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Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
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Association for Molecular Pathology for Next-Generation Sequencing Clinical Tests
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1. YTOUHEeHUue Ucnosib30BaHUSA «CYLLLeCTBYIOLLUX» KPpUTEpUEB
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1. YTOYHEeHUe ncnonb3oBaHUS «CYLLECTBYIOLLUNX» KpUTEepUeB

PVS1 LOF-BapMaHTbl, NPUBOASLLUME K NPEKpPaLLUeHNI0 CUHTe3a 6enka, B reHax, rae
AaHHbIX TUN BapuaHTa ABNAeTCA U3BEeCTHOM NPUYMHOMN pPa3BUTUA 3aboneBaHUA

HOHCEHC-MyTaumu;

MyTaunu CO COABUIOM paMKU CHUTbIBAHUS,

N3MEHEHUA KaHOHNYEeCKUX = 1 nnn 2 HyKrneoTnaoB canTa CriianucuHra;
BapuaHThbl, NpMBOAsALLME K NCHE3HOBEHNIO CTAPTOBOr0-KOAOHA;

D N N N NN

aeneunn/gynnukaLmMm ogHOro UM HECKOIbKUX 9K30HOB.

an/IHFITb BO BHUMaHuUe.

» CyLlecTBYIOT reHbl, rae BapuaHTbl, MPUBOASLLME K NPeKpaLleHnto cuHTe3a bernka, He ABMSATCA NaToreHHbIMU
(Hanpumep, GFAP, MYH7)

» byabTe BHMMaTESbHbI NPU NHTEPNPEeTaLmn BapuaHToB, PacnonoXeHHbIX BIM3Ko K 3’ KOHLY reHa

» BbyabTe BHUMaTEmNbHbI CO Cnnanc-sapnaHTamm, KOToOpble NPOrHo3npyemMo NPUBOAAT K MPOMYCKY 9K30HOB, HO
OCTaBIAT OCTaBLUYOCS YacTb 6enka HETPOHYTOM N HE MEHSOT PaMKy CYUTbIBAHUS

» ByabTe oCTOPOXHbI MPY HANUYNUKU HECKOSbKNX TPaHCKPUMTOB.



Homcerc-
EapHaHT I
frameshift

o HKWOSETCA HOHCEHC-ONOCPEA0BaHHGA
nerpagaumna (NMD)

HE 0:iMAaEeTCA ONOCpeacBaHHaA Aerpatauma
(NMD)

FHIOH NPUCYTCTEYET B BMONOMMMECKW-3HEYMMOMI-bIx ) TREHCKpUMTE|-ax)

IKSOH OTCYTCTBYET B BHMONOMMYECKM-3HEYMMOM|-bIx) TRPEHCKPW MTe(-ax) I

YKOPOYEHHBIA/ USMEHEHHBIA Y4BCTOK FEHE KDUTHUYECKH BEEH ANA BYHKLMOHUPOBEHKA

MponyCK 2H30HE UM BKTUBALMA
BNETEPHATUBHOMD CAHT CNGHCMHIE C
HEPYLWEHWEM PEMHKY CUWTEIBEHWA - DHUAEETCA
HOHCEHC-OMNOCPesoBaHHEINR pacnag,

GT—AG 12
(MHTp OHHBIE
HYKIIe0THARD ) CAITTOE
CTIaiicHHTa

MPoNYCK 3K30HA WK BKTUBALIMA
BNETEPHATUBHOMD CAHT CNBHCMHIE C
HEPYLWEHWEM PEMREY CHMTEIEEHWA - HE
OHWABETCA HOHOEHC-ONOCPEACESHHEIN Pacnag,

MPONYCK 3K30HE WK BETEPHETUBHBIA CEAT
CNASHCMHIE C COXPEHEHMEM PEMKEK CHHTBIBEHMA

MPHUEOAMT K M3MEHEHWHD CTEPTOBOID KOACHS
{Em. N MHULKMKPYIOWKEA HoZoH)

B yaaneHHoi obnacti onucaHe
NETOrEHHEIE BAPMaHTE

| _—W PVWS1_Strong

P N/A
> PVS1_Strong
N/A

A | B yaanenHoli obnacu HE
OMWCEHEBINETOMEHHEIE BEPWEHTE

F—— @ PVS1_Moderate

P PV51_Moderate

» PV51
"‘*yll N/A |
> PV51_Strong

B yaaneHHoi obnactk onvcaHs!

NaTOreHHbIE B3 PUaHTEI

\‘ B yaanenHoi obnacry HE

CMUCaHEBl NaTOMEHHBIE BAPWaHTEI

Genka
LoF-BapHEHTEI B 3TOM 3K30HE YaLTO BCTPEYZHOTCA B 0BLLER NONYAALMKM W 3K30H NPUCYTCTEYET
B BUONOrMYECKM-3HEYMMONM | -b1xX) TREHCHpUNTE(-ax)
PoneyyacThae
$YHHUMOHWpOB
anuu Benka He BapuaHT NPUBOANT K
W3BECTHE LoF-eapuaHTel B 3Tom 3k30He HE yaaneHuo >10% Genka
4acTo BCTpeyanToa B obwei
NoNyAALMK U 3K30H NPUCYTCTEYET
B BUONOrMYECKHU-3HEYMMOM | -BIx)
TREHCKPHNTE(-2K) BapuaHT NpUBCOWT K
yaaneHuo <10% Benka
IHIOH NPUCYTCTEYET B BMONOMMYECKIM-3HEYMMOM]-EIX) TREHCHpMITE(-ax)
IHIOH OTCYTCTEYET B BMONOMMYECKM-3HEHMMONM (-bIX) TREHCKpMTE|-ax) Ir
YHKOPOYEHHBIA/USMEHEHHBIA Y4BCTOK FEHE KPUTUYECKH BEieH ANA BYHKLMOHWPOBEHKA
Genka
LoF-BapWEHTEI B 3TOM 3K30HE YaLTO BCTPEYSHOTCA B 0BLLENR NONYAALMKM W 3K30H NPUCYTCTEYET
B BUONOrMYECKM-3HEYMMONM | -b1x) TpEHCHpUNTE(-ax)
Ponby4acThae
BYHHUMOHWPOE
aHWW Genka He
W3BECTHE LoF-Bap1aHTEl B 3TOM 3K30HE BapWaHT NpUBCOMT K
HE 4acTo BCTReYaTA B yaaneHuo »10% Benka
oBWeR NoNyAAaLMUK 3K30H
NPUCYTCTEYET B Broaormieckn-
SHEYMMOM|-b1x) TREHCHpUITE(-
ax) BapUaHT NPUBONT K
yaanennn <10% Benka
LoF-BapHaHTel B 3TOM 3H30HE Y3CTO BCTPEYE0TCA B OBLLER NONYAALMK M 3H30H NPHUCYTCTEYET
B BUONOrMYECK-3HEYMMONM | &) TREHCHpUNTE(-ax)
PoneyyacThae
SYHHUMOHHP OB
aHWK Genka He
M3BECTHE LoF-BapHaHTE B 3TOM 3K30HE BapHaHT NpHBoANT K
HE 4acTo BCTREYEHOTA B yaaneHuo >10% Benka
oBLWER NONYAALMW M 3K3OH
NPHUCYTCTBYET B GUONOTMYECKKH-
3HEYMMOM(-bIX) TREHCKPKMTE|-
ax) BapUaHT NPUBOONT K
yaaneHuo <10% benra

[ PVS1_Strong

] pus1i_Moderate

\b PVS1_Moderate

NfA

B yaaneHHoi obnacti onucaHe!
NETOrEHHEIE BAPMaHTE

[ PV51_Strong

\‘ B yaanerHoi obnacw HE

COMUCaHbBINaTOMEHHEBIE BaPWaHTEI

T pusi_moderate

Genka

YHKOPOUYEHHBIA MSMEHEHHBIA Y4BCTOK FEHE KPUTHYECKH BaEH ANA GYHKUWOHWPOBEHMA

\b PVS1_Moderate

» PV51_Strong

MEQMKO-FEHETHYECKMA
HAYUHBIH LEWTP
MMEHW AKADEMHKA

H.N. BONXOBA
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5 XapaKkTepHa rannoHEAoCTETOUHOT
3ab0NeEaHME C ACMUHNTHEIM [Hi score =3 wnw pLi=08 wow LOEUF<0,35) [ P PVt
THMOM HECMEL0BEHMA
Jeneyua BceroreHa
He xapakTepHa ranioHeaoTaTe HOCTE PV51_strong
[eneuma ogHoro, HECKONBHAX 6 » PVS1
3H3OHOE — HAPYILEHHE PAMKN IHIOH NPMCYTCTEYET B BUONOTMIECHI-3HEY M MOM(-EIx) TREH CHpMMTe (-2 )
CUYWTEIEEHWA C OHMASEMEIM
HOHCEHC-ONDCReaosaH HiIM | N/A
pachagom IHIOH OTCYTCTBYET B BMONOMMYECKM-3HEY MMOM (- bIx) TREHCHOWITE (-ax ) |
Oeneumna (0qHOro 3K30Ha WK
BCErD reHa)
YHOPOUSHHEIA MIMEHEHHEIR YISCTOH FEHE KEWTUYECHN BEHEH ANA $yHHLM OH M POBSHMA PVS1_Strong
Jeneyna oaHoro/ HECKONbHMX Benka

3IHIOHOE —HapyLEeHWE PaMKK
CuuTEIBEHWA BE3 omunazemoro

LoF-BapWaHTLl B 3TOM 3H30HE 4&CTO BCTPEYRIOTCA B 0B el NoNyNALMK U 3K30H NPMCYTCTEYET
HOHCEHC-ONOCPeqoBaHHOND: > NjA
pacnaga ped B BHONoruYeckr-3Ha4MMomMi-bIx) TRaHCKpuNTE(-ax)

PoneyuacTkae

BYHHLLWOH W poBaH 5

BPWEHT NPUBCOUT K
nm Benka He LoF-BapKaHTel B3ToM 3K30HE HE 4aCTo BCTPEYSIOTCA B vaaneriio >10% Genka > PV51_Strong
M3BECTHE oBLLEl NONYNALMKM K 3K30H NPUOYTCTBYET B

[lENeUMa DAHOr O/ HECKANBKAX 610N OrUYECHW-3HSYMMOM | -BIX) TREHCHpUITE(-3x)
3HIOHOE C COXPAHEHWEM PaMHMN
CYWTEIBEHWA

BapHaHT NpHECANT K
yaoaneHun <10% benka

PVWS1_Moderate

YROPOUEHHEIH, M3 MEHEHHBIA YU BCTOK FéHE KPUTWYECKW BaKeH 418 $YHKLWOHWPOBEHA PY51_Strong
Benka -
PaMHKa CUMTEIBaHMA HEPYLWEHE M NPELNONaraeTtA HOHCEHC-ONOCPEea0EaHHEIN Pacnag > PV51
JoKa3aHo, 4To ABNAETCA TaH4E MHONA
Aynnukauua (nopasmepy 21 BNUAHWE Ha PAMKEY CYUTEIEEH WA W HOHCEHC-ONOC PEAOEEHHEIA pacnasn He o NA
-
IHSOHY WM JOHHE MOJHOCTER MpeAnCAaraeTca, ¥To AENAETCS YCTEHOBMAEHO WK OTCYTCTBYET
HEXOGMTECA BHYTRM reHa) TaHAEMHOI
MpegnonarseTca HEPYWEHWE PEMEM CHMTEIBEHWA C NOCNELY KILLMM HOHOEHC- > PV51_Strong
OMNOCPELOBEHHBIM PECMEL0M
JHokasaHo, yTo HE ABNAETCA TRHAEMHOR
N/A
S i -
TR R T EE D aT — #1 NaTOreHHOND B8 pUaHTa Nocne BAMAEALIEND NOTEHLMANBHOID CTAPT-KOM0HE BHYTRK > PVS1_Moderate
KOA0HE B APYTUX TREHCKDWNTEX PEMEN CHUTEIESHUA
HEnnmpyEonpm
e OTCYTCTEWE NATOrEHHEIX BAPWaHTOE 5 06.1a0TH OT NOTEHUMANEHOM O CTapT-KOA0HE BHYTRK
w B 1 DIS0 ¥TD | PVS1_Supporting
PaMKKM CUMTEIBEHWA
PasnuuHele GYHHUWOHRNEHBE
TREHCKRPUNTE! MCNQbSYIOT
aMbTEPHETHEHBIE CTERT-KO40HE

NA




1. YTOU

JlaHHBIN aJIT
MAKCHUMAJIE

Ypoeenn
J0KA3ATENBCTEA

Onucanne JORAZATEIRCTEA

HOE

Maxcamans-

Poms 3Toro reHa B KOHEpPETHOM 3a00ISBaHHH HEOMHOKPATHO MPOIeMOHCTPHPOBAHA KAK KIHHHYSCKH, TAK H
SKCTIEPHMEHTATEHO. JTH HAOMIOOSHHA He OBUTH ONPOBSPTHVTEL B TEYSHHE JOITOTO EPEMEHH (MHHEMYM 3
roga). YoegHTeIbHEIX JOKA3aTeILCTE, OMPOBEPraloIHX POIE IeHA B [IATOreHe3e KOHKPETHOIO 3aD0eBaH i,
HE MOABHIOCE.

CrmsHOe

Poms 3T0Oro reHa B pasBHTHH 3aD0/TEBAHHA DELTA HE3ABHCHMO MPOJEMOHCTPHPOBAHA HE MEHEE 9eM B JBVX

OTOeIBHEIX HCCIEIOBAHHTX, B KOTOPEIX HMEIOTCA 00a H3 CIeIVIOMHK CHILHEBIX J0KA3aTeIbCTE VIaCTH

reHa B MaToreHese 3a00IeBaHHT

CHIBHOE J0KazaTeIRCTEC Ha VPOBHE BapHAHTA, AcMOHCTPHPVIOMIEE MHOKECTED MPOOAHI0E, HE HMEIOMIHX

POACTESHHEIX CEA2EH H ABIAIOMIHMNCA HOCHTEIAMH BEAPHAHTOE, 111 KOTOPEIX HMEIOTCA YOS IHTeIRHEIS

IOKA3ATETBCTEA B MONL3Y YIACTHA B PA3BHTHH 3a00/ICBAHHA, 3 TAEKKe

* VDequTenEHBIE JOKA3aTEIBECTEA NEHHOTO VPOBHA, MOTYISHHEIS H3 BCIIOMOTATEIBHEDL
SKCTIEPHMEHTATBHEX JAHHEIX Pa3THYHOTO THIA .

Kpome Toro, oTCYICTEVIOT YOSOHTEIBHEIE JOKA3aTEILCTEA, ONPOBSPTAKIIHEE VIACTHE ISHa B PA3EHTHH

3300ICBAHNA.

Benomorarenssoe OOEAIATENECTEBD

Yuepennoe

HmeeTca yMepeHHOe JOKA3aTEIRCTEO B MOIB3Y VIACTHA MEHA B PA3BHTHE 3a00MEBaHHY, OOBIMHO

BEFOMANOINEe 00a H2 CISIVIOMEX THIIOE JOKA3ATEIBCTE:

* HMmeerca HeCKOIBED MPODAHIOE C FTeHETHYSCKHMH BapHAHTAMH, /18 KOTOPEIX MpeICc TARTEHE]
VOeIHTEIRHEIE JOKAZATEIECTEA CEA3H C PA3BHTHEM 3aboTeEamHa!

* ViepeHHEI® 3KCIIEPHMEHTATEHEIE JaHHEIS. B MOIE3Y B3AHMOCEA3H «TeH-3a00/ISEAHHE

Pome 3Toro reHa He OBUIA HE3aBHCHMO OIMHCAHA 18 KOHKPETHOTO 3a00IeBaHHA, OJHAKD YOS IHTeIbHEIE

IOKA3aTeIBCTEA, ONPOBSPralOIIHe YVIaCTHE IeHA B PA3BHTHH 3TOr0 3a00/I€BaHNT OTCYICTEVIOT.

OrpasmteHHOe

HyeroTcs orpaHE9eHHEBIe JOKAZaTEIBCTEA, VEA3BIEAIOIIHE HA VIACTHE IeHA B PA3BHTHH 2a00IeBaHH1,

HAIpHMED:

* Menee TpEx HAOMOOCHHHA BAPHAHTOR, MPEIOCTARTAIONINX JAHHEIE 00 VIACTHH I'eHA B PasEHTHH
zabonepanma’ M

* BapuaHTEI BECTPEeTHTHCE V MPO0AHJ0E, HO HH 19 KOTO H3 HHX He MPeJoCcTARTEHO VOeIHTEIBHEIX JaHHEIX
0 HATHYHH CEA3H ME#Iy FeHOM H PasEHTHEM 3aD0/IeEaHHAg.

JOKAZATENECTE

Jamneie 00 Y9aCcTHH I'eHa B [IATOTSHE2E 3a00ISEAHHAT OTCYTCTEYIOT. |aKHe IeHEl MOIYVT OBITE
«KAHTHIATAMIY HCXOAd H3 PACCTOAHHA CUSIUISHHY, JAHHEIX, MOTVISHHEDX Ha MOJSIBHELX OPTaHH3MAaX,
BOBTIEYSHHOCTH B MOMTEKYIAPHEIE TVTH, VIACTEVIOITHE B PA3BHTHH 3a00MeBAHHI H T.IL, HO Iy OTHKALTHE,

| IDAENMD VITESDE TARINOHE. 9T I'tH HMVEST OTHOINIEHHS B paSBEHTHE 2A00TIERAHHT HET.

. MEAWKO-TEHETUYECKMIA
HAYYHbIM LEHTP
WMEHMW AKADEMHKA
H.MN. BOYKOBA

NTBbHOM HUJIN



1. YTOUHEeHUe «CyLLeCTBYIOLLUX» KpUTepues oK

1. Pexomenayercs ucnojn3oBats PVS1, eciau:

Knunanueckas 3naunmocts reHa CUJIbHAS u BbIie
n
>10% BapuaHTOB, CBSI3aHHBIX ¢ (peHoTHnoM, sBisiFoTcst LOF (momkHbl pacmonaratecs Oosee 4em B 1 sk30HE)™

2.PexoMeHIyeTCH CHUKATH YPOBeHb CWIbl kKpuTepus Ha 1 ypoBens (PVS1—PVS1 strong), eciu:

Kimmanueckas 3Haunmocts reHa Y MEPEHHAS u Boime
n
onucano 2 uiu 6onee LOF BapraHTOB, acCONMUPOBAHHBIX C (PEHOTUIIOM (JOJDKHBI pacrioiiaraTthesi Oojiee 4eM B 1 sk30HE)™

"
MonenbHble HOKayTHBIC KUBOTHBIE BOCIPOU3BOAAT (peHOTHUN 3a00eBaHUS

3.PekomMeH/yeTCs CHHKATH YPOBEeHb CWJIbI KpuTepus Ha 2 ypoBHs (PVS1 strong—PVS1 moderate), eciu:

Knuaunueckas 3naunmMocth TeHa YMEPEHHAS u Bbiiie
N JIIOBOU U3:

onrcano 2 uiu 6onee LOF BapraHTOB, accOMUPOBaHHBIX ¢ ()EHOTUIIOM (JIOJDKHBI pacronarateesi Oojee 4eMm B | sk30HE)™
NN

MonenbHble HOKaYTHBIC dKUBOTHBIE BOCHPOU3BOAAT (peHOTHN 3a00IeBaHUS

4.EcJid HeT 10Ka3aTeJIbCTB TOro, 4ro Bapuantbl LOF BoeI3bIBalOT 00J1€3HB, PVS1 He caenyetr npumensats (PVS1_N/A).

MEQMKO-FEHETHYECKMA
HAYMHBIR LEWTP
WMMEHK AKAZEMHKA

H.N. BOUXOBA
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1. YTOYHEHMe «CYyLUeCTBYIOLNX» KPpUTEepUesB K EE

ATG Domain Stop
initiation site (Role uncertain) Critical domain codon

A J ] ) 4

| | (
Gene Exon 1 2 3 << 4 << 5 6 J 7 8«; 9
N\ / % { “. ."‘ ‘:\ ,"‘ % g ¥ { \ ) -“._

A ?
ACMG/AMP code PVST_NJ/A  PVS1T  PVS1 PVS1S PVS1 PVST PVS1_M PVSI_M PVS1_M
(Rationale) (A) (B) (€) (D) (E) (F) (G) (H) )

(A) 5' UTR region - No splicing alteration predicted or use of a cryptic splice site does not affect the coding sequence.

(B) Exon skipping or use of a cryptic splice site eliminates the initiation codon and there are no alternative start codons.

(C) Exon skipping or use of a cryptic splice site disrupts reading frame and is predicted to underge NMD

(D) Exon skipping or use of a cryptic splice site preserves reading frame, and removes a region (>10% of the protein) which has not
been established as critical to protein function.

(E) Exon skipping or use of a cryptic splice site disrupts reading frame and is predicted to undergo NMD

(F) Exon skipping or use of a cryptic splice site preserves reading frame, and removes a region which has been established as critical to
protein function

(G) Exon skipping or use of a cryptic splice site preserves reading frame, and removes a region (<10% of the protein) which has not
been established as critical to protein function.

(H) Exon skipping or use of a cryptic splice site disrupts reading frame and is not predicted to undergo NMD, and removes a region
(<10% of the protein) which has not been established as critical to protein function.

(1) Exon skipping or use of a cryptic splice site disrupts reading frame and is not predicted to undergo NMD, and removes a region (<10%
of the protein) which has not been established as critical to protein function.
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BapuaHTbl HaxogaLWwMeca BHe KAHOHUYECKUX
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WMEHMW AKADEMHKA
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with P comparison with LP comparison
variant variant

Outside canomcal

Same nucleotide PS1 PS1 Moderate
dinucleotide
Outside canonical Within same splice motif
. . PP3 (including  within  canonical PS1_Moderate PS1_Supporting
dinucleotide . ;
dinucleotide)
Canonical Within same canonical .
dinucleotide B dinucleotide ESI SR eTam i
Canonical Within same splice motif, but : :
dinucleotide BUSL outside canonical dinucleotide# 5 PP 5 SUPPOIRIE
: PVS1_Strong, 1 :
Cfanonlcal. PVS1 Moderate, or Wlthln | same canonical pS1 N/A
dinucleotide . dinucleotide
PVS1_Supporting
Canonical FUSL S Within same splice motif, but

dinucleotide PVSl_Moderat_e, of outside canonical dinucleotide#
PVS1_Supporting

PS1_Moderate PS1_Support
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bic) MEQMKO-FEHETHYECKMA
HAYMHBIH LENTP
WMMEHK AKAZEMHKA
H.N. BOYXOBA

2. AHanun3 mutoxoHapvanbHou AHK

Hum Mutat. Author manuscript; available in PMC 2021 Dec 1. PMCID: PMC7717623
Published in final edited form as: NIHMSID: NIHMS1646504
Hum Mutat. 2020 Dec; 41(12): 2028—-2057. PMID: 32906214

Published online 2020 Nov 10. doi: 10.1002/humu.24107

Specifications of the ACMG/AMP standards and guidelines for mitochondrial DNA
variant interpretation.

Elizabeth M. McCormick,''® Marie T. Lott,%'® Matthew C. Dulik,>*® Lishuang Shen,® Marcella Attimonelli,°
Ornella Vitale,® Amel Karaa,” Renkui Bai,® Daniel E. Pineda-Alvarez,® Larry N. Singh,? Christine M. Stanley,
Stacey Wong,® Anshu Bhardwaj,'? Daria Merkurjev,®> Rong Mao,>'* Neal Sondheimer,® Shiping Zhang,?°

Vincent Procaccio,’” Douglas C. Wallace,?>4° Xiaowu Gai,”'®?° and Marni J. Falk'>20"

10,11




ACMG/A
MP
criteria
codes

Original
ACMG/AMP rule Very strong Supporting

summary

Large heteroplasmic

Null variantin a mtDNA deletions,

gene where LOF is a

PVS1 . where at least one
known mechanismof .
. gene is completely
disease
deleted
Same amino acid Applied
change as a per
previously original
PS1 established - ACMG/ -
pathogenic variant AMP
regardless of guidelin
nucleotide change es
De novo (both
maternity and De novo (maternity confirmed or identical
paternity confirmed)  full mtDNA sequence) in a patient with the
PS2 . : : . oL . L.
in a patient with the  disease and no family history; with weighting
disease and no per ClinGen SVI guidance

family history

Assessment of small deletions, nonsense, and frameshift variants in protein-
coding genes should follow established guidelines (Abou Tayoun et al., 2018)

Older sequencing techniques such as Sanger sequencing
cannot reliably detect heteroplasmy levels below 30—
50%. Current NGS techniques can typically detect
heteroplasmy levels as low as 1.5%. It is recommended to
test several tissues in the mother to fully assess for the
presence and level of the mtDNA variant in question.
Utilize ClinGen SVI recommendation for applying these
criteria
(https://clinicalgenome.org/site/assets/files/3461/svi_pr
oposal for de novo criteria vl 0.pdf), the

mitoarhandrial cannmo wniild hact fi+ with Tahla

Comments

Nonsense mediated
decay is not known to
occur for mtDNA,
however ClinGen SVI
PVS1 guidelines (Abou
Tayoun et al., 2018)
will be utilized when
applicable (see Figure
2).



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7717623/#R1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7717623/#R1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7717623/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7717623/figure/F2/
https://clinicalgenome.org/site/assets/files/3461/svi_proposal_for_de_novo_criteria_v1_0.pdf
https://clinicalgenome.org/site/assets/files/3461/svi_proposal_for_de_novo_criteria_v1_0.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7717623/table/T1/

3. PaclumpeHue cnmMcka BTOPUYHbIX HAaXO0A0K



3. PaclunpeHume cnmcka BTOPUYHbIX HAX0oA0K

ACMG recommendations
for reporting of incidental
findings in clinical exome
and genome sequencing

Recommendations for reporting of secondary
findings in clinical exome and genome
sequencing, 2016 update (ACMG SF v2.0): a
policy statement of the ACMG

ACMG SF v3.2 list for reporting of
secondary findings in clinical exome
and genome sequencing: A policy
statement of the ACMG
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. MEQMKO -FEHETHYECKMHA
HAYMHBIH LEWTP
HMMENKM AKALEMHKA
H.N. SOMXOBA

OnpeneneHMe: MaToOreHHble N BEpPOATHO NaToreHHble BapumuaHTbl, ABJ1dlOLLINECH ﬂpM‘-IMHOﬁ MOHOINeHHbIX
3a60neBaHMi4'|, He CBA3aHHbIX C HanpasadlowMM ANarHo3oM

3. PaclumpeHue cnmckKa BTOPUYHbIX HAX0O0K

ACMG peKkoMeHAYIOT coobLaTb 0 NaToreHHbIX U/Un BepoAaTHO NaToreHHbIX BapMaHTax B 78 reHax,
MyTaL MU B KOTOPbIX MPUBOAAT K 3a6o51eBaHUAM, nogaaloimmca neyeHuro, POMI - B 69 reHax

Medically Actionable Genes

)

' 1
Cardiovascular Miscellaneous Metabolism Cancers

. oy o, * .
Conditions Conditions Conditions By: Sarah Sharman, PhD,
Science writer

lllustrated by: Cathleen Shaw
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3. PaclumpeHue cnmckKa BTOPUYHbIX HAX0O0K
B renax
PEKOMECHI0OBAHHOI'0
ClcKa HCPBHO-MBIIICYHBIC 336—}]
2,2‘%}1 TIePHOIITIECKAT Oome3Hb 226 T3 n=2
e n-=2 auaoer
3a0-1 ITOUEeK n=2
n=3 / ITAaHKpPEaTUT
_n= 1
TCICAHTHIO3KTAa31A

n=1

B apyrux renax

TYTOYXOCTh
n=3

1.5%

CEepACUYHO-COCYIICTRIE 3a0-5
n=>5

___

n=1

c11s1/YHITe paToaTs
n=1

TIpe/IPacIIoONOKeHHOCTh K
Pa3BUTIIIO paka
n=9

MEQMKO-FEHETHYECKMA

H.N. BOUXOBA



- 605776 FLOKY
HCM® 1.0 192600  MYH7’ AD AlLP and LP
1.0 115197 MYBP(3
1.0 613690 TNNI3
1.0 115196 TPM1
1.0 608751 MYL3
1.0 612098 ACTC1
1.0 600858 PRKAG2
1.0 608758 MYL2
LQTS types 1 and 2 1.0 192500  KCNQ1 AD AlL P and LP
1.0 613688 K(NH2
LQTS3; Brugada syndrome 1.0 603830, SCN5A° AD AlL P and LP
601144
LQTS types 14-16 3.2 616247  CALMI1® AD ALLP and LP
616249  CALMZ® AD
618782  (ALM3® AD
Genes related to inborn errors of metabolism phenotypes
Biotinidase deficiency 3.0 253260 BTD AR P and LP (2 variants)
Fabry disease 1.0 301500 GLA™ XL All hemi, het, homozygous P and
LP
Ornithine transcarbamylase deficiency 2.0 311250 orc XL All hemi, het, homozygous P and
LP
Pompe disease 3.0 232300 GAA AR P and LP (2 variants)
Genes related to miscellaneous phenotypes
Hereditary hemochromatosis 3.0 235200 HFE AR HFE p.C282Y' homozygotes only
Hereditary hemorrhagic telangiectasia 3.0 600376  ACVRL1 AD AlL P and LP
3.0 187300 ENG
Malignant hyperthermia 1.0 145600 RYRY’ AD ALLP and LP
1.0 601887 (CACNA1S
Maturity-onset of diabetes of the young 3.0 600496 HNFIA AD AlLP and LP
RPE65-related retinopathy 3.0 204100, RPE65 AR P and LP (2 variants)
613794
Wilson disease 2.0 277900 __ ATP7B AR P and LP (2 variants)
Hereditary TTR amyloidosis 3.1 105210 TIR AD AlL P and LP

AD, autosomal dominant; AR, autosomal recessive; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; hemi, hemizygous; het, heterozy-
gous; LP, likely pathogenic; LQTS, long QT syndrome; MIM, Mendelian Inheritance of Man; P, pathogenic; pLOF, putative loss-of-function; SD, semidominant;

SF, secondary finding; TTR, transthyretin; XL, X-linked.

A

MEQMKO-FEHETHYECKMA
HAYMHBIH LENTP
MMEMM AKADEMHKA

H.N. BOUXOBA



3. PaclumpeHue cnmckKa BTOPUYHbIX HAX0O0K

1.ECcTb I HEOOXOOAMMOCTb PACLUUPATL NN
ncnonb3osatb ACMG cnuncok?

2.Kak yacto obHOBNATL?
3.['lo kKaknm napameTpam BKNo4vaTb?

4.K1o BygeT KypmpoBaTb?



4. Heob6xoaMMoOCTb NOATBEPXXAEHUA BapUaHTa
afibTEPHAaTUBHbIMU MeTOA4aAMMU



bic) MEQMKO-FEHETHYECKHA
HAYMHBIH LENTP
WMMEHK AKAZEMHKA
H.N. BOYXOBA

4. Heo6xoanMOCTb NoATBEPXAESHUA BapUaHTa
afibTepHAaTUBHbIMU MeTOAAMMU

AMepunKaHCKana Konnerma meauuuHCcKom Bce Kay3aTuBHbIe BapuaHTbl TpebytoT
reHeTuKn u reHomuku (ACMG) BaAngaunm

NGS He cneayeT BHeAPATb B KNIMHUYECKYIO
EBponeicKkoe obw,ecTBo reHeTUKN YesoBeKa NPaKTUKy 6e3 Banngaumm BblABIEHHbIX
BapWaHTOB

Bce BapuaHTbl HYKNE€OTUAHOM
nocneaoBaTe/IbHOCTU, YKa3aHHbIE B
3aK1t04YeHNN 60NbHOrO, AONKHbI ObITb
noATBepP»KAeHbl CEKBEHUPOBAHUEM MO
CaHrepy

PyKoBOoACTBO NO MHTepnpeTaunumn AgaHHbIX
nocneposatenbHoctn 1HK yenosekKa,
NoJIy4YeHHbIX MeToaaMmn MaccoBoro
napannenbHoOro CeKBeHNMpPoOBaAHUA
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bic) MEQMKO-FEHETHYECKMA
HAYMHBIH LENTP
MMEHKU AKALEMHKA
H.N. BOYXOBA

4. Heo6xoanMOCTb NoATBEPXAESHUA BapUaHTa
afibTEPHAaTUBHbIMU MeTOAAMMU

LGS N g D e ise] MonekyisipHo-reHeTnueckas auarnoctuka (JJHK-auarnoctrka) MoKeT ObITh
2020 roga «Kiaccunueckas MIPOBECHA» C UCIOJIb30BAHUEM IIOJTHOTEHOMHOTO MaCCOBOTO

(peHUJIKEeTOHYPHUS U APYIrUue BU/bI IapaJuIeIbHOIO CEKBEHUPOBAHUS C TTOCIEAYIOIIMM ITOATBEPKICHUEM
runepdeHnIaIannHEeMAN» pPE3yabTaTOB METOAOM CEKBEHUpPOBaHUA 1o CeHrepy

Kanaunyeckue peKOMeHAAUU OT
2022 roga «nujiencus u Bce BbISBIEHHBIE BApUAHTHI HYKJICOTHIHOM MOCJIEA0BATEILHOCTH TPEOYIOT
IMUJICNITUIECKUHA CTATYC Y BAJIU AN
B3POCJIBIX U AeTen»

[Tpu moo3pennu Ha atunn4HbIM ['YC 1 TOArOTOBKE K TPAHCIUIAHTAILUU NIPH
100011 (hopMe TPOMOOTUUECKON MUKPOAHTHOIIATHH, IIPUBEIIICH K
TEPMHUHAJILHOM CTaUN XPOHUUYECKON 00JIE3HU MOYEK, PEKOMEHI0BAHO
MIPOBEACHHUE MOJIEKYJISIPHO-TEHETUYECKOTO UCCIIEAOBAHUS METOJ0M
CEKBEHUpOBaHMsI HOBOTO MokojJeHusA (NGS) u cexkBeHupoBaHus 1o CaHrepy
TSl UACHTU(DUKAIIMY TEHETUUECKUX MYyTaIui

Kiannnvyeckue peKOMeH AU OT
2022 roga «I'eMOJUTHKO-
ypemudeckuii cuaapom (I'YC)»




4. Heo6XxoaAMMOCTDb NoATBEPXASHUA BapUaHTA
afibTepHaTUBHbIMU MeTOAAMMU

»YBenmyeHme CTouMoCTU ONarHOCTUKU

» «Harpy3ka» Ha nabopartopumn

»YBennyeHne BpemMeHn oKkoH4yaTeNnbHOW NOCTaHOBKM AnarHosa
»OTCcpoyKka Tepanuu!



4. Heob6xoamMMocCTb NoATBEPXXAEHUA BapUaHTA
aflbTepPHAaTUBHbIMU MeToAaMU (MINTepaTypHbIe AaHHbIe
WES - Sanger)

. Zheng, J. et al. A comprehensive assessment of Next-Generation Sequencing variants validation using a secondary
technology. Mol Genet Genomic Med 7, e00748 (2019).

. Sikkema-Raddatz, B. et al. Targeted next-generation sequencing can replace Sanger sequencing in clinical
diagnostics. Hum. Mutat. 34, 1035-1042 (2013).

. Mu, W., Lu, H.-M., Chen, J., Li, S. & Elliott, A. M. Sanger Confirmation Is Required to Achieve Optimal
Sensitivity and Specificity in Next-Generation Sequencing Panel Testing. J. Mol. Diagn. 18, 923-932 (2016).

. Nelson, A. C. et al. Criteria for Clinical Reporting of Variants from a Broad Target Capture NGS Assay without
Sanger Verification. (2015).

. Arteche-Lopez, A. et al. Sanger sequencing is no longer always necessary based on a single-center validation of
1109 NGS variants in 825 clinical exomes. Sci. Rep. 11, 5697 (2021).

. Baudhuin, L. M. et al. Confirming Variants in Next-Generation Sequencing Panel Testing by Sanger Sequencing.
J. Mol. Diagn. 17, 456-461 (2015).

. Beck, T. F., Mullikin, J. C., NISC Comparative Sequencing Program & Biesecker, L. G. Systematic Evaluation of
Sanger Validation of Next-Generation Sequencing Variants. Clin. Chem. 62, 647—654 (2016).



4. Heob6xoaMMoCTb NOATBEPXXAEHUA BapUaHTA
aNibTepHaTUBHbIMU MeTOAaMMU

FILTER=PASS,

QUAL >= 100,

DP >= 20X

allele frequency (AF) >=0.2%
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4. HeobxoanMoCTb
noaTBep)XXAeHUA BapMaHTa o
aJibTepHaTuBHbiMU MeTOAaMMN _ 067
) 0.4
Sanger validation of WGS variants - .
when to? = N ]
0 10 20 30 40 50 60 70
Arina  Kopernik!,  Gaukhar  Zobkova?, Natalia - | oP
Doroschuk?, Anna Smirnova?, Daria Molodtsova-
Zolotukhina?, Olesya Sagaydak?, Oxana Ryzhkova3, 00 ' . .
Sergey Kutsev3, Maria Vorontsova!, Eugene Albert!, 1300 - . :. :.'g:g!?:; !,,!;?!:!". L ©
Viktor Bogdanov*!, Pavel Volchkov*!, §2OO | .:,’l:;g ’f;!g“:'? Yo,
*corresponding author Yia .‘3 u!;':": o
100 - : .
B npouecce ny6nukauum 'i" o x. .'.x "x
0




4. Heob6xoamnMMocCTb NoaTBepPXXAEeHUSA BapMaHTa

aJibTepHaTUBHbIMU MeTOAaMU
Table 1. Classification statistics based on different thresholds

Quality “High “Low Sensitivity Specificity F1-score
thresholds quality” quality”
variants variants
(unconfirme | (unconfirme
d variants) d variants)
FILTER = | 1506 (0) 250 (5) 100% 2% 0.925
PASS
QUAL > 100
DP > 20
AF > 0.28
DP > 15 ] 1657 (0) 99(5) 100% 5% 0.972
AF > 0.25
QUAL > 100 1735 (0) 21(5) 100% 23,8% 0.995




5. 3aKno4yeHus



5. 3aKnwuyeHusd

BbIHOCUTb B 3aKJ/1ll0OMeHUe BapuaHTbl, COrslacHoO npaBuiy:

* [1pn OoBHaApyXeHUN naToreHHbIX BapuaHToOB, XOPOLLUO XapakTepusylowmx peHOoTUN naumeHtTa n He
npoTuBopevalimnx Tuny HacrnegoBaHusa (1 BapuaHT npu 3aboneBaHUM C OOMWHAHTHLIM TUMOM
HacnegoBaHusa, 2 n bonee B ogHoM reHe npu AP u X-cuenneHHOM peLecCMBHOM Tune
HacnegoBaHUs), B 3akITHOYEHUM OTPaXKaTk TONMLKO UX, APYrue BbIIBIIEHHbIE BapMaHTbl B 3aKITHOYEHUN
oTpa)kaTb He cnegyer.

* [lpn obHapyXeHUM OOHOro naToreHHoro M ogHoro u boriee BEpPOATHO MaTOreHHOro BapuaHTOB
HYKNeoTuaHOW nocregoBaTeflbHOCTU B OAHOM TeHe, XOPOLWIO Xapakrepusywuwmx dpeHoTun
nauueHTa, npu 3aboneBaHunm ¢ AP n X-cuenneHHOM peLecCMBHOM TWUME HacnegoBaHusi, B
3aKIl0YEHNN OTpaxaTb TOSMbKO MX, C NMOSACHEHMEM O HEODXOOMMOCTW MccnenoBaHUs LUC-, TpaHC-
nonoxeHus. [lpyrne BoisiBfiEHHblE BapyaHTbl B 3aKIOYEHUN OTpaxaTb He crneayer.

» B ocTanbHbIX cnydyadx oOTpaxaTb BCE€ BbiABJIEHHbIE BadpuWaHTbl, OTHOCALLUMECA K T[pynnam
NaToOreHHbIN, BEPOATHO NaToOreHHbIN " HeornpeaeneHHoro 3aHa4yeHus .



5. 3aKnwuyeHusd

3AK/IIOYEHHUE

MEOMKO -FEHETHYECKMA
IaunenT: Pammans L4 HAYMHBI LEWTP
MMENK AKADNEMHKA
Hma H.N. BOUKOBA

OruectBo
Toa: M/2K
Jara poxaeHusi: 11 MM.IT
Bua matepuana: Kposs (BeHO3HAs)
Jara 3a6opa: [r.MM.IT
Juarno3: CUMITOMAaTHYECKAS DITHJIETICHSL.

IlaTorennble BApHAHTHI HYKJICOTHIHOM MOCIE10BATEIbHOCTH, ABJISIIONIAECH BEPOSATHOIM
NPUYHHON 3200/1eBaHNA.

Ten Tosoxenne Tenorun|Jk30H |[Tos1o:kenne [3amena AK [Yacrora Pedepencnas Tayouna
(GRCh37/hg19) B kK IHK ajuiens® 10CJIe/I0BATE/ILHOCTD | IPOYTEH S
TPP1 |chr11:6638271G>A|A/A 6 €.622C>T p.Arg208* 10.0173159% |NM_000391.3 176x

*Yacmomul anneneii npusedensvt no base Exome Aggregation Consortium (8vibopxa 0o 60702
uej08eK). H/0 = Hem OanHbIX (He Onucam)

HUHTEPIIPETALIUA

Y ®UO Obu1 npoBeAeH MOUCK MATOTEHHBIX MYTAlUil, acCOLMHMPOBAHHBIX C HACIEICTBEHHBIMU
SMUICHCUSIMH, a TakKe C JAPYTMMU HAcICACTBEHHBIMH 3a00J€BaHHAMU CO CXOJHBIMHU
(EHOTHITMYECKUMU MTPOSIBICHUSMU.

BrusiBnien paHee onucaHHBIM BapHaHT HYKJICOTHIHOM MOCIEROBAaTENILHOCTU B 6 9Kk30HE reHa TPP1
(chr11:6638271G>A, rs119455955) B roMO3UTOTHOM COCTOSIHHH, IPUBOMASIIMI K TOSBICHHUIO CaiiTa
TIpexIeBpeMeHHO TepMuHanuu Tpancisuu B 208 xomone (p.Arg208Ter, NM_000391.3). Bapuant
OITMCaH KaK MyTall¥si, KOTOpasi B TOMO3UIOTHOM WJIM B KOMITAYH/-T€TEPO3UTOTHOMN (hOpME C IPYrUuMHU
MyTalMsSMH IIPUBOJIUT K PAa3BUTHIO HEHPOHATBHOTO IIEPOUIHOrO Junodycrnurosa, Tun 2 (OMIM:
204500) OCHOBHBIMH CHMIITOMAMH KOTOPOTO SIBJISIFOTCSI ATaKCHsl, MHOKJIOHHYECKHE TPUCTYIIbI,
MTOCTETICHHBIN PErpecc WHTEIUICKTYaIbHOTO Pa3BUTHS [CCHUIKH HA MCTOYHWKH: WM 2 CTaThH N
0a3a JaHHBIX, B KOTOPOW YKa3aHO CKOJIBKO pa3 BCTPETHJICA BapuaHT (oOs3arenmbHo Gosbire 2)].
Yacrora BapuaHTa B KOHTposIbHOH BbIOOpKe EXAC cocrasister 0.0173%.

prFI/IX 3HAYMUMBIX PI3MCHCHPII7], COOTBETCTBYIOIIUX KPUTEPUAM ITIOUCKA, HE 06Hapy>1<eH0.

Bce BapuaHTbl, yKa3aHHbIC B 3aKJIIOUCHUH, OATBEPXKJICHBI METOAOM IIPSMOTO CEKBEHHPOBAHHUS 110
Cenrepy.

OueHka KIMHUYECKOH 3HAYNMOCTH (IATOTEHHOCTH) BBIABICHHBIX BapHAHTOB NPOBOAWIACH Ha
OCHOBaHHM POCCHHCKHX PEKOMEHIALMI Ui MHTEPIPETALMH NAHHBIX, MOJIYYCHHBIX METOAaMHU
MAacCoBOro napaienbHoro ceksenuposanus (MPS).

Kinnnyeckoe 3aK/Ii04eHue 10 pe3yabTaTaM IaHHOTO HCCIeTOBAHMS MOKET GbITh 1aHO TOJILKO
BPa4yOM-TeHETHKOM.

OIIUCAHUE UCCJIIEJOBAHMUS (ctangapTHoe, He 3aBUCHUT OT THIIA BbISBJIEHHBIX
BapHAHTOB)



5. 3aKnwuyeHusd

Ho: Kputepun ACMG/poccurickme pekomeHgauum

> XapakTepusylT  «bMonornyeckyro»  3Ha4MMoCTb  (MaTOreHHoOCTb)
BapnaHToB

> He onpepensawT  «MPUYUHHOCTb»  BapuaHTOB  (HOCUTENbLCTBO,
peueccuBHble OpPMbI)

> BbONbLUIMHCTBO BapuMaHTOB nonagaeTt B Kateroputo VOUS, paxe ecnu
bronHdopmaTuK yBepeH B UX NMPUINHHOCTU

> Tak e B Kateroputo VOUS nonagatoT BapuaHTbl doopmarnbHO
«MpoxXoAsLneE» Mo KpUTEPUSAM.



5. 3aKnwuyeHusd

A ecnun 1 natoreHHbln BapmnaHT B AR?

A ecnu 2 BapmaHTa B AR 1 13 KOTOpbIX
HeonpeaeneHHoro 3Ha4eHus?



5. 3aKnwouyeHud

$OKyC BHUMAHUSA BpaveM...

[laTOreHHbI BapuaHT
= MpUYMNHa
3aboneBaHus

VOUS He nmeroT
OTHOLLEHNS K
3a0o0neBaHuIo




5. 3aKnwuyeHusd

PasgennTb BapnaHTbl Ha 2 broka:
a) BEPOATHO Kay3aTUBHbIE

- lommnHaHTHOE HacnepoBaHue - 1 /Bl B retepo-

- PeueccunBHoe HacnegosaHue - 1 [1/Bl'1 B romo-/remu-
3nurotHom coctosaHuun, [+, [1+BI1, BI'1+BI'1

D) BapmaHThbl, UMeKLLNE BO3MOXHOE OTHOLLEHUE K
doeHoTUNy



MMMMMMMMMMMM

Tpe6oBaHUA K KauecTBY UccriefoBaHUs: M

cpegHee MOKpbITME MpU  uUccrnegyemon obnactm  npu CeKkBEeHUpPOBaAHUU
nonHoro(WES)/«KnnHn4eckoro» ak3oma u rnaHerienm reHoB JOJTKHO ObITb HE MeHee
x70, nonHoro reHoma (WGS) He meHee x30.

npu nccnegosaHum WES/WGS/«KNMHMUYECKOro» 9Kk3omMa HeobxoamMmo yKasblBaTb
% obnacTten ¢ nokpbiTnem meHee x10.

npu wuccriegoBaHUM nNaHenem reHoB HeobXxoAuMMO YKasblBaTb BCE PErMOHbI C
NoKpbITUEM MeHee X10

[Mpn oBbHapYy>KeHUN TONbKO OAHOrO reTEPO3NUroTHOro BapnaHTa npun 3aboneBaHum C
PELECCMBHbLIM TWUMOM HacnegoBaHUa npu  nwboMm Tune umccneaoBaHUs
HeobXxoanMO yKasbiBaTb Bce 06r1acTy reHa ¢ nokpbitnem meHee x10.



NMpe3eHTauUsa U peKoOMeHAaunu Ons NnpaBKu:
https://docs.google.com/document/d/1_tFCEzjARo3dx3
cTWFa-4BPLgOpf8Lh7xYpr2ncp5bw/edit?usp=sharing

Ngs.med-gen.ru


https://docs.google.com/document/d/1_tFCEzjARo3dx3cTWFa-4BPLgOpf8Lh7xYpr2ncp5bw/edit?usp=sharing
https://docs.google.com/document/d/1_tFCEzjARo3dx3cTWFa-4BPLgOpf8Lh7xYpr2ncp5bw/edit?usp=sharing
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