOpasusl JIHK y 294 nereit ¢ Henud-
(bepeHIUPOBAaHHONW YMCTBEHHON OTCTaNoCcThio U »mmiencueit ¢ BIIP w/unun MAP.
Hcnonp3oBanu MosieKyJsipHOe KapuotunupoBanue win SNParray u opuruHaibHyO
O01OMH(OPMATUYECKYIO TEXHOJIOTHIO, IMO3BOJISIOIIYI0 MOJEIUPOBATH IOCIEACTBUS
reHOMHbIX aHoMmanuil. Pe3yabrarel: O0cienoBano 294 peOEHKa ¢ FTeHOMHBIMU aHO-
MaJIMsIMH ¥ PA3IMYHBIMUA KIMHUYECKUMU IposiBiieHusMu. B 20,8% ciryyaeB moMumo
HUIUOTIATHYECKON yMcTBeHHOH oTcTtanoctd, BIIP w/mwmm MAP, nabGmonanace smu-
nencus. Y 3THUX JieTeil oOHapy>KeHbl YUCICHHbIE U CTPYKTYpHbIE aHOMAJIUU XPOMO-
coM B 8% ciyuaeB. [Ipu MoneKkyJIsspHOM KapHOTUIIUPOBAaHUU BhIABIEHO 192 aHoMma-
JMM T€HOMa C MaTOTC€HHBIM WJIM BEPOSITHO MAaTOT€HHbIM 3(dexToM U 23 yyacTka
CErMEHTHOM MOTEpU IeTEPO3UTrOTHOCTH (YHMIIapeHTalbHas aucomusi) B 25% ciyya-
eB. [Ipu 3TOM coueTaHHbIE aHOMAJINHU TeHOMa HaOmogauch B 87%. ['eHOMHBIE aHO-
MaJIMM BCTPEYAJINCh 110 BceM XxpomocoMmaM, kpome 20 u 21. Cpeau 192 reHoMHBIX
AHOMAJIMH BBISBIICHBI JICJICLNH, TyTUTUKAIIMH, TPUIUIMKALUN 1 MO3aUYHbIe TCHOMHBIC
HapylleHHs], KaK MPaBUWIO, COBMECTHO C peryssspHbIMHU nepectpoiikamu. IIpu npu-
MEHEHHUU OPUTMHAIBHOTO OMOMH(POPMATUYECKOTO aHAIN3a, UCIOJIb3Ysl IPUOPUTH3A-
[IUI0 TEHOB, ompeneneHo Oosiee 800 reHOB; W3 MOBTOPSIONINXCS TEHOB BBISBIICHBI:
FMR1 [OMIM:309550], accoruupoBaHHbIii ¢ YMCTBEHHOU OTCTAIOCTBIO, CIEILICH-
HOHM ¢ JoMkoii xpomocomoirt X; DAZ2 [OMIM:400026] u DAZ3 [OMIM:400027],
aCcCOIIMUPOBAHHBIE C YMCTBEHHOMN OTCTANOCThIO U ayTn3moM; BTRC [OMIM603482],
BOBJICUCHHBI B CUTHAJBHBIA MyTh LIUPKAJHOTO PUTMA, CBA3aHHOTO C SIUJIETITHYE-
ckuMu mposiBieHusmu; pexe — AFF2 (FMR2) [OMIM:300806], SLC1Al
[OMIM:133550], SCN2A [OMIM:182390], SCN3A [OMIM:182391], GABRB3
[OMIM:137192], NECAP1 [OMIM:615833], SHANK3 [OMIM:606230]. Bapua-
OETHbHOCTh TIOJTYYCHHBIX Pe3yJbTATOB HE TMO3BOJSET MPOBECTH KOPPEKTHBIE KOppe-
JSIMY T€HOMHBIX HapyleHUH u Heau(epeHIMPOBAHHON YMCTBEHHONH OTCTalOCTH
¢ snuiencue. OAHAKO JaHHBIE MPOJAETaHHOM pabOThI MOKA3bIBAIOT, YTO CIIEAYET
HAKaIUIMBaTh PE3yJIbTAThI MMOTHOTEHOMHBIX MCCIIEIOBAHHUN TSI ONIPEIeIICHHSI TEHOM-
HOTO yyacTKa WIM Ja)ke I€HOB, CBSI3aHHBIX C JJAHHOM MaToJoTHel. 3akJilodeHue:
[lonydyeHHblE JaHHBIE M MPOBEIEHHBIM aHAJINW3 yKa3blBalOT Ha LIEJIECO00pPa3HOCTb
MIPOIOJDKEHHST MCCIIEIOBAaHUHM, HAIPAaBICHHBIX HA TOWUCK MOJIEKYJISIPHBIX MEXaHW3-
MOB Heau(pepeHIMPOBaHHONW YMCTBEHHOM OTCTAJIOCTH U SMUJICTICUH.

KiroueBble cioBa: HenuddepeHIIMpoBaHHAs YMCTBEHHAsI OTCTAIOCTh C AMHIIETICH-
eil; MOJIEeKyJISIpHOE KapHOTHIIMPOBAaHUE; BapUallMM YUCIa KOMMH MOCIe10BaTeIbHO-
creit JIHK (CNVS); buonnpopmaTiyeckas TEXHOIOTHSI
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cnenoBarensHocTedt JIHK (CNVS) npu mamonatudeckux gopMax yMCTBEHHOM OT-
CTaJIOCTH M snwiencuu. HayuyHble pe3ynbTaTbl OMOMEIUIIMHCKHUX HCCIIeIOBaHUM.
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Abstract

Background: Genetic factors play an important role in the etiology of idiopathic in-
tellectual disability and epilepsy. The intensive introduction of molecular cytogenetic
technologies in medical practice has made it possible to reveal genomic rearrange-
ments at a previously unachievable level of resolution. However, in spite of profound
progress in learning genetic causes of intellectual disability, it is necessary to use
bioinformatic (interpretational) technologies for correct interpretation of the personal
data during the examination of a genome. The aim of the study: To determine ge-
nomic (chromosomal) variations, including CNVs, and their possible clinical conse-
quences in children with idiopathic intellectual disability and epilepsy. Materials
and methods: We examined blood cells and DNA samples of 294 children with idi-
opathic intellectual disability and epilepsy, congenital malformations and/or micro-
anomalies. We used methods of high-resolution molecular karyotyping (SNP array),
and an original bioinformatic technology for modeling consequences of genomic pa-
thologies. Results: We examined 294 children with genomic anomalies and different
phenotypic manifestations. In 20.8% of cases they had epilepsy, besides idiopathic
intellectual disability, congenital malformations and/or microanomalies. Cytogenetic
studies of these children revealed structural and numerical anomalies of chromo-
somes in 8% of cases. Molecular karyotyping revealed 192 genome anomalies with
pathogenic or possibly pathogenic effect in 61 children and 23 regions of segmental
loss of heterozygosity (segmental uniparental disomy) in 25% of cases. Combined
genome anomalies were found in 87% of cases. Genomic anomalies were revealed in
all chromosomes, except chromosomes 20 and 21. Among 192 genome anomalies
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we found deletions, duplications, triplications and mosaic genome aberrations, usual-
ly in combination with regular rearrangements. Using original bioinformatic analysis
with gene prioritization, we defined more than 800 genes; recurrently affected genes
were FMR1 [OMIM:309550] (this gene is associated with fragile X mental retarda-
tion), DAZ2 [OMIM:400026], DAZ3 [OMIM:400027] (both are associated with in-
tellectual disability and autism), BTRC [OMIM:603482] (the gene is involved in sig-
nal pathway of circadian rhythm, associated with epileptic manifestations); less fre-
quently — AFF2 (FMR2) [OMIM:300806], SLC1A1 [OMIM:133550], SCN2A
[OMIM:182390], SCN3A [OMIM:182391], GABRB3 [OMIM:137192], NECAP1
[OMIM:615833], SHANK3 [OMIM:606230]. The variability of obtained data hin-
ders exact phenotypic correlations of genomic disbalances and idiopathic intellectual
disability with epilepsy. Nevertheless, the results of the studies show a need to accu-
mulate whole-genome data for definition of genome sites or even genes, associated
with this pathology. Conclusion: Our data and analysis highlight the applicability of
the approach for identification of molecular mechanisms of idiopathic intellectual
disability and epilepsy.

Keywords: idiopathic intellectual disability and epilepsy; molecular karyotyping;
copy number variations of DNA sequences (CNVSs); bioinformatic technology
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BBeaenue. YMCTBEHHas OTCTAJIOCTb
OTHOCUTCA K OJHOM M3 CaMbIX pacIrpocTpa-
HEHHBIX TPYMI 3a00JIeBaHUM, CBS3aHHBIX C
HapymeHUsIMU (YHKIIMOHUPOBAHUS TOJIOBHO-
ro mosra. PacnpocTpaHeHHOCTh YMCTBEHHOM
OTCTAJIOCTH B Pa3HBIX CTPAHAX COCTABIIAECT OT
1 o 3% B nonynsiuuu [1, 2, 3]. DtHonorus
yCTaHaBIMBaeTCs NpUOIM3UTENBbHO Yy 35%
YMCTBEHHO OTCTalbIX JeTeid. OcraiabHble
clly4yaun — 3TO uauonatuueckue (Heaudde-
peHnupoBanHbie) ¢opmbl. Hemuddepeniu-
poBaHHBIE (OPMBI YMCTBEHHOW OTCTaJIOCTH
94acTo BCTPEUArOTCS C anuierncueii [1-4].

Onuiencusi, Kak U3BECTHO, 3TO Hapyllle-
HUE 1IepeOpalbHOTO XapakTepa, CBA3aHHOE C
MOBTOPSIFOIIMMUCS.  CTEPEOTUITHBIMU  TIPUTIA/I-
KaMH, Kak TMpaBUIO, BOSHUKAIOUIMMU O€3 sB-
HBIX TPOBOLMPYIOMIUX (PAKTOPOB BCIEICTBUE
AQHOMAJILHBIX CHHXPOHHBIX BCIIBIIIEK BO30YXK-
JICHUSI HEMPOHOB KOPBI TOJIOBHOTO MO3ra. JTa
XPOHHYECKAs] TMATOJIOTHsI TOJIOBHOTO MO3ra C
MIEPUOIUYECKH TIOBTOPSIOIIMMHUCS CyI0pOTaMu
WINA MX SKBUBAJICHTAMU BCTpEYaeTcs y JeTel ¢
gactotoit 1,5-5% [2, 5]. 3aboneBanue paznud-
HO IO CBOEMY TEUEHHIO: OT JOOpPOKAYEeCTBEH-
HBIX 10 TSDKENBIX «3JI0KaY€CTBEHHBIX)» COCTOSI-

HUM, BKJIIOYas (GOpMBI C YMCTBEHHOI OTCTalo-
CTbIO, KOTOpbIE MOIYT COMNPOBOXKIATHCS pe-
IPECCOM B TCHUXMYECKOM pPa3BUTHH TIPH Pa3-
JIMIHOM CTeNeHn MHBAIMAu3anmu. 110 qaHabM
nuTeparypbl 10 35% yMCTBEHHO OTCTalbIX Je-
TE€H CTPAAArOT TMOBBIIICHHON SMUJIECHTHYECKON
TOTOBHOCTHIO [2, 4].

B stuonorun m marorenese Heaudde-
PEHIIMPOBAHHBIX (OPM YMCTBEHHOM OTCTajO-
CTH W SIWIENCHUU 3HAYUMYIO POJIb WUIPAIOT
reHeTudeckue (GakTopsl. DT PaKTOpsI acco-
LUAPOBAHBI C HE3PEIOCTHIO TOJOBHOTO MO3Ta
U C TEHETUYECKU 00YCIIOBJIEHHON HECTaOUIb-
HOCTBIO MeMmOpaH HeiipoHoB. OHH MOTYT
OBITh CBSI3aHBI C HACJICJICTBEHHBIMH Je(eKTa-
MU OOMEHa, MHUTOXOHJIPHATBHBIMH HapylIie-
HUSIMH, T€HOMHBIMH (XPOMOCOMHBIMH) aHO-
MaJHusIMH U CHHIPOMaMH, B TOM YHUCIIE MHK-
POIeNeIMOHHBIMU/ MUKPOAY TUTUKAITHOHHBIMH,
a TaKkXKe C TaKUMHU HACJEeJICTBEHHBIMH 00Je3-
HSMHU, KaK TyOepO3HBIM CKIEpO3 U HeHpo-
¢ubpomatos. Cpenu reHOMHBIX HapyLICHUH
W3BECTHBI «KPYIHBIE» XPOMOCOMHBIE aHOMa-
JIMM, BapHaliM 4Kciia KOMUN MOcIe10BaTelNb-
Hocreit JIHK (CNV) u snureHomHubie Bapua-
M (OTHOPOAUTENBCKOE MPOUCXOXKICHUE
OTJIENbHBIX YYaCTKOB TOMOJIOTUYHBIX XPOMO-
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com) [1, 6, 7]. 'eHOMHBIE aHOMAJIMH MOKHO
O0OHapyXUTh C MOMOILBIO TAKMX METOJIOB, KaK
CTaH/IapTHOE M MOJIEKYJISIPHOE KapHOTUIIUPO-
BaHHe. MeToj| CTaHJapTHOTO KapHOTUIIUPO-
BaHUS MO3BOJISIET OOHAPYKUTH XPOMOCOMHBIE
aHOMaJIMK pa3MepoM 5-8 MiIH mH u Ooiee,
TOTJIa KaK MOJIEKYJISIPHOE KapUOTUIIMPOBAHUE
SBIIEeTCS O0Jee YyBCTBUTEIbHBIM METOJIOM U
MO3BOJIIET OOHApPYXUTh TEHOMHBIE Iepe-
ctpoiiku pazmepoM 1000 mu u menee. Co-
[JIACHO JIaHHBIM JIUTEPATyphbl, B HCCIENI0BA-
HUSX, IPOBEIEHHBIX C TOMOLIBIO METOJA MO-
JIEKYJISIPHOTO KapUOTHUITUPOBAHMS, B TPyIIax
nerel ¢ HenuddepeHIUPOBaHHON YMCTBEH-
HOM OTCTaloCThio, ayTusMoM, BIIP w/unm
MAP y 25% u3 HUX OOHaApyKEHbI «KPYITHBI»
XpOMOCOMHbBIE (TEHOMHbBIE) aHOMAJIUH pa3Me-
poM oT 500 Thicsu mH, a y Oosiee 4eM I0JIo-
BHUHBI JE€T€l aHOMAaJIMKU TeHoMa OT MeHeel 1o
500 ThICSY IIH, aCCOLMUPOBAHHBIE C IICUXUYE-
CKHMMHU HapyuieHusmH [8, 9].B rpynne nereit ¢
WUJIUONIATHYECKOM  AIUJICTICUEN  T'€HOMHBIE
aHOMaJIMH pa3MepoM oT 13 Teicsd 10 16 MuH
ITH, KOTOpPbIE MOIJIM OBITh CBSA3aHbI C CyA0PO-
ramy, BcTpevamuch B 8,9%  ciyua-
eB[5].Mcnonb30BaHne COBPEMEHHBIX METOJIOB
WCCIIeIOBaHUsl T€HOMa, a HMMEHHO, BBICOKO-
pa3pelaronero MoJIeKyJIIPHOTO KapHOTHUIIU-
poBaHuA (MIOJTHOTEHOMHOE CKAHHUPOBAHUE M3-
MEHEHMI 4MCIla KOIIUHI MTOCIIEI0BATEIbHOCTEN
JHK-CNV) maér undopmamnuio o pazmepe u
KOOPJMHATAX BBISIBJICHHBIX HAPYIICHHM, MO3-
BOJISIET YCIENTHO HWACHTHU(GUIIUPOBATH TEHHI,
3aTPOHYTHIE TEHOMHBIMH W3MEHEHUSMH, a
TaK)Ke OMpPEAEISATh MOJEKYJSIPHbIE U KIIETOY-
HbIE€ MIPOLECCHI, IK30T€HHAs! KOPPEKIUs KOTO-
PBIX paccMaTpHUBaeTCs, Kak 0JIHa U3 Haubolee
MHOToOOemammux ¢GopM HaydHO 0O0OCHO-
BaHHOW Tepanuu. [lpu »TOM, HECMOTps Ha
3HAQUUTENIbHBIN MPOTpecc B U3yUCHUHN T€HETH-
YECKUX MPHUYUH Pa3INYHBIX (OpPM IeHeTHUe-
CKH OOYCIIOBJIIEHHBIX OOJI€3HEH, JUIs ompejie-
JICHUSI TTATOTEHETUYECKNX MEXaHU3MOB TaKUX
STHOJIOTUYECKH TE€TePOTreHHBIX COCTOSHUM,
KaK YMCTBEHHasi OTCTaJOCTh C SIUJIETICHEH,
TpeOyeTcsi TMpPUMEHEHHE CIOXHOW OHOWH-

(dbopMaTudeckoil (MHTEPIPETAIIMOHHOMN) TeX-
Hojoruu INsSilico st Oonee neTanbHON W
KOPPEKTHON WHTEPIPETAIMA  TIOTYYSHHBIX
WHINBUAYATBHBIX JTAHHBIX 110 UCCIICIOBAHHIO
resoma [7, 10, 11, 12]. B panHoi cTatbe
Mpe/ICTaBICHbl PE3YyJbTaThl IUTOrCHETHYE-
CKOTO, MOJIEKYJISIPHO-IIUTOT €HETUYECKOT 0,
BKJItOUass OMOMH(OPMATUYECKYIO TEXHOJO-
THIO, U KIIMHUYECKOTO MCCIIEeI0OBAaHUI JeTei ¢
HenuddepeHunpoBaHHoi (HopMoOil yMCTBEH-
HOW OTCTaJIOCTHU U SIUJICTICUH.

Heab uccaenopanud. llenasro uccnemno-
BaHUS SIBUJIOCH ONPEJCICHHEe T'eHOMHBIX Ba-
pHUaIyii, B TOM YUCJIE XPOMOCOMHBIX aHOMa-
TUI W BapualMM 4YMcia KONUM mocleaoBa-
tenpHOCTeW JIHK (CNVS), a Takxe BO3MOX-
HbIX KnuHHYeckux nocneactsuit CNVS y ne-
Teil ¢ HenudepeHIUpOBaHHBIMU (OpMaMU
YMCTBEHHON OTCTAJIOCTH U SMUJICTICHUEH.

Marepuanbl U MeTOAbI HCCJIEI0BA-
HMS. J{715 1OCTHKEHUsT TOCTaBICHHOM LEH C
MTOMOIIBIO ITUTOTCHETHYECKUX U MOJIEKYJISIp-
HO-IIUTOTEHETUYCCKUX TEXHOJIOTHIA ObUIN HC-
CJIeIOBaHbl KJIETKH JUM(OUUTOB nepudepu-
yeckoi kpoBu u 00pasiel JIHK y294 nereii ¢
HenudpepeHIMpoOBaHHBIMU  (hopMaMu  yM-
CTBEHHOM OTCTaloCcTH U smuwierncuci, BIIP
u/umn MAP. HccrnenoBanusi mpoOBOIUIIHCH C
MOMOIIIbI0 METOJOB KJIACCUYECKOIO IUTOre-
HETUYECKOTO KapHOTHUITUPOBAHUS M BBICOKO-
pa3penaronero MoJIEKYJSIPHOTO KapHOTHUIIU-
poBaHus (IMMOJTHOTEHOMHOE CKAHHUPOBAHUE H3-
MEHEHUN YHCiIa KOIIMH OCIeq0BaTEILHOCTEN
JHK wmm SNP-arrayc npriMeHeHHeM MHKPO-
Matpui/uunoB AffymetrixCytoscan HD) u
OpUTHHANBFHOW OHOMHGOPMAaTHYECKONW TeX-
HOJIOTUH, TO3BOJIAIONIEH MOJIENUPOBaTh IO-
ciaeAcTBUs TeHOMHoW matosioruu [1, 10].
OpurunanbHas OuonHpopMaTHyecKas TEXHO-
JIOTUSI TOAPOOHO OMUCaHA B MPEABIIYIINUX
nyOnukanusax Hamux jadoparopuit [11, 12,
13]. HUcnonws3oBanHbie B pabore OuomHpOp-
MaTHYEeCKHEe pecypchl U 0a3bl JIAHHBIX TPE/I-
CTaBJIEHBI B Ta0mIe 1.
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Tabauya 1
CnHcoK MCIO/Ib30BaHHBIX 3JIEKTPOHHBIX PECypPCOB
Table 1
Electronic resources used for the bioinformatics analysis
Cokpaménnoe
Ha3BaHMe 0a3 ITosHoe Ha3BaHWe 0a3 JaHHBIX JJICKTPOHHaS
CCBIIIKA Ha pecypc
JAaHHBIX

BioGPS Genomics Institute of the Novartis Research http://biogps.org/#goto=w
Foundation/ ba3a maHHBIX 3KCIIpeCCHU I'eHOB UHCTH- | elcome
TyTa TEHOMHBIX HAay4YHBIX UccienoBanuid ¢ponma Ho-
BApPTHUC

DGV Databaseof Genomic Variants —catalogue of http://dgv.tcag.ca/dgv/app/
structural variation in the human home
genome/ba3a1aHHBIXTeHOMHBIX BAPHAIIMHKATAIOTCT
PYKTYpHBIXBapHaLMIHT€HOMAaY€eI0BEKa

GenAtlas Genatlas Universite Paris Descartes/ ba3za nanHbIx http://genatlas.medecine.u
IKCIPECCHU TeHOB yHHUBepcuTeTa [lapmka niv-paris5.fr/

KEGG Kyoto Encyclopedia of Genes and http://www.genome.jp/keg
Genomes/Krnorckas SHIMKIONEAUSA TEHOB U FEHO- g/
MOB

NCBI The National Center for Biotechnology Information | https://www.ncbi.nlm.nih.
biosystems/ HanonanpHsiiiiienTpOnoTeXHOTOTHYe- | gov/Structure/biosystems/
CKOMMH(OPMAITMHOOHOTOTHUECKUXCHCTEMAX docs/biosystems_about.ht

ml

OMIM Online Mendelian Inheritance in Man/ DnexTpoH- https://www.omim.org/
HBIM peCypC, KaTtaior HACIEeICTBEHHBIX O0IE3HEH
4€JI0BEKA

REACTOME Reactome Pathway Database/ Peaktom: 6a3a mpaH- http://www.reactome.org/
HBIX TECHOMHBIX CETEH

B [JetH ¢ MOMONATHEECKDN YMCIEeHHOI oTcTanocTeio, BIIP wiimmt MAP ¢ smunencrefi 1 reHOMHBIMH
amomamamH (20,8%).

B [JetH ¢ MOMONATHYECKDH YMCTEeHHOIT oTcTanocTere, BIIP mwitmt MAP u remoMueiMy aHoMamamm (79,2%).

61 (20,8%)

233 (79,2%)

Puc. 1. YacToTa BcTpeuyaeMOCTH SMWICTICUH Y AeTel ¢ HenudepeHmpoBaHHBIMUA (hopMaMu

yMcTBeHHOU otcTanoct, BIIP u/unu MAP (n = 294)

Fig. 1. The frequency of occurrence of epilepsy in children with undifferentiated forms of mental
retardation, congenital malformations and/or microanomalies of development (n = 294)
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Pe3ynpTaThl T€HOMHBIX W KIMHUYE-
CKMX HCCIeIoBaHui netei ¢ Heauddepennu-

POBaHHBIMU (POPMAaMU YMCTBEHHOH OTCTallo-

ctu, snunencueid, BIIP w/unmu MAP, npen-
CTaBJIEHBI B TA0IMIIE 2.

Tabauya 2 (hauano)

Pe3ysbTaThl HMTOr€HETHYECKUX, MOJIEKYISPHO-IIUTOr€HETHYECKUX M KIMHUYECKHX
HCC/Ie10BaHNH AeTell ¢ HeauppepeHupoBaHHON (GopMOH YMCTBEHHOM OTCTAJIOCTH

M dIUJIencuen

Beginning of Table 2

The results of molecular-cytogenetic, cytogenetic, and clinical studies of children with
an undifferentiated form of mental retardation and epilepsy

Pe3ybTaThl HUTOT€HETHYECKO-
r0 H MOJIEKYJISIPHO-
Bo3- HUTOTEeHETHYECKOTO0 HCCIIeN0-
Ne IMoka3zaHus K MCCIeI0BAHUIO
pact BaHUsl (MOJIEKYJISIPHOE
KAapHOTHITHPOBAHHUE
uu arrayCGH)
1 2 3 4
1. | 812m 3IIPP, smmimentuueckas akTuBHOCTb, HAa MPT — | 46, XX

cyOapaxHoMIaIbHAas KHCTa TpaBoil JoOHOU moiwm, | arXp22.13(18,532,484-18,560,082)x3,

paciuperne OOKOBBIX KEIyJOYKOB Mo3ra, ayTu- | Xq27.3(147,012,658-

CTHYECKOE MOBEJCHMe, MOTOpHas ajaius, sxoia- | 147,029,959)x3,Xq28(147,566,921-

nwust, crepeorunmu; MAP: riyboko pacnonoken- | 147,587,191)x3,1g42.13(227,163,332-

HbIE IJ1a3a, THIOTEJIOPHU3M IIa3HbIX Iielei, cemano- | 227,212,366)x1,3p25.3(8,802,045-

BuaHbI Hoc, cuHmakTwiaus |l-111 mamenes crom, | 8,866,782)x3, 9034.3(137,683,640-

CaHJAJICBUAHASA  IENb;,  yIUlomeHue  cTeHok | 137,736,199)x1, 9934.3(139,907,010-

B/TIEYEHOYHBIX MPOTOKOB M TMOYEYHBIX cocyaos, | 140,044,401)x1, 11p15.5(1,958,677-

HEHPOJAEpPMUT, MULIEBAs aJIePIHsl. 2,023,057)x1, 16p13.3(2,124,776-
2,237,833)x1, 16p13.3(7,649,583-
7,682,605)x3, 16p13.3(7,731,756-
7,748,804)x1, 19p13.3(1,365,449-
1,442,712)x1

2.|3r I'3[IMP, 3IIPP, osnunencus; wmukponedanmus; | 46,XY,XxpoMocoOMHasi HECTaOWIIb-
MAP: HU3KHI pOCT BOJIOC, aHOMajbHas (opma | HOCTh
VIITHBIX PAKOBHH. arr 22013.2(41,533,652-41,533,822)x4
3. | 2r2m I'3TIPP, snwiierncus, TUOOILIA3KMA 3agHUX OTAeloB | 46,XX,15cenh+

MO30JIMCTOr0 Tella 4YepBs MO3Keuka, mepebpain- | arrsq22.2(112,398,767-

Hasi TeHepanusupoBaHHas atpodus |-oit crenenu, | 112,399,851)x1,7p12.3(45,739,901-

BBICOKHMI pocT, nedopmanus rpyaHou kietk, | 45,748 520)x1,17p13.3(525-

MATHA «KOo()e C MOJIOKOM», MHeNodKTazus jeBoi | 2,.819,869)x3,19p13.3(260,911-414,817)x1

MTOYKH.

4.1 13n 3IIPP, pesucrentHas osmwiencus; MAP: «wmbic | 46,XY,9phgh,21ps+,xpomocomuas

BJIOBBI», MOHTOJIOWIHBIN pa3pe3 IJIa3HbIX IIENeH; | HeCTaOMIBHOCTD

nedexT MexXMpeacepaIHoil meperopoaky, yseamde- | ar Yqll.223(23,652,304-

HHE 00BEMA IOYEK. 24.204,704)x2,
Y(11.223911.23(24,985,598-
28,423,925)x2,2022.1(138,760,524-
138,765,826)x4, 130912.12(25,029,491-
25,044,923)x1, 13033.3(108,937,949-
108,952,468)x1, 19913.2(41,352,625-
41,376,006)x1
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Tabnuya 2 (npoodonicenue)
Continuation of Table 2

1 2 3 4
5. |51 YMCTBEHHasi OTCTAIOCTh, SMUJCTCHS, ayTHcTHde- | 46,XX
CKOe TOBelIeHHe, MUKpoledanus, BbICOKH poct, | ar5013.3(73,986,326-74,012,315)x3,
acTeHudeckoe Tenociaoxenne; MAP: rumoteno- | 11p13 (32,416,874-
pHU3M TITyOOKO pacoIOKEHHBIX TITa3HBIX MIEIICH. 32,430,847)x1,14q24.1(68,248,916-
68,251,171)x1
arr 11p155p15.4(2,755,236-
4,115,541)<2hmz
6. | 3r 7m I'3I1PP, smmnencus, MAP: Beicokuii ckomeHHbii | 46,XY
700, KanmwusipHas aHrioMa B obnactd Jiba, rumo- | arr 2037.1(231,042,221-231,047,461)x1,
ia3usl HaIOPOBHBIX IyT, THIEPTETIopu3M riiasHeix | 12024.13(112,841,387-112,857,760)x1,
LIeNeH, MUKaHT, JedopMupoBaHHbIe yiiHbe pako- | 15021.3(53,945,214-53,960,678)x1,
BHHBI CO CKJIaUaThbIMH 3aBUTKaMH, HOC ¢ mpokum | 19913.33(51,292,951-51,345,568)x1
KOpHEM U KOHYHMKOM, y3Kasi BepXHss ry0a, oImyIieH-
HBIE YIJIBI pTa, TOTHYECKOEe He0O, KOpOTKas Ies,
IIMPOKAsi TPyJHAS KJICTKA, ITUACTa3 MPSIMBIX MBIIII]
’KHBOTA, TUIIOIIA3Ks HOTTel Ha majbiax croir, BITP:
AQHOMAJTUSI B CTPYKTYPE BEPXHHX JIBIXATCIIBHBIX ITy-
TeH; BPOXKAEHHBIN CTPUIOP, NePEeKT MEXMpencep-
HOHM TIEePeropojiku, aHOMAaJIUSI Pa3BUTHS MOYEBBIBO-
TSI CUCTEMBI, KOCOJIANOCTb.
7. | 8n 3[1PP, snunencusi, aytu3Mm, perpecc npuodpetrén- | 46, XY
HBIX HaBBIKOB ¢ 1,5 jer, ydacTok ¢okambHOM muc- | arr 7011.21(66,258,553-66,279,304)x1,
IUTa3Md KOPbI TOJIOBHOTO MO3ra, BBICOKHH poct, | 12p13.31(7,444,434-
M30BITOK MacChl Tejla: OXKUPEHHE IO JKeHckomy | 7,861,469)x3,15026.3(101,023,553-
tuny; MAP: criaxeHHblii puCyHOK JafoHHbIX 00- | 101,032,155)x1
P03/, KOHMYECKUE NaJIbLIbI, CAaHAAJICBUIHAS LIIEIIb.
8. | 10x 3I1PP, 3®P, smuientudveckas akTHBHOCTh, ayT- | 46,XYgh+, xpomocomHast Hecta-
CTUYECKOE TOBelleHne, kucra runodusza; MAP: an- | GunbHOCTH
THUMOHTOJIOUTHBIA pa3pe3 [asHbIX Miesei, sk30¢- | arryqll.23(27,031,178-27,224,389)x0,
TaJbM, MaJeHbKas HIDKHSS 4elocTh, Hu3kui poct | 10024.32(103,285,899-103,323,347)x3,
BOJIOC Ha 3aThLIKE, MOMEPEUHbIC JIaIOHHbBIe 00po3bl, | 12p12.1(25,337,224-25,348,918)x1,
KJIMHOMAKTH/IMSA MHU3UHIICB, MMTMEHTHOE MATHO Ha | 16p13.12(13,293,988-13,298,355)x1
IPYIHON KIIeTKe, (PUMO3, BOJSHKA SMYKA, JIaTepaib-
HO Pa3BEPHYTHI MHU3HMHEI CTOIbI;, TMIOILIA3Hs U~
TOBUIHOW JKEJe3bl, JOTOHUTEIILHAS XOpia B Cep/-
11€, TMOBBILICHHAS ITOJIBHKHOCTb TTOUCK.
9. 1Ir 3IIMP, 3IIPP, snunencus, HUcCTarMm, gomoJHH- | 46,XX
TeJIbHAs XOP/1a JIEBOI0 XKey10uKa, PaxuT. arr 11p15.4(10,614,910-10,617,144)x1
10, 4r 3[IPP, osnwunencusi, npu3Haku OwimapHod muc- | 47,XX,+mar, 13pss
¢byukuun; MAP: runeprenopusm riasHeix mienei, | arm 80924.3(144,698,920-144,718,976)x1,
BPOXKIEHHOE TOMYTHEHHE POTOBHMIIBI TipaBoro ria- | 17p11.2q11.1(17,105,443-
3a, aHM30METPOMHUS, KOCOriazue, MHUpokoe mepe- | 25,597,113)x2~3, 17p11.2(16,654,287-
HOCBhE, HHM3KOPACIOJIOKEHHBIEC YIIHbIE pakoBuHBIL, | 17,094,621)x3,19q13.41(52,271,308-
yIIHBIE MPHUIATKH CIIEBA; YATMHEHHBIA HHTEepBas | 52,620,593)x3
QT; yBenmuveHne MOJIBMKHOCTH, 00bEMA U H3MeE-
HEHHE NapeHXUMBbI II0YeK, CTEHOK COOMpaTeIbHOM
CHCTEMBI.
11, 91 3[IPP, snumientuyeckass aKTHBHOCTh, ayTuuHoe | 46,XY,1gh-
MOBEJICHHE, ayTOArPECCHs, TUIIOTEIOPH3M ITa3HbIX | arr 6p11.2(57,337,712-58,058,665)x1
miesiei, oXXUpeHne, THIepaMMOHUEeMHs1, (QyHKIIHO-
HAJIBHBIC  HApPYIICHHUS  JKEIYJA0YHO-KHUIICYHOTO
TPaKTa.
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Tabauya 2 (npodondxcenue)
Continuation of Table 2

1 2 3 4
12, 8xa 3I1PP, snmnenicusi, aytusm, mukpouedanus; MAP: | 46,XY ,xpomocoMHasi HECTaOMITb-

SMHKAHT, JUCIUIACTHYHBIC YIIHbIC PAKOBUHBI, KO- | HOCTh

potkast mesi, X-o0pa3Has aedopmanus KojaeHHbIX | arr 7021.11(80,295,207-80,298,173)x4,

CYCTaBOB, CaHJIaJCBUIHAS IeNb, KopoTkue manb- | 10024.1(99,070,595-99,127,385)x3

LBl CTOIIBI, IIAJEBUIHAS MOIIOHKA, KPUIITOPXU3M

crpana.

13 2r 7m ['3IIMP, snumnentudeckas akTUBHOCTh, MHKpole- | 46, XY

banust, Opaxunedanus, yactuuHas atpodus 3pu- | arXpll.23(47,499,796-47,503,593)x0,

TeNbHBIX HepBoB; MAP: nucmnactuunbie yiisbie | 6025.3(160,162,305-160,169,860)%1,

pPaKOBHHBI, KOPOTKas Iiesi, monepeynas JyagonHas | 17021.31(44,061,855-44,074,823)x1

6opo3ma, 604k000Opa3Hast rpyIHas KJIETKa, cracTu- | ar 7032.1032.2(128, 846468

YECKHH TeTpanape3, MUKPOT€HUTAIU3M. 129935875<2hmz

14, 4r 3I1PP, 3anepxka pocta, amwiterncus; MAP: auskuit | 46, XY

POCT BOJIOC Ha JIOY, THIIOTENIOPH3M TasHbIxX Ie- | arr 1p31.3(67,724,996-67,726,516)x4,

JeH, SMUKAHT, HU3KOpacIoJIoKeHHbIe yiHble pa- | 15015.3(43,888,261-43,976,406)x1

KOBUHBI, JJTUHHBIN (QUIBTpP, KOPOTKAs IIes, THIIEp-

TpUx03, apaxHomakTwims, cuHmaktwms Il u 1l

MaJIBLEB CTOM, TNIOCKO-BAJILI'YCHBIE CTOIIBI; aHOMa-

JUM OPraHOB MOYEBOH CHUCTEMBI, JIBYCTOPOHHSIS

raxoBasi rpbKa.

15) Sn7m 3[1PP, snuientuveckas akKTUBHOCTh, oTTOmbIpeH- | 46,XYgh+,9phgh

HbIC YIIHBIC PAKOBHHBI, OTKPBITOE OBaJIbHOE OKHO, | ar 8p23.3(1,702,342-1,733,040)<3

poTaius o4YeK; TMIOTOHUSI, THTTIOMUMHUSI. ar10g21.1021.3(60,75391-
69.396,336)<2hmz

16| 14n 3I1PP, snunernicust, Makporedanus, aHoManus co- | 46,XX

CY/ZIOB TOJIOBHOI'O MO3ra, pacCTporcTBo aytuctu- | ar1p31.1(70,881,147-

gyeckoro crektpa; MAP: manenbkue yiHbie pako- | 70,894,658)x1,14q21.3(50,357,542-

BHHBI, aHOMAJILHBIA MPUPOCIINI 3aBUTOK, cuHAa- | 50,386,980)x1

kutwms |1-111 manenes cTorr; oxupenue.

17, 61 3[1PP, »snwirentuveckas aKTHBHOCTb, ayTusM, | 46,XY

apaxHoujaanbHas kucta; MAP: otrombipennsie | ar Y(q11.23(27,040,717-

yIIHbIE PAKOBUHBI, JIMHHBIA GUiIbTp, mupokas | 27,226,208)x0,5q13.2(73,157,914-

1ies, najbllbl B BUE TPe3yOlla Ha CTOMax. 73,163,165)x1, 12913.12(51,098,563-
51,109,448)x1

18] 7n 31IMP, 3IIPP, smuiencus, BpoxnéHHbI mopok | 46,XX,1phgh,16gh-

Cep/Iia: OTKPBITHIM a0pTaIbHBIN MPOTOK. arr3pl4.1(67,577,725
67,587,930)x1,8p21.2(27,392,625-
27,394,352)x1,8q21.13(80,575,053-
80,577,150)x4, 9q21.31(82,221,460-
82,236,566)x4, 9q33.2(123,222,190-
123,224 981)x4, 12q13.13(52,845,923-
52,864,240)x1

19/ 51 7m 3PP, snwnencus; MAP: TpeyrosipHoe nuio, ko- | 46,XY,9qh+

coryiazue, OOJIbIIIME OTTONBIPEHHBIC YIHBIC pako- | arrXql2(66,785,170-

BUHBI, MATOJIOTHS TpPHKYyca, BOpPOHKOOOpasHas | 66,789,218)x2,7931.1(110,704,701-

IpyaHas KIETKa. 110,842,032)x1
ar 15015.1021.1(42,308,931-45,805,113)x2
hmz

20/ 8n 3[IMP, 3IIPP, ¢okanbhas smunerncus, terpama- | 46,XY,16qh-
pe3, HUCXoJsias aTpodus 3pUTeIbHbIX HEPBOB, arr X028(148,688,792-148,738,715)x2,




OpuZuH(L’le(lﬂ cmamoA

Original article

Hemudoea HA, u dp. MoaeKyaspHoe kapuomunuposaHue XpOMOCOMHbBIX AHOMAAUL ...

181

Demidova IA, et al. Molecular karyotyping of chromosomal anomalies ...

Tabnuya 2 (npoodonicenue)
Continuation of Table 2

1 2 3 4
KOCOTJIa3ue, MHUOIIHS CPEIHEN cTerneHn ¢ acturma- | 2024.3031.1(165,863520-171,179,152)x1,
THU3MOM, OCTEOIOPO3, Au3MeTadbonndeckas Hedpo- | 8p23.3(1,702571-1,727,091)x3
TaTHSL.
21 1r I'3IIMP, 3IIPP, doxanphas snunencus, tetpana- | 46,XY
pe3, uacTuuHas arpodus 3pHUTENBHBIX HEpBOB, | aArYpl1.23(27,012,095-27,420,219)x0,
criactTudeckas auctpodus mo tuny runorpoduu 1- | 1991341(51,694,197-51,748,745)x3
2 CTereHH, JOJMXOKOJOHUSI ¢ YACTUYHOM KHUIIIeU-
HOU HENPOXOJAUMOCTEIO.
22/ 10n I'3I1PP, 3IIMP, 3anepkka pocra, reHepanu3zoBas- | 46,XY
Hasl SMWIENChs, MHUKporedanus, ruapouedanus, | arr 10025.2(114,842,874-114,851,159)x4,
MOpPa)KEHUE 3PUTEIILHBIX MPOBOASIIMX MyTei, mu- | 11p13(33,746,094-33,756,192)x4,
OIHUs BBICOKOW CTEMEHH C acTUTMaTH3MOM, Koco- | 16023.1(75,275,963-75,279,905)x1,
rnasue, aedopManus rpyaHoi kinetku, mucdynk- | 19p13.12(16,172,881-16,184,054)%3
LUl CUHYCOBOTO Y3I1a, XOpJ MUTPAJILHOTO KJlama-
Ha, yMEHbIIIEHHE 00bEMa MPaBOii MOYKH, TPYI0TIO-
SICHUYHBIA ckoyno3 |l-ii cremenu, BanbrycHas je-
dhopmanus cTom, Kenae301ePUIUTHAS AaHEMHUSL.
23] 2r 10m | 3IIMP, 3IIPP, snwnerncust, aytucrudeckoe mose- | 46,XX,1ph+++
neune; MAP: mmpokue JMIO ¥ MEpeHoChe, dmu- | arr 6026(161,015,252-
KaHT, OTTOIBIPEHHBIC YIIHBIE PAaKOBUHBI, MHKpO- | 161,033,270)x3,7p21.1(18,149,462-
reHusl, KoHnYeckas ¢popMma ry0, Tpemsl, Opykcusm, | 18,277,508)x3
JMCIIIa3ksl Ta300€APEHHBIX CYCTABOB.
24, 2r 6m 3IIMP, I3IIPP, »snuientuyeckas aKTHBHOCTB, | 46,XY
MPOSIBIICHUE MPHU3HAKOB ayTU3Ma, aTakcus, nBura- | arrxXp22.13(18,662,737-18,663,883)x2,
TeNbHBIC CTepeoTHnuu, au3zaptpusi; MAP: koco- | Xp22.13(18,703978-18,714,596)x2,
riasue, ToThdeckoe He0o, MHOKECTBeHHBIN Kapu- | X(21.1(76,771,017-76,782,288)x2
€C, HH3KOPACIIOJOXKCHHBIC J1e()OPMHUPOBAHHBIC
YIIIHBIE PAaKOBUHBI, IJIOCKO-BajJbrycHas aedopma-
LUl CTOI, HAPYIICHUE OCAHKH, BPOXKIEHHBIH IO-
POK cep/ua.
25 61 3I1PP, snuienTudeckass akKTHUBHOCTH C 3-X Mecs- | 46,XX
1IeB, MUKpOLehaIusl. ar 9g34.13(135,156,771-135,172,330)x1
26/ 2r 11m. | 3IIPP, snunerncus, HeycroiunBas moxoaka; MAP: | 46,XX,add(3)(p26),1gh+,21ps+
HIMPOKOE YIUTOMIEHHOE JHI0, pacmiennHa uéOa, | arr3p26.3(61,891-1,181,754)x1,
KOPOTKHE Talblbl CTOII, CaHAaJeBHIHAs Iueib, | 3026.3p24.3(1,181,877-16,607,545)x3,
cunaaktunust |1-111 naneies crom; nopok cepaia. | 11022.3(104,755,440-104,759,781)x1
27 2r 3I1PP, BbIcOKOE (Qu3mueckoe pasBuThe, smmien- | 46,XX,9phgh,9phgh
cust, mukpouedanus; MAP: Monromouanbii pas- | arrl0pl5.3(468,132-482,157)x4,
pe3 IIa3HbIX Iieliel, Oonpie Hu3KkopacmnonokeH- | 10024.32(103,185,264-103,197,327)x4,
HBIC YIIHBIC PAKOBHMHBI, «Kapmuii pot», kopotkas | 13014.11(43,544,251-43,726,452)%3
miest, JIEBOCTOPOHHSISI KPHUBOILES, MaJbIbl B (Op-
MeTpu3yOIa, THIIEPTEIOPU3M COCKOB, HEOOJNbIINE
KHCTH M CTOIIBLIJIOCKO-BaJbrycHas jaedopMarus
CTON; OTKpPBITOE OBAJbHOE OKHO, AUCHYHKIUSA
XOPJl METPAJIbHOTO KJIANIAHa, OCTPBIH BYJIBBUT.
28| 4r 3IIMP, SIMHUIEIICUA C MHOKJIOHHYECKH- | 46,XX
ATOHUYECKUMH TMPHUCTYNaMHu, OupaMujaHas Hemo- | arrX(23(110,993,436-110,999,923)x1,
CTaTOYHOCTh, JUIMHHBIN (GuiabTp, auctpodus Hor- | 3029(195,770,589-
TEH. 195,777,103)x4,170921.1(38,238,690-
38,247,385)x1
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Tabauya 2 (npodondxcenue)
Continuation of Table 2

1 2 3 4
29, 61 31IMP, 3IIPP, smwrernicusi, mukpouedanus, BeH- | 46, XX
tpukyiaomeranuss Ha MPT; MAP: mro3, smukant, | arrXg26.2026.3(132,970,953-
[IMPOKHKE TEPEHOChe M KOHYMK HOCa, mpeaypuky- | 136,344,541)x2~3,15021.3(57,671,495-
JISIPHBIC BBIPOCTHI, OpaXUIaKTUIUS Ha cTomax, ne- | 57,734,650)x1
¢dopmanust OONBIIUX TMAJbIEB; HAPYIICHUE XOMb-
ObI, aTAKCHSL.
30 5n 3I1PP, snunencus; MAP: mouromounmasiii paspes | 46,XX,der(11)?add(11)(p13)
IJIa3HBIX IIEJICH, SMHKAHT, MUpoKas nepenocuila, | ins(11) (p13g21923.3)
wiockue HaapéOepHble Myrd, momepednas Oopos- | arr2021.1(130,817,325-130,917,151)x1,
14, SIUTAIHAIBHBIA KOMYMKOBBIA X0/, Bpoxa&H- | 17p13.2(3,505,567-3,557,452)x1,
HBIN TIOPOK CEP/IIa, IESTHAKHUS. 17021.31(43,622,196-44,212,416)x1
31| 4r 3IIPP, smunemncust; MAP: smmkadr, xocornasue, | 46, XY
MaJIEHbKast HUXKHSS YEIIOCTD. arrxXp22.31(6,449,752-
6,598469)<2,Xp22.31(7,518,881-
8,135,644)x2, 3p14.2(60,332, 829-
60,566,492)x1,10p12.31(21,073,462-
21,074,724)x4
32 9m 3I1PP, BeIcOKOE (u3Mueckoe pasButhe, smmwtentu- | 46,XY,16qh-,22ps+
YyecKasi aKTUBHOCTb, THIIOIUIA3Mss MO30ucToro Te- | arr 2031.1(174,065,715-174,089,261)x1,
ga Ha MPT; kanwuisipHas reManruoma, «noayr- | 17p13.2(5,289,579-5,303,975)x1
KW» Ha TBUIBHON TOBEPXHOCTH KHCTEH.
33| 5n 3I1PP, snunencusi ¢ KOMIUIEKCHBIMU Mapuuaibhel- | 46,XX,1phgh,9phgh
MU [PUCTYIIaMH, MHOTIATHYECKUN CHHIPOM; Koco- | arr 1p22.1(93316,410-93322,765)x 1,
riasyde, acTUrMaTu3M, ambOiauonuscpenneii creme- | 3p26.3 (2,275,039-
HU JIEBOTO TJIa3a, KUCTa IIEH, remarociyienomera- | 2,285.975)x3,7p13(44,083,215
7ust, TUCHYHKIHS OMITMApHOTO TPAKTA. 44,093,143)x3, 7021.2(92,351,041-
92,355,225)x1,9034.12(133,705,999-
133,713,641)x3, 10924.2(99,962,272-
100,011,410)x3, 12024.31(122,258,735-
122,406,804)x1, 18021.2(48,571,103
48,579,791)x3
34 61 6M 3[IMP, 3IIPP, snunencus; MAP: runeprenopusm | 46,XY,15pss
rIa3HbIX IeNel, CriaxeHHblil Gpuibtp, remanruo- | arr 2032.1(183,052,055-183,058,644)x1,
MBI, HH3KOPACIIOJIOKCHHBIC YIIHbIE pPakoBHHBI, | 16023.3(82,964,786-
HIMPOKUN MEX3YOHBIH TpoMexxyTok, rumnoruiazus | 83,090,227)x1,18q12.1(29,638,596-
HIDKHEH dYearocTd, MajeHbkue ctombl, |l mamer | 29,677,371)x3
CTOTIBI TTO/T OCTATBHBIMH. arr 3p25.3p14.3(11,245,751-
54,514,087)x2hmz
35, 51 6Mm 3IIMP, snunenicusi; MAP: Tonkue peakue Bojocsl, | 46,XX,del(6)(q22.72923.73)
y3KOe JIAI0, TUIOTEIOPU3M TJIa3HbIX Inelneil, yBe- | an6q22.1023.2(117,898,555
JMYEHUE CpeTHel YacTu nuua, perporHatus, nuc- | 131,656,086)x1
TUTACTUYHBIC YIIHBIE PAKOBHUHBI, MEJIKHE JUCTPO-
¢uunHble 3yOBI, OpaxWIaKTWINSA, TOHKHE HOITH,
K103 B TpyIHOM OTAETIE.
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Continuation of Table 2

1 2 3 4
36 8x 3IIPP, osnunencus; MAP: anrumonronougubii | 46, XY
paspe3 TJasHbIX IIeiel, HU3KO pacmoiokeHHbie | arrlp21.3(94,958,377-95,000,738)x3,
JIMCIIACTUYHBIC YINHBIC PAaKOBUHBI, KOHycoBHI- | 3023(142,106,620-142,222,791)x1,
HbIe TOHKHE MaJbIbl, BOPOHKOOOpa3Has aedopma- | 11013.1(63,643,710-63,964,054)%3,
U TPYAHOM KJIETKHM, BOJSHKAa suuka, maxoas | 16024.3(89,869,394-89,913,583)x1,
37. IpBIXKA, IUIOCKOCTOMHKE; Bsiias ocaHka, muchynk- | 19912013.11(29,373,242-
U CHHYCOBOIO y3ia, yaABOeHHE warmedno- | 34,341,260)x1~2
JIOXaHOYHOW CHCTEMBI CIIpaBa, HETMOJHAs OJIoKaaa
IIpaBo¥ HOKKHM ITydka ['uca.
38, 4r 3[1PP, smunentuueckas akTuBHOCTH; MAP: yBe- | 46,XY,9ph
JIMYCHHBIC YIIHBIC PAKOBHHBI, SIHKAHT, 3MUTIH- | arr X021.1(76,948,923-76,950,342)x0,
AJTbHBIN KOMYUKOBEIN X0, BOJASHKA STMYKA. 2p12(79,374,175-
79,403,832)x3,3026.33(179,300,152-
179,304,572)x4
39/ Ir 2m 3[IMP, 3anepxkka TemrnoB (uzuueckoro pasutus, | 46,XX
SMUJICTITHYECKAsl aKTUBHOCTh, MaKpoehausl. arr 8p23.1(11,633,545-11,641,794)x1
40| 4r 3[IPP, osmumienThyeckass aKTUBHOCTh, gerckuii | 46,XY,9qh+
ayTU3M, TIepUHaTaNbHas SHiedatonarus, kapano- | arxXpll4(38,256,887-
TaTHsl. 38,263,437)<2,Xq27.3(147,011,701-
147,016,383)x2, 1p21.1(103,458,822-
103,461,438)x1, 16q23.2 (81,263,390-
81,290,631)x1
41) 1r 6m 3[IMP, T3IIPP, »snunencus, wukponedamus; | 46,XX
MAP: Huskuii poct Bojoc Ha 10y, npaBas riasuas | ar17pl3.2p12(4,105058-
elb MCEHbBINNE JICBOM, TOHKHE HO3JpH, KopoTkas | 11,737,149)x2~3,
mies, OTEYHOCTh KHCTeW crom, apaxHomakTwiaus, | 17p13.2p13.1(6,289,567-7,158,485)x4,
rurnoruiasus 1V manbies cTor; BpokAEHHbIH nopok | 17p13.1(7,172,807-7,637,091)x3
Cep/lia, BBIPAXXCHHOE OTCTaBaHHWE KOCTHOTrO BO3- | arr 17p13.3p13.2(18,900-
pacra. 6,295,959)x2hmz
42| 4r 6Mm 3IIPP, snunentuyeckass aKTUBHOCTh, KpaHuoda- | 46,XX
[MaJbHbIE MHUKPOAHOMAIIUM, yMEpeHHas MUKpo- | ar 1p13.2(113466,925-113,472,512)x1,
KpaHHs, Tpumaca yIblOKH, Tpemop, HapymeHue | 12p12.2(20,863,497-20,870,265)x1
KOOpJMHAIIMY ABM)KCHUHN TpH Xoap0e. arr 7921.3(92,991,369-94,032,285)x2hmz
43| 81 6M 31IMP, 3IIPP, snunencusi, anomanuu mnoseneHus, | 46,XY,xpoMocoMHast HECTaOMITb-
CHUHIPOM Je(HIMTa BHUMAHUS M THIIEPAKTUBHO- | HOCTh
CTH. arr 4g34.3(178,294,730-179,406,932)x3,
22011.1011.22(16,888,899-
23.410418)x2~3, 22011.21(18,979,345-
21,465,659)<3
44) 6m 3[IMP, snwenicusi, mukporedanmus, naxurupus; | 46, XY
MAP: BbICOKHII POCT BOJIOC Ha BHCKax, apkooO- | ar11022.3(103191,406-103,201,420)x1
pasHble OpOBH, SK30(TaIbM, IIUPOKAs YIUIOIIEH-
Has TIEPCHOCHIIA, Pa3BEpHYTHIC BIEpE] HO3JPH,
KpyMHBIE YITHBIE MOYKH C HAJIWYHEM CKJIAJIOK,
YIATUHEHHBIH (QUIBTP C TOHKOH BepxHEH ry0oii,
MaKpOTJIOCCHSI, MHUKPOTCHUS, IIHUPOKas TpyaHas
KJIETKa, MHOXXECTBEHHBIE COCKH, HEMPOIOPIINO-
HaJIBHO JUTMHHBIC NAJIBIIBI KHCTEH; oMdatorere.
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Tabnuya 2 (npoodonicenue)
Continuation of Table 2

1 2 3 4
45) 4r 6m 3IIMP, 3IIPP, smunentudeckas aKTUBHOCTB, THA- | 46, XX
poriedainusi, ICTOHYEHHE MO30JrcToro Tena; MAP: | arrXq27.3(147,014,625-147,020,537)%3,
Opaxunedanus, OOJbIION s3bIK, HHU3KOpacmono- | 17p11.2(19,189,123-19,318,214)x3
’KEHHbIC YIIHBIC PAKOBHHBI, KOHYCOBHIHbBIC Majb- | aT6025.3026(160,271,391-
11bI, HEOOJBIIINE KUCTH M CTOIBI; yTONIICHHE MexX- | 161,334,562)<2hmz
KEIYyTOYKOBOH TEPEropoIKH,yBeIUUCHUE TICUCHH
U YTOJIIIEHUE MAapEHXHUMBbI MTOYEK, KUCTA B MPaBOU
MOYKe.
46 61 31IMP, 3IIPP, smunencus, mukponedamus, MHO- | 46,XX
)kecTBeHHbIe MAP. arr 15022.2(62,946,541-62,957,097)x1,
15(26.3(100,559,988-100,813,840)x3
47/ 2r 6m I'3[IMP, snunenTudeckas akTUBHOCTb, BbipaxkeH- | 46,XY,9phgh
Hasi MBbIIIECYHAs THUIIOTOHHUS, MaJeHbKHEe KHCTH u | arr 7022.1(101,896,751-101,910,500)x1,
CTOIIBI, MEJIKUAE YePThI JIMIA, HU3Koe rapmonuuHoe | 12p13.31(7,974,128-
(hu3nvecKoe pa3BUTHE. 8,134,669)x3,17q21.1(38,360,616-
38,393,985)x1
48| 5n 31IM u ¢usudeckoro pa3BuTHs, dnwierncus, rua- | 46, XY
pouedanus, mukpouedanus; MAP: BeicTymaronmii | arr 8q12.2(61,771,786-61,785,244)x1,
CpeJMHHBINA 1IOB Ha JIOYy, yuinHEHHAs (opma ju- | 9p24.3p24.2(203,861-2,593,900)x2~3,
1[a, MOMYTHEHHE POTOBUIBI, TroTHYeckoe Hebo, | 9p24.3(203,861-823,845)x3
JUIMHHBIC TaJIbIbl, SMHUTEIHANIBHBIA KOMYMKOBBIN | arr 7021.3(94,054,193-95,457,160)<2hmz
XOJI; HEJIOCTATOYHOCTh MUTPAIBHOTO KJIAllaHa, Je-
(dhopmarus ckenera, HePOKaIbIIMHO3.
49, 4r 3[IMP, snunencus; MAP: y3koe yanuaénHoe nu- | 46, XY
110, TOHKHI HOC, THITOTUIa3usl KPbIIbeB HOCA, cria- | arr 9p24.3p23(203,861-10,069,331)x1,
KCHHBIM BhICTymHaromumi  Guiabtp, mnomnepevnas | 11012.1(58,389,586-58,669,421)x3
ckiazka Ha obOeux nanoHsx, |1l mamern crom pacmo-
JIOKEH MO/ OCTAIbHBIMU; JEPEKT MEXIKETYT0UKO-
BOI1 MEPEropoIKH, TUIOCHA/IHUSI.
50/ 7n I'3[IMP, snunencusi, cnactuueckuii terpamapes, | 46,XY,1qh-
JacTHYHAsE arpodus 3pUTEIBHOrO HEpBa; Kocorma- | arr Xp21.1(32,358,540-32,361,984)x0,
3Me, OTKPBITOE OBaIbHOE OKHO, mauchyHkiws Ou- | 9p23(9,925,017-
JMApHOTO TPaKTa, CIUIEHOMETANHs, JeHKomucTpo- | 9,943,289)x1,10q26.3(133,764,903-
¢us ¢ rumoMuenuHU3aIMel, yMeHbienne oobpéma | 133,784,311)x4
NIPaBOM IIOYKH.
51, 61 3I1PP, snwtericusi, ayTUCTUYECKOE TIOBeIeHue, TH- | 46,XX
MEPMETPONHUs, KOCOorjia3ue, ykKopodeHue mpasoi | arr 8912.1(56,790,370-56,803,701)x1,
HOTHM, BaJIbIyCHAasl YCTAHOBKA KOJICHHBIX CycTaBoB, | 12p13.31(7,884,534-8,334,884)x3,
I0CKO-BasbrycHeie cronbl, BIIP: mpomanc mut- | 22011.1011.23(16,883399-
paigpHOrO KiamaHa, auchyHKims Owmmapaoro | 23,535339)x2~3,22011.21(18,916,842-
TpakTa ¥ JKEITYHOTO IMy3bIps, cIuieHomeranus, | 21,465,659)x3
AQHOMAJIMU OPTraHOB MOYEBOH CHCTEMBI: MOJHOE
yJIBOCHHE MPaBOX MOYKH; W30BITOYHASI MAcca Tela.
52/ 6n 3[1P u ¢usmueckoro pa3BuTHs, dmwiIencus, aytu- | 46,XX
CTHYECKOE MmoBeeHue, Mukporedanus; MAP: BoI- | arr Xg27.3(147,020,297-
COKHMH POCT BOJIOC Ha JIOy, MIUpOKHE OpoBH, KO- | 147,029,749)x3, 7p22.3p21.2(43,360-
POTKHE TJa3HbIe e, SIHUKAHT, mupokas nepe- | 13,844,135)x3, 13933.3034(107,589,260-
HOcHUIa, B3IEPHYTHIH Hoc, nedopmanus ymHbx | 115107,733)x1
PAaKOBHH — KyXO CaTHUpay», JIBa SI3bIYKa, IIUPOKUHI
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Tabnuya 2 (npoodonicenue)
Continuation of Table 2

1 2 3 4
POT, MOPIIMHUCTAsE KOKa Ha JIAJIOHIX, BAJIbI'yCHAS
YCTaHOBKA  HW)XKHUX  KOHEYHOCTEH,  IIJIOCKO-
BasibrycHsle ctonbl; BIIC: OTKpBITHIA apTepuans-
HBIA TIPOTOK, ACPEKT MEKKEITyTOYKOBOH Iepero-
POIKH; CKOJHMO3 TPYAO-TIOSICHUYHOTO OTIeNa T0-
3BOHOYHHKA.
53, 3r 3IIMP, 3IIPP, snunentudeckas akTUBHOCTh, MUK- | 46,XX
poriedanusi; MAP: snukant, oTrombipenHsie yui- | arr 4021.21(79,314,480-79,325,619)x4,
HbI€ PAKOBHHBI, IIMPOKAsl IEPEHOCHIIA. 7032.3(131,239,532-131,244,778)x1
54, 2r 3I1PP, stmsernicust, mukporedanus; MAP: miockoe | 46,XY,del(15)(ql1.2q1?3), xpomo-
JIMIO0, BBICOKWHU JI00, THUIOTEIOPH3M, apKooOpa3- | COMHas HECTAOMIBHOCTh
HOE He0O, KOPOTKas IIes; MaTKas IOX0IKa. arr 4g13.3(74,851,231-74,860,844)x1,
15011.2913.1(23,290,862-
28,561,671)x1
55, 2r 3I1PP, snmunentuveckass akTUBHOCTh; MAP: ymio- | 46, XY
mIEHHBIE YEPTHI JIMIA, SMUKAHT, aHTHMOHrojoud- | arr Y(11.23(27,014,284-27.431,088)x0,
HBIH pa3pe3 MIa3HBIX e, HU3KO pacnonoker- | 11p12(43,353,826-43,356,962)x4,
HBIC YIIHBIE PAKOBHHBI, CEIJIOBHAHBIA HOC, BbI- | 15021.1(49,071,232-49,091,043)x1
BEPHYTbIC HO3IpPH, T[IOJHBIC IIEKH, MIMPOKUN
GbuIbTp, apKOBUAHOE HEOO, KOPOTKAs IIIes, THUTIEp-
TEJIOPU3M COCKOB, KOHYCOBHUHBIEC (haJIaHTH Iajb-
LIEB BEPXHUX U HIDKHUX KOHEYHOCTEH.
56, 2r 11m | 3TIMP, 3IIPP, snunentuyeckass akTUBHOCTh, MUK- | 40, XY
poriedanusi, BabryCHasi YCTAHOBKA KOJICHHBIX Cy- | arrXpll.23(49,043,379-49,048,989)x2,
CTaBOB, IUIOCKO-BAJIbIYCHBIE CTOMBI; muomatmye- | 5033.1(151,777,900-151,788,225)x1
CKHii CHHAPOM, HedekT MexIpeacepaHoi nepero- | arr (1p36.31p36.21(6,230,148-12,921,110),
POJIKH, HEJOCTATOYHOCTh MHTPAIbHOrO KiamaHa, | 15012(25,839,499-27,110,902))x2hmz
N00aBOYHAsI BEPXHSIS M0JIasi BEHA, CIUICHOMETaJIHs,
mucyHKIMsS OMTMapHOro TpakTa Ha (OHE aHOMa-
J1H (HOPMBI JKEITYHOTO MY3bIpSI.
574 4m 3[IMP, 3IIPP, 3axepkka ¢usnuueckoro passutus, | 46,XYgh,13ph-
SMUICNTHYECKas dHIe(anonarus, runomiasus Mo- | arr 22013.33(51,103,691-51,121,147)x3
3oiucroro tena; MAP: ynnunennas gopma depe-
1a, MAJICHbKUE KUCTH U CTOIIbI, JBYCTOPOHHSISI Ta-
XOBO-MOIIIOHOYHAsI TPhIKA.
58 3r 3IIPP, cymoporu, ayTus3m, BBICOKOPOCIIOCTh, OkH- | 46,XY
perne; MAP: miuHHBIE pecHHIBI, morepeuHas | arr8p2l.3(22,005,702-
CKJIaJKa IMOa00pOjKa, THIEPTEIOPU3M COCKOB, | 22,019.897)x1,10q25.1(106,057,452-
JIEHKOHHUXUH. 106,061,254)x1
ar12q21.31(85,232/075-89,341,500)x2hmz
59/ Ir 2m 3[IMP, dokansHas snunencus, Opaxunedanus, | 46,XX
pacumpeHne JMKBOPHBIX MPOCTPAHCTB. arrxg22.1(99,903976-
99,906,086)<3,1p36.32(2,579,327-
3,202,884)x3,4q31.3(151,668,145-
152,071,599)x3,16p11.2(29,567,295-
30,178,406)x1
an732.1032.3(129,136,682-
130,667,121)x2hmz
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Tabnuya 2 (oxonuanue)
End of Table 2

3

4

| 5n

3[IMP, 3IIPP, onwiencus, Mukpouedamms,
YMEHBILIEHUE BCEX CTPYKTYp MO3)Ke€uKa, LEeH-
TpaJIbHBIN TETpanapes, aTakcus, AU3apTPHsL.

46,XX
ATXp22.32p22.2(5/646,311-
9,654.941)x2~3, Xpl1.22(50,342.537-
54,684,198)<2~3 X({L2q13.1(67,370.273-
70,785,795)2~3,X026.2027.1(132,504,08
8-139,777,698)x2~3,X027.3(147,020.286-
147,028,536)3, Xq27.3028(147,086,834-
149,806,380)x2~3 4021.22(83 917 452-
83.944,060)x1
ar2p23.2p22.3(29,286,669-36,113,679),
5p12p11(42,987,843-46,383,335),
7p22.1p21.1(6,166,946-16,754,539),
11q13.4014.1(70,439,838-80,885,622),
12p13.2p12.2(10,233,651-20,858,285),
12021.2023.1 (76,466,702-
96,441,795),16p11.2p11.1(31,554,868-
35,220,544),17022023.2(56,012,009-
50,392,064))<2hmz

61 3r

['3TIPP, 3anepkka pocta, SMUIETICUS, ayTHCTHYE-
CKHME YEpPTHl MOBEIEHHS, OCTEOIOpPO3, MPOJAIC
TPUKYCIIUIOAIBHOIO KJIAllAHA C peryprurauuen,
OunuapHas AUCYHKUUS, TIeNaTOCIIEHOMETalus,
YBCJIMYCHUC ITOYCK.

46,XY,14pss,xpoMocoMHast HecTa-
OMJILHOCTD

arr 15015.1(42,211,270-42,222,390)x1
arr7q21.3(93,404,812-94,565,122)x2hmz

62, 4r

31IMP, 3I1P u pusmdeckoro pa3BUTHSI, SITUICTICHUS;
MAP: mmpokuii ¥ BBICTYNAIOMMKA Brepen Jioo,
YKOpPOUYEHHbIE M MUHJAJICBUAHBIC TJa3HbIE IIEIH,
MHKPOTEHUS, TUCTIIACTUYHOE TEIOCIOKECHHE.

46,XX
arrxq27.3(147,020,741-147,062,687)x3,
X28(147,555,570-147,603,990)x3,
Xq28(153,358,030-153,368,387)x1,
2024.3(167, 139,434-
167,171,203)x1,3p26.2(3,191,479-
3,192,069)x1,5p13.2(37,004,348-37,038,
206)x3,11022.3(108,139,134-
108,140,533) x1,11022.3(108,140,627-
108,153,794)x3, 11022.3(108,217,662-
108,225,531)x1,15011.2(23,867,592-
23,902,619)x1, 16024.3(89,385,529-
90,009,063)x3,17p13.3(2,564,675
2,578079)x3,19p13.11(19,299.930-
19346473)<3

arr15q11.2(24,382,442-
25,575,671)x2hmz

[Ipr IUTOTEHETUYECKOM HCCIIETOBAaHUN
61 pebenka C HeauddepeHIUPOBAHHBIMU
(dbopMaM# YMCTBEHHOM OTCTaJIOCTH H SITUJICTI-
CHEW YHUCIIEHHBIE U CTPYKTYPHbIC aHOMAJIUU
XpoMocoM ObLTH BbISIBICHBI ¥ 5-TH (8%) ma-
IIUCHTOB:  «JOIMOJHUTEIbHAS»  MapKepHas
xpomocoma  —47,XX,+mar,13pss  (ciydqait

NelO B Tabnuue 2); «IOMOJHUTENbHBIN) Ma-
Tepual Ha XpPOMOCOME 3  —KapuOTHI
46,XX,add(3)(p26),1qh+,21ps+ (cimyuaii
Ne26); nepectpoennas xpomocoma 11 B Buze
MHCEPUUU C WHBEPCHEH IPEIIONIOKUTEIBHO
«JIOTIOJTHUTEITLHOT 0% Mmarepuaa -

46,XX,der(11)?add(11)(p13)ins(11)(p13g21q
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23.3) (cmyyait Ne30); nenenusi ATUHHOTO TLIIE-
ya XPOMOCOMBI 6 —
46,XX,del(6)(q22.72923.?73) (cmyuait Ne35);
JeNeunsl JIIMHHOIO Iieda XpOMOCOMBI 15 —
46,XY,del(15)(q11.2q1?3) (cmyuait  Ne53).
Kpowme Toro, y 7 nanuentos (11%) Obia BbI-
SIBJICHA XPOMOCOMHAasi HEeCTaOUIBHOCTh (Ne2,
Nod4, No8, Nol2, Ne42, Ne53, Ne60), a B 21
ciydae (34%) — XpOMOCOMHBIE BapUaHTHI
(M3MEHEHUS B TETEPOXPOMATHHOBBIX paioHaX
xpomocoM)(Ne3, No4, Ne8, Nol0O, Nell, Nels,
Nel8-20, Ne23, Ne26, Ne27, Ne32-34, Ne37,
Ne39, Nod6, Ned49, Ne56, Ne60). Ilpuuem, y
OJTHOTO peOEHKA XPOMOCOMHAs aHOMAJIHS CO-
YyeTanach C XpOMOCOMHOM HECTaOMIbHOCTHIO
(Ne53) u y ByX— ¢ XpOMOCOMHBIMU BapuaH-
tamu (Nel0, No26). V 3x nmereit xpomocomMHast
HECTaOMJILHOCTH ObllIa B COYETAHUU C XPOMO-
comHbiMu Bapuantamu (Ned, Ne8, Ne6(). B
OCTANBHBIX ciydasix (56%) ObL1 BBISABICH
HOpPMaJIbHBIA KAPUOTHIL.

[Tocne mpoBeACHUS MOJICKYJISIPHOTO Ka-
puotunupoBanus y 61 pebEHka ObLIO BBISB-
neHo 192 aHomanuu reHoma C MaTOT€HHBIM
WM BEPOATHO MaTOTeHHBIM 3P PEKTOM Ha OcC-
HOBaHWHM CpaBHeHHS 0a3 maHHBIX DGV,
BioGPS, GenAtlas, KEGG u coOcTBeHHOM
0a3pl gaHHBIX Jabopatopuu: y 20 nereit
(33%) — xpynubie anoManuu (oT 500 ThICAY
mH u Ooiee), y 29 nereit (47%) — Bapuamuu
yyucna komud mocnenoBarenbHocTH  JIHK
(CNV), y 12 — uHTpareHHble MEPECTPONKH
(20%). Kpome Toro, BeIsiBIeHO 23 ydacTka
CEeTMEHTHOM MOTEPH TeTePO3UTOTHOCTH (YHH-
napeHtanpHas aucomus) y 15 (25%) mereii.
[Ipn 5TOM codYeTaHHBIE aHOMAJIUU TEHOMA
HaOmonanmucs y 53 (87%) nereit, ay 8 (13%)
JeTel ObLIO BBISIBJICHO MO | aHOMaJIMM TeHO-
ma. Cpequ CNV Ot 0OHapy’KeHBI JTYTLIHU-
Kaluu, JCNEIUU, MO3auyHbIC MYTUTUKAIUU U
JeJIeUH, TPUTUTHKAITIH.

Haubonee wacto BCTpedannch aHOMa-
JMHM TeHOMa, 3aTparMBaoIllie XpoMocoMy X.
Tak, o6napyxero 30 u3z 192 (15,6%) renom-
HBIX aHOMAJIHUNA XPOMOCOMBI XC MAaTOT€HHBIM
WIH BEPOSATHO MaTOreHHbIM 3(ddekrom y 17
nereit (28%) u3 61 pebenka ¢ HemuddepeH-
IUPOBaHHON (POpMOIl yMCTBEHHOW OTCTaJO-
cTu U snmerncueit. Cpeu TeHOMHBIX aHOMa-
JIMA BBISBIICHBI JICTICIIUH, PETYJIIPHBIC U MO-

3au4yHbIe JyMIUKaluuu, Tpurumkanuu. [lo
xpoMmocome Y obHapyxkeHo 6 (3,1%) neneruit
U ayrokanuil y 5 neteit (8%).

[To xpomocomam 1 u 2 0OHaApPYXKEHO IO
8 (4,2%) TreHOMHBIX aHOMAJIUK B KaXKIOW U3
TuX xpomocomy 8 nereit (13%). Cpenu HuX
ObUTH AeNenuy, AYTUTMKAIIMH UTPUTLTUKAIUH.
AHOManmuu XpoMocoMmbl 3 BcTpedanauch y 10
neteit (16%), Bkovast neienuu, JyTUTHKaIuu
Y TpUIUTAKAIUH, BeisABIeHO 10 (5,2%) renom-
HBIX aHOMAJIAU.

B xpomocomax 4 u 5 o6Hapyx)eHO 110 5
(2,6%) TEHOMHBIX aHOMAIUW B KaXIOH U3
3THUX XpoMocoMy 5 nereit (8%), cpenum HUX
JeNelnd, IYTUIUKAUd U TPUIUTHKAIMS 10
XpoMocome 4, a 0 XpOMOCOME 5 TOJIBKO Jie-
TEIUH U TYTTUKAIUH.

ITo xpomocome 6 — 4 (2,1%) anomanuit
Obutn oOHapyxeHbl y 4 pereit (6%), cpenu
HUX TPU JCICIUM W OJHA IYIUTUKAIUS; 10
xpomocome 7 — 10 (5,2%) reHOMHBIX aHOMa-
muit y 10 gereit (16%), cpenn HUX nenenuu,
OYTIUKAIWU U TPUILTUKALIUS; 110 XPOMOCOME
8 — 10 (5,2%) anomammit y 8 (13%) nereid,
CpeIu HUX JeJelHH, TyTUTUKAIUA U TPHUILTU-
Karusi; mo xpomocome 9 — 10 (5,2%) renom-
HeIx aHomanuid y 7 (11%) gereid, cpenu HHUX
NeJIeNINN, PeryJsIpHBIE ¥ MO3aW4YHBIC TyTLUIH-
Kalluy U TPUIUIHKAIMH; 10 Xxpomocome 10 — 9
(4,7%) anomaymii y 8 (13%) nmerelt, cpenm
HUX OJHA JeNenus, MYIJIUKAIUUd U TPHUILTU-
kauuu; mo xpomocome 11 — 11 (5,7%) renom-
HbIx aHomanuit y 10 (16%) nereit, cpenun Hux
NeNeNn, MYTUIMKAIMA W TPUILUIAKAINS, 10
xpomocome 12 — 8 (4,2%) anomanuit y 8
(13%) nmereit, cpequ HUX JENCIUU U JTyTUTH-
KallUu.

[Io xpomocome 13  oOHapyKeHBI
4 (2,1%) anomanuu renoma y 4 (7%) nerei,
CpeIu HUX TPU JENCNHUA U OJHA TPUIUIHKA-
1us; Mo xpomocome 14 Habnromanucey 1Be Je-
nenuu (1%) y aByx gereit (3%); mo xpomo-
come 15 BoisiBneHo 10 (5,2%) reHOMHBIX
anomanmii y 9 (14%) nereit, cpenu HUX aerne-
LU U TyTUTMKALINH.

[To xpomocome 16  oOHapykeHO
10 (5,2%) anomanuii renoma y 8 (13%) ne-
TeH, cper HUX ACICIUU U AYTUTUKAIUH; 10
xpomocome 17 — 15 (8%) anomanuii reHoma y
12 (20%) nerelt, cpenu HUX HOENELUHU, PETY-
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JSIpHBIE M MO3aWYHbIe JYIUIMKALUH, TPUILIU-
Kauus; mo xpomocome 18 BbisiBieHb! 2 (1%)
nymnukanuu y 2 (3%) neteil.

ITo xpomocome 19 BrisiBieno 9 (4,7%)
anomanuii y 9 (15%) nereit, cpeau Hux aene-
uuu U gyminkanud. [To xpomocomam 20 u 21
TeHOMHBIX aHOMaJIMH OOHapyXeHO He ObLIO.
ITo xpomocome 22 nabmopanock 6 (3%) re-
HOMHBIX aHomanmuii y 4 (7%)nereid, cpemu
HUX PETyJISpHBIC U MO3aUYHBIC AYTUINKAIIUH.

AHanu3upyss T€HOMHbIE aHOMAluH,
ClIeZlyeT OTMETHTh, YTO HamboJiee 4acTo OHU
oOHapyxeHbl B Xxpomocome X — B 15,6% u
aytocomax 17 u 11, B 7,8% u 5,7%, cooTBeT-
CTBEHHO. MeHblle BCEro reHOMHBIX aHOMa-
T BBISIBJICHO MO XpoMocoMaM 14 u 18 (mo
1%). Kak y»e roBopuiocs BblII€, IO XPOMO-
comaMm 20 u 21 reHOMHBIX aHOMajauil oOHa-
PYXKEHO He ObLIO.

Cnengyer OTMETUTH, YTO B MPEICTAB-
JeHHo# rpymnmne u3 61 pebenka ¢ Hemudde-

9 (15%)

\

52 (85%)

PEHIIMPOBAHHOM (POpMON YMCTBEHHON OTCTa-
JoCcTU W anuiencue cpeau 192 reHoMHBIX
aHOMAaJuK OBLIO BBIABIECHO 97 Aenenuii, 4To
coctaBuio 50,5%, 71 nymmmkanus (37%), 15
tpurukanuit (7,8%) u 9 (4,7%) Mo3auyHBIX
F€HOMHBIX HapylIeHUH, Kak MpaBHIIO, COB-
MECTHO C DPEryJIIpHBIMU IlepecTpoiikamu. B
Ipynme UCCIeNyeMbIX AETed MO3aulU3M Bbl-
gBJIeH 10 Xxpomocomam 9,17,22 n X. Yame
BCEr0 MO3auIM3M OOHAPYKEH B XpOMOCOME
X (5 u3 9 cnyuae), no xpomocome 22 — B
nByX ciydasx. Ciaenyer OTMETUTh, YTO C pas-
pabOTKON COBPEMEHHBIX T€HOMHBIX TEXHOJIO-
ruil npoGiemMa MoO3aulM3Ma UHTEHCUBHO pas-
BUBAeTCSI MHOTMMH J1a0OpaTopusiMd MHpa
[14, 15, 16].

[IpumeuarensHo, uto B 9 (15%) cinyua-
X y Jaered ObUIM BBISABIEHBI XPOMOCOMHbBIE
(MHMKpOJIENIEIUOHHBIE U MUKPOAYIUIMKAIIMOH-
HbIC) CHHIPOMBI (pHC. 2).

JETH C MWEPOOENEUMOHHEIMM,
MHUEPOOYMAMKEUMOHHEIMK CHHOPOME MK

B JeTH C HEQUMMIEREHLUMEOBEHHEIM I
dopMamMK YMCTBEHHOW OTCTENDCTH,
anunencuei, BOP u/man MAP 1
FEHOMHEIMM SHOMENHAMHK

Puc. 2. YacToTa MUKPO/IEIEIMOHHBIX/MUKPOTYTITMKAIIMOHHBIX CHHIPOMOB cpeiu neteiicHenudde-
PEHIIMPOBAHHBIMU (POPMAMHU YMCTBEHHOM OTCTANIOCTH U 3muierncueit (N=61)
Fig. 2. The frequency of microdeletion/microduplication syndromes among children with undiffer-
entiated forms of mental retardation and epilepsy (n = 61)

BrIsiBIEHHBIE MUKPOACICLIMOHHBIE U
MUKPOYIUIMKALIMOHHBIE CUHIPOMBI HE ObUIH
UACHTU(PHUITMPOBAHBI pu KJIMHHUKO-
TreHeTH4ecKoM o0cienoBaHuu. Bo3MoxkHO,
9TO CBA3AHO C HAJWYHUEM JIPYTUX PA3ITUYHBIX

couetaHHbx anHomaymii reHoma (CNVS), a He
TOJIBKO C HApyIICHUSMH B KPUTHYECKUX JIO-
KycaxX, acCOIMMPOBAHHBIX C KOHKPETHBIM
cuaapomoM (NelO, Nel3, Ne20, Ne30, Ned2,
Ne44, No50, No53, Ne61). CnenyeT OTMETHUTS,
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YTO Jake MpU Haumbojee 4acTo BCTpeyaro-
IIUXCS  MHUKPOAEICIIMOHHBIX/MUKPOTY TITH-
KallMOHHBIX CHHAPOMAX, 3aTParuBaroIIuX CO-
OTBETCTBYIOIIHE O0JACTH T'eHOMa, BKJIAJ OT-
JIeNbHBIX TE€HOB C JPyroi Jiokanu3auueil B
(dbopMHUpOBaHUE TATOJIOTUYECKUX (EHOTHITH-
YEeCKHX NPOSIBICHUIN M3ydaeTcsi KpailHe pej-
KO, U MOXET OBITh Pa3JIMYCH B CBSI3U C OIpe-
NeNEHHBIMU TTOBPEXKACHUSAMHU JPYTHX y4yacT-
KoB reHoma. Cpenu 0OHapyKEHHBIX CHHAPO-
MOB ObUIM MHUKpPOZENCIMU B ydacTke 2024.3,
cuaapombl Anrensmana (15q11.2-q13), Kyme-
Ha-Jle Bpuza (17921.31) — no 2 ciuydas, a
TaKKe MHKpPOIyIUTUKAu — cuHapoM [loto-
ku-Jlancku (17p11.2p13.3) u Benokapauoda-
UaTBHBINA cUHApOM (22911.2) — o 2 ciyuyast.
[Ipuyem, B oHOM cilyyae HaOJIOJAIOCh CO-
YeTaHue CHUHIpoMa Mukpoxaenenuun 2024.3 c
CHUHJIPOMOM AHreJIbMaHa.

W3BecTHO, YTO HCIOIB30BaHHE OMOWH-
(dopmMaTUYECKHX METOJOB SBJISIETCS HE00XO-
JVMBIM TIPU MHTEPIIPETAIUN TOJYYCHHBIX C
MIOMOILIBI0 MOJIEKYJIIPHOTO KapHUOTUIIMPOBA-
HUSl JIaHHBIX UISL ONPEACTICHHUS MOJIEKYJISIp-
HBIX MEXaHU3MOB 3aloneBaHuil. OJHUM U3
OMOMH(POPMATUUECKUX TOAXOJO0B K HICHTH-
¢uKanMy NaTOreHHOCTH TeHOMHBIX TMepe-
CTPOCK M acCOLMAIMH BapHaOeIbHOCTH TIO-
cnenoBatensHoct JIHK (CNV) ¢ ompene-
JCHHBIMA (EHOTHITMYECKUMHU TPU3HAKAMH,
SABIISICTCS TPHOPUTU3AIUS T€HOB-KaHIUIATOB
[10-13]. Tlockonbky (YHKIIMOHATBHBIC Xa-
PaKTEepUCTUKH T'€HOB SIBIISIOTCS OTHOCHTEIb-
HO TIOCTOSTHHBIMH TIapaMeTpaMH, COBOKYII-
HOCThb BBISIBICHHBIX JTaHHBIX OTHOCHUTEIIBHO
M3MEHEHUHN Ynciia X KOMUNA MOKET OBITh UC-
MOJIb30BaHA [UJIsl OLIEHKH MOCTEACTBUI TI'eH-
HBIX U XPOMOCOMHBIX (FT€HOMHBIX) MyTallUl y
neteit ¢ HeaudhepeHITUPOBaHHBEIMU (HOpMaMHU
yMcTBeHHOU orctanocTtw, BIIP u/unun MAP u
snuIericuet (SMUIENTUYECKON aKTUBHOCTBIO)
1, BO3MOXHO, B JAJIbHEHIIIEM MO3BOJHUT OCY-
IIECTBUTh MPOTHO3UPOBAHHE U KOPPEKIIMIO
KIIMHUYECKUX MPOSBICHUH Y peO&HKa.

B uccnenyemoii rpymnme u3z 61 peGénka
IpU TPUMEHEHHH OPUTHHAJIBHOTO OWOMH-
(hopMaTHYeCKOro aHaJIKU3a C MCIOIb30BAHHEM
JNEKTPOHHBIX pecypcoB DGV, BioGPS,
GenAtlas, KEGG, OMIM u cobctBenHoOi 6a-
3B JJAHHBIX J1a00paTOPHUHU BBISBICHO OOJBIIOE

ymcno reHos (6omee 800), cpenu KOTOPHIX U3
MOBTOPSIIONINXCSI TEHOB OBUIM CIIEAYIOIIHE:
game Bcero HaOmomaincs rew  FMR1
[OMIM:309550], acconmupoBaHHBIA C yM-
CTBEHHOM OTCTaJIOCTBIO, CLEIUIEHHOW C JIOM-
KOH XpoMocoMoil X,[Ipy KOTOpPOH 4acTo BbI-
SBJIIIOT SMUJICTICUIO  (SMUJICNITUYECKYIO aK-

THUBHOCTD); 3aTeM T'EHBI
DAZ2[OMIM:400026],
DAZ3[OMIM:400027] B y4acTKe

Y0q11.223YQq11.23 (4 meneuuu u 2 AyIUIHKa-
1MW), TIPA STOMJIAHHBIC JICICIIMH 3aTPOHYIIU
JIOKYC, PpACIOJIOKEHHBII B KPUTHYECKOM
y9acTKe XpOMOCOMBI Y, TOTEPH KOTOPOTO
aCCOLIMUPYIOTCYMCTBEHHONW OTCTaJOCThIO H
aytm3MoM [7], nmenenmu W AYIUTHKAI[MM B
JTAHHOM JIOKyCE€ TaKXKe acCOIMHPOBAHBI C
MYXCKUM OecriionuemM (a300CrepMueit u/uimm
onurocnepmueii) [17, 18]. OGHapyxkeH Takxke
red BTRC, cBsi3aHHBIN ¢ epegadeii CUTHAJIOB
(6era-TpaHCAYLIMPOBAHHBII 0eIoK)
[OMIM:603482], B yuactke 100924.32.3T10T
TeH BOBJICUEH B 7 TEHOMHBIX ceTed (0azbl
nanaeix KEGG), oMH W3 HUX — CHTHAJIBHBIN
nyTh IHUpKagHoro putma (circadian rhythm),
KOTOPBIA CBSI3aH C AMIICITUICCKIUMHE TTPOSIB-
JIEHUSIMU, TIOCKOJIBKY PUTMUYECKHE MATTEPHBI
B DMIWJIENTHYCCKONW aKTUBHOCTH M BO3HUKHO-
BEHUU TPUCTYTIOB aCCOIMUPOBAHBI C IIHUPKA/I-
HBIMH KOJICOAHUSIMH B BO30YXKIaromeM |
TOPMO3HOM paBHOBecHH. Tak, ObUIO TOKa3a-
Ho, uto TeHsl BMALL u CLOCK, Bxozsiue B
IUPKAAHBIA CUTHAJIBHBIA MyTh, BIUSIOT Ha
MOpor BO30yJAMMOCTH HEUPOHOB TOJIOBHOTO
MO3Ta ¥ BOBHUKHOBEHUS cyiopor [19].

Cpenu TMOBTOPSIOMIUXCS TEHOB OBLIH
TeHBbI, paHee CBS3aHHbIE KaK C YMCTBEHHOM
OTCTAJIOCTBIO, TaK M druierncueii: ren AFF2
(FMR2) [OMIM:300806] — B yuactke X(28.
Bapuarnuu yncia Konui nociae0BaTeIbHOCTH
JHK nanHOoro rena accouuupoBaHbl ¢ X-
CLIETIJICHHOM  YMCTBEHHOM  OTCTaJIOCTHIO
FRAXE [OMIM:309548]. Tenm SLC1Al
[OMIM:133550] mokamu3oBaH B y4acTKe
9p24.2 u xomaupyeT OENOK, KOTOPBIH HUIpaeT
3HAYUMYIO POJIb B TPAHCIIOPTHPOBKE TIyTa-
Mara 4epe3 IUla3MaTHYeCKue MeMOpaHbI, a
TaK)Xe aCCOIMUPOBAH C Pa3IMYHBIMH 3200J1e-
BaHHUSAMH T'OJIOBHOTO MO3Ta, B TOM YHCIIC H C
mm3odpenneii [OMIM:615232]. Ob6napyxe-
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el Takke rensl SCN2A [OMIM:182390] u
SCN3A [OMIM:182391], nokanu3oBaHHbIC B
ydacTke 2024.3 v Koaupyrouue ouH u3 6en-
KOB HATPHEBOTO KaHaJla; HapyIICHHUS B JaH-
HBIX T€HaX AaCCOLMHUPOBAHBI C DJMUJIEHTHYE-
ckumu npucrynamu [20]. Ten NECAP1
[OMIM:615833] ObLT BBISBICH B XPOMOCOM-
HOM yuactke 12pl13.31, HapyumieHus B 3TOM
reHe BeAeT K paHHeH MHGaHTUIBHOMN dMHIIeT-
tudeckoi sHnedanonarun [21]; renGABRB3
[OMIM:137192], nokanu30BaHHBIN B y4acTKe
15911.2912 [OMIM:612269], oTBeTCTBEHEH
TaK)Ke 32 PAaHHIOW WH(MAHTUIBHYIO SIIHIICI-
tHaeckyro sHredanonaturo. 'er SHANKS3
[OMIM:606230] mokanu3oBaH B y4acTKe
22Qq13.33: ipu 3TOM, OEJIOK acCCOIMHUPOBAH C
penenTopaMu HEMpPOTPAHCMUTTEPOB MOHHBIX
KaHAJIOB M C CUTHAJBHBIMH ITyTSIMH, CBS3aH-
HeIMU ¢ G-OenkoMm. OmnuchIBalOTCS Clayd4aw,
korma Mmytamuu TeHa SHANKS3  Bei3eBaroT
HapyLIeHUsl pa3BUTHS U dnwiencuro [22].
[Tpuyem, 9acTo TeHBI JIOKAIM30BaHbI B OJTHUX
U TeX ke y4acTKaxX ¢ TeHOMHBIMU aHOMAIHSs-
MU ¥ PaCIIOJIOKEHBI OTHOCUTEIIEHO «OJIH3KO»
Ipyr oT japyra, kak Hampumep ren UBE3A
[OMIM:601623], acconurpOBaHHbBIH C CHH-
npomom Amnrenpmana, u reH GABRB3
[OMIM:137192], accounmupoBaHHbBIN C paH-
Hell MHQpaHTWIBHON >NMIENTUYECKON SHIle-
¢danonatueil, JOKaIU30BaHbl B  y4acTKe
15911.2g12 [OMIM:6122609].

AHanM3upysl MOTyYSHHBIE pPe3yJIbTaThI,
ClleZlyeT OTMETHTb, YTO YacTO MOBTOPSIOIINE-
cst rensl (FMR1, DAZ2u DAZ3), o6HapyskeH-
HbIE B HallleM HCCIIEJOBAaHUU, CBSI3aHBI C Ta-
KAMH KJIWHHYECKUMH TPOSIBICHUSIMH, KaK
YMCTBEHHAsl OTCTajJOCTh C ayTHUCTUYECKUMU
pacctpoiictBamu, BIIP w/mmu MAP. T'ensl
DAZ2 u DAZ3 nokanu3oBaHbl B XpOMOCOME
Y U CBsI3aHBI TaKkXke C a300CHEepPMHEN U OJIH-
rocriepmueif. Crenyer OTMETHTb, YTO T€H
BTRC cBsi3aH HEMmOCPEACTBEHHO C SITHJICIITH-
YEeCKOM aKTUBHOCTBIO.

Takum 00pa3oM, HCXOIS W3 TOIYYCH-
HBIX Pe3yJbTaTOB, BapraOeIbHOCTh MOTyUYeH-
HBIX  KIMHUYECKHX W MOJEKYJSIPHO-
LUTOTEHETUYECKUX JaHHBIX HE TO3BOJISET
MOKa TPOBECTH KOPPEKTHBIE COIMOCTABICHUS
MATOJIOTUYECKOM  3HAYUMOCTH  T€HOMHBIX
HapyIIeHU B acconManuy ¢ HeaudpepeHIm-

pOBaHHBIMU (OpMAMU YMCTBEHHOM OTCTajo-
CTH W SIWIETICHH. TeM He MeHee, OJ00HbIe
WCCIIEIOBaHMS CIEAYEeT MPOIOIIKATh C IENbIO
HAKOIUIEHHUs MaTepuaia 10 T€HOMHBIM Iepe-
CTpOMKaM B KaXXIOM KOHKPETHOM Ciydae
(nepconnduuupoBanHasi reHomuka). Cos-
MECTHOE HCIIOJIb30BaHUE METOJO0B, HaIlpaB-
JIEHHBIX HAa HUCCIIEOBaHHE HWHJWBUIYaJIbHBIX
U MEXKJIETOUHBIX BapHaluil T€éHoMa B coue-
TaHUU C OPUTMHAIBHBIM OHOMH(pOpPMaTHUE-
CKMM aHaJIu30M, OIpEleNsieT NaTOreHeTH4e-
CKO€ 3HAuY€HHE BapHallili reHOMa U OCHOB-
HYI0 TPUYUHY MHOTMX (EHOTHIIHYECKHX
nposiBjeHu# (Tabmuna 2).

3aknroyenue. [lonyyeHnble HaMu JaH-
Hble oOcnenoBaHust 61 pebenka ¢ Hemudde-
PEHLMPOBAaHHBIMU (OPMAMU YMCTBEHHOH OT-
craioctd u snuiencuer, BIIP w/umum MAP
BBISIBIJIM PA3JIMYHbIE AHOMAJIMM TE€HOMA, B
TOM 4YHCJIE BapHallUMd YUCJAa KOMUN MOCIEN0-
BarenpHOCTH JIHK (CNVS), urto mo3Bommio
MIPENIOJIOKUTD POJIb 3TUX F'€HOMHBIX aHOMa-
JUA B KJIMHUYECKUX MPOSBICHUAX (Tabiu-
1a 2). [Ipy nuTOreHeTHIeCKOM HUCCIICIOBAHUH
OOHapy’>KeHbl UHCJIEHHBIE M CTPYKTYpHBIE
aHOMAJIMM XPOMOCOM B 8% ciTyuaes.

[Ipy MONEKyISIpHOM KapUOTUITUPOBA-
Huu y 61 pebeHka BbIsiBICHO 192 aHOManmuu
r€HOMa C MATOT€HHBIM WM BEPOSATHO MAaTo-
reHHbIM 3¢ dekrom. Ilpu sTom coueTaHHble
aHOMaJIMU TeHoMa Habmronanuch B 87% ciy-
4yaeB U TOJBbKO y 13% nereii ObIO BBISBICHO
o ojHOM aHoManuu reHoma. Cpenn 192 re-
HOMHLIX aHOMAaJIMK ObLI0 BEIABIEHO B 50,5%
neneuuu, 37% pgymnvkanuu, 7,8% Tpurivka-
uud u 4,7% mMo3andyHble TEHOMHBIC Hapyle-
HUS, KaK MPaBUIIO, COBMECTHO C PETYJSPHBI-
MH IepecTporkamu. ['eHOMHBIE aHOMaIuy,
oOHapy»XeHHbIE B TMpOIeCcCe HCCIeI0BaHUS,
BCTpEUYaJIMCh MO BCEM XPOMOCOMaM, Kpome
xpomocom 20 u 21.

[Ipn npumeHeHNH OpUTHHAIBHOTO OHO-
MH(OPMATUYECKOTO  aHajiu3a, HCMOJIb3Yys
MPUOPUTHU3ALIMIO TE€HOB, OMNpENEeIeHo Ooee
800 reHoB, cpeau HUX U3 MOBTOPSIOLIUXCS
reHoB Obutm  ciuenytomme: reH FMR1
[OMIM:309550], accommMupoBaHHBIA C yM-
CTBEHHOM OTCTAJIOCTBLIO, CIICIVICHHOM C JIOM-
Kol xpomocomor X; 3arem reHsl DAZ?2
[OMIM:400026] u DAZ3 [OMIM:400027].
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Ocob6o crnemgyeT OTMETUTH BBISBICHHBIH I'eH
BTRC [OMIM:603482], HemocpeacTBEHHO
CBSI3aHHBIM C Jnuierncuei. Pexxe BBIABIICHBI
reusi  AFF2 (FMR2) [OMIM:300806],
SLC1A1 [OMIM:133550], SCN2A
[OMIM:182390], SCN3A [OMIM:182391],
GABRB3 [OMIM:137192], NECAP1
[OMIM:615833], SHANK3 [OMIM:606230].
BapuaGenbHOCTh MOMYYEHHBIX JaHHBIX U
YHUCIIO 00CJIEOBAHHBIX JETEH HE MO3BOJISIOT
IIPOBECTH KOPPEKTHBbIE KOPPEJSALMU MaTOJIO-
TUYECKON 3HAYMMOCTH T€HOMHBIX HAPYIICHUI
B IU1aHe HenupdepeHIupoBaHHbIX HOpM yM-
CTBEHHOW OTCTaJOCTH W »mmiencud. OmaHako
pe3yabTaThl paboThl MOKA3bIBAIOT, YTO IIO-
TOOHBIE CCIIEIOBAHHS CIIETYIOT IIPOBOANTH C
LIEJIbI0 HAKOIUIEHUS PEe3yJIbTAaTOB IO IOJIHO-
TCHOMHOMY aHaJU3y MPH YMCTBEHHOW OTCTa-
JocTH M snuiencuu. boriee toro, mpensiny-
M€ WCCIICJIOBAHUSI TEHETHYECKUX CHHIPO-
MOB C pa3IMYHBIMH (GOpPMAMU SHHUICTICUU
(manmpumep, cu"zapom Perra), a Takxke ywm-
CTBEHHOM OTCTaJOCTH M ayTUCTUYECKHUX pac-
CTPOICTB B COYETaHUM C SMUIENTU(OPMHBI-
MU TPOSIBICHUSAMH MOKa3aJlIH, YTO TOUCK MO-
JEKYJSIPHBIX MEXaHU3MOB COOTBETCTBYIOIICH
NaTOJOTMKM  TOJOBHOTO ~ MO3ra  HMMEEeT
HauOONBIIMKA CMBICT UMEHHO B «IOJHOTE-
HOMHOM» KOHTeKcTe [23, 24, 25].

HaxkomnneHue AaHHBIX 10 F€HETUYECKUM
UCCIIEZIOBAaHUSIM — COBMECTHOE HCIOJIb30Ba-
HUE  [UTOTCHETUYECKUX,  MOJEKYJISPHO-
LUTOI€HETUUECKUX U YIIyOJIEHHBIX OHOUH-
(bopMaTHUYECKNX TEXHOJOTHH I UACHTUDU-
Kallid WHIWBUAYAIBHBIX W MEXKIETOYHBIX
BapUalil reHoMa ¢ aHaJIM30M KIMHUYECKHX
MIPOSIBJICHUH — TO3BOJIUT OIPENEIUTh MeXa-
HU3M 3a00JIeBaHUS B KaXJIOM OTICIHHOM
cinydae (mepcoHupUIMPOBAHHAS] TCHOMUKA) U
BBISIBUTH BO3MOJKHBIE KOPPEJALUU y AETel ¢
UAMONATUYECKUMU  (OpMaMu  yMCTBEHHOM
OTCTAJIOCTH U SIHJIETICHEH.

Crnenyer OTMETHUTh, 4TO OHOMH(pOpMa-
TUYECKHUE METOJbl HEOOXOOUMBI Ul MHTEp-
MpeTay JaHHBIX, MIOJIYYEHHBIX C TTOMOIIBIO
MOJIEKYJIIPHOTO KapUOTUIMPOBAHUSA, OIHUM
U3 TOAXOJ0B KOTOPOTO K WACHTH()HKAINA
MATOr€HHOCTU T€HOMHBIX MEPEeCcTPOeK SBIs-
eTCs MPUOPHUTU3AUS TeHOB. J[aHHBIE OTHOCH-

TEJIbHO M3MEHEHMI YKciia KON mocieqoBa-
tenbHOCTH [IHK B nmanbHeimeM MOXKHO uC-
MOJIb30BaTh MJIi OLEHKH (DEHOTHITHMYECKUX
MOCJICICTBUI TEHHBIX U XPOMOCOMHBIX (Te-
HOMHBIX) MyTallMid y JAeTed ¢ uauomatuye-
CKUMH (OopMaMu YMCTBEHHOW OTCTaJIOCTH H
snuiienicuu. [lonyuennsle HaMu pe3yJIbTaThl U
MPOBEIEHHBIN aHAIU3 MOXKET YyKa3blBaThb Ha
11€J1eC000pa3HOCTh M MPOJODKEHUE HCCIe0-
BaHWI, HaNPABJICHHBIX HA M3y4YCHHE HEAHU(-
(epeHIMPOBAaHHONW YMCTBEHHOH OTCTalIOCTH
Y SMWICTICU Y.
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