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Objectives:

» Understand basics of variant prioritization and
nomenclature

» Overview of the current framework for analysis
and interpretation of sequence variants for
monogenic disorders

» Overview of key available resources and their
utility with variant interpretation.




Variant prioritization: why does it matter?
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AHCILTER=IU=RE] ERUFLAM T Lezcnipbion=-L-alled neterowgour Qunotfpe oh mitoch
HHFORMAT =<I0=GP, Humb.er=G,Type=Flost,Des cripti P Prababilit
HHFILTER=ID=IMP,Description="Sat if trus: IMP==1"3
#HFITER=<ID=E003TED Dz eription="5 st if trus: BOOSTED==1"

#HFILTE| O OF Description="Set if GE20 and 10¢=DP<=20"

O, Description="Set if GE<=20 ar DP<I0">

BRFILTER=<ID=NOTY ALIDATED, Deseriptisn="Tat if variant Falls sutside oF snalytic range™s

HHFORMAT =202 6L, Numb.r=G,Type=Flast Description="Genotype likelihoodz"s

HHFORMAT =D = AR_TTPE Humbar= T yps=String Description="¥ ariunk kype: S, INSERTION, DELETION, SUBSTITLITIDN MY, CDMPLEX"
#HPORMAT =<ID=Y &F_CONTEXT Humbar=, Typs=String Description="Yariank genemic content: STR  ETR
#HFORMAT=2ID=5TF_M&3_LEN,Number=1,Typeslnteger Descriptions"Mazimum abaered STR ;cqucncclcngth ¥

#HFORMAT =<ID=5TF_PERIOD, Mumber=1TypezInteqer, Description="Fepetition period for STR variants">

#HFORMAT =<I0=5T F_TIMES, Mumb-cr=1Type=Flost, Doz cription="Number of ropatition For STR variantz">

#¥tpipeline=helicr2.6.1

#CHROM  POS 1D REF AT @UAL FILTER INFO  FORMAT PC-TAS3TBFRZCEE332GARD'
chel 55053573 A ACTG 35 PASE . GT:ADDP:GR:VAFLTTRE  OM500,500:0000:39:5MY
che2 ATB051TS G A 35 PAsE . GT:ADDFGE:VAFLTTRE  OIT500,500:1000:33:5h
) che2 47733163 c G 35 Pass OHE500,500:1000:93:5 MY
|_|br3|-g Prep held 52319070 T ATA 3 Pass OHEO0,500:1000:33:E MY
cheld 113636 A G 35 Pass OME00,500:1000:93:3MY
= che2 21011502 C T 3 PASE GHE00,500:1000:333HY
v chel saTTI0N T c 35 Pass OHES00,500:1000:93:5HY
(] Exome captu re chel? 4503475 A I 35 PASE OMES00500:1000: 33Ny
= held 11102757 G A 3 Pass OHE00,500:1000:33:E MY
= ehel 003734 T A 3 Pass OHEO0,500:1000:33:E MY
. 3 aT0R8TEZ AG cc 3 PASS DS 00500000:35:3MY
SEqUEHCIng ez 4TTaGEEE | b HAC 3 pAss O500,500-1000-53-5HY
chet 5357451 T oc 35 Pass OHE500,500:1000:93:5MY
chld 32340316 AGCAAD ATGCTE 35 PASS OHES00,500:1000:93:5HY
2 21033086 c A 3 Pass OHE00,500:1000:33:E MY
cheld  M2IEES c A 35 Pass OME00,500:1000:93:3MY
chel 5050 G GGAGGE 35 PASE 500,50 B3N
che2 2010226 cTcA  © 35 PASE OHE00,500:1000:33:3HY
chet 6005015 & G 35 Pass 500,50
chell 43124034 G GCCT 35 Pass 500,50
hell 43124097 ™ T 3 Pass 500,50
chell 43045673 C G 3 PASS QEE00,500:1000:33:3HY
. cheld 32338763 A aT 3 PASE 500,50 33
Base Calllng che? SaTE402 . CTGA G 35 PASS 0150050
= cheE ATBOEZOE & G 35 Pass OIS 00500:I000:33: 5Ny
= held M2E0sd c T 3 Pass BHE00,50
= che2  ATEOBASZ | G GOGG 35 Pass BHE00,50
= che2 7z0152 TTee T 3 PASS OIS 00,500:A000:35: MY
= cheld 20186 C T 35 PASE BH500,50
o chela 11506 T c 35 Pass Q50050
ocC che2 47505601 & ATATT 35 Pass 500,50
= ehr2 47505601 AT A 3 Pass 500,50
cheld 25142 c T 35 Pass BHE00,50
chell 43053463 C CACH 3 PASE Q500,50
che2 47806751 T coT 35 Pass OHE500,500¢
chell 43125260 G A 35 Pass 500,50
hell 43124135 c CaT 3 Pass BHE00,50
o il 43124745 GTTTTT & 3 Pass AR OO EO0000- 335N
Rea |Ig|’IITIEI'It chell 43044346 C T 35 PASE OM:500,500:1000:33:HY
ched  4TE0EIES A AGTTE 35 PASE Q5050000 0:35:3MY
= chela  1EESH AT 35 Pass OHES00,500:1000:93:5HY
= . . Unannotate 2 21035086 . c A 35 Pass 00:33:EMY
= Duplicate Marking iy s & n 3 pass T
= VCF che2 21012368 & - 35 AR 00:33ENY
= | li . chel 5337533 G A 3 PASE GHE00,500:1000:33:3HY
o cheld 20158 T G 35 PASE BH500,50 33
7] Local Rea ignment chld  IMEIEE c T 35 Pass 500,50
wvi 2 ATEO563E | G A 35 Pass OIS 00S00:I000:33: 5Ny
Vari Calli ehrt S5O G A 3 Pass 500,50
ariant Callin che2  4T739092 | T c 35 PAsS . BHE00,50
9 che2 4TTase . C T i PASE . GT:ADDPGEVAF TYPE  OHE00S00:000:35: MY
ched  4TE0B206 | A G 35 PASS . GT:ADDP:GE:YAFLTTRE  OI500,500:1000:39:5MY
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BWCFICH WCFIPOE WCFID  WCF/REF WCFIALT YCFIEU: WCFIFRT CAVAIGE CANVATRANECRIF CAYA SAVAIED CANAICT CADD p MetaSWVH Mutation PROVES VESTA_: BIOR:GR BIOR:GHL BIOR:GY BIOR:GH CAWATE CavAM) BIOR:CL BIOR:CL BIOR:CL BIOR:CL BIOR:CL BIOR:CL EIOR:CL BIOR:CL
1 BESOT . A ACTE 35 pASe | posks |NM_tTaases 63 B5dupGET_p.Len23dup IF . . . . . . . . 125 4kE! Insertion 7 [ 0 [ 1 friteria pr no assart
@ SEeOT . [ A 35 PASE | MIHE  |HM_0001TI.Z LFERE B G INT . . . . . . . . . 23,3k Substitug 0 [ [ ] ] 0 dericwed reviewed
@ SEeOT . [= G 35 PA3E | MSHE | MR_o001Taz MBEC3G_p.Leud336al MY 27T o} [} 0.32 1556 276330  0.0056]. +25.3hbn Substitul 1 2 [ 0 [ 0 shvicwed noassert
15 SEsOT . T ATA 35 Pa3E | BRCAZ | NM_000053.3 65 ddupd 5 . . . . . a7 2raesz  ouooz3f. !54.2kba Insertion 3 12 3 0 [ 0 shviewed reviewed
15 SEsOT . T ATA 3% PSS | BRCAZ |NM_000053. +1542kby Insertion 3 3 0 a 0 hvicwed reviewed
18 1E-07 . & G 35 Pa3E | LOLR 0 +/44.5kb! Substitul 1 2 0 1 1 driteria pr criteria @
@ ZEeOT . [ T 35 Pads | APOE -t Bhb! Substitug ] 1 diteria pr criteria p
T BEsDG . T C 35 PASE | PMs2 -3 2kb! Substitul wiewed criteria p
11 4Es07 . a [ 35 Pa3s | BRCA1 JNM_00T234. = -1E1.2kb Substitul 0 gevicwed neazsert
13 AEsO7 . G A 35 Pags | LD | WRA_000527.4 M utatl 0 n 0 +/44 5kb! Substitul 1 driteria pr criteria p
T BEsDE . T A 35 PASE | PR32 | NM_000S3E. 0 -138.2kb! Tubstitul 1 driteria pr
3 4EeOT . e oo 35 Pa3E | MLHL | HR_000243, +57.5kbi" Gomple 1 driteria pr criteria p
3 4EeOT . AG co 35 PAST | MLHL | NR_000243, ape +!57.5kbi" Comple 1 diteria pr criteria p
2 SEsOT . I3 ALT 35 past | MsHE | NR_00017a.d T e I n _S I I I CO 0 #1253k Inzertion
T BEDG . cTT c 35 PASE | PMZ2 | HR_00053E. -138.2kbd Dieletion 0 0 0 ] 0
15 GEsOT . AGCAAL ATEOTE 35 PA3E | BRCAZ | NRL_O000S3. . 542kt Gomple [i] o [i] 0 a [ .

@ ZEeOT . C A 35 PAST | APOE | NR_000SE4, . . . -4 Bkb! Substitul [ [ o, 0 z 0 diteria pr criteria p
2 ZEOT . [ A 35 PASE | APOE | NM_000334, . 142 BB Substitg [ 0| 0 drireria pr eriterin p
2 ZEOT . =3 A 35 PASE | APOE | NM_000384) An d P re d I Ctl O n S . 142 Ekb! Substitul PO Q u I a‘tl on ol evgl 0 diteria pr criteria p
18 AEsOT . [ A 35 Pads | LOLR : . +144.5kb! Fubstitug 1 driteria pr criteria p
1 BEsOT . [ GEAGGS 35 Pa3s | PCSEKS : . 0 +25.4kb! Insertion 0 a.l I éle fr?eq Ucbn C§/ 0 diteria pr criteria p
2 ZEOT . CTCA  © 35 PAST | APOE | NR_000SE4, L n -1 Bkbi Dieletion 3 0 1 diteria pr criteria p
2 ZEOT . CTCA  © 3% PSS | APOE | NM_0003E4) Oca IO 142 BB Diletion 3 3 4 0 a 1 driteria pr criterin p
T BEDG . & G 35 PASE | PMZ2 | HNR_000S3E. 0 -/38.2kb! Tubstitul 0 0 0 2 z 1 diteria pr criteria p
1T 4Ee07 . G GGCT 35 PA3E | BRCA1 JNRL_00T234. -11.2kbi Insertion [i] 0 [i] 0 a [
11 4Ee0T . s T 35 PA3T | BRCA1 | NM_00T234. -%1.2kbi; Deletion [ i [ 0 [ [
11 4Es07 . C [ 35 Pa3E | BRCA1 JNM_00T234. -1E1.2kb Substitg [ i [ 0 a 0
15 SESOT . A AT 35 PASE | BRCAZ | NM_D000SS.3 A025E_1025 TinsT 1 542Kk Insertion [ i 0 0 a 0
T BEsDE . CTGA  © 35 PASE | PME2 | NR_DOOSI5G L2553 _2555delGAL_p.GindE C Exls . . . . . . . . . -155.2hb! Deletion [ 0 [ ] ] [ .
@ SEeOT . & G 35 Pa3E | MSHE | MR_o001Taz  GB43AHGE_p.AgIZ1TGlY e Exs | EE 35 0 o} o 0,857 1 50876 FE-05 0 +/25:3hbe Substitul [ i 5 0 [ 0 driteria pr criteria p
2 SEeOT . A G 35 PAZE | MIHE | MR_0001T3E 364345 G_p.Arg 217Gl = Exs | EE 350 o} o 0.357 1 50376 3E-05 0 +/25.3kbe Substitul [ i 5 0 a 0 driteria pr criteria p
18 AEsOT . C T 3% P33 | LOIR | NM_D00S2T.4  2385CHT_p. b Exis | EE . . . . . i 2irin 4E-0s|. +14L5kE! Substitg [ 2 1 0 [ 1 driteria pr criterin p
2 SEeO7 . G GGGEG 35 PASE | MEZHE | HR_000TTR.Z . 3802_FE0FinsGEGE_p.Metl; 2 Exd | EE . . . . . . . . . +1 233Kk Inzertion 0 0 0 0 ] 0
@ SEeOT . TTGE T PAEE MR_000173.2 HT0_HT2delTE6_p Leulds' e Exd | EE . . . . . . . . . +25.3kbe Dieletion [i] 0 [i] 0 a [ .
18 AEsOT . [ T : 320C3T_p. Exts | &7 . . . . . T3 2TTE4d  0.0043]. +144.5kb! Substitul 5 2 2 0 a 1 driteria pr criteria p
18 AEsOT . T [ ADE-ET3C s | ss . . . . . 525 276544 0.0055). +14L5kE! Substitg 12 2 [ 0 a 1 driteria pr eriterin p
2 BE.OT . A AT ATT FEET-E_G55T-4dupTT mest | ss . . . . . . . . . +123.3kba Insertion 3 1 [ 0 a 0 shviewed i
@ SEeOT . #T A FE5T-4dalT [T = . . . . . . . . . +5.3kbe Dieletion 2 z 0 0 ] 1 driteria pr criteria p
[E T = T  2353#5TCET Int&itq T . . . . . 68 50354 000G 1 +/44.5kb! Substitug [ 1 [ 0 [ 0 driteria pr criteria p
11 4Ee0T . [ CACA 5134-2337_5134-2335dupT 1 &Ny INT . . . . . . . . . ~(51.2kbs Insertion 1 i i 0 [ 0 gpviewed reviewed
2 BEOT . cTT C.ET 4002107 [LERL W . . . . . . . . . 0 i 1 0 a 0 dritaris pr criterin p
11 4E07 . G 20T Itz | spU . . . . . 63 15671 0.0004). 2 z 1 0 ] 1 driteria pr ne assert
1T 4Ee07 . = CaT A3-22_13-21dup AT itz | sPU . . . . . . . . . 1 1 [ 0 a 0 driteria pr criteria p
11 4Ee0T . GTTTTT G NRA_00T234.5 204521 -20+525del5 itz | sPU . . . . . 35 3034 000 0 -§1.2kbii Delation [i] 1 0 0 a 0 s asserti no assert
11 4Es07 . [= T NRA_00T234.3 +352GHA sUTR|  5RU . . . . . 1436 153755 0.0034]. -1E1.2kb Substitg 1 [ [ 0 [ 0 hvicwed reviewed
18 AESO7 . AT MM_DDO52T.4 e ZEH0_s 22T A suTR|  aRU . . . . . . . . . +14L5kE! Dicletion [ 1 [ 0 [ 0 diteria pr criteria p
@ ZEeOT . [ A MM_000334.2 A03GT_p.Gll3T 1ES | #G a4 . A 0736 . . . . -1 5hb! Substitug [ 0 0 0 z 0 diteria pr criteria p
18 AEsOT . G A 35 Pa3s | LOLR | NR_000S2T.4 1353-1G34 1 maro] Ess 245 . o 0 245TIE 1) 0 +/44.5kb! Substitul [ i [ & 10 1 dviteria pr criteria p
@ ZEOT . A =3 35 PA3E | APOE | NM_0005E4.2 AS05THG_p TyriS01x 1 Ex26 | =G 215 . A 0.562 1 246156 4E-06 0 -P4Gkb! Substitul [ i [ 0 1 0 driteria pr criteria p
T BEsDE . [ A 3% Pass | PMs2 | NM_D00S3SE  THICHT_p.Gin244x 1Est | G FE A 0.365 . . . . -3 2kE Substitg [ i [ 0 1 0 driteria pr
T BEDG . G A 35 PASE | PME2 | NRA_DODSISE T30CET_p. Gin244 1EaT | G 43 A . 0.865 . . . . -155.2hb! Substitul 0 0 0 0 1 0 diteria pr
18 BT . T G 35 PA3E | LOLR | MR_00052T.4 134 2T +E_p.Serbd Ghla e Eald | NST 22 0 N H 40 4 arrees dE-05). +144.5kb! Substitug [i] 0 [i] 1 ] 0 driteria pr criteria p
18 AEsOT . C T 35 Pa3T | LOLR | NR_000S2T.4 1E35CHT_p.AlaB12val = Extz | NST 265 O o M 051 @ 2Tmsd TE-ne). +144.5kb! Substitul [ i [ 0 1 0 s asserti no assert
18 AEsOT . [ T 35 Pass | LOLR | NR_000S2T.4 18350 T_p.AlaB12val o Exi2 | nST 265 D o M 051 2 2Tmse TE-0e). +14L5kE! Substitg [ i [ 0 1 0 s azserti no assert
2 BE.OT . [} A 35 PASE | MsHe  |um_oootraz FETTGA_p Gty B OExd | MY 55 D o i} 0887 . . . . +123.5hEe Subskitul [ i [ 2 [ 0 diteria pr criteria p
1 BEsOT . [ A 35 PASE | POEKD JHMLIT4336.3 MB0GE: A_p.Gly33d Ter e ExT | EE 21 D o o 0.524 26 236366 0000 0 +25.4kb! Fubstitug [ 0 4 0 1 0 diteria pr criteria p
@ SEeOT . T C 35 Pa3E | MSHE | MR_o001Taz MOFTHC_p Leu3T0Ser e Exd | nST 251 0 o o 0663 . . . . +125.3hbn Substitul [ i 2 & 1 1 dviteria pr criteria p
2 SEeOT . C T 35 PAZE | MIHE | MR_o001Taz AB1GC5T_pLeuS40Phe B Exd | MY [N 0785 . . . . +25.3kbn Substitul i i 1 0 a 0 driteria pr criteria p
1 BEsOT . [ T 3% Pass | posks |Nm_iTaases A405C3T_p. Arg4&aTrp B oExs | MY Annotated [} 0.703 240 2TT30 0 0.0009]. +12E4kE! Substitg 1 3 3 0 1 1 driteria pr criterin p
3 4EeO7 . G A 35 PATE | MLHL fHR_000249.3 ARG AP Serd DB Asn o Ext2 | NEY | N 0.3 249 276304 0.0003). +5T.5kb!" Substitul 3 4 1 0 ] 0 gevicwed no azsert
3 4EeO7 . [} A 35 PASE | MLHL fHR_000243.3 A21TGrA_p Serd 06450 e Exiz | NST 1 H 0.5 243 276504 0.0003] . +57.5kbi" Substitug 6 4 i 0 a 0 shviewed noassert
T BEsDG . T =3 35 PA3T | PMS2 | NM_000S35.6 52aG_plleldival = Exz | NsT VCF [} 0656 2457 27iz44  o.oom|. -3 2kb Substitul 15 3 1 0 [ 0 shviewed criteria p
11 4Es07 . [ A 35 Pa3s | BRCA1 |NM_00T234.3 EECHT suTr| sPU . - . . 13 154744 0u0007f. -1E1.2kb4 Substitg 1 [ 3 0 [ 0 dritaris pr criterin p
3 4EO7 . =3 A 35 PASE | MLHT  |Nm_oo0243.3 FOT-2904 Iz | INT . . . . 1497 27100 ouoos4]. +5TEkbS" Subskitul [ 4 [ 0 [ 0 hviewed reviewed
15 BEsOT . [ A 35 PA3E | BRCAZ | NM_000053.3 L SE51GA_p.Ala2 35 Thr o Exzz | NET N 0515 2486 2Tes44 o003 +54.2kbn Substitug 26 4 [ ] ] 0 gericwed no azsert
3 4EeOT . & G 35 PA3E | MLHL |HR_000243.5 TA-T343G Inatof T . . . . . 150 30350 0.0043 0 +57.5kbi" Substitul i [ [ 0 a 0 s asserti no assert
AF+07T el A MRA_NNNS2T 4 WA AGA n AraS50Gn T L 245550 N +/dd Skht Zuhstitul I} i) ] 1 1 il Sanrh f assert
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Library Prep
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Base Calling

0cC

Reallignment

Duplicate Marking

Local Realignment

Variant Calling

m) vcr ¢ EEEN

WES Trio Filter | Variants

DE Q None 125,746
T DP>10, QUAL>20 25,541
® MAF<0.01 1,263
Coding regions 551

Variant Annotation
- C
Variant Filtering V F

Variant Prioritization

Unannotated

Tertiary
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Annotated

-

All variants

Quality Filter

Common Variants Filter

Predicted Deleteriousness
Filter




HGVS nomenclature

Sequence Variant Nomenclature Recommendations ~ Background Materials ~ Recent Additions Contact Us Version 20.05

o a letter prefix is mandatory to indicate the type of reference sequence used. Accepted prefixes are;
= “c.” for a coding DNA reference sequence
= “g.” for a linear genomic reference sequence

= “m.” for a mitochondrial DNA reference sequence gDNA: Chr12(GRCh37): g.53703386C>G
= “n.” for a non-coding DNA reference sequence cDNA: NM_015665.5(AAAS): ¢.809G>C
= “0.” for a circular genomic reference sequence Protein: p.(Arg270Pro)

= “p.” for a protein reference sequence
= “r.” for an RNA reference sequence (transcript)
o numbering of the residues (nucleotide or amino acid) in relation to the reference sequence used should follow the approved scheme (see Numbering)

Other important considerations when looking at nomenclature

« Which reference genome is being used
« Transcript ID (one genomic variant can be described differently in the coding
sequence depending on transcript)

MAYO
CLINIC

Q‘-@ https://lvarnomen.hgvs.org/
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cDNA examples

ATTGGCCTTAACCECCGATTATCAGGAT

Single nucleotide variant
g ATTGGCCTTAACCCCGATTATCAGGAT

ATTGGCCTTAACCCERECCGATTATCAGGAT

Insertion—-deletion variant S a s s T s s s
ATTGGCCTTAACCCaaCCCATTATCAGGAT

Transcription  ATG-Met
Start Site  Start codon

-5--‘/ ----------------- I I i~ R~ Exon 3 I S

c.DNA \_‘_1 c.1to 36 Hj \_‘Jc.37to92 c.93 to 145

5" UTR Splice Donor Splice Acceptor 3’ UTR

c.-40to -1 c.36+1 to 36+# Cc.37-#to 36-1 c.*1 to *1290

Intron 1 Intron 2 Stop codon

MAYO / P g >
CLINIC . £ g g
©2021 MFMER | slide-9 S T ! 1



Protein level examples

Intron 1 Intron 2
‘-5--‘, ----------------- i = B~ Exon 3 S
c.DNA c.1to 36 c.37t0 92 c.93to 145
Point mutations
No mutation ~ |
Silent Nonsense Missense
conservative non-conservative
P ro t e | N DNA level TTC TTT ATC TCC TGC
C . mRNA level AAG AAA UAG AGG ACG
ons eq uences. orotein level Lys Lys STOP Arg Thr
MSH2 PMS2
c1590A>G  ¢.730C>T CE;ZQSTASG
p.(Glu530=) p.(GIn244%) '

“synonymous” p.(GIn244Ter)

p.(Leu246Val)

- ’ - o
MAYO ® 5

/ v P
CLINIC 1 :
ﬂ ©2021 MFMER | slide-10 AR N SAT, | .



Protein level examples

Intron 1 Intron 2
—5——‘/~ ————————————————— Exend . = ----= Exon2 - Exon 3 -———————————3—-
c.DNA c.1to 36 c.37t0 92 c¢.93to 145

y |7 ys — His - Gln — Thr — Lys ——  Protein
——AAG- CAT-CAA-ACT—AAG--  DNA Frameshift
~-AAG-TCA-AAC-TAA-G —-  DNA c.6474delCA

Protein —— Lys — Ser — Asn] Protein p.(Ser2159Asnfs*9)
CoNsequences  [--lys- His — Gin - Thr — Lys ——  Protein .t deleti
M ‘__MG—E—GM—AET—AAG—_ DMNA n-frame deletion
€.6639_6641delTGA

" ‘——MG—CAA— ACT — AAG —— DMA p.(Asp2213del)

——Lys — Gin — Thr — Lys —- Protein

MAYO
CLINIC
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Splicing disruptions

Intron 1
5——& ----------------- Exonl = “-----v
Splice Branch
donor site site
Exon * 10= to 10,000=
C A TyCTARC
= DL NS sressasnscnsannas LN LR
AAG GTGAG C TCG T
u Pu Py
A\
?Qq-; . ‘n?.m

Canonical Splice Donor: +1 and +2

MAYO
CLINIC

Ty

Intron 2

Splice

<Z0
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VEP: Variant Effect Predictor

MeLaren et al. Genome Biology (2016) 17:122
DO 10.1186/513059-016-0974-4

» VEP determines:
Variant effect (SNPs, insertions, deletions, SOFTWARE

Genome Biology

CNVs or structural variants) on genes,
transcripts, and protein sequence, as well as

regulatory regIOI’IS Paul Flicek and Fiona Cunningham
Location of the variants (e.g. upstream of a
transcript, in coding sequence, in non-coding Web interface

RNA, in regulatory regions)

Consequence of your variants on the protein
sequence (e.g. stop gained, missense, stop lost,
frameshift)

Known variants that match yours, and associated
minor allele frequencies from the 1000 Genomes
Project

SIFT and PolyPhen-2 scores for changes to
protein sequence

& Documentation

Launch
¥ .e!. ) )

RN https://luseast.ensembl.org/info/docs/tools/vep/index.html

Ty

©2021 MFMER | slide-13

# Point-and-click interface

& Suits smaller volumes of data

Open Access

The Ensembl Variant Effect Predictor W

William McLaren’, Laurent Gil, Sarah E. Hunt, Harpreet Singh Riat, Graham R. S. Ritchie, Anja Thormann,

Command line tool

# More options and flexibility

> » Forlarge volumes of data

& Documentation

|l Clone from GitHub &

& Download (zip) &

|l Pull Docker image from DockerHub &




Web interface

® Point-and-click interface

® Suits smaller volumes of data

VEP: Variant Effect Predictor

&) Documentation

> Launch
-:e!.u
Variant Effect Predictor @

Recent jobs =

Show'hide columns (1 hidden)

Analysis Jobs Submitted at

Variant Effect Predictor [E1 VEP analysis of pasted data in Homo_sapiens (B [view resuliz] 06/0272020, 18:59 (GMT)
Variant Effect Predictor [E1 VEP analysis of pasted data in Homo_sapiens [P [view resuits] 2470172020, 21:53 (GMT)
Variant Effect Predictor [E1 VEP analysis of pasted data in Homo_sapiens [(EES [(visw resuitz] 2410172020, 21:43 (GMT)

RN https://luseast.ensembl.org/info/docs/tools/vep/index.html

@ e /[ T,
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VEP: Variant Effect Predictor

Species:

Name for this job (optional):

Input data:

Transcript database to use:

1 Human (Homo sapiens) rd

Assembly: GRCh38.p13 (If you are looking for VEP

for Human GRGh37, please go to GRCh37
websifed.)

Either paste data:

17 43847665 . C T . . .

: Ensembl default, V fariant identifiers, HGWS

notations, SPDI

Or upload file:

Choaose File | No file chosen

Or provide file URL:

Ensembl/GENCODE transcripts
Ensembl/GENCODE basic transcripts

RefSeq transcripts

®  Ensembl/GENCODE and RefSeq transcripts

Identifiers @| Addifional identifiers

Web interface

® Point-and-click interface

® Suits smaller volumes of data

&) Documentation

Launch
Vel

Variants and frequency data Co-located vanants and frequency data

Additional annotations Addtional tr

Predictions Variant predictions, e.g

Filtering options Pre-filter results by fr

Advanced options Settings to ophin

RN https://luseast.ensembl.org/info/docs/tools/vep/index.html

Ty
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Web interface

® Point-and-click interface

® Suits smaller volumes of data

&) Documentation

VEP: Variant Effect Predictor

Launch
Species: 1 Human (Homo sapiens) rd la '6!' o

Assembly: GRCh38.p13 (If you are looking for VEP
for Human GRGh37, please go to GRCh37

websifed.)
Name for this job (optional):
Input data: Either paste data: Identifiers @ | Addifional identifiers for genes, franscripts and vanants
17 43847665 . C T . . .
Variants and frequency data Co-locafed vanants and frequency data
Analysis Jobs Submitted at
o
. . . g
et v s e VaTIAN Effect gl veEP analysis of pasted data in 26/02/2020, = AR |
notatons, SPDI Predictor Homo_sapiens 04:25 (GMT)
Or upload file:
Chaose File | No file chosen Filtering options | Fre-filter results by frequency or conseguence fype
Or provide file URL: _
Advanced options Settings to optimise VEF
Transcript database to use: Ensembl/(GENCODE transcripts

Ensembl/GENCODE basic transcripts
RefSeq transcripts

®  Ensembl/GENCODE and RefSeq transcripts

RN https://luseast.ensembl.org/info/docs/tools/vep/index.html
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Web interface

® Point-and-click interface

® Suits smaller volumes of data

VEP: Variant Effect Predictor

&) Documentation

Catego Count Launch
Species: 1 Human (Homo sapiens) rd IR Ve!P
Variants processed 1
Assembly: GRCh38.p13 (If you are looking for VEP Variants filtered out 0
for Human GRGh37, please go to GRCh37 . ) i o
websiled.) Novel / existing variants 0(0.0)/1(100.0
Overlapped genes 2
Name for this job (optional): Overlapped transcripts 17
Overlapped regulatory features 0
Input data: Either paste data: .
17 4347885 . C T . . . Consequences (all)

BRCAL
. C.5445G>A
oo s Trp1815X

Or upload file:

stop_gained: 72%
missense_variant: 11%
3_prime_UTR_variant: 6%
non_coding_transcript_exon_variant
NMD_franscript_variant: 6%

Choaose File | No file chosen

..Coding CONSequences
Or provide file URL:

Transcript database to use: Ensembl/GENCODE transcripts @ stop_gained: 87%

missense_variant: 13%
Ensembl/GENCODE basic transcripts

RefSeq transcripts

®  Ensembl/GENCODE and RefSeq transcripts

RN https://luseast.ensembl.org/info/docs/tools/vep/index.html

Ty
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Uploaded
t

MAYO
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VEP: Variant Effect Predictor

Location
'y

17-43047665-

43047665

17:43047665-

43047665

17:43047665-

43047665

17:43047665-

43047665

17:43047665-

43047665

17:43047665-

43047665

17:43047665-

43047665

17:43047665-

43047665

17:43047665-

43047665

17:43047665-

43047665

17:43047665-

43047665

17:43047665-

43047665

Allele

T

Consequence

Istop_
I stop_gained
3_prime UTR variant,
NM
missense_variant
| stop_gained
I siop_gained
I stop_gained
| stop_gained

I stop_gained

Istop .

I stop_gained

I stop_gained

Symbol  Exon  HGVSc HGVSp

BRCA1 21/22  ENST00000352993.7:c.2019G=A ENSP00000312236 5:p Trp673Ter

BRCA1 22/23  ENSTO0000357654.9:c 5445G>A ENSP00000350283.3:p.Trp1815Ter

BRCA1 2223 ENST00000461221.5:c.75228G=A -

BRCA1 21/22  ENST00000468300.5:c.2059G>A ENSP000004171458.1:p.Aspb87Asn

BRCA1 23/24  ENSTO0000471181.7:c.5508G=A ENSPO0000418960.2:p.Trp1836Ter

BRCA1 22/23  ENSTO00000491747.6:c.2133G=A ENSP00000420705.2:p.Trp711Ter

BRCA1 21/22  ENST00000493795.5:c.5304G>A ENSPO0000418775.1:p. Trp1768Ter

BRCA1 78 ENST00000586385.5:c.375G>A  ENSP00000465818.1:p. Trp125Ter

BRCA1 1011 ENSTO0000591534.5:c.918G=A  ENSP00000467329.1:p. Trp306Ter

BRCA1 45 ENST00000591849.5:c.144G>A  ENSP00000465347 1:p.Trp48Ter

BRCA1 14115 ENSTO0000644379.1:c.1832G>A ENSP00000496570.1:p. Trp611Ter

BRCA1 22123 NM_007294 4:c 5445G>A NP_009225 1-p Trp1815Ter

WEIIT. DRWA T ENYGUUIUDUTL04E

Description

Gene Synonyms

Location

BRCA1 DNA repair associated [Source:HGNC Symbol;Acc:HGNC:1100 &)
BRCC1, FANCS, PPP1R53, RNF53

Chromosome 17: 43,044 295-43 170,245 reverse strand.

position

CDS
position

Amino

Codons

Feature

Protein
position

2138

5558

5548

2253

5740

2232

5536

519

1020

301

1832

5558

2019

5445

2059

5508

2133

5304

375

918

144

1833

5445

673

1815

68T

1836

m

1768

125

306

43

61

1815

Wi

Wi

DiN

Wi

W

Wi

Wi

W

Wi

Wi

Wi

TGG/TGA

TGG/TGA

GACIAAC

TGG/TGA

TGG/TGA

TGG/TGA

TGG/TGA

TGG/TGA

TGG/TGA

TGG/TGA

TGG/TGA

Existing
t

rs397509284,
CM042679,
COSV5E785802

15397509284,
CM042679,
COSV58785802

rs397509284,
CM042679,
COSV58T85802

rs397509284,
CMO042679,
COSVh3785802

5397509284,
CM042679,
COSV58785802

15397509284,
CM042679,
COSV58785802

rs397509284,
CM042679,
COSVhE785802

rs397509284,
CM042679,
COSV58785802

397509284,
CM042679,
COSVha785802

rs397509284,
CM042679,
COSV58785802

rs397509284,
CM042679,
COSV5E785602

rs397509284,
CM042679,
COSV5a785802

-1

MANE

NM_007294 4



Gene: BRCA1

Gene: BRCA1 ENSG00000012048

Description BRCA1 DNA repair associated [Source:HGNC Symbol;Acc HGNC: 1100 &)
Gene Synonyms BRCC1, FANCS, PPP1R53, RNF53
Location Chromosome 17: 43.044 295-43 170,245 reverse strand.
GRCh38:CM000&79.2
About this gene This gene has 34 transcripts (splice variants), 233 orthologues, is a member of 1 Ensembl protein family and is associated with 80 phenotypes.
Transcripts Hide transcript table
Eik
Show/hide columns (1 hidden)
Name Transcript ID bp Protein Biotype CCDSs UniProt RefSeq Match Flags
BRCA1-210  ENST00000471181.7 | 7270 1884aa | | Protein coding CCDS114566 P38398 - TSL:1 GENCODE basic APPRIS P4
BRCA1-203  ENST00000357654.9 | 7088 | 1863aa | [l Protein coding CCDS11453 ¢ P38398 NM_0072944&  TSL:1 GEMCODE basic | APPRIS ALT2 | MANE Select vi.7

BRCA1-221 ENST000004937955 | 5732 | 1816aa ||

q CCDS11459¢ P38398e - TSL:5

BRCA1-208  ENST00000468300.5 3273 63%aa ||l Protein coding CCDS11455@ P38398& - TSL1 ¢ :
BRCA1-219 ENST00000491747.6 2379 75%aa |l Protein coding CCDS11454 & | ADADZARTVO & P38398 & - TSL:6E GENCODE basic
BRCA1-202  ENST00000354071.7 | 4497 1399aa || Protein coding - Q5YLB2 & - TSL1  GENCODE basic
BRCA1-201 ENST000003529937 | 3668 | 721aa | Protein coding - ADADZ4R1Z6 ¢ P36398 - TSL:6 GENCODE basic
BRCA1-232 ENST00000644379.1| 2571 | 659aa | | Protein coding - ADAZREYTVS i - CDS3 5 incomplete

BRCA1-230 ENST00000634433.1 2534 798aa |l Protein coding - ADAQUIRRA9 - CDS 3' incomplete  TSL:5
BRCA1-234 | ENST00000652672.1| 2291 | 601aa | | Protein coding - ADAL94C182& - CDS 3’ incomplete

BRCA1-209 ENST000004700265 2108  649aa |l Protein coding - ETEWNG & - CDS 3 incomplete  TSL:1
BRCA1-214 | ENST00000477152.5 1980  622aa || Protein coding - ESPHES & - CDS 3 incomplete  TSL:1

BRCA1-215 | ENST00000478531.5 | 1972 | 623aa EFEUMZ & - TSL:

SINIC https://useast.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g B

Q"W =ENSG00000012048;r=17:43044295-43170245
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Gene: BRCA1

Gene: BRCA1 ENSG00000012048

Description BRCA1 DNA repair associated [Source:HGNC Symbol;Acc HGNC: 1100 &)
Gene Synonyms BRCC1, FANCS, PPP1RE3, RNF

Location

e Which transcript should | use?
. ° Ol automated analysis, if you are doing NGS analysis and you
et need to capture all possible transcripts, GENCODE provides one of

BRCA1-203

eNEEen | the most comprehensive gene sets.

BRCA1-208 ENSTOO0

BRCA1-219 ENSTOO0

LedEEE «  For human genetics or variant annotation, a more restricted
e transcript set is usually sufficient and "NCBI RefSeq" is the
bl standard with the newest MANE catalogue providing the clinically
BRCA1.209 ENSTOL relevant transcripts.

BRCA1-214 | ENS

BRCA1-215 ENST000004785315 1972 623aa | Protein coding - ETEUM2 &

SINIC https://useast.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g

=ENSG00000012048;r=17:43044295-43170245
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Variant Severity: Variable definitions but helps prioritize

5’

2 B R B
I S AN I S S 11

-~ -,

. regulatary region |:| 5 prime UTR variant I splice donor variant Il splice region variant |:| 3 prime UTR -.-ariantl
l TF binding site D start retained variant B splice acceptor variant I intran variant .
I | L[ start lost ' L [l downstream gene '.'ariant|
- p \ B stop lost
‘ | intergenic variant [ synonymous variant [ stop retained variant
[ upstream gene varlant | missense variant | [ incomplete terminal codon variant
h [l inframe insertion ’
[l inframe deletion
J stop gained ¢ -
B frameshift variant [ transcript ablation [l non eoding transeript exon variant
B coding sequence variant [] transcript amplification l non coding transcript variant
h ' [ protein altering variant B TFES ablation / amplification
| mature miRNA variant J feature elengation
Bl NMD transcript variant J feature truncation

ol https://m.ensembl.org/info/genome/variation/predi

@7y ction/predicted_data.html
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Variant Severity: Variable definitions but helps prioritize

MODIFIER?

[ TFBS ablation / amp
[ feature elongation [l non coding transcript variant

A e I 5 prime UTR variant [ feature truncation | mature miRNA variant
[l TF binding site .
| [l non coding transcript exon variant il downstream gene variant

] intergenic variant B intron variant

|
[] 3 prime UTR variant
[] upstream geni variant : coding sequence variant l [l NMD transcript variant l

5’ |

LD . -~ . o~ P 2 3
TT t t 1

[ splice donor variant  +2

[ | stop lost
[ start lost [l splice acceptor variant -2
H I H [l stop gained fl transcript amplification

Bl frameshift variant Bl transcript ablation

M O D E RATE [] missense variant [ inframe deletion [] inframe insertion [J protein altering variant

[l incomplete terminal codon variant [] synonymous variant
LOW [] stop retained variant [ splice region variant
|:| start retained variant ~ Within 1-3 bases of the exon or 3-8 bases of the intron
4 > Y7
MAYO ]

CLINIC

Ty

4 = 4 !
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Where is it? Which exon?
Regulatory elements nearby?
Visualization is key!

#CHRON  POS IO

FEF ALT RLAL FILTER
chrl SR033ETA - ACTG 35 FAEE
chr2 4TS051T3 = & 35 P&EE
chr2 47733163 c G 35 P&EE
chriz F2313070 T A TA 35 P&EE
chria 3666 & G 35 PA&EE
chra 21011502 c T 35 PA&EE
chr? SATTTOa T C 35 PA&EE
chri? 45034735 . ) C 35 FAZE
chri3 MO2TET G - 35 FAZE
chr? GOO3ETI4 | T - 35 FAZE
chr3 FT023TEE . A ciC 35 FAZE
chr2 4TTITE26 . - AAC 35 FAZE
chr? S3ET4H CTT c 35 FAZE
chrid F2340375 . AGCAAC ATGCTE G5 FAZE
chr2 21033056 | c - 35 FAZE

MAYO
CLINIC
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Experimentally Defined Genomic Features:
UCSC Genome Browser - Visualization

A% 0NNTA 0017 Genomics UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
"{l‘?‘ bHNIH LH”Z |nSt|tUte move | <<= | << | < | = | »» | 22> ZOOMIN| 156x | 3x | 10x | base | Zoom out| 1.5x | 3x | 10x | 100x

chr17:43,044 29543 125,483 81,189 bp. | enter position, gene symbol, HGVS or search terms | go
D756-D761  Nucleic Acids Research, 2020, Vol. 48, Database issue Published online 6 November 2019 | chr17 (g2i,31) [15.SEREp1S. | NI iz B . e |
doi: 10.1093Inarlgk=1012
scale 20 kil | ho3s
chri7: 43, 660, agal 43, 678, oaa| 43, 850, 808 43, 628, 80| 43,108, oaa| 43,118, 808 43,128, oa8|
o Reference ASsembly Fix Fatch Sequence A1ionments
UCSC Genome Browser enters 20th year Reference Assembld Alternate Haplotupe Sequence Alighments
AL Hap lotupes
Christopher M. Lee ', Galt P. Barber', Jonathan Casper', Hiram Clawson', B ! GENCODE v32 CONKrENens ive TRAnSCRinr ST (On1Y BaSic oiSplausd By 0erault:
- i } 1 t } t
Mark Diekhans', Jairo Navarro Gonzalez', Angie S. Hinrichs', Brian T. Lee “", Luis — i
SRCA |
R. Nassar', Conner C. Powell', Brian J. Raney’, Kate R. R bl 1, Daniel Schmelter?, BRCAL  mak } } H -
i I 1
Matthew L. Speir', Ann S. Zweig', David Haussler'-2, Maximilian Haeussler', Robert Fria } i ) | Exon (10/24) |
1 I
M. Kuhn' and W. James Kent! BREAL t
ERCA1 t t H } t —t 1 HI—-
3 y ? BRCAL t t H+ } 1 - i t }-+
Genomics Institute, University of California Santa Cruz, Santa Cruz, CA 95064, USA and *Howard Hughes Medical BRCA1 } Foeeedf }
Institute, University of California Santa Cruz, Santa Cruz, CA 95064, USA ] o ENes, curated subset (MM, MR_#, NF_# ok YF_#) - Anhotation Release WS Homo =apiens Updated Anhotation Release 1632013638
ERCA1 .
ERCA1 mm I
Received September 11, 2019; Revised October 16, 2019; Editorial Decision October 17, 2019; Accepted October 25, 2019 BRGAL —
ERCAL -t :
ERCAL I
| ERCAL

* Web-based viewer for genome sequence data and annotations.
« Steadily added data and software features to the website since first coming
online in July 2000, and currently hosts 206 assemblies from 105 species

MAYO

o https://genome.ucsc.edu/index.html
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MAYO
CLINIC

Ty

chr17 (621,51 [ TS IIYE Bil.2 ol 2RELTE] ez ] B BN -EEEEI

-1564de1 in
F1455M

Simple R

Clinvar int

Merged S@

Scale S@ bases}| | ha3s
chri7: 43, 076,508| 43,076,550| 43, 076,608|
GENCODE WIE (3 1tems filtered)
- T - — 3
F383958
UniFrot S
UniFrot Extr ! .
UniFrot Tra emr-ane Do
UniFrot Mature Frotein Products (Foldpeptide Chains)
RMNFS3 <}l [
UniProt Domains
BRCT <k} {4+
ERCT I -, {1
UniFrot Disulfide Bonds
UniFrot Amino Acid Modifications
phos K8
UniFrot Aming AcCid Mutations
FANCE <K i
in BC ¢}l S1436C in BC A s14660 B =1457h @
UniFrot Frotein Primary/Secondard Structure Annotations
UniFrot Other Annotations
R Creereereereaseereeyeercerceecereeeeeti ased I {1
nonTern 1l nonTern §ll i3 {1
T S R R iasec [ {>
it { ]
el
{4
bias e {4
biased
nonTerm [l
UniFrot Repeats
Simple Tandem Repeats by TRF
epeats

erp

items
del
a.
el K

ClinVar Short Yariants < Sébp (177 items filtered)
ClinVar SNVs submitted interpretations and evidence

0’000 Qo0 0000 .-...

ClinVar Copd Number Variants >= Sébp (Merged S8 items)

a, P

Y7
4



Variant Interpretation: Rationale

» Is a previously published variant associated with a disease
phenotype pathogenic?

» Are all variants observed in a control population benign?
» \What evidence to we use to ultimately classify a variant?

» How do we ensure consistency among clinicians, clinical
laboratories, and researchers?




MAYO
CLINIC

Ty

15-20 years ago...

» |f you thought a gene may be implicated in a specific disease:
You could screen a cohort of patients and look for variants in said gene

If you identified a variant in a patient and did not find it in 50 control samples
(100 alleles!!!) you could deem this as a pathogenic variant

» Does this make sense statistically?

©2021 MFMER | slide-27 T o & TS0V I



Common framework and criteria for
germline variant classification

&) ACMG

American College of Medical
Genetics and Genomics

A)

-

Translating Genes Into Health®

ASSOCIATION
FOR MOLECULAR
PATHOLOGY




MAYO
CLINIC

Ty

Common framework and criteria for
germline variant classification

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology
Sue Richards, PhD', Nazneen Aziz, PhD*', Sherri Bale, PhD?, David Bick, MD? Soma Das, PhD?,
Julie Gastier-Foster, PhD®"8, Wayne W. Grody, MD, PhD*'%", Madhuri Hegde, PhD',

Elaine Lyon, PhD'3, Elaine Spector, PhD'", Karl Voelkerding, MD" and Heidi L. Rehm, PhD';
on behalf of the ACMG Laboratory Quality Assurance Committee

©2021 MFMER | slide-29



Standards and guidelines for the interpretation of sequence Class
variants: a joint consensus recommendation of the American

- - College of Medical Genetics and Genomics and the
| l I e I n e S Association for Molecular Pathology
Sue Richards, PhD', Nazneen Aziz, PhD>', Sherri Bale, PhD?, David Bick, MD*, Soma Das, PhD?,
Julie Gastier-Foster, PhD®, Wayne W. Grody, MD, PhD*'%"", Madhuri Hegde, PhD"?,

Elaine Lyon, PhD™, Elaine Spector, PhD™, Karl Voelkerding, MD" and Heidi L. Rehm, PhD'; Pathogenic
on behalf of the ACMG Laboratory Quality Assurance Committee

» These recommendations primarily apply to genetic tests used in clinical laboratories including
genotyping, single genes, panels, exomes and genomes.

» It is not intended for the interpretation of somatic variation, pharmacogenomic variants, or Patl;:t:I:nic
variants in genes associated with multigenic non-Mendelian complex disorders.
Somatic mutations Germline mutations
* Oceur in nongermline tissues * Present in egg or sperm
« Cannot be inherited * Can be inherited Vari f
+ Cause cancer family syndrome ariant o
Uncertain
O "(":‘)“* Significance
Child
Nonheritable Heritable (O
= Likely
_ Benign
Mutation in tumor only Mutation in All cells
(for example, breast) &gQ orf sperm affected in
offspring

AT Vo i MEOSE Dl AN I T rarian aadty of Dncd CROosgy

MAYO ‘ -
CLINIC % O
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- - College of Medical Genetics and Genomics and the
2 O 1 5 A ‘ IVI G g u I e I n eS Association for Molecular Pathology

MAYO

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American

Sue Richards, PhD', Nazneen Aziz, PhD>', Sherri Bale, PhD?, David Bick, MD*, Soma Das, PhD?,
Julie Gastier-Foster, PhD®, Wayne W. Grody, MD, PhD*'%"", Madhuri Hegde, PhD"?,
Elaine Lyon, PhD™, Elaine Spector, PhD™, Karl Voelkerding, MD" and Heidi L. Rehm, PhD';
on behalf of the ACMG Laboratory Quality Assurance Committee

These recommendations primarily apply to genetic tests used in clinical laboratories including
genotyping, single genes, panels, exomes and genomes.

It is not intended for the interpretation of somatic variation, pharmacogenomic variants, or
variants in genes associated with multigenic non-Mendelian complex disorders.

Care must be taken when applying these rules to candidate genes (“genes of uncertain significance”,
GUS)

This report recommends the use of specific standard terminology: ‘pathogenic’, ‘likely pathogenic’,
‘uncertain significance’, ‘likely benign’, and ‘benign’ to describe variants identified in Mendelian
disorders.

CLINIC

Ty

©2021 MFMER | slide-31
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Pathogenic

Likely
Pathogenic

Variant of
Uncertain
Significance

Likely
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We interpret by sorting variants into categories

ATATGATCAACACTT

*Variant: An alteration in the normal sequence of a gene: ATA TGA TCA ACA GTT

Variants of
Benign Unknown Pathogenic
Significance

A variant which is proven
to be deleterious to
protein or gene function

and is associated with a
particular human
phenotype or disease

Caution: A deleterious variant is not always pathogenic or disease causing.

MAYO
CLINIC

ﬁ ©2021 MFMER | slide-32
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What is Likely ?
The rules proposed to classify sequence variants follows is a heuristic system for

variant classification that is compatible with a formal, quantitative, Bayesian
classifier.

Variants of
Benign Likely Benign Unknown Likely Pathogenic Pathogenic

Significance

=LY 10% Probability of Pathogenicity 90% 99%

- "

VING®) / &
CLINIC 4 ¢
ﬁ ©2021 MFMER | slide-33 A& S S r ‘




5 ACMG Guidelines

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology

Sue Richards, PhD', Nazneen Aziz, PhD*'%, Sherri Bale, PhD?, David Bick, MD* Soma Das, PhD?,
Julie Gastier-Foster, PhD®"%, Wayne W. Grody, MD, PhD*'®'", Madhuri Hegde, PhD",
Elaine Lyon, PhD", Elaine Spector, PhD™, Karl Voelkerding, MD™ and Heidi L. Rehm, PhD'S;
on behalf of the ACMG Laboratory Quality Assurance Committee

» The guideline defined 28 criteria,
with codes that addressed types
of variant evidence. Each
evidence type or criterion code
was assigned a direction, benign
(B) or pathogenic (P), and a level
of strength: stand-alone (A), very
strong (VS), strong (S), moderate
(M), or supporting (P).

and predictive

change as an

Benign Pathogenic
Strong Supporting Supporting Moderate Strong Very strong

Population MAF is foo high for ation Prevalence in
data disorder BA1/BS1 OR affecteds statistically

observation in controls increased over

inconsistent with controls PS4

disease penatrance BS2
Computational Multiple lines of Same amino acid Predicted null

variant in a gene

no deleterious effect
BS3

functional studies
show a deleterious

data established where LOF is a
pathogenic variant known
Pst mechanism of
disease
only PVS1
disease BP1
Silent variant with non
predicted splice impact BP7
In-fra ndels in repeat
w/out known function BP3
Functional Well-established Well-established
data functional studies show

BPS

gene PP4

effect PS3
Nonsegregation
Segregation with disease BS4
data —>
De novo De novo (paternity and
data maternity confirmed)
ps2

Allelic data Observed in frans with

a dominant variant BP2

Observed in Gs with a

pathogenic variant BP2
Other Reputable source w/out
database shared data = benign BP6

Found in case with Patient's phel
Other data an alternate cause FH highly sp
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ACMG 2015 guidelines discrete criteria have a strong quantitative

correlation with the odds of pathogenicity of a variant.

I,] I,]_"}

BENIGN CRITERIA PATHOGENIC CRITERIA
. Very
Strength of Evidence Strong Supporting Supporting Strong Strong
O Ly PSRy JEyy Y Sy Sy S Jy iy A
1
i Odds of Pathogenicity* -18.7 -2.08 208 433 18.7 350.0
1
1
BAT*
Population Data BS1 PS4
BS2
@
k: :
ey Allelic Evidence & BP2 PP
g — Co-Segregation BS4 ,3 P;
g < Data sk PS2
(=1}
g3
Jd¥ BP1
g o Computation & BP3 PP2
[ PS1
é b= Predictive Data BP4 PP3 . .
= § BP7
g Functional Data BS3 PS3
L=
PP4
Other BP&
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Evidence Code Combinations Class

Table 5 Rules for combining criteria to classify sequence
variants

Pathogenic (i) 1 Very strong (PVS1)AND
(a) =1 Strong (PS1-PS4) OR
(b) =2 Moderate (PM1-PM&) OR

(c) 1 Moderate (PM1-PMB) and 1 supporting
(PP1-PP5) OR

(d) =2 Supporting (PP1-PPS)
(ii) 22 Strong (PS1-PS4) OR
(ili) 1 Strong (PS1-PS4) AND

(a)z3 Moderate (PM1-PM6) OR

(b)2 Moderate (PM1-PM6) AND 22
Supporting (PP1-PPS) OR

()1 Moderate (PM1-PM6) AND 24
supporting (PP1-PPS)

Likely pathogenic (i) 1 Very strong (PVS1) AND 1 moderate (PM1-
PMB) OR

(ity 1 Strong (PS1-PS4) AND 1-2 moderate
(PM1-PME) OR . "
(i) 1 Strong (PS1-PS4) AND 22 supporting Insufficient evidence to reach a pathogenic  Variant o

(PP1-PPS) OR or benign classification Uncertain
(iv) 23 Maderate (PM1-PMB) OR OR Significance

(V) 2 Moderate (PM1-PM6) AND =2 supporting Mix (PP, PM, PS, or PVS) AND (BP or BS)
(PP1-PPS) OR

(vi) 1 Moderate (PM1-PM6) AND 24 supporting
(PP1-8PS) Evidence Code Strength Likely
Benign (i) 1 Stand-alone (BA1) OR m Very strong pathogenic Benign

(ii) =2 Strong (BS1-B34) ® Strong pathogenic -

Likely benign (i) 1Strong (BS1-BS4) and 1 supporting (BP1- © Moderate pathogenic --

BP7) OR
¥ Supporting pathogenic
(i) 22 Supporting (BP1-8P7) PP ep €

; = Supporting benign
Uncertain (i) Other criteria shown above are not met OR

significance (if) the criteria for benign and pathogenic are = Strong benign

contradictory = Stand alone benign

MAYO
CLINIC

@ T,
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Table 5 Rules for combining criteria to classify sequence

variants

Pathogenic

Likely pathogenic

Benign

Likely benign

Uncertain
significance

(i) 1 Very strong (PVS1)AND
(a) =1 Strong (PS1-P54) OR
(b) =2 Moderate (PM1-PM6) OR

() 1 Moderate (PM1-PMB) and 1 supporting
(PP1-PP5) OR

(d) =2 Supporting (PP1-PPS)
(ii) 22 Strong (PS1-PS4) OR
(il}) 1 Strong (PS1-PS4) AND

(a)=3 Moderate (PM1-PM6) OR

(b)2 Moderate (PM1-PMB) AND 22
Supporting (PP1-PP5) OR
()1 Moderate (PM1-PM6) AND 24
supporting (PP1-PPS)

(i) 1 Very strong (PVS1) AND 1 moderate (PM1-
PMB) OR

(ity 1 Strong (PS1-PS4) AND 1-2 moderate
(PM1-PM6) OR

(i) 1 Strong (PS1-PS4) AND =2 supporting
(PP1-PP5) OR

P e o L e TR

(v) 2 Moderate (PM1-PM6) AND =2 supporting
(PP1-PPS) OR

(vi) 1 Moderate (PM1-PM6) AND 24 supporting
(PP1-PPS)

() 1Stand-alone (BA1) OR
(i) =2 Strong (BS1-BS4)

(i) 1Strong (BS1-BS4) and 1 supporting (BP1-
BP7) OR

(i) 22 Supporting (BP1-8P7)
(i) Other criteria shown above are not met OR

(if) the criteria for benign and pathogenic are
contradictory

PS4 + PM2 + PP1

Pathogenic

Level of
Evidence: Strong

= Likely Pathogenic
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Table 5 Rules for combining criteria to classify sequence

variants

Pathogenic

Likely pathogenic

Benign

Likely benign

Uncertain
significance

(1) 1 Very strong (PV51) AND
(a) =1 Strong (PS1-PS4) OR
(b) =2 Moderate (PM1-PM6) OR

() 1 Moderate (PM1-PMB) and 1 supporting
(PP1-PP5) OR

(d) =2 Supporting (PP1-PPS)
(i) 22 Strong (PS1-PS4) OR
(il}) 1 Strong (PS1-PS4) AND

(a)z3 Moderate (PM1-PM6) OR

(b)2 Moderate (PM1-PMB) AND 22
Supporting (PP1-PPS) OR

()1 Moderate (PM1-PM6) AND 24
supporting (PP1-PPS)

(i) 1Very strong (PVS1) AND 1 moderate (PM1-
PMB) OR

(i) 15trong (PS1-PS4) AND 1-2 moderate
(PM1-PM6) OR

(i) 1 Strong (PS1-PS4) AND =2 supporting
(PP1-PP5) OR

(iv) =3 Maoderate (PM1-PM6) OR

(v) 2 Moderate (PM1-PM6) AND =2 supporting
(PP1-PPS) OR

(vi) 1 Moderate (PM1-PM6) AND 24 supporting
(PP1-PPS)

(i) 1Stand-alone (BA1) OR
(i) =2 Strong (BS1-B34)

(i) 1Strong (BS1-BS4) and 1 supporting (BP1-

BrITOn

(i) 22 Supporting (BP1-8P7)

T TN

(if) the criteria for benign and pathogenic are
contradictory

PS4 + PM2 + PP1

Pathogenic

Level of
Evidence: Strong

= Likely Pathogenic

BP4

Benign

Level of
Evidence: Supporting
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Table 5 Rules for combining criteria to classify sequence

variants

Pathogenic

Likely pathogenic

(i) 1 Very strong (PVS1)AND
(a) =1 Strong (PS1-P54) OR
(b) =2 Moderate (PM1-PM6) OR

() 1 Moderate (PM1-PMB) and 1 supporting
(PP1-PP5) OR

(d) =2 Supporting (PP1-PPS)
(i) 22 Strong (PS1-PS4) OR
(il}) 1 Strong (PS1-PS4) AND

(a)z3 Moderate (PM1-PM6) OR

(b)2 Moderate (PM1-PMB) AND 22
Supporting (PP1-PP5) OR

()1 Moderate (PM1-PM6) AND 24
supporting (PP1-PPS)

(i) 1 Very strong (PVS1) AND 1 moderate (PM1-
PMB) OR

(ity 1 Strong (PS1-PS4) AND 1-2 moderate
(PM1-PM6) OR

(i) 1 Strong (PS1-PS4) AND =2 supporting
(PP1-PP5) OR

Benign

Likely benign

(iv) =3 Maoderate (PM1-PM6) OR

(v) 2 Moderate (PM1-PM6) AND =2 supporting
(PP1-PPS) OR

(vi) 1 Moderate (PM1-PM6) AND 24 supporting
(PP1-PPS)

(i) 1Stand-alone (BA1) OR
(i) =2 Strong (BS1-B34)

(i) 1Strong (BS1-BS4) and 1 supporting (BP1-
BP7) OR

(i) 22 Supporting (BP1-8P7) ]

(i) Other criteria shown above are not met OR

(i) the criteria for benign and pathogenic are
contradictory

Conflicting evidence example:
PS4+ PM2 + BP2 + BP4

= Variant of Uncertain
Significance (VUS or VOUS)
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Benign Pathogenic

Strong Supporting Supporting Moderate Strong Very strong

Population
data

Computational
and predictive

Benign Criteria Example

B54 Lack of segregation in affected members of a family

Nonsegregation Cosegregation with Seg reg at I O n
Segregation with disease BS4 disease in multiple
l "-1 gatlo affected family Increased segregation data Dat a
o members PP

Criterion

Allelic data

PP1 Cosegregation with disease in multiple affected family members in a gene definitively known to cause the
disease

Pathogenic Criteria Example

Other data

MAYO

a1
CLINIC . :
Q-.W Richards CS et al. Gen Med. 2015;17:405-423 ‘ & ‘ ' g i
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Benign

Pathogenic

Population MAF is too high for nt in population Prevalence in
data disorder BA1/BS1 OR abases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4
disease penefrance BS2
Computational Multiple lines of Multiple lines of Same amino acid Predicted null
and predictive computational evidence computational change as an variant in a gene
data suggest no impact on gene evidence support a established where LOF is a
/gene product BP4 deleterious effect pathogenic variant known
on the gene /gene mechanism of
Missense in gene where product PP3 disease
only truncating cause PVS1
disease BP1 in length changing
Silent variant with non
predicted splice impact BP7
In-frame indels in repeat
wfout known function BP3
Functional Well-established Missense in gene with Well-established
data functional studies show ow rate of benign functional studies
no deleterious effect missense variants and show a deleterious
BS3 path. missenses effect PS3
common PP2
Nonsegregation Cosegregation with
with disease BS4 disease in multiple
3:3:9931'0“ affected family Increased segregation data S
members PP1
De novo De novo (wil De novo (patemity and
data 2 ity & maternity maternity confirmed)
med) PM& pPs2
Allelic data Observed in frans with
a dominant variant BP2
Observed in s with a
pathogenic variant BP2
Other Reputable source w/out Reputable source
database shared data = benign BP6 = pathogenic PP5
Found in case with Patient’s phenotype or
Other data an alternate cause FH highly specific for
BP5 gene PP4

MAYO
CLINIC

Richards CS et al. Gen Med. 2015;17:405-423

©2021 MFMER | slide-41

Ty




Allele Frequency (BA1, BS1, PM2)
How common is this variant?

Penetrance

Mendelian
disease

Highly unusual for
common diseases

Hard to identify Most variants

. identified by
R ticaly GWA studies
Allele
frequency
Very rare 0.001 Rare 0.0 fyncommon| %! |Common

MAYO
CLINIC

[E ©2021 MFMER | slide-42
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https://gnomad.broadinstitute.org/

Banign

Pathogenic

—
T
Strong

e
o T
Supporiing

Supporting

Stroang

Viery strong

Population
data

Inconsisient with

MAF is b0 high for
disordar BaA1/B31 OR
obsarvation in controls

disease penatrance B52

dllele frequency

(o]

(o]

greater present
than in healfhy
expected control

DE O

extremely low frequency
in unaffected conftrols

Classification

©

P

LP

VUS

LB

B ERYY AN e it ]

0.0

0.2

At high

population
frequencies,

Classification x Allele Frequency

all variants are

benign.

0.4 0.6

Allele Frequency

1.0

The cutoffs of each of these criteria depends on many factors such as:
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Allele Frequency (BA1, BS1, PM2)
How common is this variant?
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https://gnomad.broadinstitute.org/

gnomAD browser

125,748 exome sequences
15,708 whole-genome sequences

141,456 individuals

nomAD
N YT

genome aggregation database

Search by gene, region, or variant

dnic  phttp://gnomad.broadinstitute.org/
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gnomAD

Single nucleotide variant: 6-51944718-G-A (GRCh37)

Exomes Genomes Total References
Filter [  Pass |
Allele Count v) 1 3 » dbSNP (rs727504096)
Allele Number 251434 31396 282830 * UCsC
Allele Frequency 0.000007954 0.00003185 0.00001061 = Clinvar (177240)
Popmax Filtering AF @ _ _
(95% confidence) Report
Number of homozygotes 0 0 0
* Report this variant
* Request additional information
Age Distribution
e M e e A 2
v African 2 24962 0 0.00008012 1 _3:
+ East Asian 1 19950 0 0.00005013 1.6
v Latin 0 35438 0 0.000 a
+ Ashkenazi Jewish 0 10370 0 0.000 é 1?:
+ European (Finnish) 0 25122 0 0.000 % 0.8
=

Fioppan on- 120146 0 0.000 h : ]
+ Other 0 7226 0 0.000 0.2
+ South Asian 0 30616 0 0.000 0
Male 2 153358 0 0.00001304 & -@2‘3 q‘-‘ho r«ﬁ"g’ ﬁ'@ @g’ ‘}_@ -&bb ﬁ*—'ao &
Female 1 129472 0 0.000007724 Age
Total 3 282830 0 0.00001061 -
T Sy | Heterozygous Variant Cariers « Exomes  Genomes l

dnic  phttp://gnomad.broadinstitute.org/

Ty
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List of nine variants for which there was some evidence of pathogenicity
even though the MAF was high for these variants!

Classification Ia::ti:‘:ludln BALor ::nﬁen TII;E'E Paosition Sour:e Soul:e :::va' Risedse
- B Pop [ Y

014049, _ Deficiency of Acyl-
M Mﬂ:-n;“ PS3_Supporting; BS2 CA114709 CTAAG ~ AFR 01261  CoAdehydrogenase
family, member 9

P54; PP1_Strong;

Mk_004004.5: c.109G=4 Deafness, autosomal

Pathogenic PM3_VeryStrong; 17023 CA172210 13 20763612 C T EAS 0.07242 ;
{p.Val3Tile) PS3_Maderate recessive
NM_000410.3: ¢.187C>G . Hereditary
(o HisE2Asp) Pathogenic* PS4 10 CA113797 6 26091179 € G NFE 01368 | ; ’
Mh_000410.3: c.BASG=A _ ) Hereditary
{p.Cys282Tyr) Pathogenic* PS4; PP3 a CA113795 [ 26,093,141 G A MFE 0L05135 hesiocdwariatiss
NM_000243.2: £.1105C5T . Familial
[ vus PM3; PM5 2551 CA280114 16 3,299,586 G A EAS 007156 nean f
NA_000243.2: c.1223G=A . Familial
(P Arg408GIn) vus PM3; PM5 2552 CAZB0116 16 3,299,468 i T EAS 0L05407 T —
“_Wt :“23“'3“ vUs PM3; BS2 217689  CA210261 13 73,409,497 G A AMR 009858 Joubert syndrome
NM_000017.3: £.511C>T B . Deficiency of butyryl-
(P-Arg171Trp) vus P53_Moderate; PM3; PP3 3830 CA312214 12 121175678 i T FIN & 0.06589 CoR dehydiopenase
NM_DOO0D60.4: ¢.1330G>C . , FIN# Biotidinase
(pAs ) Pathogenic  PS3; PM3_Strong; PP3; PP4 1900 CAD90EBE 3 15686693 G [ 0.05398 e

*ACMG/AMP criteria selected does not match the classification as these variants are common low-penetrant variants and the ACMG/AMP
guidelines are not designed for this variant type

# Detected at >5% MAF only in Finnish population (see text).

Genomic coordinates on build GRCh37 <
AFR: African/African American, EAS: East Asian, NFE: Non-Finnish European, AMR: Latino, FIN=Finnish By




Allele Frequency (BAf1,

BS1, PM2)

Other considerations...

What is a control population? Unselected?

PM2:

For dominant disorders (AD):
Adult-onset disorders could be represented in
the gnomAD database in still unaffected
probands. Instead of controls the database

could be refer to better as “general population”. recessive).

Absent from
controls (or at an
extremely low
frequency if

ClinGen Sequence Variant Interpretation Recommendation for PM2 - Version 1.0

Working Group Page: https://clinicalgenome.org/working-groups/sequence-variant-interpretation/
Date Approved: September 4, 2020

PM2_supporting

SVI Recommendation for Absence/Rarity (PM2) - Version 1.0

The ClinGen Sequence Variant Interpretation (SVI) Working Group proposes decreasing the
weight of criterion PM2 ("Absent from controls, or at extremely low frequency if recessive,

in Exome Sequencing Project, 1000Genomes Project, or Exome Aggregation Consortium™)

from a Moderate strength level to a Supporting strength level (PM2_Supporting).
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Demotion of this category to
supporting is currently
recommended.



https://clinicalgenome.org/site/assets/files/5182/pm2_-_svi_recommendation_-_approved_sept2020.pdf

MAYO
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Benign

Pathogenic

Strong

Supporting

Supporting

Moderate

Strong

Very strong

Population
data

MAF is too high for
disorder BA1/BS1 OR
observation in controls
inconsistent with
disease penetrance BS2

Multiple lines of
computational evidence
suggest no impact on gene
/gene product BP4

Missense in gene where
only truncating cause
disease BP1

Silent variant with non
predicted splice impact BP7
In-frame indels in repeat

wiout k C

Multiple lines of
computational
evidence support a
deleterious effect
on the gene /gene
product PP3

nt in population
abases PM2

in length changing

Prevalence in
affecteds statistically
increased over
controls PS4

Same amino acid
change as an
established
pathogenic variant

Predicted null
variant in a gene
where LOF is a
known
mechanism of
disease

PVS1

Functional Well-established Missense in gene with Well-established
data functional studies show ow rate of benign functional studies
no deleterious effect missense variants and show a deleterious
BS3 path. missenses effect PS3
common PP2
Nonsegregation Cosegregation with
with disease BS4 disease in multiple
3:3:9931'0“ affected family Increased segregation data S
members PP1
De novo De novo (wil De novo (patemity and
data 2 ity & maternity maternity confirmed)
med) PM& pPs2
Allelic data Observed in frans with
a dominant variant BP2
Observed in s with a
pathogenic variant BP2
Other Reputable source w/out Reputable source
database shared data = benign BP6 = pathogenic PP5
Found in case with Patient’s phenotype or
Other data an alternate cause FH highly specific for

BPS

gene PP4

Richards CS et al. Gen Med. 2015;17:405-423
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Pathogenic

Supporting

Moderate

Strong Very strong

Benign
Strong Supporting

Population MAF is too high for
data disorder BA1/BS1 OR

observation in controls

inconsistent with

disease penetrance BS2
Computational Multiple lines of

and predictive
data

computational evidence
suggest no impact on gene
/gene product BP4

Missense in gene where
only truncating cause
disease BP1

Silent variant with non
predicted splice impact BP7

In-frame indels in repeat
wfout known function BP3

Multiple lines of
computational
evidence support a
deleterious effect
on the gene /gene
product PP3

Absent in population
databases PM2

Prevalence in
affecteds statistically
increased over
controls PS4

Same amino acid Predicted null
change as an variant in a gene
established where LOF is a
pathogenic variant known
mechanism of
disease

PVS1

Functional Well-established Missense in gene with Well-established
data functional studies show e of benign tunctional studies
no deleterious effect missense variants and show a deleterious
BS3 path. missenses effect PS3
common PP2
Nonsegregation Cosegregation with
with disease BS4 disease in multiple
3:5:99"“” affected family Increased segregation data
members PP1
De novo De novo (patemity and
data maternity confirmed)
pPs2
Allelic data Observed in frans with
a dominant variant BP2
» Focus on the
pathogenic variant BP2
“Path ic criteria”
- dathogenic criteria
Other Reputable source w/out Reputable source
database shared data = benign BP6 = pathogenic PP5
Found in case with Patient’s phenotype or
Other data an alternate cause FH highly spacific for

BPS

gene PP4

Richards CS et al. Gen Med. 2015;17:405-423
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Computational
and predictive
data

Loss of Function Criteria (PVS1)
(only “very strong” level of evidence)

» Null variant in a gene where loss of function (LoF) is a known
mechanism of disease.
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Missense and LoF annotations and curations per gene from ClinGen Variant Curation Expert Panels

Gene Disease Area (MOI) | HI Score | gnomAD LoF ee metric (90% CI) PVS1? Missense Z score (ExAC/ pPpP2?
gnomAD)
MYH7? Cardio (AD) 0 0.45 (0.35-0.57) Yes (Mod) 6.54/3.93 No
BRAF 1 0.1 (0.05-0.21) No 3.99/3.72 Yes
HRAS 0 0.36 (0.16-0.93) No 2.69/1.51 Yes
KRAS 0 0.63 (0.34-1.24) No 136/2.32 Yes

MAP2KI 0 0.15 (0.07-0.38) No 3.43/3.11 Yes

MAP2K2 RAS (AD) 1 0.1(0.04-0.33) No 1.48/1.87 Yes
PTPNI1 3 0.03 (0.01-0.14) No 3.43/3.13 Yes
RAFI 0 0.19 (0.11-0.35) No 2.82/2.46 Yes
SHOC? - 0(0.00-0.14) No 2.57/297 Yes
S0S1 0 0.07 (0.03-0.14) No 2.18/3.05 Yes
PTEN PHTS (AD) 3 0.24 (0.13-0.51) Yes 3.71/3.49 Yes
CDHI HDGC (AD) 3 0.25 (0.15-0.43) Yes 0.81/0.71 No

PAH PKU (AR) 30 1.12 (0.84-1.50) Yes 1.54/-0.65 No

CDH23 30 0.38 (0.26-0.57) Yes 0.24/0.71 No

GJB2 - 262 (1.39-1.98) Yes 1.07/1.17 No

MYO7A - 0.7 (0.58-0.85) Yes 1.44/1.07 No
HL (AR)

SLC2644 - 0.89 (0.68-1.18) Yes 3.23/-2.01 No
TECTA 30 0.45 (0.35-0.58) Yes 23716l No
USH2A 30 0.76 (0.67-0.86) Yes 5.12/-2.47 No
COCH - 0.59 (0.40-0.91) No 0.34/0.68 No
KCNQ4 - 0.22 (0.12-0.41) Yes 2.73/1.83 No

HL (AD)
MYO06 - 0.3 (0.22-0.42) Yes 1.02/1.39 No
TECTA 30 0.45 (0.35-0.58) No 23716l No

doi:10.1002/cphg.93
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variants cause disease?

ow do | know If loss of function

» pLI score - Probability a gene is haploinsufficient - where
heterozygous LoFs are not tolerated. >0.9 is a common threshold.
Particularly good for autosomal dominant disease.

PTPN11 protein tyrosine phosphatase non-receptor.., Dataset | gnomAD w211 = gnomADSVsv2.1 ~ |@

Genome build GRCh37 / hg19

E bl ID ENSGO0000179295.11
Extremely Intolerant LG

Ensembl canonical transcript @ ENSTO0000351677.2

Other transcripts
ENST00000392597.1, ENST00000530818.1, ENST00000531326.1
Region 12:112856155-112947717

External resources Ensembl, UCSC Browser, and more

pLI value -

https://gnomad.broadinstitute.org/gene/ENSG00000179295?dataset=gnomad_r2_1
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(ENST00000351677.2).



PVS1- How to investigate if LOF Is a
"known mechanism of disease

“176876 €D+
Table of Contents * 17687‘6
Title
Gene-Phenotype PROTEIN-TYROSINE PHOSPHATASE, NONRECEPTOR-TYPE, 11;
Relationships PTPN]_]_
Text

Description Alternative titles; symbols

Cloning and

Expression PROTEIN-TYROSINE PHOSPHATASE 2C; PTP2C

Mapping TYROSINE PHOSPHATASE SHP2; SHP2

Biochemical Features

Gene Function HGNC Approved Gene Symbol: PTPN11

Maolecular Cenetics

Genotype/Phenotype Cytogenetic location: 12g24.13  Genomic coordinates (GRCh38): 12:112,418,946-112,509,917 ifrom
Correlations MNCEBI)

Animal Model

Allelic Variants Gene-Phenotype Relationships
Table View
Ref Phenotype Phenotype
eferences . . .
Location Phenotype MIM number Inheritance mapping key
Contributors
12q2413 LEOPARD syndrome 1 151100 AD 3
Creation Date Leukemia, juvenile mvelomonocytic, somatic 607785 3
Edit History Metachondromatosis 156230 AD 3
MNoonan syndrome 1 163930 AD 3
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OM | M - Online Mendelian Inheritance in Man®

“176876 €D+
Table of Contents * ]_76876
Title
Gene-Phenotype PROTEIN-TYROSINE PHOSPHATASE, NONRECEPTOR-TYPE, 11;
Relationships PTPNl l
Text

Description Alternative titles; symbols

Cloning and

Expression PROTEIN-TYROSINE PHOSPHATASE 2C; PTP2C

Mapping TYROSINE PHOSPHATASE SHP2; SHP2

Biochemical Features

Gene Function HGNC Approved Gene Symbol: PTPN11

Maolecular Cenetics

Genotype/Phenotype Cytogenetic location: 12g24.13  Genomic coordinates (GRCh38): 12:112,418,946-112,509,917 ifrom
Correlations MNCEBI)

Animal Model

Allelic Variants Gene-Phenotype Relationships
Table View
Rer Phenotype Phenotype
eferences . . .
Location Phenotype MIM number Inheritance mapping key
Contributors
12q2413 LEOPARD syndrome 1 151100 AD 3
Creation Date Leukemia, juvenile mvelomonocytic, somatic 607785 2
Edit History Metachondromatosis 156230 AD 3
MNoonan syndrome 1 163930 AD 3
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OMIM - online Mendelian Inheritance in
Man®

PROTEIN-TYROSINE PHOSPHATASE, NONRECEPTOR-TYPE, 11; PTPNT1

Allelic Variants (36 Selected Examples) : All Clinvar Variants
! |
Number *  Phenotype Mutatipn | SNP gnomAD Clinvar
.0001 NOONAN SYNDROME 1 PTPN1}, ALA72SER | 15121918433+ - RCV000014252...
.0002 NOONAN SYNDROME 1 anmi, ALA72GLY | 1121918434~ - RCV000014253...
0003 NOONAN SYNDROME 1 prentl, asnzosase rs28933386w  rs28933386  RCVO00014254..
0004 NOONAN SYNDROME 1 PTPN1], ASN308SER 15121918455« - RCV000014253...
0005 LEOPARD SYNDROME 1 PTPN1}], TYR279CYS I cizio18as6+ - RCV000030620...
0006 LEOPARD SYNDROME 1 PTPN1}, THR468MET | 15121918457~ 15121918457  RCVO00033533...
.0007 NOONAN SYNDROME 1 PTPNI! SERS02THR | 15121918436~ - RCVO000014260...
0008 NOONAN SYNDROME 1 PIPNLL TYRSICYS | 5121918459~ 55121918459 RCVOOOD1426L..
.0009 NOONAN SYNDROME 1 prenil, TYRe2a5P 15121918460~  £s121918460 RCV000014257...
0010 NOONAN SYNDROME 1 PTPN1], ASP61GLY I oieisaste - RCV000014258...
0011 NOONAN SYNDROME 1 PTPN1j, THR73ILE | rs121918462~ - RCV000014262...
0012 NOONAN SYNDROME 1 PTP’Nli, PHE2855ER | 15121918463~ - RCV000014263...
0013 MOVED TO 176876.0011 - e - -
0014 LEUKEMIA, JUVENILE MYELOMONOCYTIC, prentl, cruzerys rs121918464~ - RCV000014264...
SOMATIC 1 1
0015 LEUKEMIA, JUVENILE MYELOMONOCYTIC, PTPN1j, GLU76VAL I 121918465+ - RCVO000014263...
SOMATIC 1
0016 LEUKEMIA, JUVENILE MYELOMONOCYTIC, rrevid crumscry |
SOMATIC | . .
0017 LEUKEMIA, JUVENILE MYELOMONOCYTIC, PTPN1], GLU76ALA I > M O St Of t h e V a r | a n t S a S S O C | ate d
SOMATIC | 1 .
0018 NOONAN SYNDROME PTPN1L, GLN79ARG
0019 NOONAN SYNDROME PTPN1Y, THR411MET : WI t h th e p h e n Otyp e a-re
.0020 LEOPARD SYNDROME 1 prenil, ALAsEITHR .
0021 LEOFARD SYNDROME 1 PTPN1], GLY464ALA 1 M | SS e n Se
0022 LEOPARD SYNDROME 1 PTPN1}, GLN510PRO |
0023 NOONAN SYNDROME PIPN1} GLNSI0ARG|  rs121918470~ 5121918470 | RCVO00L427S..

MAYO [ - .
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o [ View Gene Facts Classifications Classifications Assertions

Curation Summaries Status and Future Work@ External Genomic Resources ClinVar Variants (5

-

) Gene-Disease Validity

\&

Gene Disease

PTPMN11 Noonan syndrome

(ev) MONDO:0018997

PTPN11 Noonan syndrome with multiple lentigines
(% +) MONDOQ:0007893

NS

PTPN11 cardicfaciocutaneous syndrome

() MONDO:0015280

NS

PTPN11 Costello syndrome

(2 ~) MONDO:0009026

Mol

ADO®

AD O

AD @

AD @

Expert Panel

RASopathy GCEP [

RASopathy GCEP [

RASopathy GCEP [

RASopathy GCEP [

Follow Gene

el Tl Group By Gene-Disease Pair

Classification

Definitive

Definitive

Disputed

Disputed

Report & Date

phenotype.
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» Noonan syndrome is believed to be caused by gain-of-function defects i
PTPN11 (PMID:11992261), and LEOPARD syndrome is believed to be caused
by dominant-negative mechanisms (PMID: 16358218). Evidence gathered fo
the haploinsufficiency rating for this gene is related to the metachondromatosi




Computational
and predictive
data

PS1

PS1 Same amino acid change as a previously established pathogenic variant

regardless of nucleotide change

Example: Val-=Leu caused by either G=C or G>T in the same codon
(b) Second letter
U C A G
uuu ucu UAU uGu U
Phe Tyr Cys
U uuc ucc S UAC UGC C
vual - |uca " luaa stop |usa  stop |A
el
U%S UCG UAG Stop JUGG Trp |G
Cuu CCu CAU Hi CGU ) U
cuc cce cac [ | cac c
C Leu Pro Arg
_ CUA CCA CAA al CGA Al
% CuUG CCG CAG " CGG G g
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Computational
and predictive
data

PS1

PS1 Same amino acid change as a previously established pathogenic variant

regardless of nucleotide change

Example: Val-=Leu caused by either G=C or G>T in the same codon
(b) Second letter
U C A G
uuu Phe ucu UAU Tvr UuGu c U
S
ofvue ucc | | UAC  luec [*° e CUU = CUC
UUA L UCA UAA Stop | UGA Stop |[A B h L .
U%S | uce UAG Stop |Use Tp |G oth are Leucine
CuU Ccu CAU }HiS ccu ) U Caveat: Beware of changes that impact splicing rather than at the
c CucC Leu CCC P CAC CGC Arg (o amino acid/protein level
|[cor cca (79 | caa an | G2 Al
% CUG ) CCG CAG " CGG G g
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Computational
and predictive
data

» PMb5

PM5

Novel missense change at an amino acid residue where a different

missense change determined to be pathogenic has been seen before

Example: Arg156His is pathogenic; now you observe Arg156Cys

©2021 MFMER | slide-66




MAYO
CLINIC

Ty

» PM5

Computational
and predictive
data

PM5 Novel missense change at an amino acid residue where a different
missense change determined to be pathogenic has been seen before
Example: Arg156His is pathogenic; now you observe Arg156Cys

(b) Second letter
U C A G

Leu257Pro - Pathogenic
uuu Phe ucu UAU Tvr uGu c U
S
ofvue ucc | | UAC " luec [ |e CUU - CCU
vual - |uca " luaa stop |usa  stop |A
el
uuG ucG UAG Stop |UGG Trp |G
Cuu CCu CAU CGU U
=l His |
CucC CAC CGC C
C Leu Pro Arg
_ CUA CCA CAA al CGA Al
% CuUG CCG CAG " CGG G g
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Computational
and predictive
data
PM5 Novel missense change at an amino acid residue where a different

missense change determined to be pathogenic has been seen before

Example: Arg156His is pathogenic; now you observe Arg156Cys

(b) Second letter
U T A G Leu257Pro - Pathogenic
uuu ucu UAU uGcu u
Phe Tyr Cys CuUuU > CCcuU
U uuc ucc S UAC UGcC (=
UUA } o s " luar stop |UGA  stop A Leu257His - 227?
eu
uuG ucaG UAG Stop |UGG Trp |G CUU > CAU
My ccu cau | | ceu ) U
His
C cuc Leu ccce Pro CAC CeC Arg c Caveat: Beware of changes that impact splicing rather than at the amino
o CUA CCA CAA } Gl CGA Al acid/protein level
@ n = ' :
E CUG CCG CAG CGG G 3

MAYO
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Computational Mult s of M @ lines of N Same amino acld
and predictive t ! t
data

' P I\/I 1 | protein consequence

» Protein length changes due to in-frame
. : . . . Synonyrmous [ non-synonymous
deletions/insertions in a non-repeat region no splice effect
in-frame missense | LOF

or stop-loss variants. !
delfins

—

repeat non-repeat
or stop-loss

@ I similar | | not similar |

MAYO [ -
CLINIC ®
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In-frame removal or insertion of amino acids

» Insertions/deletions that occur in repetitive regions are more
P M 4 likely to be of little functional impact; therefore, it is important

to assess the surrounding sequence for repetitiveness using
a genome browser.

Protein length

» It can also help to assess population databases, such
Change_s as aresult gnomAD, for high confidence variant calls that indicate the

of in-frame site is multi-allelic, which could indicate that the region is
deletions/insertions prone to indels that are generally tolerated, depending on the
overall allele frequency.

» Itis important to verify the functional impact the deletion or
NM_000179.3(MSH®6): insertion might have. Does it affect the zinc-fingers of a
C 53_5 546del transcription factor? Does it remove important aminoacids in

the catalytic site?
p.(Alal79 Alal82del)
» To prevent double-counting of this evidence type, we
recommend that PM4 should not be applied for any variant in
which PVS1, at any strength level, is also applied.

MAYO
CLINIC
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Stop loss: Protein extending variants

» When a variant results in loss of the termination
codon (stop-loss variant), the protein is extended; if a
variant creates a premature termination codon
(nonsense variant), the protein is shortened.

c.102 c.*10 c. 20
MAAATATATC GCATTTGCAAAGGCGACAATAAATTATTG,

NM_000059.3(BRCA2):.
c.10256_10257insT
Stop-loss variant p.(*3419Tyrext*18)

PM4

MAYO

.
- - -4
CLINIC ! :
zl 4 e 3 d ] 1
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Computational
and predictive
data

> PP3

PP3

Multiple lines of computational evidence support a deleterious effect on

the gene or gene product (conservation, evolutionary, splicing impact, etc)
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Computatlonal Impact Predlctlon

“In silico scores” |

PP3

BP4

MAYO
CLINIC

Ty

Multiple lines of computational
evidence support a deleterious
effect on the gene or

gene product (conservation,
evolutionary, splicing impact,
etc.)

Multiple lines of computational
evidence suggest no impact
on gene or gene product
(conservation, evolutionary,
splicing impact, etc.)

Richards CS et al. Gen Med. 2015;17:405-423
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BayesDel addAF
BayesDel noAF
dbNSFP version 4.1

DANN
version 2014

DEOGEN2

dbNSFP version 4.1

EIGEN PC

dbNSFP version 4.1

Damaging
Damaging
0.9987
Damaging,
Tolerated

Pathogenic

Pathogenic

PROVEAN

SIFT

NSFP version 41
SIFT4G

1NSFP n 41
Pr

Medium

Disease
causing

Damaging

Pathogenic

Damaging

Damaging

Tolerated

328

-6.74
-6.44,
-6.82,
-6.71,-6.76

09599

0.002,
0.001,
0.003,0

0.6591

0.901

0.81

0.9298

0.9939

09125

0.9282

0.6128



Computational Impact Prediction

Considerations

« PP3or BP4 can be used only once in a variant. Many
P P3 algorithms used the same or very similar training data for

their predictions, each algorithm cannot be counted as an
independent criterion.

« Consistent threshold for the tool(s) should be used for all the
variants in that gene.

B P4 « Currently, a meta-predictor such as REVEL may be used
in place of multiple predictors in the in silico analysis of
missense variants.

« Splicing in silico tools can be difficult to utilize and the
interpretation is often not standardized.

MAYO / . . KT .
CLINIC Richards CS et al. Gen Med. 2015;17:405-423 . $
$ ©2021 MFMER | slide-74 To & V(R T



Computational Impact Prediction

Splicing Scores

B P7 A synonymous (silent) variant for which splicing prediction

algorithms predict no impact to the splice consensus
sequence nor the creation of a new splice site AND the
nucleotide is not highly conserved.

- ’ - o
MAYO

CLINIC Richards CS et al. Gen Med. 2015;17:405-423 " / / i “
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Computational Impact Prediction
A Commonly Used Powerful Splicing Tool

A score pre-mRNA
. A type position
SpliceAl
Acceptor 0.00
Loss
Deep neural network based on pre-
MRNA transcript sequences that Donorloss ~ 0.72 0bp
predicts splice sites using long-range P
primary genomic sequence flanking Gain 0.0
each position as input onorcan 001 s
(+/-50 bp as default; +/-10,000 bp erormam = P
B P 7 maximum). SpliceAl provides a table with delta
scores (0-1) for acceptor loss, donor

https://spliceailookup.broadinstitute.org/  lo0ss, acceptor gain, and donor gain

within the designated flanking sequence.

The delta score indicates the probability
that the variant will alter splicing at the
pre-mRNA position indicated

MAYO

CLINIC  Jaganathan et al., 2019 (PMID: 30661751).
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https://spliceailookup.broadinstitute.org/

Scores are not deterministic
of biological effect/deleteriousness,
they are used as “supporting evidence”

gDNA: Chr6(GRCh37):9.51720765A>G
cDNA: NM_138694.3(PKHD1):c.7837T>C
Protein: p.Trp2613Arg

Polyphen-2: Probably damaging

CADD: 29 Scores agree towards SNV
M-CAP: Probably being deleterious
PredictSNP2: Deleterious

Likelihood of pathogenicity is affected, not determined.
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Benign

Pathogenic

data

and predictive

computational evidence
suggest no impact on gene
/gene product BP4

Missense in gene where
only truncating cause
disease BP1

Silent variant with non
predicted splice impact BP7

computational
evidence support a
deleterious effect
on the gene /gene
product PP3

in length changing

change as an
established
pathogenic variant

Strong Supporting Supporting Moderate Strong Very strong
Population MAF is too high for nt in population Prevalence in
data disorder BA1/BS1 OR abases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4
disease penetrance BS2
Computational Multiple lines of Multiple lines of Same amino acid Predicted null

variant in a gene
where LOF is a
known
mechanism of
disease

PVS1

Functional
data

Well-established
functional studies show
no deleterious effect
BS3

Missense in gene with
jow rate of benign
missense variants and
path. missenses
common PP2

Well-established
tunctional studies
show a deleterious
effect PS3

with disease BS4

disease In multiple

BPS

gene PP4

3:3:993“” affected family Increased segregation data
members PP1
De novo De novo (wil De novo (patemity and
data 2 ity & maternity maternity confirmed)
med) PM& pPs2

Allelic data Observed in frans with

a dominant variant BP2

Observed in s with a

pathogenic variant BP2
Other Reputable source w/out Reputable source
database shared data = benign BP6 = pathogenic PP5

Found in case with Patient’s phenotype or
Other data an alternate cause FH highly specific for

Richards CS et al. Gen Med. 2015;17:405-423
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Functional Evidence:

PS3 .

Functional Consequence

BS3

Mo Functional Consequence

Criteria for classifying pathogenic variants o . . .
Criteria for classifying benign variants

Well-established in vifro or in vive functional
studies supportive of a damaging effect on
the gene or gene product.

Well-established in vifro orin vivo functional
studies show no damaging effect on protein
function or splicing.

Note:

Functional studies that have been validated
and shown to be reproducible and robust in a
clinical diagnostic laboratory setting are
considered the most well established.

What defines a “well established”
functional study or assay?
How reliable? This is not simple.

MAYO

C%C Richards CS et al. Gen Med. 2015;17:405-423
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1007 » =

Functional Evidence: o 3
804 © e |
22 701 ® e
B T 601 °
Recommendations for application of the @ E S 504 s
' . . . . updates - 4“.
functional evidence PS3/BS3 criterion using %3 a0, _
the ACMG/AMP sequence variant 204 LR
interpretation framework "g' N
Sarah E. Brnich'®, Ahmad N. Abou Tayoun:, Fergus J. Couch®, Garry R. Cutting”, Marc 5. Greenblatt®, D omom o E & n E.lmj E L aaad E
Christopher D. Heinen®, Dona M. Kanaw'. ¥i Luo’, Shannon M. McNuIty', Lea M. Starita™, Sean V. 'awgian“:, r § § :::
Matt W. Wright'', Steven M. Harrison'?, Leslie G. Biesecker'®, Jonathan 5. Berg'™ and On behalf of the Clinical LB/B . LP/P
Genome Resource Sequence Variant Interpretation Working Group Variants Tested

Table 3 Evidence strength equivalent of odds of pathogenicity

3dds of pathogenicity (Odd 1) vidence strength equiv . . H -
e — Most functional evidence under these recommendations is
. 853 moderate® demoted to PS3_supporting and in order to increase to
<048 BS3_supporting moderate or strong, need to consider appropriate level of
048-2.1 Indeterminate Controls

=21 P53 _supparting

=43 P53_moderate . . . . .
e ves * Always consider if a test or assay is measuring the protein
. 350 PS3_very_strong function or one of many.

MAYO " P )
CLINIC Richards CS et al. Gen Med. 2015;17:405-423 ‘ té i
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Decision Tree to guide PS3/BS3 criterion

@ Define the disease mechanism

@ Evaluate applicability of general classes of assay used in the field

l Does the general class of assay model l: NO —= Do not use PS3/BS3

YES —>

@ Evaluate validity of specific instances of assays

1009 o o
Were basic controls included? Has the class of assay been:
- Normal/Negative/Wild type -broadly accepted historically
- Abnormal/Positive/Null -previously validated ~ NO —e Do not use PS3/BS3
AND OR — e~ ® [-]
Were multiple replicates used? -provided as a kit with defined 8 8 70 [
| performance metrics, but Max PS3_supporting © 3\
YES where controls/replicates are  ~ YES > poo BSB_supportlng 8 .6 60 °
l not documented for the 7 ¥ = 50 o
Were variant controls used?* specific instance of the assay? > :5: ° A x
- Known pathogenic o 0“3 c 40
- Known benign 0 R
*Or were variants tested that reach [~ YES = @ << 30 x"x
P/LP or B/LB without PS3/BS3 criteria? 20 x %
x
10 a x x
@ Apply evidence to individual variant interpretation 0 X x
Are the statistical analyses sufficient |\ How many total benign/pathogenic D B3 BB LB oA LA
to estimate or calculate OddsPath? variant controls were used? g g g -
! ] LB/B LP/P
Ye 10 or less in total Max 33 supporting i
‘v Max BS3_supporting Variants Tested

Correlate the strength of evidence to
the calculated OddsPath (Table 1)

Max PS3_moderate

At least 11 in total Max BS3_moderate

Max PS3_very_strong
Max BS3

MAYO
CLINIC

Brnich SE et al. Gen Med. 2019 Dec 31;12(1):3

Ty
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“Functional” Impact Prediction:
Computational or Knowledge-based

| protein consequence |

SYnonymous MoN-Synonymaous
no splice effect
I
Hotspot
in-frame missense | LOF |
delfins |

Criteria for classifying pathogenic variants repeat | | nonrepeat

or stop-loss

| similar | | not similar

Located in a mutational hot spot and/for
critical and well-established funciional
domain [e.g. acfive site of an erzyme)
without benign variation.

functional || same
domain paosition,
hotspot different low anly

AA missense || truncating
rate

MAYO

CLINIC Richards CS et al. Gen Med. 2015;17:405-423
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“Functional” Impact Prediction
Computational or Knowledge-based
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“Functional” Impact Prediction:
Computational or Knowledge-based

P M '| Reference laboratories are very
conservative in the use of this

Hosee! criteria because of its subjectivity

-~

* varsome NM_01 7382.3(CLN5}ZC.GTQG>‘ x }'1!;]1 (2] -

chr15-68500735-C-T (CLN6:p.E227K)
< Community contributions 5

Automated criteria

Rule Explanation

PM1 UniProt protein CLN6_HUMAN trans-membrane region 'Helical' has 6 non-VUS missense/in-frame/non-synonymous, variants (6 pathogenic and O
Moderate benign), pathogenicity = 100.0% which is more than threshold 50.0%.

MAYO

CLINIC Richards CS et al. Gen Med. 2015;17:405-423
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Impact Prediction:
Computational or Knowledge-based

| protein consequence |

SYNONYMOoUS ACN-SYNoNYMous

no splice effect
in-frame missense LOF

delfins

repeat non-repeat
or stop-loss

| similar | | not similar

same || functional same
Al domain paosition,
hotspot different low anly
AA missense || truncating

rate
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Impact Prediction:
Computational or Knowledge-based

| protein consequence |

SYNONYmous non-synonymaous
no splice effect
Typically Missense U ﬁ

Constraint @

in-frame missense | LOF |
delfins |

t metrics

Category  Exn.SNVs Qhs.2Nys Con

| repeat | non-repeat
or stop-loss
Z T
Synonymous 1833 147 ofe S 079 - 1.03) 0o__ B4 [ similar | [ not similar
» - 68
Missense 498.1 262 1

ofe = Q.23 Q47 - QR8)

functional same
_ domain paosition,
pLl =1 hotspot || different only

LoF 6 runcatin
plo 428 o/e=p,_1_3‘(_q_qz,--) 0® AA fruncating

Rule of thumb Z-score “bigger” than 3 :

same

MAYO

CFNIC Richards CS et al. Gen Med. 2015;17:405-423
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Impact Prediction:
Computational or Knowledge-based

| protein consequence |

SYnonymous MoN-Synonymaous

no splice effect

“Genic” ﬁ
Tolerance

in-frame missense | LOF |
delfins |

Constraint @

Category  Exn.SNVs Qhs.2Nys Con

| repeat | non-repeat
or stop-loss
T
Synonymous 1633 147 2079 - 1.03) 091 [ similar | [ not similar
» 268
Missense 498.1 262 o 4
ofe = Q3 Q4L - Q2B .
same (| functional same
_ Ab domain posifion,
LoF 45 6 6 pL| - .1. hofspot different anly
o X°) @ AL i
p a O/e - 9‘_1_3‘ (Q_QZ . -) 0 1 truncating

Richards CS et al. Gen Med. 2015;17:405-423 3 N 1
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Impact Prediction:
Computational or Knowledge-based

+ Gene-wide summary measures of constraint are prone to overstating and
understating constraint within specific regions of protein-coding genes

A map of constrained coding regions in the human genome

H 12 1.2 34 H 1,2.5%
James M. Havrilla®™'?, BrentS.Pedersen'?, Ryan M. Layer and AaronR.Quinlan nature

etics

Regional intolerance correlates with important

functional domains

TNNTZ (pLI = 0.01) CCR > 95th percentile I
—2 e
I gnomAD functional .
I n = - = --—E’—w--m% . = = I | I variant
Fm e e e e e e e e e e e ——— = — 1 No. of pathogenic N
variants in CCR

KCNQ2 (pLI = 1.0) 8 3 5 8 11 2 22 9
— — H H H HF——— —
o W" ' H I I | ” = } I H = =
F 1

_____________ .| -—een em e em e e e e e e Em e e e = -
KCNQ channel domain lon_trans domain

MAYO
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Impact Prediction:
Computational or Knowledge-based

+ Gene-wide summary measures of constraint are prone to overstating and
understating constraint within specific regions of protein-coding genes

Graph control

Protein of GABRA1 (GENCODE: ENST00000023897.6, RefSeq: NM_000806.5, UniProt: P14867)

Display ClinVar variants: [J in this protein & in homologue protein domains H U ma n M Utation HGVg

Variation, Informatics, and Disease

INFORMATICS =~ @& OpenAccess © @ &

Download current visualization

- MetaDome: Pathogenicity analysis of genetic variants through
I aggregation of homologous human protein domains

. ¥

MAYO Y
LINI | ‘
LWL https://stuart.radboudumc.nl/metadome/dashboard ) & ’ . i
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Benign Pathogenic

Strong Supporting Supporting Moderate Strong Very strong
Population MAF is too high for bsent in population Prevalence in
data disorder BA1/BS1 OR databases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4

disease penetrance BS2

Computational Multiple lines of Multiple lines of Same amino acid Predicted null
and predictive computational evidence computational amino acid residue change as an variant in a gene
data suggest no impact on gene evidence support a a different established where LOF is a

/gene product BP4 deleterious effect s pathogenic variant known

on the gene /gene mechanism of

Missense in gene where product PP3 disease

only truncating cause PVS1

disease BP1

Silent variant with non
predicted splice impact BP7

In-frame indels in repeat
wfout known function BP3

Functional Well-established Missense in gene with Well-established
data functional studies show jow rate of benign tunctional studies
no deleterious effect missense variants and show a deleterious
BS3 path. missenses effect PS3
common PP2
Nonsegregation Cosegregation with
9f993“0"| with disease BS g:;izz 1';;%‘,“% Increased segregation data S
members PP1

De novo (without De novo (patemity and
paternity & maternity maternity confirmed)
confirmed) PMé& pPs2

Case-specific data
to consider

Observed in frans with For recessive
a dominant variant BP2 disorders, detected
Observed in s with a g
pathogenic variant BP2 PM3
Other Reputable source w/out Reputable source
database shared data = benign BP6 = pathogenic PP5
Found in case with Patient’s phenotype or
Other data an alternate cause FH highly specific for
BP5 gene PP4

MAYO
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Case-Specific Evidence -
Segregation Data e

Q Q)
%Jﬁ @ s

I

De novo (both maternity and
paternity confirmed) in a patient
with the disease and no family
history.

MAYO

&
] 4 . - -
CLINIC Richards CS et al. Gen Med. 2015;17:405-423 & _ ; j 1
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PS2/PMG6

» parental confirmed

» phenotype
consistency

» number of de novo
observations

Points per Proband
Phenotypic consistency de novo with de novo with
confirmed parental unconfirmed
relationships parental
relationships
Phenotype highly specific for gene 2 1
Phenotype consistent with gene but not highly specific 1 05
Phenotype consistent with gene but not highly specific 05 0.25
and high genetic heterogeneity** ’ )
Phenotype not consistent with gene 0 0
Moderate
(PS2_Moderate or PM6)
0.5 1 2 4

S
’ P!

https://clinicalgenome.org/site/assets/files/3461/svi_proposal_for_de_novo cyterla«l 1 pdf
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PS2/PMG6

» parental confirmed

» phenotype
consistency

» number of de novo
observations

MAYO
CLINIC

Ty

Points per Proband

Phenotypic consistency de novo with IOy

confirmed parental unconfirmed

relationships parental
relationships

Phenotype highly specific for gene 2 1
Phenotype consistent with gene but not highly specific 1 05
Phenotype consistent with gene but not highly specific 05 0.25
and high genetic heterogeneity** ’ )
Phenotype not consistent with gene 0 0
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PS2/PMG6

» parental confirmed

» phenotype
consistency

» number of de novo
observations

MAYO
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Ty

Points per Proband

Phenotypic consistency de novo with IOy

confirmed parental unconfirmed

relationships parental
relationships

Phenotype highly specific for gene 2 1
Phenotype consistent with gene but not highly specific 1 05
Phenotype consistent with gene but not highly specific 05 0.25
and high genetic heterogeneity** ’ )
Phenotype not consistent with gene 0 0
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PS2/PM6 — Additional
considerations

» A patient with early infantile epileptic encephalopathy and a de novo SIK1 variant with confirmed parental
relationships is awarded 1 point (as the patient’s phenotype is consistent with the gene but not highly specific
and the variant is de novo with confirmed parental relationships). If this patient is the only de novo occurrence
for the variant, then a Moderate strength level (PS2_Moderate) is applied.

» A patient with nonsyndromic intellectual disability and a de novo ASHLL variant is awarded 0.5 points (as the
variant is de novo with confirmed parental relationships and patient’s phenotype is consistent with the gene but
not highly specific and there is significant evidence of genetic heterogeneity). If this patient is the only de novo
occurrence for the variant, then a Supporting strength level (PS2_Supporting) is applied.

» A patient with developmental delay but no other features of Cornelia de Lange syndrome and a de novo NIPBL
variant with unconfirmed parental relationships is awarded zero points as this phenotype is not consistent with
the gene/disease association. If this patient was the only de novo occurrence for the variant, then no de novo
criteria are applied.

MAYO " . j ' 4
CLINIC iall 3
A : 1
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Benign

Pathogenic

Strong

Supporting

Supporting

Moderate

Strong

Very strong

Case-specific data

members PP1

Population MAF is too high for bsent in population Prevalence in
data disorder BA1/BS1 OR databases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4
disease penetrance BS2
Computational Multiple lines of Multiple lines of Same amino acid Predicted null
and predictive computational evidence computational change as an variant in a gene
data suggest no impact on gene evidence support a established where LOF is a
/gene product BP4 deleterious effect pathogenic variant known
on the gene /gene mechanism of
Missense in gene where product PP3 disease
only truncating cause PVS1
disease BP1
Silent variant with non
predicted splice impact BP7
In-frame indels in repeat
wfout known function BP3
Functional Well-established Missense in gene with Well-established
data functional studies show jow rate of benign tunctional studies
no deleterious effect missense variants and show a deleterious
BS3 path. missenses effect PS3
common PP2
Nonsegregation Cosegregation with
ith disease BS4 disease in multiple
Segregation Wi !
affected family Increased segregation data S

to consider

Allelic data

Other
database

Observed in frans with
a dominant variant BP2

Observed In &is with &
pathogenic variant BP2

Reputable source w/out
shared data = benign BP6

Reputable source
= pathogenic PP5

De novo (without
paternity & maternity
confirmed) PM&

For recessive
disorders, detected

De novo (patemity and
maternity confirmed)
pPs2

Other data

Found in case with
an alternate cause
BPS

Patient’s phenotype or

FH highly specific for
gene PP4

rds CS et al. Gen Med. 2015;17:405-423
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Case-Specific Evidence -
Allelic Data

PM3

For recessive disorders,
detected in trans with a
pathogenic variant.

Note:
This requires testing of
parents (or offspring) to
determine phase.

Richards CS et al. Gen Med. 2015;17:405-423

o

BP2

With cis Pathogenic

Observed in trans with a
pathogenic variant for a
fully penetrant dominant
gene/disorder or
observed in cis with a
pathogenic variant in
any inheritance pattern.
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PM3/BP2

» Patient presents with Familial Hypercholesterolemia
LDLR p.Cys82Ter p.Asp263Ala

Al 1 S

Alele 2
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PM3/BP2

» Patient presents with Familial Hypercholesterolemia

LDLR
Allele 1

Allele 2

p.Cys82Ter

e 1

p.Asp263Ala

Allele 2
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Benign

Pathogenic

Strong

Supporting

Supporting

Moderate

Strong

Very strong

Case-specific data
to consider

Found in case with
an alternate cause
BPS

Patient’s phenotype or
FH highly specific for
gene PP4

Richards CS et al. Gen Med. 2015;17:405-423
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Population MAF is too high for bsent in population Prevalence in
data disorder BA1/BS1 OR databases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4
disease penetrance BS2
Computational Multiple lines of Multiple lines of Same amino acid Predicted null
and predictive computational evidence computational amino acid residue change as an variant in a gene
data suggest no impact on gene evidence support a a different established where LOF is a
/gene product BP4 deleterious effect pathogenic variant known
on the gene /gene mechanism of
Missense in gene where product PP3 disease
only truncating cause PVS1
disease BP1
Silent variant with non
predicted splice impact BP7
In-frame indels in repeat
wfout known function BP3
Functional Well-established Missense in gene with Well-established
data functional studies show jow rate of benign tunctional studies
no deleterious effect missense variants and show a deleterious
BS3 path. missenses effect PS3
common PP2
Nonsegregation Cosegregation with
with disease BS4 disease in multiple
3:gregatlon affected family Increased segregation data
members PP1
De novo De novo (without De novo (patemity and
data paternity & maternity maternity confirmed)
confirmed) PMé& pPs2
Allelic data Observed in frans with For recessive
a dominant variant BP2 disorders, detected
Observed in cis with & :
pathogenic variant BP2 PM3
Reputable source w/out Reputable source




Case-Specific Evidence -
Phenotype Specificity

PP4

Patient’s phenotype or
family history is highly
specific for a disease
with a single genetic
etiology.

Richards CS et al. Gen Med. 2015;17:405-423
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Benign

Pathogenic

Strong

Supporting

Supporting

Moderate

Strong

Very strong

Reputable sources

Other data

Reputable source w/out
shared data = benign BP6

ound ase W
an alternate cause
BPS

Reputable source
= pathogenic PP5

— -
FH highly specific for
gene PP4

Population MAF is too high for bsent in population Prevalence in
data disorder BA1/BS1 OR databases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4
disease penetrance BS2
Computational Multiple lines of Multiple lines of Same amino acid Predicted null
and predictive computational evidence computational change as an variant in a gene
data suggest no impact on gene evidence support a established where LOF is a
/gene product BP4 deleterious effect pathogenic variant known
on the gene /gene mechanism of
Missense in gene where product PP3 disease
only truncating cause PVS1
disease BP1
Silent variant with non
predicted splice impact BP7
In-frame indels in repeat
wfout known function BP3
Functional Well-established Missense in gene with Well-established
data functional studies show jow rate of benign tunctional studies
no deleterious effect missense variants and show a deleterious
BS3 path. missenses effect PS3
common PP2
Nonsegregation Cosegregation with
with disease BS4 disease in multiple
3:gregatlon affected family Increased segregation data S
members PP1
De novo De novo (without De novo (patemity and
data paternity & maternity maternity confirmed)
confirmed) PMé& pPs2
Allelic data Observed in frans with For recessive
a dominant variant BP2 disorders, detected
Observed in cis with &
pathogenic variant BP2

Richards CS et al. Gen Med. 2015;17:405-423
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PP5/BP6

NM_000249.4(MLH1

MAYO
CLINIC

Ty

Interpretation: Likely pathogenic

Review status: 77 reviewed by expert panel h bl ?
Submissions: 5 (Most recent: Sep 24, 2021) W O IS re p Uta e "
Last evaluated: Mar 9, 2018

Accession: VCV000230595.10

Variation ID: 230595

Description: single nucleotide variant

Submitted interpretations and evidence

Interpretation
(Last evaluated)

Review status
(Assertion criteria)

Condition
(Inheritance)

Submitter

More information

Likely
pathogenic
(Mar 09, 2018)

reviewed by expert panel
(Guidelines v2.3)
Method: curation

Lynch syndrome |
Affected status: yes
Allele origin: germline

International Society for
Gastrointestinal Hereditary
Tumours (INSiGHT)
Accession: SCV000740673.1
Submitted: (Mar 23, 2018)

Other

databases
http://www.insight-database.org/.

Comment:

Multifactorial probability: 0.999 but with

conflicting data. Reduced classification

to class 4 pending sematic information

Uncertain
significance
(Dec 06,2019)

criteria provided, single
submitter

(Ambry Autosomal Dominant and X-
Linked criteria (3/2017))

Method: clinical testing

Hereditary cancer-
predisposing syndrome
Affected status: unknown
Allele origin: germline

Ambry Genetics
Accession: SCV000274194.5
Submitted: (Nov 30, 2020)

Comment:

The p.K311E variant (alse known as
€.931A>G), located in coding exon 11 of
the MLH1 gene, results from an Ato G
substitution at nuclectide ... (mere)

Uncertain
significance
(Apr 24,2019)

criteria provided, single
submitter

(LabCorp Variant Classification
Summary - May 2015)
Method: clinical testing

not specified
Affected status: unknown
Allele origin: germline

Women's Health and
Genetics/Laboratory Corporation
of America, LabCorp

Accession: SCV000696173.3
Submitted: (Sep 24, 2019)

Comment:

Variant summary: MLH1 ¢.931A>G
(p.Lys311Glu) results in a conservative
amino acid change located in the N-
terminal domain (IPR002099) of the
encoded protein sequence. Four of ...
(more)

Uncertain
significance
(Jun 21, 2020)

criteria provided, single
submitter

(Invitae Variant Classification Sherloc
(09022015))

Method: clinical testing

Hereditary
nonpolyposis
colorectal neoplasms
Affected status: unknown
Allele origin: germline

Invitae
Accession: SCV000543638.6
Submitted: (Jan 07, 2021)

Publications: PubMed (4)
Comment:

This sequence change replaces lysine
with glutamic acid at codon 311 of the
MLH1 protein (p.Lys311Glu). The lysine
residue is highly conserved and there is
. (More)

Uncertain

significance
(Jun 11, 2020)

criteria provided, single
submitter

(GeneDx Variant Classification Process
June 2021)

Method: clinical testing

Not Provided
Affected status: yes
Allele origin: germline

GeneDx
Accession: SCV000565923.3
Submitted: (Sep 24, 2021)
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Comment:

Not observed at a significant
frequency in large population cohorts
(Lek et al, 2016); In silico analysis
supports that this missense variant has

a deleterious ... (more)




Knowledge Databases \ Previous
Interpretations — ClinVar, HGMD

Variant of Interest: NM_000249.3(MLH1):¢c.1038G>T (p.GIn346His) (p.Q346H)

ClinVar ClinVar ~]/Q346 [variant name] and MLH1 =S

Create alert Advanced

https://www.ncbi.nlm.nih.gov/clinvar/?term=0Q346+%5Bvariant+name%5D+and+MLH1

Sy Clinical
e Gens(s))  Protein change oy |
Ni_000249 3(MLH1).c.1037 MLH1 Q346R, Q248R, Q313R, Lynch syndrome Pathogenic reviewed by expert
A=G (p.GIn346Ar0) Q105R, Q5= (Ot 18 20120 samal
GRCN37: Chr3:37061953 PS1 and PM5 is typically used in
GRCh38; Chr3:37020462 .. . . .
clinical laboratories if the ClinVar
(] NM_000249.3(MLH1).c.1038 MLH1  Q346H, Q1 . “ . ” expert
5 | GsT (b0.GIN34GHiS) a24sH o1 Submission has a “review status” of 2
GRCN37. Chr3:37061954 stars or multiple submitters of P and
GRCh38 Chr3:37020463 ] i ) )
—— LP interpretations without any conflicts
@ MNh_000249 3(MLH1).c. 1038 MLH1 Q346H, 21 expert
G>C (p.GIn346His) Q248H, Q3 or 3 stars expert panel. ,_I.
GRCH3T. Chr3:37061954 "(‘

GRCA3E. Chra:37020463 1



Variant of Interest: NM_000249.3(MLH1):¢c.1038G>T (p.GIn346His) (p.Q346H)

HGMD® Professional 2020.4

‘ CM1812352 | CAG-CAC GIn346His ¢ 1038G>C pQ346H [ Colorectal cancer, non-polyposis Shirts (2018) Am J Hum Genet 103, 19
Tang (2009) Clin Genet 75, 334

CM092210 | CAG-CAT GlIn346His ¢ 1038G>T pQ346H [ Colorectal cancer. non-polyposis characterisation]
Zhu (2013) Oncoel Leti 5: 1710 [Additional report]

2 more reference(s)...

» Potential PS1 or PM5 — if there is literature available for the same missense variant or a similar substitution
without a ClinVar assertion, carefully review the data for a potential application of PM5 or PS1.

» The variant has to stand on its own merits as P/LP for use of PS1 or PM5.

MAYO . . .. |
CLINIC http://clinvar.com/ . : |
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Publicly Available Calculators and Workflows

» Publically available tools that will help tally up your “points”
https://varsome.com/
http://wintervar.wglab.org/

http://www.medschool.umaryland.edu/Genetic Variant Interpretation Tool1.ht
ml/

https://mobidetails.iurc.montp.inserm.fr/MD/

» Several analysis software integrate guideline ‘ir emedgene

ACMG Classification: Uncertain significance

MAYO
CLINIC

qp ©2021 MFMER | slide-106


https://varsome.com/
http://wintervar.wglab.org/
http://www.medschool.umaryland.edu/Genetic_Variant_Interpretation_Tool1.html/
https://mobidetails.iurc.montp.inserm.fr/MD/

The ACMG guidelines are not mandatory, or the
only ones used

Variants of uncertain significance

)\
Clinical:population data :
3 d
Very high High Absent from EXAC
[ Functional:variant type
Synonymous Missense AG/GT  Nonsense
non-conserved intron dinucleotide frameshift
i Clinical:clinical observations ]
- ! - 1 $ 3 P '
Dominant: co-occurrence Dominant: co-occurrence ? ;:asgels gases ; ;:as_e's 3+ families
in trans phase unknown amily . amily
[ Functional:experimental studies j
Neutral Neutral Disrupted Disrupted
STRONG WEAK WEAK STRONG

[ Indirect and computational

All All
neutral deleterious

MAYO
CLINIC

Ty
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Framework Summary for Variant
Interpretation — 6 key questions

Allele Frequency?
What is the mechanism of disease?
Known or predicted impact?

Do we have functional evidence? How reliable?

vV v v v v

Phenotype overlaps with gene-disease association
described?

» Does it segregate with disease?

MAYO
CLINIC

Ty
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Warning!

Germline and Somatic Classification and Catalogue Differences

Somatic mutations
* Occur in nongermline tissues
« Cannot be inherited

OnceKB
COSMIC &,

I

MNonheritable

Mutation in tumor only
(for example, breast)

Germling mutations

« Present in egg or sperm

« Can be inherited

* Cause cancer family syndrome

OMIM®

human
Parsnt ph?nntﬂ
Child -
| ClinVar
Heritable O
Mutation in All cells
&0 or sperm affected in
offspring

e gmay or m M D TR e T e i ooty o Dl Ceosengy

MAYO
CLINIC
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Categories: Somatic mutations

Diagnostic

» Occur in nongermline tissues

= Cannot be inherited

Prognostic

Therapeutic

Tier I: Variants of
Strong Clinical
Significance

Therapeutic, prognostic &
diagnostic

Tier IV: Benign or
Likely Benign Variants

Tier lI: Variants of
Potential Clinical
Significance

Therapeutic, prognostic &
diagnastic

Tier Ill: Variants of
Unknown Clinical
Significance

Warning!

Germline and Somatic Classification and Catalogue Differences

©2021 MFMER

Germline mutations

* Present in egg or sperm

« Can be inherited

» Cause cancer family syndrome

Categories:

Pathogenic
Likely Pathogenic

VUS - Variant of Uncertain Significance

Benign

| slide-110



Questions?
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Variant Interpretation Summary Example:
BRCA1 (NM_007294.3) c. 212G>C, p.(Arg71Thr)

SUMMARY CONCEPT ACMG CRITERIAS CODE
The heterozygous ¢.212G>C (p.R71T) variant was detected in the BRCA1
gene (NM_007294.3) and involves the last residue of exon 4 of 23. Introduction

This variant has been reported in a single affected individual with the

associated disease (Harter et al., 2017; PMID: 29053726). PREVIOUSLY

REPORTED CASES

PS4 Supporting

Functional testing has been performed for this variant and supports decreased

protein function with a reduced expression of mRNA in transfected HAP1 FUNCTIONAL
cells. (Findlay et al, 2018, PMID 30209399). TESTING
Another amino acid substitution occurring in the same residue (p.Arg71Gly, RESIDUE LEVEL
p.Arg71Lys) has been determined to contribute to the disease associated with ANNOTALLS

this gene.

The variant detected is absent in a large control population database withg ALLELE FREQUENCY

reported homozygotes (Karczewski et al., 2020, PMID: 32461654

Multiple computational predictors suggest a_daa#¥1] etfect on gene or

protein function. INSILICO PREDICTORS

Therefore, c.2124 0.R/71T) in the BRCAL gene is classified as
Pathogenic. Clinical correlation is recommended.

MAYO . . &
CLINIC - ) ‘
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Table 5 Rules for combining criteria to classify sequence
variants

Variant Interpretation "
Summary Example:
BRCAL1 (NM_007294.3)
c. 212G>C, p.(Arg71Thr)

Likely pathogenic

Benign

Likely benign

Uncertain
M. https://www.medschool.umaryland.edu/ge S

Q@ netic_variant_interpretation_tool1.html/

(i) 1 Very strong (PVS1) AND
(a) =1 Strong (PS1-PS4) OR
(b) =2 Moderate (PM1-PM&) OR

() 1 Moderate (PM1-PMB) and 1 supporting
(PP1-PP5) OR

(d) =2 Supperting (PP1-PPS)
(i) 22 Strong (PS1-PS4) OR
(inil 1 Strona ‘PS!-PSd: AND

(a)z3 Moderate (PM1-PM6) OR

(b)2 Moderate (PM1-PM6) AND 22
Supporting (PP1-PPS) OR

(d rate

supporting (PP1-PPS)

(i) 1 Very strong (PVS1) AND 1 moderate (PM1-
PMB) OR

(ity 1Strong (PS1-PS4) AND 1-2 moderate
(PM1-PM6) OR

(in) 1 Strong (PS1-PS4) AND =2 supporting
(PP1-PPS) OR

(iv) 23 Maderate (PM1-PM6) OR

(v) 2 Moderate (PM1-PME) AND 22 supporting
(PP1-PPS) OR

(vi) 1 Moderate (PM1-PM6) AND 24 supporting
(PP1-PPS)

(i) 1Stand-alone (BA1) OR
(ii) =2 Strong (BS1-BS4)

(i) 1Strong (BS1-BS4) and 1 supporting (BP1-
BP7)OR

(i) 22 Supporting (BP1-8P7)
(i) Other criteria shown above are not met OR

(ii) the criteria for benign and pathogenic are
contradictory

ACMG CRITERIAS CODE

PS4 Supporting




