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Sequence variant interpretation in

NGS panel testing for retinitis pigmentosa
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YHMLHES MU E7IME 24718 7T 2 A0 A]
F7IHO0| oo CHet A+

HiZ: XFMICHE 7| MY EA (next generation sequencing, NGS) 7|80 @At 1f &
dAolM  dE EHe F7IB0lES FEotd 2etd UA SiAMSH| 26k
F7IHO0| ol HEESHF MQAERACE CHCHo| YHHAMED ALRE2 2015
American College of Medical Genetics and Genomics (ACMG)/Association for
Molecular Pathology(AMP) ZtO|E2tQ12 M2 UX|Tt &H&S= O O|EHH|O|A

fZz==0% S X022 ¢lsl dAtd 2t siM Xpo|7F X[&£En M=
oot LX7 3%-4% E&[1 UCE ol2et Z2MEE oiZ5H7| ?I8h Clinical
Genome Resource (ClinGen)2| Variant Curation Expert Panels (VCEPs)2 Zzta &
F71Hol sfAdof Cfst ShE X®ES WYsStn RUACH EDTH Sequence Variant
Interpretation Working Group (SVI-WG)2 2015 ACMG/AMPE 7iMst1 & 7|#H 0|

sidol YHN MIS Sldl MUY D AgEe wEORC. 2 A7k

Spaks =) =
LM EZHEZS (retinitis pigmentosa, RP) NGS I{E ZHAtOfA ZH3 E0|H
A7|80| siM XEES Jigstn 7|E 2015 ACMG/AMP ZHO|Eg2pQlat Hm
=42 8l ME2 RP Y7|HO| M X[Hel msdill ALH [EHES

oY
I oax
of

AR} SFRACE

CHAF S HEH. MEZO0RAMEHLRI0A 2018 112HEEH 20198 9=€WEX| 129HO
UOIMAHES SHXE MO Z 887 AR FHE RP NSG IfE HALOA
A=EE 2339 E7|HO|E IASE=Z AMFSIQULCE O] A7|HO|E 2015

=
ACMG/AMP ZtO|=2tRl0) 2t =&oSHRACE RP HEF G7|HO0| dfe XE2

SATUIER| ZHEE Svie| HMErAM A ARt VCEPs| Hot#dH E0| XHEZZ2
AHESIAC YEHMAHMEES QEE, 2YH HEE Q2 XL o HO| 52
MHEE 0|83}0] BA1, BS1,BS1 P

> PM2_P PM22| Z|ACHEIFHEXIEI T (minor allele

frequency, MAR)E Z3IA 10 2015 ACMG/AMP 70| E2tQ1o| 28719 AT S



T 11 2H ZEE XS3 510 RP HE FU7|HO| oM J|&=S TSRt
ZAaH FZ=2MES VCEPsO|AM X|9tSH= REVELYF MaxEntScans O| &3 RALY.
o] 7|&E2 Y7|80] ZZEQN HESIH XIF SIRPD 7|E Ziet H

SMSIUCE BHH, R0 EKMA HE HEE Y7|H0| 2o Z7tstol

Zaf: YoM AHES0IM BAL BS1, BS1_P & PM2_PO|l Ci3t MAF= 242} 0.005,
0.003, 0.0006, 0.000062 ZFSIALt. 7|E 2015 ACMG/AMP ZIO|EZtQIo 2
=R @rIolEn 2 oA Jidet rRP HE 24 JIELER 2R

g7|HolE2 Hluwgt ZLf, 248 YX|= 89.65%, LP vs P = LB vs B X}0|&=
457%, VUS vs LB/B AtO|= 4.92%E ER, ddHe= S0t 34 XH0|= 0.86%
(20/2339)2 LtEFGCH AHH2Z Fst X0|E EQ F7|HO| T 6=
LPOIA VUSZE, 147H= VUSOIA LPE XEF EALCE 2015 ACMG/AMP 7|ZC 2
VUSE EFEIAE 0] 2987 & 787i= B, LB, LPE2 MEF E[RUCE 24
O 2015 ACMG/AMP 7+0|=2t219] BAL 7|&0 H|SHO] ZotEl MAF 7[&
0.0055 HE3IH 11.20% (262/2339)2| HO[7} =7t= EH Or2 E/JAL VUSZt
SE|RUCE =712 ot=0l ERHA HEE HE8Y ZF 13.68% (320/2339)2]
O|7} EH OF2 EAELl 2015 ACMG/AMP =2 RP & 7|E2 2 P/LP7t
374

HZotE| ALt

o
il

=21 [

AE: 2 ATOME RP 2F UHO| M XA
8}

FHE S Ho E82 st MFsH MAF 7|EDb st E{HXE
HEE HMEYULEMN 24 IEHo| YR FIE AAAZ = UJCL HMETL
HTHOlM Hetet ofF =203 282z 7|E0 in silico 8 Al HYHH
HEEE= o=Za0 oot 22E MAY = JURULCE FTESC| NGS 240|=
1T 8 RTUEEI &850, ASstE 2AHE MESt= 40| Yo datd
A F7/¥o| &iMo| ZRst22, Het £0[H FI7|#MO| siM Jto|=2telo

d
__
ux
o
e
o
Ot
il



St THO{: Next generation sequencing, Retinitis pigmentosa, sequence variant

interpretation
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i. S¢ IAE0 IS DIX|= F7|H0| (PS1, PM5) -------mmmmooo- 14
iii.  HBE OF ET (PP3, BP4) -------mmmmmmmmmmmmemmm oo 15
iv.  S20[HO| (BP7) -------mmm oo 15
v.  In-frame indel (PM4, BP3) ----------mmmmmmmomo oo 15
E. HRQEAL HE (PM3, BP2) ----nmmmmmmmmmmmmmmmmmmmmeememmmmmmmoee 16
F. Segregation (PP1, BS4) -----------mmmmmmo oo 16
G. De novo (PS2, PMB) --=======mmmmm oo 16
H. BEHE (PP4, BPS) ~--nnnmmmmmmmmmmmmmmmmmmmmmmmm oo 17
L 7ls ¥5 (PS3, BS3) & Hotspot (PM1) ------=---m-mmmmmmmomom oo 17

K. BAEE BB commomeemmeeem e 18

. 2015 ACMG/AMPS} RP & 7|0| 8fA 7}0|=2}Qlo| Hlm AL 25
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i3
F7l=M 24 Zlzo Y=z A TR KXMOHEZIMEEA  (next
generation  sequencing, NGS)°| &&o0| Z7 st U
AR HAALEOM 22X A2 A[MSH AAR 2
IAl XEH22 J7t ot QUCE? Ci=of F7|HO|E2 A&t FESHA 1
o|njQt AA AHAMZ A offof stCt? 201530 American College of Medical
Genetics and Genomics (ACMG) Association for Molecular Pathology(AMP)7}
Zdaot 7I0|EetelS et HY7|RO|E sfMot= AALEO| S7totH &4 Z1t0f

CHoh AMzlet HAaZt 24 2X&E0| S7totALE?

2015 ACMG/AMP Zto|Egtel2 F27| 307t Z2& 28 |2l 2AX|of gt 2HE
o MEot HEO @t HE 27 oA FEE ALk R MK 2AH RESS
=/ Z=0 AS5E FO T 287HX 24 &F52=2 Mzt ottt 2A /fdE2

0z
HT

Is® dE, 7 Z&

ro
-

4 82, dFH o5 zZ=zO03™ ZH S
(segregation) S22 O|FO0{M ULt ZH &= =g &0 et pathogenic (P),
likely pathogenic (LP), uncertain significance (VUS), likely benign (LB), benign
(B)2Z =& TtCh?

20149 7HX|= ZAAME XM sfAM T71E Ko7 AAME 2 HU|Ro] 2R
=Kol 2 29 O|Ct 2015 ACMG/AMP 7ZIO0|EZIQI0|ZtH= BEE iA
710 HE = 0|20t =KX= o E[X| LQUCH Ol ZAY OFChH ofA

gU2E Koo 24+ 24 &=0| gt shM/HE Kto], B “hset Atz A0
o

olg XIEEIACE L&t HAEOM F71HO| sfA Al HUst= S/HE He

RS

AE Hlo|EHO[A F Clinvar W0 20154 58 Al 17% £YLX[7} UAUC
Of7|M EgX|et g2 dElg = A= X0| (PRt LP Z2 B2l LB; likely AtO[)=
Ml st p/LP VUSRt LB/B O|EA 3 &7 7t X0|E EO|= ZRE 20|t
470 ZAAEOl A UE X2 S/ 2015 ACMG/AMP 7tO|E2tQIS et
MEaM 5t S YXE =H0l= AZE 3ot 30| MEH 883% LA|=7t
91.7%Z2 Z7I 3t AS HIUCLY 20178 4 Clinvar W 49242 ¢7|HO|9|

Skl

UXEL 77.8%, &Mooz o0 /U= 257 X0l 43% RULCED o|HZ AP
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20189 11E 198 H 20199 7& 8K ™=l 1298 Xt AKX CHBE vcf
[e:]

ngs olgsty ZEE YUHOIEE MMEM SIRICL YIMABEFO|
Ol =Lt TITHE A AT Qle &AS0| L& KXot 142 £,
8ol =X, 2¥ol Y|, 1%l XofvF EZYE|UCE HAE Aldeh A0

IBMEE 81M (Bo 2T 47M, 2T et 49M)2l oxt 69E, 54t 60822
O| 2 Of M.

. M30titE @ RP NGS panel 741 24 &b

MZ0IH R RP NGS panel2 88702 RTAHE 1)E EESIH non-syndromic
RP 2| syndromic RP2} 1 2| {8 YHME (inherited retinal degeneration,
IRD)2| #lez AT {FHX=ZE FHE[0] UACH XSl EDTA &AM O A
DNAS FZ3%l1 Ion Chef (Thermo Fisher Scientific)g O|23%l0 2}0|E2{Z|E
MEst = HES FHIQ & ZHE AIASIYULCE Ion S5 XL (Thermo Fisher
Scientific) M E7|ME 242 HAISIYULCL Hglo EF UM 3 Torrent
Suite/lon Reporter 5.10/5.10, CLC Genomics Workbench 12.0.1Z O|&df
=MSIQICE 3" & 5 untranslated region (UTR)Z} deep intron £& (25 ZX1hH2
F71H0| M4 Al benignR= L& =F SFRICE 185F (2HA} AKX 129, AS0
olgEl dd/z2d U= dx 562 w7 Atz= O[FOT HAMELY O[O
153 O|Ah &=l HI|HO| (15/185*2=4%)= benignZ £57 30l F71HQl

MS AHSEX] RAUACE N & B AHHE|X| Z40|= 510.8X, 20X0fA Ef2l

H2|X|= 98.86%, EfZ Lf 2| (on target reads)= 98.85%= =2l E|QLCH



H 1. M0t RP NGS panel Target genes

88 genes (coding region and +/-25 base pair intron)

Inheritance Genes

pattern

AR only ABCA4 , ARL6, BBSZ, BEST1, C2orf71, CERKL, CLRNI, CNGAI,
CNGBI1, CRB1, DHDDS, EYS, FAM161A, IDH3B, IFT140, IFT172,
IMPG2, LRAT, MAK, NRZE3, PDE6A, PDE6B, PDE6G, PROM]I,
RBP3, RGR, RLBP1, SPATA7, TIC8 TULP1, USHZA, ZNF408,
ZNF513

AD and AR NRL, RHO, RP1, RPE65, SAG

AD only CA4, CRX, IMPDH1, KLHL7, PRPF3, PRPF31, PRPF6, PRPFS,
PRPHZ, RDH12, ROM1, SEMA4A, SNRNP200, TOPORS

X-linked RPZ, RPGR

Etc.

AIPL1, ALMSI1, ATF6, CACNAIF CACNAZ2D4, CDHZ3, CDHRI,
CNNM4, DFNB31, FLVCR1, FSCNZ, GUCAIA, GUCAIB, GUCYZD,
HARS, HGSNAT, IL1A, IL1B, KCNVZ, MFRR MYO7A, NPHP4, OFD1,
PANKZ, PCDH15, PDE6C, PDZD7, PITPNM3, RIMS1, RPGRIP],
RRMZB, TTPA, UNC119, USHIG

Autosomal recessive (AR), autosomal dominant (AD)
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?l5f gnomAD, Exome Aggregation Consortium

(EXAQ),
5000Exomes, 1000 Genomes Project?t Korean reference genome database
(KRGDB)2| QT CHERTEA HE X2E AESIACL HARE S
Z2 W2 Ensemble W REVEL, MaxEntScandt Human splicing finder
2ESIALY.

WOl 2015 ACMG/AMP 70| E2tQl
InterVarE: 2O LL AEZL RP

=
InterVarg &

(HSPHE
Alof=
Alof=

|Foz 24
& oM XFo mEt 24
XIS}

SHAl  RUACE  Eet Ho[H  HO|&s

=t ClinVar?l HGMD
professional& O|&StRUCE ZANEFTAEIE (minor allele frequency, MAF)
Ar2 22210 374 =0 Ue

= ALESHALE

https://www.cardiodb.org/allelefrequencyapp/



w.cardiodb.org/allelefrequencyapp/ ~acd ! ! A8

2 Frequency Filter x I|_:”

s [ KMLE 212 4 5

Frequency Filter ~ HOME  calculate AF  calculate AC  explore architecture  inverse AF penetrance  about

Inheritance: Maximum credible population AF:
) monoallelic

@® biallelic 0 ) 00459

Prevalence = 1in ... (people)

4000

Allelic heterogeneity:
0 @ 1

Genetic heterogeneity:

@ a

Penetrance:

@ 1]

Confidence: Maximum tolerated reference AC:
O09 ®095 O099 O 0999

Reference population size (alleles) 596
121412

8 1. https://www.cardiodb.org/allelefrequencyapp/ Oil Al
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YSMAMYS U AU SVIZ LES Lot BIAR 77K 2AHBE (Vs

PS2, PM6, PM3, PP5, BAl, BP6)O| CHSHAM =X glo] X 3igict 1 9
X

(& |

L
M

IAGSO| CfefME HE7H o] WEI SOl NAE 5 KEH ¥

J

2E XS T2 XNESIYLCE XBH2E 2015 ACMG/AMP 70| E2kR19] 287Y
g5 3 474 (PP2, BP1, PP5, BP6) EE2 Melstl 117 ¥=2 27 ZE0
K52 FULCL 470 (PM1, PM4, BS4, BP3) &322 M3t 8i0| ARESt 1 2f 974
gda2 98 =3 ALk

B. o/HES H3l Al HEHY

0%

S Yol Fr|wolo| Bl Wy

O o o o

2015 ACMG/AMP 7to|Egtele =
benign, pathogenic-, @72 ZX=- stand-alone (A), very strong (VS), strong (S),

i

moderate (M), =& supporting (P)-2t 2H &= ZTFE LiELf= HZZE
THEICt 2 dzE BSIAZ I Svie 2015 ACMG/AMP 7O =210 A

=
MEME 27 &= 0|20 OffEdE EAOE otd BliotEl 24 ZES

O AN L— o
MEE UL}
C. Qlgch

Benign stand-alone (BA1)Z} Hearing loss expert panel®| X8

(PM2, PM2_supporting, BS1, BS1_supporting)

Benign stand-alone 1 (BAL)2 2015 ACMG/AMP 7O|EE}QIOA Exome
Sequencing Project, 1000 Genomes Project, =22 Exome Aggregation
ConsortiumOAl MAF7t 5%E =1t ot A= FYoIE[RUCt BAL StLt Tte =z
H7|HO|7t benign2 2 & =l= ZEHS 27 =0tk Ao HAEAHAM NGS

AAL Al = F2[B0| &4 Al BALIS HiK EH=Z Z2| AE ot QUL BALO]



SHSEH F7HQl pathogenic R0 Lot A4S A[ASHX| B ZAO[LE SVI=
CHERHXRI=TF 5%E SRR VUS, LR P2 YE{dl F7|H0|SE ZASHO
BA1 H& 02 F7|#Ho| === HAGIACE AFHTUHAM =2 wEES

=Tt AF: Mo =5t EEEXT benignO| Ot F7[HO|

o

MBOtAtE RO Al St= RP NGS TH20] ZgtE 887 RTA & BAL HE
ool =20 =gzl FHXE QUCH 2 A2 2015 ACMG/AMP 70| EZtQ
Z1=0] M2t 2ME MA@ M= ExACH Iron ReportOlA X S3He
5000Exomes®| CHEISHMAL HIE =& OE [HEY XZE AL2SIQUCE MEL RP

XF oM XFo| wel 24 M= ExACe| ot= 2|7+l SOFA|OHRl, A{OFA|OFHQ!,

e
F-“.i IJ1
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2015 ACMG/AMP Prevalen | Gene / Allelic

criteria MAF ce Variant heterogeneity Cohort Penetrance
The most common

BAl >0.005 (0.5%) 1/4000 | EYS 28.9% (35/121) | pathogenic gene* 100%
The most common

BS1 >0.003 (0.3%) 1/4000 | USHZA 19.6% (13/66) | pathogenic genet 100%
The most common

NM_001142800.1(EYS): pathogenic
BS1_Supporting >0.0006 (0.06%) 1/4000 | c.4957dupA 4.25% (28/658) | variant* 100%
PM2_Supporting | <0.0006 (0.06%) 1/4000 100%
<0.00006

PM2 (0.006%) 1/4000 100%

* 15)

t 16)
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Evidence of pathogenicity Category

PVS1 Same as Hum Mutat. 2018 Nov;39(11):1517-
1524,

PS1 Same amino acid change as a previously
established pathogenic variant regardless of
nucleotide change, OR splice variants at same
nucleotide and with similar impact prediction as
previously reported pathogenic variant

PS2&PM6 | PS2_Supp 0.5

PM6_Supp
PS2_Moderate 1
PM6

PS2 2
PM6_Strong

PS2_VeryStrong 4

PM6_VeryStrong

Points per Proband

Phenotypic consistency Confirmed de novo | Assumed de novo
Phenotype highly specific for gene 2 1
Phenotype consistent with gene but not highly 1 05
specific '
Phenotype consistent with gene but not highly

i ; : : 0.5 0.25
specific and high genetic heterogeneity*
Phenotype not consistent with gene 0 0

*Maximum allowable value of 1 may contribute to overall score
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FH

3.4

A

PS3 PS3 Knock-in  mouse model demonstrates the
phenotype
PS3_Moderate Validated functional studies show a deleterious
effect
PS3_Supporting Functional studies with limited validation show
a deleterious effect
PS4 PS4 Fisher Exact or Chi-Squared analysis shows
statistical increase in cases over controls, OR
autosomal dominant: >5 probands with variant,
and variant meets PM2
PS4_Moderate Autosomal dominant: 3~4 probands with
variant, and variant meets PM2
PS4_Supporting Autosomal dominant: 1~2 probands with
variant, and variant meets PM2
PM1* Located in a mutational hot spot and/or critical
and well-established functional domain (e.g.,
active site of an enzyme) without benign
variation
PM2 PM2 Absent/rare from controls

(absent or <0.00006 (0.006%))

PM2_ Supporting

Low MAF in population databases

(<0.0006 (0.06%))

20




" 3 AS

PM3 PM3_VeryStrong 4
PM3_Strong 2
PM3 1

PM3_Supporting 0.5

Points per Proband

Classification/Zygosity of other variant ! Confirmedin trans | Phase unknown
. : 3 : 0.5 (P)
Pathogenic or Likely pathogenic variant 1.0 0.25 (LP)

Homozygous occurrence

(max point 1.0) 0.5 N

Uncertain significance variant

(max point 0.5) 0.25 0.0

'All variants should be sufficiently rare (meet PM2 specification); P - Pathogenic; LP - Likely pathogenic

PM4* Protein length changes as a result of in-frame
deletions/insertions in a non-repeat region or

stop-loss variants

PM5 PM5_Strong Missense change at same codon as two

different pathogenic missense variants

PM5 Missense change at same codon as another

pathogenic missense variant

21



FH

3.4

PP1 PP1_Strong Segregation in three affected relatives for
recessive and 5 affected relatives for dominant
PP1_Moderate Segregation in two affected relatives for
recessive and 4 affected relatives for dominant
PP1 Segregation in one affected relative for
recessive and two affected relatives for
dominant
PP2 Not applicable
PP3 REVEL score 20.7, or predicted impact to
splicing using MaxEntScan
PP4 Patient's phenotype highly specific for gene or
fully sequenced gene set
PP5 Not applicable
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FH

3.4

BAl

MAF of >0.005 (0.5%)
Defined subsets of the ExAC database (African,
East Asian, European[non-Finnish], Latino, and

South Asian) and 5000Exome

BS1

BS1

MAF of >0.003 (0.3%)

BS1_Supporting

MAF of >0.0006 (0.06%)

BS2

Observation of variant (biallelic with known
pathogenic variant for recessive) in controls

inconsistent with disease penetrance.

BS3

BS3

Well-established in vitro or in vivo functional
studies show no damaging effect on protein

function or splicing

BS3_Supporting

Functional study shows no deleterious effect

BS4*

Lack of segregation in affected members of a

family

BP1

Not applicable

BP2

Observed in  trans with a dominant
variant/observed in cis with a pathogenic variant
(use with caution)

For genes that are associated with both dominant
and recessive RP, consider whether an earlier
onset/more severe phenotype could be present if
variant is identified in trans with a dominant

variant.

BP3*

In-frame deletions/insertions in a repetitive

region without a known function
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" 3 AS

BP4 Computational evidence suggests no impact;
REVEL score <0.15 or no impact to splicing in
MaxEntScan.

BP5 Variant in an autosomal dominant gene found in
a patient with an alternate explanation

BP6 Not applicable

BP7 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

*Same as 2015 ACMG/AMP guideline
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II. 2015 ACMG/AMP2} RP %& H7|#HO0| M 7lo|=2}Q1°| H|m &AM

A 2A

0%

=
=

2015 ACMG/AMP ZIO|E2tQlnt Rp HE EM J|F0 2 22 22 & HO|Z

|r mo

HD AT, AW AKX 8965%, AlR| B QU HEQ| XO| (P vs P E
O

LB vs B AtO|)= 4.57%, A&EH= 9

|o

| X}O| (VUS vs LB/B XtO|)=
492%E HU0, 4HCE FQTH s X0|= 0.86% (20/2339)2 LIEHGLCE
¥ oz FR% XO|E Hel FI7|WMO| & 67/l= LPOIM VUSE, 147H=
VUSOlA LPE TH2F EZ|RUCH

Aa™Mo=z o0 Qe 7ROl & LPOAM VUSE XEF =l 6742 A2 MAF
7|0 el BS1 P/t Mg =l ZR7t 2 HO|A UR/ULCH REVEL scoreZt 242}
0.516, 0.6872 O|ZFX/0f 070 Fe5HX| X3l PP3E HE Al7|X] X3t 2

AO[AZF )1, pP5O| HIHE = d2= AL

g, VUSOIM LPE MEF = Y7|H0|E2 PPSE HE A|7|X| %Ot 2EH

= D& AAY W =8 S XEE 0|85 De novo (PS2&PM6) =7

St=0|Lt ZHetof O|2tE =HAHOAM o0 YE{Zl pathogenic H0|2t transE

z Z#l = (PM3) EEO|L} segregation (PP1)O| Mg E ALt 7
M|

yo| R0 22t SEotA 2HE & IR0

-

B. VUS

2015 ACMG/AMP 7I0|E2}Ql 7|Fo2 VUSE BEX|E Ho| 2087 =
787l= B, LB, LPE2 XEF L0 26.17%°| SHZEAES ERULCt MEL RP U=
X|Eo| et 25 Al & VUS == 277702 Za SERILCE 220749 vusE At

XE 7IES2 HE S0k MMEFRZt 27t F=0 7770= PM2_Supportingdi|
sHEste HEREA HIEE ERACL

C. BAL H{X ZEH
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VUS 7t ETE|JACE FIt2 =0l CHEFHA HIZE NE8E Z2 13.68%
(320/2339)2| HO|7} EH OF2 E[R=0 2015 ACMG/AMP Z7I0|EEIQI 7|Ee =
P LR VUS 7t ZZh 1 7% =ZetE|RACE O|F HOl= 2015 ACMG/AMP
Zho|E2tRlE HE 2 If PM2 7t MEERD, RP UE V|FE0 MEH
BS1.P 7t HE8E[1 gnomAD ot=Ql CHERTAEIZE HE A|Z|H BAl O]
HMEEQCH RP SEF 7|E NME Al NM_000283.3(PDE6B):c.1811C>T ®HO|=
POIAM LP 2 NM_006269.1(RP1):c.5797C>T H0|= LP M VUS 2 XHEF E[QUCH.
NM_001142800.1(EYS):c.525_527delGGA H{O|= & ATt 8= 4 Y9

YYMLAHIYT AN 2E = /AD O T 3 Fof XM CHE P B2 LP
Ho|Qt &/ BEEACH B =M=z pMm3 7t HE E0f VUS OM LP 2
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# 4 G7|H0| 4 7|20 IE F7|H0| 2F X0

2015 RP Case %
ACMG/AMP specific guideline
guideline
Agreed B B 1672 | 71.48%
LB LB 182 7.78%
VUS VUS 220 9.41%
LP LP 14 0.60%
P P 9 0.38%
Subtotal 2097 | 89.65%
Confidence P LP 28 1.20%
LP P 3 0.13%
LB B 74 3.16%
B LB 2 0.09%
Subtotal 107 4.57%
Other confidence | VUS LB 41 1.75%
VUS B 23 0.98%
B VUS 10 0.43%
LB VUS 41 1.75%
Subtotal 115 4.92%
Medically P VUS 0 0.00%
significant LP VUS 6 0.26%
difference (MSD) VUS P 0 0.00%
VUS LP 14 0.60%
P or LP B orlLB 0 0.00%
Subtotal 20 0.86%
Total 2339 | 100.00%
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2500 94,23% Concordance
|
[ |
85.65% Agreement
2087
2000
1500
1000
500
A4.580 4.91% 0.86%
Confidence level Other differences MSD
] I {_A_\
f \ [ |
76 B2
31 33 20
0 | - . | —
Agreement Pvs LP LEvs. B VUSws. LB VUSws_ B LF vs. VLIS

g 3. @7Igo] 24 7|=0 WE H7[Ho| 27 X0
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# 5 YPYHS=Z o0 Yle g7IHOo| 2F AoVt Yt oS

# Locus | Geno | Gene Transcrip | Protein Coding 2015 2015 RP RP specific
type t ACMG/AMP | ACMG/AMP specific | evidence
guideline evidence criteria | Pathog | criteria
Pathogenici enicity
ty
chrl6e:57 | C/G CNGB1 |NM_001 |p.? c.217+5G> | LP PM1 PM2 PP3 | VUS PP3  PM3_P
998386 2974 C PP5 BS1_P
chrl9:54 | T/C PRPF31 | NM_015 | p.Leul07Pro | c.320T>C LP PM1 PM2 PP3 | VUS PM1 PM2 PP3
625320 629.3 PP5 BP1
chrd:654 | T/C PDE6B NM_000 | p.Leu516Pro | c.1547T>C |LP PM1 PM2 PP3 | VUS PM1 PM2 PP3
335 283.3 PP5
chrd:656 | C/T PDE6B NM_000 | p.Thr604lle c.1811C>T | LP PM1 PM2 PP3 | VUS PM1 PP3
386 283.3 PP5 BS1_P
chr7:128 | T/C IMPDH1 | NM_000 | p.Arg267Gly | c.799A>G LP PM1 PM2 PP2 | VUS PM1 PM2_P
040224 883.3 PP3
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chrxX:467 | C/C RP2 NM_0069 | p.Val50Ala c.149T7>C LP PM1 PM2 PM3 | VUS | PM1 PM2

12957 15.2 PP3

chrl:215 | A/G USHZA | NM_2069 | p.Ser5060Pro | c.15178T>C | VUS | PM2 LP PP1_S PM2_P PS2&PM6_P
807920 33.2

chrl:215 | C/T USHZA | NM_2069 | p.Arg3719His | ¢.11156G> | VUS | PM1 PM2 PP5 | LP PM1 PM3 PM2_P PP1
933077 33.2 A

chrl:216 | C/T USHZA | NM_2069 | p.Gly2752Arg | c.8254G>A | VUS | PM1 PM2 PP3 | LP PM1 PM2 PM3
052410 33.2

chrl:216 | A/T USHZA | NM_2069 | p.Ile397Lys c¢.1190T>A | VUS | PM1 PM2 PP3 | LP PM1 PM2 PP3 PP4
497648 33.2

chrl0:55 | AG/A | PCDH1I | NM_0011 | p.Prol756fs | c.5267delC | VUS | PM2 LP PVS1 PM2_P

582239 5 42763.1

chrll:76 | G/A MYO7A | NM_0002 | p.Ala230Thr | c.688G>A VUS | PM1 PM2 PP3 | LP PM1 PM5 PM2_P PP3
868003 60.3
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chrl7:15 | G/A PRPF8 | NM_0064 | p.Pro2301Le | c.6902C>T |VUS | PM1 PM2 PP3 |LP PM1 PM2 PM5 PP3
54202 453 u

chr2:969 | G/A SNRNP | NM_0140 | p.Argl090Trp | ¢.3268C>T | VUS | PM1 PM2 PP3 | LP PM1 PM2 PM5 PP3
53698 200 144

chr4:479 | G/A CNGA1 | NM_0011 | p.Arg712Ter | [c.2134C>T | VUS | PM2 PP3 LP PVS1 PM2_P PM3_P
38584 42564.1

chr4:654 | G/T PDE6B | NM_0002 | p.Met523lle | c.1569G>T | VUS | PM1 PM2 LP PM1 PM2PM5

357 83.3

chr4:656 | C/T PDE6B | NM_0002 | p.Thr571Met | c1712C>T | VUS | PM1 PM2 LP PM1 PM2 PP1 PP3

020 83.3

chr6:644 | C/G EYS NM_0011 | p.Ala2498Pro | c.7492G>C | VUS | PM1 PM2 PP3 | LP PM1 PM2 PM3_P PP1 PP3
99037 42800.1

chr6:662 | TTCC/ | EYS NM_0011 | p.Glul76del | c.525_527d |VUS | PM2 PM4 LP PM3 PM4 BS1_P

04776 T 42800.1 elGGA

chr8:555 | GA/G | RPI NM_0062 | p.lle2061fs c.6181delA | VUS | PM2 PP5 LP PVSI.M PM2_P PM3_P
42620 69.1 PP1
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Abstract
Sequence variant interpretation
in next generation sequencing panel testing for retinitis pigmentosa

Heerah Lee

Department of Laboratory Medicine, Graduate School,

University of Ulsan College of Medicine

Background: The American College of Medical Genetics and Genomics (ACMG) and
the Association for Molecular Pathology (AMP) have issued standards and guidelines
for deriving accurate and consistent interpretation of sequence variants. However,
there is persistent discordance in the interpretations owing to differences in available
data, in silico predictive programs, etc., in spite of universal implementation of the
2015 ACMG/AMP guidelines by most clinical molecular genetic labs. Clinical Genome
Resource (ClinGen) convened Variant Curation Expert Panels (VCEPs) to institute
guidelines on a specific gene or groups of genes. On the other hand, the Sequence
Variant Interpretation (SVI) Working Group has provided general recommendations
to refine the 2015 ACMG/AMP guidelines in order to improve consistency in clinical
applications. In this study, retinitis pigmentosa (RP) specific sequence variants
interpretation guidelines were developed, the efficacy of which was compared to the

2015 ACMG/AMP guidelines.

Methods: A pilot of 2339 variants were selected from the test results of the next
generation sequencing (NGS) panel of 129 RP patients, who underwent the test
between November 2018 and September 2019 at the Asan medical center, Seoul. The
variants were initially classified according to the 2015 ACMG/AMP guidelines. The
newly developed RP specific guidelines were derived from the general
recommendations published by SVI and the gene/disease specific guidelines

developed by the VCEPs. Minor allele frequency (MAF) cutoffs were established for
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BA1L, BS1, BS1_P PM2_P and PM2 based on the prevalence of RP, the penetrance, the
related genes, and the causative variants. Of the 28 criteria of the original guidelines,
11 had strength level specifications. VCEPs recommend REVEL and MaxEntScan as the
computational predictive tools to be employed. The newly developed RP specific
guidelines were applied to reclassify the pilot variants and to compare with the
original classification. In addition, Korean allele frequency filter was applied to identify

changes in the interpretation process and the results.

Results: The specific MAF cutoffs applied for BA1, BS1, BS1_P, and PM2_P were 0.005,
0.003, 0.0006, and 0.00006 respectively. Of the 2339 variants, 89.65% clearly complied
with the 2015 ACMG/AMP and RP specific guidelines and 4.57% differed in confidence
levels. 0.86% (20/2339) showed medically significant discordance, of which 6 variants
were reclassified from likely pathogenic (LP) to variants of uncertain significance (VUS)
and 14 were reclassified conversely. Seventy eight out of 298 variants initially
interpreted as VUS were reclassified as benign (B), likely benign (LB), or LP. By applying
a more stringent BA1 MAF cutoff of 0.005, additional 11.20% (262/2339) variants were
filtered out in the initial step of variant analysis. On filtering based on Korean allele
frequencies, an additional 13.68% (320/2339) variants including 3 pathogenic (P)/LP
variants were filtered as per the 2015 ACMG/AMP or the RP specific criteria.

Conclusions: In this study an RP specific sequence variant interpretation guideline
was developed which demonstrated high concordance with 2015 ACMG/AMP
guidelines. Applying RP specific MAF cutoffs based on disease characteristics such as
prevalence and filtering based on Korean allele frequencies reduced manual work.
Use of designated computational predictive tools eliminated the uncertainties caused
by conflicting predictions from multiple tools. Disease/gene specific variant
interpretation guidelines are thus required to perform reliable, accurate, and
consistent analysis of vast amount of genomic data collected from NGS based panel

tests.
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