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no pesysibTataM B1oMHdOpMaTMYECKOro aHasIn3a
O3aHHbIX cekBeHnpoBanma JHK
(Kapauo-naHesnb)
CBEAEHNA Ob OBCJIEAYEMOM CBEOEHNA Ob OBPA3LIE

Obcnegyembin - Jata nocrynnenus obpasua -
JaTa poxaeHus - Matepuran onsa aHanm3a MNepndepnyeckasa KpoBb

Mon - BHYTpEeHHNI HOMep -

KTMHNYECKAA NHPOPMALIMA

Hanpasnsatowmm Bpay

HanpaBuTebHbIN AMarHo3 KapavommnonaTtns, AnNaTaLnoHHbIN deHoTUN
KnnHnyeckme XxapakTepucTnkm

PE3YJIbTAT NCCJIEAOBAHUA

HOCUTE/IbCTBO BAPUMAHTOB, ACCOLIMMPOBAHHbIX C PELLECCMBHbIMW 3ABOJIEBAHNAMW

M3meHeHne JHK
AccounnposaHHoe (hg19)
3abonesaHne KomnbtoTepHoe 3BOJIOLMOHHAA Knaccnoukaumsa
[eH ) M3meHeHne 3UroTHOCTb YacToTa
(Homep OMIM; TpaHCKpUNTa npeackasaHune KOHCEePBAaTNBHOCTb NaToOreHHoCTH
TUM HaCejoBaHNA*)
M3meHeHWe besika
KapanomwmonaTua
AvnataumorHas, Tn 1Y chr15:9.633544
(611878; AD) 62G>A MaToreHHbIN
KapanomuonaTua ENST00000358 (SIFT
M1 rnepTpoduyeckas, Tn 278.3: leTepo3uroTa 0 s KoHCcepBaTvBHbIN MaToreHHbI
. MutationTaster,
3(115196; AD) C.688G>A MetaSVM)
HekoMNakTHOCTb 1eBoro ENSP00000351022.3:
Kenynaoyka, tmn 9 p.Asp230Asn
(611878; AD)

O6HapyXeH paHee OMMCaHHbIN B AnTepaType BapuaHT (rs199476317) B reTepo3nroTHOM COCTOAHMM B 7 3K30He (13 9) reHa TPMT,
NPMBOAALLMIA K 3aMEHE aMMHOKMCNOTbI aCNaparnHOBas KMCI0Ta Ha acnaparnH B nonoxeHnn 230 (p.Asp230Asn, MyTaLma TUNA MUCCEHC).

MaToreHHble reTepo3nroTHble BapWaHTbl B [aHHOM reHe MOryT MpMBOAWTb K Pa3BUTUIO AWAATALMOHHOW KapAMOMMONATWK,
rMnepTpodrYecKon KapanoMmMonaTnm n HEKOMMNAKTHOCTA NIeBOTO Xenyaodka. ObHapyKXeHHbI BapnaHT Bbla ONMCaH B reTepo3nroTHOM
COCTOAHWM Yy MNAUMEHTOB C AWIATAUMOHHOW KapAMOMMOMATMEN W HEKOMMAKTHOCTBbK JIEBOTO Key[Ao4Ka. DKCNepMMeHTaslbHble
MNCCNeA0BaHMA NOKA3an, YTO 3Ta aMUHOKMC/IOTHAA 3aMeHa BAMAET Ha GyHKLMIO TPM1:

1. Lakdawala NK, et al. Familial dilated cardiomyopathy caused by an alpha-tropomyosin mutation: the distinctive natural history
of sarcomeric dilated cardiomyopathy. J Am Coll Cardiol. 2010 Jan 26;55(4):320-9. PMID: 20117437.

2. Kurzlechner LM, et al. Signal-to-Noise Analysis Can Inform the Likelihood That Incidentally Identified Variants in Sarcomeric
Genes Are Associated with Pediatric Cardiomyopathy. J Pers Med. 2022 Apr 30;12(5):733. PMID: 35629155.

3.

Lynn ML, Tet al. The structural basis of alpha-tropomyosin linked (Asp230Asn) familial dilated cardiomyopathy. J Mol Cell Cardiol.
2017 Jul;108:127-137. PMID: 28600229.

BapuaHT oTcyTCTBYeT B 6a3e AaHHbIX NONYAALMOHHbIX 4acTOT gnomAD.

PesynbTathl in silico anropnTMoB npeackasaHna sdpdekTa BapMaHTOB CBMAETENbCTBYIOT O naTtoreHHoMm (SIFT, MutationTaster, MetaSVM)
B/IMAHWM JAHHOW 33aMeHbl Ha CTPYKTYPY 6eika. Bap1aHT 33aTparMBaeT KOHCEPBATUBHYIO aMVHOKNCIIOTY.

B 6a3e gaHHbIx ClinVar BapmnaHT onncaH kak natorenHbin (https://www.ncbi.nlm.nih.gov/clinvar/variation/31884).
BapwWaHT pacLeHNBAETCA Kak NaToreHHbINA.

NOBOYHO BbIABJIEHHbBIE BAPUAHTbI B TEHAX, PEKOMEHAOBAHHbLIX KTTIPOBEPKE
HE OBHAPYXEHO

* AR, Autosomal recessive, ayTOCOMHO-PELIECCMBHbIV TUM HAC/IE0BaAHMSA

[ns nHtepnpeTtaumm pesy/ibTaToB NCC1e40BaHNA HeobxoanMmMa KOHCYy/NbTaL XA Bpa4a-reHeTUKa.
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TEXHNYECKME XAPAKTEPNCTUKN
Mpnbop Illumina NovaSeq 6000 CpejHee NokpbITHe 110x
Habop ans [TpoueHT ueneBbIX
P SureSelect all Exon V7 HYK1€0TMIO0B C 98,9%
npobonoAroToBKM
nokpbITrem >10X
JlaTa Bblgaun 3aK/II04EHMA:
BronHdbopmatmk
3aBeaytolumi nabopatopmnen NGS
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TEXHWYECKME CBEAEHWA

CekBeHMpPOBaHNe 6eNoK-KOAMPYIOLWMX FEHOB YesoBeKa METOAOM MapHO-KOHLEBbIX MPOYTEHNA 6Bblo
NpoBefEeHO C NCMOJIb30BaHMEM Lies1eBoro oboralleHna reHoMmHon [HK.

JaHHble CeKBEHMPOBAHMA ObliM MPOAHAM3NPOBAHbI C MOMOLLBIO aBTOMATU3MPOBAHHOIO  aJrOPUTMa,
3akJ/itovatolero B cebs oLeHKy napaMeTpoB KayecTBa cekBeHnpoBaHua (Moayb FASTQC); yaaneHve anantepos
1N NOCNef0BaTeIbHOCTEN C HM3KMM KavecTBOM (Moaynb SEQPURGE); BbipaBHMBaHME NpoYTEHMI Ha Bepchio hg19
reHoma yesioseka (Moayib BWA MEM); duabTpaumio ontndeckmx v MLP oybavkatos (Mogynb SAMBLASTER);
JIOKasIbHYIO OMTUMK3aUMI0 BblpaBHMBaHMI (Moayib ABRA2): obHapyXeHWe BapWaHTOB WM WX GUAbTpaLns
cornacHo Kadyectsy (makeT FREEBAYES) 1 aHHOTaLMIO BAapMaHTOB OTHOCUTENbHO 6a3 AaHHbIX C KJMHUYECKON
nHbopmaumen (moaynb ENSEMBL-VEP).

ANrOpUTM OblN1 MPOTECTMPOBAH HAa 3K30MHbIX AAHHbIX, A9 KOTOPbIX CylLlecTByeT paclindpoBKa reHoma
«30/710TOr0 CTaHAapTa» (AaHHble Genome in a Bottle). YyBCTBUTENBHOCTL AIFOPUTMA COCTaBMNa 98,6% 1 cpeaHAs
cneumndunyHoCcTb 99,1%.

MpY NONCKE KINHNYECKN 3HAYMMbIX TeHETUYECKMX BaPUAHTOB Obln OTGUIbTPOBAHbI BAPWAHTbI, HE BAMAOLLNeE
Ha CTPYKTYpY Hesika v Npyn 3TOM He OTMEeYeHHble KaK naToreHHble B 6ase aaHHbIx ClinVar, a Takxxe BCe BapWaHThI,
He OTMeYeHHble KakK naTtoreHHble B 6a3ze gaHHbix ClinVar, ¢ MakCMManbHOM YacTOTOM BCTPEYaeMOCTU B
nonynsaumax 6onee 2%. Bo Bcex reHax, NoTeHLMaIbHO MMEIOLWMX OTHOLLEHNE K 3a00/1eBaHNI0 NALMEHTA, KaX bl
13 BAPMAHTOB Obl/1 MPOAaHAa/IM3MPOBAH HA MPeaMET BJIUAHMA HA CTPYKTYPY M GYHKLMIO 6es1Ka, 3BOSIIOLMOHHYIO
KOHCepBATMBHOCTb MNO3MLUNNA, KJAMHNYECKNIN CTaTyC, 4acToTy BCTpedYaeMoCTu n  TnN HacneaoBaHWA
COOTBETCTBYIOLLETO MeHa 1 KNacCUPULMPOBAH B OAHY M3 NATM KaTeropuit (NaToreHHble BapuaHTbl, BEPOATHO
NMaToOreHHble BapWaHTbl, BapWaHTbl HeonpeaesieHHOM KJIMHUYECKON 3HAYMMOCTM, BeposiTHO 6e3BpefHble
BapuaHThbl, be3BpeaHble) B COOTBETCTBUM C pekoMeHAaunamm ACMG (7). BapnaHTbl 13 KaTeropuii «lMatoreHHble
BapMaHTbl», «BepoATHO MaToreHHble BapWaHTbl» N «BapnaHTbl HeonpeaeneHHON KAMHUYECKOM 3HAYMMOCTM»
BKJ/IIOYEHbI B 3aK/t04eHMe B GpopmMaTe, COOTBETCTBYIOLLEM pekoMeHaaumam HGVS.

[losmopHbIt buouHGopMamuyeckuti aHaau3 UCX00HbIX OaHHBIX NO 3aNPOCY Moxcem bbimb NPpoBedeH Yepes 200 Aubo B
Cy4ae ymoyHeHus gpeHomund.
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NH®OPMALIMOHHOE MNMPUOXEHNE

METOMKA NOJIHO2K30OMHOIO CEKBEHNPOBAHNA

MO/IHO3K30MHOE CEeKBEHMPOBAHME — 3TO CEKBEHVPOBaHME BCeX OENTOK-KOANPYIOLWMNX reHOB Yenoseka (nprbamsntensHo 20
000), a ceKBeHMPOBaHME 3K30Ma C KJIMHNYECKON LieSblo — 3TO CeKBeHMpoBaHue nopagka 5000 reHoBs, Npo KOTOpble Ha
HaCTOSALLMIN MOMEHT M3BECTHA aCCOLMALINSA C reHeTUYeCKNMM BONe3HAMM MM NMPU3HAKAMW. DK30M COCTaBAAET BCero ~1% ot
MOJIHOrO reHOMa YesloBeKa, HO MpubaAN3nTENbHO 85% BCex OOME3HETBOPHbLIX BAPMAHTOB HAaXOAATCA MMeEHHO B Gesok-
koampyrowmx obnactax. C MOMOLLbIO TEXHOIOTMMN CEKBEHMPOBAHMS 3K30Ma MOXHO ONpeAennTb Nocief0BaTeNlbHOCTb 90-
95% LeneBbIX Y4aCTKOB 4€/10BEK3, M HeKOTOpble Y4acTKM MOALAOTCH CEKBEHWPOBAHMIO C MOMOLLBI0 3TOM MEeTOAMKM
HeCKobKO xyxe. CnocobHOCTb MeTO1a BbISIBUTL D0/1€3HETBOPHbIV BAPWAHT 3aBMCUT OT TOTO, B KAKOM YHaCTKe OH HaXOAWTCS.
MeToa npeaHa3HayeH A4 NOMCKa OAHOHYKAEOTUAHbIX 3aMeH B KOAMPYIOLLMX YH3CTKaX reHOB YyenoBeka. HekoTopele apyrune
TWMbl FTEHETUYECKMX BaPWAHTOB MOTMYT ObiTb BbisBAEHbI, HO NOAAAIOTCA OBHAPYXEHMIO C MEHbLUEN BEPOATHOCTLIO, YEM
OLHOHYKNEOTNAHbIE 33MEHbI: 3TO OTHOCKTCS, B YaCTHOCTM, K KOPOTKMM ZAeNeunsamM UK BCTaBKaM (MHAeNaM) N M3MEHEHNSAM
YMC1a KOPOTKMX TAHAEMHbIX MOBTOPOB.

Pe3ynbTaTVBHOCTb 00C/IEIOBAHNA CUMIbHO 33BMCMT OT Hanuumst MHOOPMAaLMM O BapWaHTe BO BHeWHMX 633ax AaHHbIX
KJAMHMYEeCKoM MHPOPMALMK, 3 TaKXKe OT M3YYEHHOCTM TFeHeTMyeckoro 3aboneBaHWs naumeHTa. B HACcToAWWMA MOMEHT
N3yYyeHne reHeTnYecknx 3abosieBaHnn ABNSETCA NMPUOPUTETHLIM HamnpaBfieHWeM WCCIed0oBaHNA BO BCEM Mupe, U 0a3bl
[aHHbIX C KAWHMYEeCKOW MHbOopMaLMen NOCTOAHHO MOMOJHAIOTCS. B MpakTMKe KJAMHWYECKOro CEeKBEHMPOBAHMS 3K30Ma
NMPOLEHT ANArHOCTMPOBAHHbIX C/Ty4aeB PACTeT C K3aXAbIM FOAOM, MO3TOMY B HEKOTOPbIX C/Iy4aaX MepeaHann3 AaHHbIX
CEeKBEHMPOBAHMA YEPE3 HEKOTOPOE BPEMA MOXET NMPUBECTH K YCTAHOBJIEHMIO ANArHO33, JaXe eC/IM M3HAYa/IbHO OH He Bbln
NOCTaB/IEH.

OrPAHNYEHNA METOA NOJIHO2K30OMHOIO CEKBEHMPOBAHWNSA

BBMIY HEKOTOPbIX TEXHUYECKMX OrPaHNYEHMI, CEKBEHMPOBAHME 3K30Ma He MOXET NMoKpbiTb 100% LieneBbIX y4acTKoB. Mbl
obecneymnsaeM HeobxoaMmoe A41A [JOCTOBEPHOro 0BHAPYXXEHNA reTepOo3nUroTHbIX BAPUAHTOB MOKPbITME: He MeHee 10X Ana
90% LieN1eBbIX Y4aCcTKOB. YacToTa OLWMOOYHO 0OHAPYXKEHHbIX BAPUAHTOB NPY CEKBEHMPOBAHNN 3K30Ma B CPeHEM COCTaBIAeT
He 6osble 1%, HO B OTAE/bHbIX Y4acTKax MOXeT AOoCTUraTb 5%, MO3TOMY peneBaHTHble BapWaHTbl pekoMeHayeTca
NoATBEPX/AaTb HE33aBUCMMbIM CEKBEHMPOBaHMEM Mo C3Hrepy WAM ApYyruMn pedepeHCHbIMM MeTofamMu, eCiM Takas
BO3MOXHOCTb CyLLeCTBYeT.

HekoTopble TuMbl BapMaHTOB MOAAAIOTCA BbIABJEHNIO METOAOM 3K30MHOIO CEKBEHWPOBAHMA [MJIOXO, B TOM 4uncsie
CTPYKTYPHbIE M3MEHEHMSA XPOMOCOM (MHBEPCMM, TPAHC/IOKALMK, Aeneunn), NoNNIONONA, aHIYNIoNaMS, NPOTAXKEHHbIE
YYaCTKM TPUMJIETHBIX M [PYrMX NMOBTOPOB, BAPMAHTLI B reHax C Ha/MyMem B reHome 6JIM3KOro mo nocienosares/ibHOCTy
nceeAoreHa Wan napanora, BapnaHTbl 8 GC-60raTbix y4acTKax, BAPMAHTbI B MHTPOHAX 3a NpefesiaMn CTaHAapTHbIX CalnToB
CMJIANCMHTA, @ TaKXKe SMNreHeTNYecKne BapmnaHTbl. MeTo MMeeT OrpaHnNYeHHYIO YyBCTBMUTE/IbHOCTb B OTHOLLIE HM BAPNAHTOB
B COCTOSHMM MO3anLUmM3Ma. YyBCTBUTENbHOCTb M CNeUndUYHOCTL OBHAPYXXEHNS BapMaHTOB, HaxoAALMXCA B obnacTax
CerMeHTapHbIX AYMANKAaLMIA, MOTYT BbITb HU3KUMMW.

Pe3ynbTaTbl KJIMHNYECKOTO CEeKBEHMPOBAHNA BCErAa WUHTEPNPETUPYIOTCA B KOHTEKCTE KMHWMYECKOW KapTWHbI, CEMenHOon
NCTOPUM 1 APYIrX NaBOPATOPHbIX AaHHbIX. M3y4atloTca TONbKO BapUAHTbI, KOTOPbIE NOTEHLMAIbHO MOTYT MMETb OTHOLLEHMWE
K 3a00/1eBaHMIO NaLmMeHTa. Pe3y/bTaTbl CEKBEHMPOBAHMA 3K30Ma MOryT 6biTb WHTEPNPETMPOBAHbI HEBEPHO, eCn
nNpeAoCTaBeHHaa MHPOPMaLMA OLLIMBOYHA WM HeMnoNHAa. HekoTopble MeauuMHCKMe Mpoueypbl, Takne Kak nepecajaka
KOCTHOrO MO3ra W/v NepesivBaHmne KpoBmM MOTYT NMPUBECTV K HEBEPHbIM pe3ysibTaTtaM. Peakve 6e3BpeHble BapyaHTbl MOTYT
ObITb KJACCMOULMPOBAHbI HEBEPHO. BbiAB/IEHHbIE BapMaHTbl He BCeraa O6bACHAT BCE K/IMHWYECKME MPOABEHNS Y
naumenta. MpegocraeienHne 60/bWEro KOMYECTBO KJIMHUYECKM 3HAYMMON MHOOPMALMM MOXET NMOMOYb Hoslee TOYHON
OLEHKE 3HaYVMOCTU BbIAB/IEHHbIX BAPMAHTOB.

CMNCOKTEHOB, BXOAALLMX B MAHEJIb

B naHenb «Kapavo-naHenb» BXoAMT CleayrowWmin cnncok reHos: ABCC6, ABCCSY, ABLT, ACADVL, ACTA2, ACTC1, ACTNZ,
ACVR2B, ACVRL1, ADAMTS2, AGL, AGPAT2, AKAPS, ALMS1, ALPK3, ANK2, BAG3, BAG5, BRAF, CACNA1C, CACNA1D, CACNBZ,
CALM1, CALM2, CALM3, CASQ2, CAV3, CBL, CBS, CDH2, CDK 13, CFAP45 (CCDC19), CFAP52 (WDR16), CFAP53 (CCDC11), CFC1,
CHD7, CHST14, CITED2, COL1A1, COL1A2, COL3A1, COL5A1, COL5A2, COX15, CPT2, CRELD1, CRYAB, CSRP3, CTNNA3, DCHST,
DES, DMD, DNAJC19, DOLK, DSC2, DSG2, DSP, DTNA, ELACZ2, ELN, EMD, ENG, EPHB4, EYA4, FBN1, FBNZ2, FHL 1, FHOD3, FKBP14,
FKRP, FKTN, FLNA, FLNC, FLT4, FOXF1, FXN, GAA, GATA4, GATAS, GATA6, GATAD1, GBE1, GDF1, GDF2, GJA1, GJAS, GLA, GNAI2,
GNBS5, GPD1L, HCN4, HRAS, JAG1, JPH2, JUP, KCNAS5, KCND3, KCNE1, KCNE2, KCNE3, KCNHZ2, KCNJ2, KCNJ5, KCNQ1, KRAS,
LAMA4, LAMP2, LDB3, LMNA, LOX, LZTR1, MAP2K1, MAP2K2, MAPK 1, MED13L, MFAP5, MIB1, MMP21, MNS1, MRAS, MTO1,
MYBPC3, MYH11, MYH6, MYH7, MYL2, MYL3, MYL4, MYLK, MYLK2, MYOZzZ2, MYPN, MYRF, NEXN, NKX2-5, NKX2-6, NODAL,
NOTCH1, NOTCH2, NPPA, NR2F2, NRAS, NUP155, PKD1L1, PKP2, PLD1, PLN, PLOD1, PPA2, PPCS, PPP1CB, PRDM16, PRDME,
PRKAG2, PRKD1, PRKG1, PSEN1, PSEN2, PTPN11, RAF1, RASA1, RBMZ20, RIT1, RPL3L, RRAS2, RYR2, SCN10A, SCN1B, SCN2B,
SCN3B, SCN4B, SCN5A, SCO2, SDHA, SGCA, SGCB, SGCD, SGCG, SHOC2, SKI, SLC22A5, SLC25A4, SLC2A10, SLC39A 13, SMAD?,
SMAD3, SMAD4, SMAD6, SNTA1, SOS1, SOS2, SPRED2, TAB2, TAFAZZIN (TAZ), TBX1, TBX20, TBX5, TCAP, TECRL, TFAP2B, TGFB2,
TGFB3, TGFBR1, TGFBR2, TLL1, TMEM43, TMEM70, TNNC1, TNNI3, TNNI3K, TNNT2, TNXB, TPM1, TRDN, TRPM4, TTN, TTR, VCL,
ZFPM2, ZIC3.
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MOBOYHO BbIABJIEHHbIE BAPUAHTDI

ACMG pa3paboTan pekoMeHaaumm (8) no npeaocTaBneHMIO MHDOPMALMM NALMEHTY O MATOreHHbIX 1 BEPOATHO NAaTOreHHbIX
BapMaHTaXx, NPUCYTCTBYIOLLIMX B HEKOTOPbIX reHax (ACTA2, ACTC1, ACVRL 1, APC, APOB, ATP7B, BAG3, BMPR1A, BRCA1, BRCAZ2,
BTD, CACNA1S, CASQ2, COL3A1, DES, DSC2, DSG2, DSP, ENG, FBN1, FLNC, GAA, GLA, HFE, HNF1A, KCNH2, KCNQ1, LDLR, LMNA,
MAX, MEN1, MLH1, MSH2, MSH6, MUTYH, MYBPC3, MYH11, MYH7, MYL2, MYL3, NF2, OTC, PALB2, PCSK9, PKP2, PMS2, PRKAG?2,
PTEN, RB1, RBM20, RET, RPE65, RYR1, RYR2, SCN5A, SDHAF2, SDHB, SDHC, SDHD, SMAD3, SMAD4, STK11, TGFBR1, TGFBR2,
TMEM127, TMEM43, TNNC1, TNNI3, TNNT2, TP53, TPM1, TRDN, TSC1, TSC2, TTN, TTR, VHL, WT1). 3T reHbl CBA3aHbl C
onpefeneHHbIMU reHeTnYeckiMMn 3ab0NeBaHNAMN, HYXAAOLWMMNCA B MEANLMHCKOM KOHTpoJe. B ciydae obHapyxeHua
BAPMAHTOB B 3TUX reHax HeobxoAMMa KOHCYIbTalMsa Bpada-reHeTunKa.
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NowvhwnN =

5un35

MAO «LUI'PM «TEHETUKO»
0 119333, . MockBa, y6kuHa, 4.3, k.1, nom. 1/1

genetico.ru G J1041-01137- 77/00362852 o1 06.12.2018




