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NepiAnyn: 2.1 “Edoapuoyr puebodwv avaiuong VUS oe omavia voonpata -mapouciacn oe
ouvedplo

KoopTn aocBsvmv pE ondvia voonuHara

H AAAnAoUxion Néag leviag (Next Generation Sequencing - NGS) anoTteAei pia
EMNAvVAOTATIKR TEXVOAOYIA OTN YOVISIWMATIKR, N onoia €xel NPooPEPEl ONUAVTIKA OPEAN OTNV
katavonon kai didyvwaon onavinv voonuatwyv. Méow TnG aAAnAolxionc OAwv Twv €Eoviwy Tou
yovidiopaTtog (Whole Exome Sequencing - WES) yiveral duvaTdg o evTonionog napaAiaywv
o€ £ninedo VOUKA£0TISIOU, ONWG AVTIKATAOTACEIC, KABWG Kal HIKPWV EAAEIYEWV Kal MpoadnKwv
(indels) evTdc TwV KWJIIKOMOINTIKWV MEPIOXWV TOU CUVOAOU TWV Yovidiwv Tou avBpwnivou
yovIOIwuaToC. AvTiBeTa, yia MeYAAeg eAAgipelc/ npoobnkec ) AAAEC OOMIKEG napaAAayeg,
Kabwc kal yia Tov evToniopgo napaAiaywv nou £dpalovTal eKTOGC TWV KWOIKOMOINTIKWY
nepIoXmwv Twv yovidiwv, nou dev pnopolv va TautonoinBolv pe WES, yiveralr aAAnAouyxion
oAOkAnpou Tou yovidimpatog (Whole Genome Sequencing — WGS). AuTn n TexvoAoyia eival
NOAUTIUN yia Tn JIdyvwon YEVETIKWV d1aTapaxwyv, apou NoAAEG ondvieg voool o@eilovTal o€
TETOIOU TUMOU YEVETIKEG NapaAAayes. Me Tnv €ykaipn didayvwaon Péow NGS, ol kKAIVIKOi 1aTpoi
hunopoUV va Npoo@EPOUV MIO OTOXEUHUEVN KAl AMNOTEAEOUATIKN PpovTida oToug acBeveic, va
MPOTEIVOUV  KATAAANAEG BEPANEUTIKEC MNPOCEYYIOEIC KAl  va MPOO@PEPOUV  YEVETIKN
OUMBOUAEUTIKN oTov agBevi Kal TNV OIKOYEVEIA Tou.

To IvomimoUTo IaTpikng AkpiBeiac Tou [MavenioTnuiou MMaTpwv €Xel UAOMOINOEI
aAAnAouxion 0Awv Twv e€oviwv (WES) 400 acBevwv e ondavia voonuata otnv EAAAda, pe
okonod Thv eUpeon TwV uNelBuUVWY yovidiwv, &va Brnua kaboploTikd yia TNV Npoyvwaon, eniAoyn
Bepaneiac, EvTa&n oe KAIVIKEG HEAETEG VEWV PAPPAKWV KAl YEVETIKI OUMBOUAEUTIKN. H KOopTN
aoBevwv nou £xel dnuioupynBei anoteAeiTal TOoo and naidiaTpikoUs 600 Kal and eVAAIKOUG
acBeveic, and O1aPOPETIKA VOONAEUTIKA 10pUMaTa Kal KAIVIKEG TnG xwpag (Eikdéva 1), evw
ouunepIARPONKav diagopol  gaivoTunol, Mou KupaivovTal anodé veupoavanTu&lakeg Kal
VEUPOAOYIKEG/VEUPOUUIKEG  KATAOTACEIG €wG  OlaTapaxég  avanTtuéng,  METABoAIKEG,
KapdIayYEIGKEG Kal OKEAETIKEG avwuaAieg. EmnAgov, opiouéva dnuoypa®ika aToixeia gaivovTal
otnv Eikova 2.
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Eikova 1: ZUupHETEXOVTA VOONAEUTIKA 1I3pUpaTa kKal KAIVIKEG. (A) MMooooTd €yyeypaupévmv
acBevwv avda voonAeuTikd idpupa. (B) MooooTo eyyeypaupévwyv acgBevwv agBsvwv ava KAIVIKN Tou
MaveniogTnuiakou MevikoU Noogokopegiou MaTtpwv (MINM).

A dYNO B HAIKIA

40-59,17%

Tuvaikeg
45%
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0-18, 60%
19-39, 15%

Eikova 2: AnHOypaPIKA OTOIXEIO CUHHETEXOVTWV a0BeV@V. (A) Mogo0oTd GUUHETEXOVTWV avOp®V
Kal yuvaikwv. (B) HAIKIGkr KaTavour CUPHPETEXOVTWV.

H apxikn avaiuon Twv dedopevwv WES npoodidpios TNV UNOKEIJEVN YEVETIKN AITia 0TO
33% TWV NEPINTWOEWY, napéxovrag éva BOeTikd anoTeéleoud. EmnAéov, oto 18% Twv
NEPINTWOEWY, EVTOMNIOTNKE NapaAAayn ayvwoTou KAIVIKNG onuaociag (Variant of Uncertain
Significance - VUS), 0divovtac €va pn KaBoploTIKO dnoTéEAECHd, evw OTo 49% TwVv
nepioTacTikwyv Ogv evronifovral oXeTICOPEVEG NAPAAAAYEC unoypdupifovrag Tnv avaykn
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nepaitépw avaiuong (Eikova 3). Télog, n nAsiowneia Twv VUS napaAAay®v Mnou £XOUME
evToniosl anoteAoUv napaAiayeg avTikatdoraong Baong (Eikova 4).

B TYPE OF VARIANTS

A
Pathogenic,
Negative, 49% 17
Inconclusive, 18%
VUS, 49

Positive, 33%

Eikova 3: AnoteAéopara WES. (A) To 33% Twv NePIOTATIKOV NTav BeTika, To 18% ATav acagn
(evTonioTnkav napaAAayeg ayvwoTou KAIVIKNG 1 MaBoyoveg (Pathogenic) /MBavwg Maboyoveg (Likely
Pathogenic) napaAAayég o€ yovidia ayvwoTou onuaciag yia To eKkacToTe voonua f o eTepoluywTia o€
AUTOOWHIKEG UMOAEINONEVEG aoBeveleg) kal To 49% nTav apvnTikd. (B) MAnBog naboyovwv, mbavwg
naboyovwv napaAlAaywv kdl napaAAaywv ayvwoTou KAIVIKNG onuaciag nou evronioTnkav orta
NeEPIOTATIKA PE AOAPEG ANOTEAEOHA.

Type of VUS Variants

Frameshift deletion [l 1
Intronvariant [l 1
Intron deletion [l 1
Mitochondrial [l 1

CNV deletion [l 1

IntronSNV [ 2
Splice Acceptor SNV [l 1
Inframe deletion [N 4
Missense | 37

0 5 10 15 20 25 30 35 40

Eikova 4: AlaQopeTIKOi TUNOI napdAAay®v ayv@woTou KAIVIKRAG onHaagiag. 'Exouv evtonioTei 37
napaAAayeg avTtikatdoraong Baong (missense), 4 diaypa®ng evrog avayvwaoTikoU nAaiciou (inframe
deletion), 2 npooBRkng evog voukAeoTidiou (intron SNV), 1 aAAayng avayvwoTikoU nAdigiou AOyw
diaypapnc (frameshift deletion), 1 napaAAayn o€ vTpovikr nepioxn (intron variant), 1 diaypa@ng os
IVTpoVIKNA neploxn (intron deletion), 1 o€ TUNWa Tou piIToxovdpiakoU DNA (mitochondrial), 1 napaAAayng
apiBuou avTiypagwyv ano diaypa®n (CNV deletion) kai 1 (splice acceptor SNV).
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ZTOXO0G HEAETNG

2TOX0G TNG MEAETNG €ival n avaAuon Tng KodOPTNG TwV acBevwyv PE onavia VoonuaTa HJE oKono
Tnv elpeon Twv unelBuvwv Yovidiwv kal Tnv a&loAoynon HeBOdwv npOoBAswnGg
nadoyovikOTATAG NapaAlaywv.

Ma Tnv eniteugn Tou oTOXOU AUTOU akoAouBwvTal OIAPOPETIKEG OTPATNYIKEG:
1. A&ioAéynon Twv mapalAaywyv dyvwoTng KAIvikAg onuaciag (VUS) pe tn xpAon in silico
epyaAciwy, Baoewv dedopévwy Kal BiIBAIoypagiag.
2. AvdAuon oe etitredo oikoyévelag (Segregation Analysis).
3. ZuvouaoTiKA avaAuan TTOAAATTAWY YEVETIKWY TOTTWVY KAl OMIKWY OEO0UEVWIV.
4. WGS o¢ aoBeveig yia Toug otroioug n avdAuon WES dev 0driynoe o€ ammoTéAeoua.

1. ASioAOoynon napaAAaywv ayvmwoTng KAIVIKAG onpaociag HE Tn XpRon
in silico epyaAcionv, Baoswv dedopévmv kal BiIBAloypapiag

Ma Tnv enava&ioAoynon napailiaywv ayvwaoTtng KAIVIKAG onuaaiag xpnoigonoinénkav
NOAAANAEG BAOEIG OEDOPEVWY KAl EPYAAELId, ONWC TA KATWTEPW:

e https://franklin.genoox.com

e https://varsome.com

e https://alphamissense.hegelab.org

e https://www.ncbi.nlm.nih.gov/clinvar

e https://gnomad.broadinstitute.org

e https://spliceailookup.broadinstitute.org
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H Jdiadikacia nou akoAouBsiTal nepIAauBavel Tov €AeyX0 TwV KpITNPiwv TNG
ACMG nou pnopouUv va epappooTouV yia KaBe napaAAayn kabwg kair Tnv avadnrnon
TNG €kAoToTe napaAiayng otn PiBAloypagia. Bdoeig dedopévwyv onwc n Franklin,
Varsome kai Clinvar xpnoigonoloUvTal yia Tn digpeuvnon npolndpxouodg yvwong Kdal
EUPNMATWY AAAWV gpeuvnT®V. Me Tn Xprion Tou GnomAD eA€yxetal n ouxvotnta
EPQAvIoNG KAbe napaAAayng otov NnANBUopoO. EninpoaBeTa, pe To SpliceAl eEetaleTal n
méavoTnTa PE TNV onoia n napdAAayr nou PeAETATal va ennpedlel To eVAAAAKTIKO
JaTIoua.

MNa napaAAayec avTikataoraong Paonc nou odnyoUv O NAPAVONUATIKEG
METAAAGEEIC XpNOIMONOIEITAl TO €pyaAgio TexvNTNG vonuoouvng AlphaMissense pe To
onoio yiveral npoBAewn Tnc naboyovikoTNTAc Ye Baon Tov aAyopiBuo NnpoBAsywnc doung
Alphafold. Me Tov aAyopiBuo auto unoAoyileTal To aAvTiKTUNO HIAG napaAAayng ortn
AEITOUPYIKOTNTA TNG NpwTeivng. H naboyovikoTnTa ek@paleTal HPE TO «OKOP
naboyovikoTnTac» (pathogenicity score) Tou onoiou o1 TINEG kupaivovTal ano 0-1 (0-
0.34: mBavwg pn naboyodveg napaAiayécg, 0.35-0.55 acageic kar 0.56-1 nmiBavwg
naboyodvec napaiiayéc). =Tov Mivaka 1 napateibsral To okop naboyovikoTntag VUS
napaAAaywv rnou €XOUME evTonioel oTnv KoopTn aoBsvwv pe ondvia voonuard.
Mapatnpoupe Nwg 21 and Tig 34 napalAayEg avTikataoraong Baong eugavifouv oKop
naboyovikoTnTag > 0.56, To onoio TIG kaBIOTA NIBavwg naboyodvec. H PeAETN TNG
OUVKANPOVOUNONG QuT®WV TWV NApdAAdywv PE TO vOONUd, NMou WMopei va eniTeuxdei
MEOW TNG avaiuong oe eninedo oikoyévelag, Oa unopoUoe va OUPBAAAEl oTnv
egakpiBwaon Tng naboyovikdTNTAC TOUG.

Mivakag 1: MpoBAswn naBoyovikOTNTAG HE T XPAon Tou in silico epyaAsiou
«AplhaMissence». Mg noptokaAi napouaoidlovTal ol MBavwg naboyoves napaiiayeg (Likely
Pathogenic -LP), pye pnAe ol niBavwg pn naboyoveg napaiiayeg (Likely Benign - LB) kal pe acnpo
ol aoageic (Ambiguous - Amb).

A/A | Tovidio ‘Ovopa napaAAayng AlphaMissence
1 GNB4 NM_021629.4:c.43C>T 0.765 LP
2 SH3TC2 NM_024577.4:c.3526T>G 0.863 LP
3 GDAP1 NM_018972.4:¢c.213G>C 0.832 LP
4 EMD NM_000117.3:¢c.553T>C 0.099 LB
5 DDX11 NM_030653.4:¢c.1630G>C 0.075 LB
6 XDH NM_000379.4:¢c.2413C>T 0.763 LP
7 GRIN2A | NM_001134407.3:¢c.253C>G 0.386 Amb
8 SLC10A1 | NM_003049.4:c.806T>G 0.962 LP
9 PYCR2 NM_013328.4:c.40G>C 0.975 LP
10 SLC12A1 | NM_000338.3:c.1757G>A 1 LP
11 EFL1 NM_024580.6:¢c.3271A>C 0.415 Amb
12 PMP22 NM_000304.4:¢c.124T>C 0.986 LP
13 IKZF5 NM_001372123.1:c.459G>C 0.969 LP
14 GDAP1 NM_018972.4:c.113A>G 0.981 LP
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15 ATP2A1 NM_004320.6:c.2464C>T 0.991 LP
16 ABCD1 NM_000033.4:c.848A>C 0.973 LP
17 BCORL1 NM_001379451.1:c.5101G>A 0.859 LP
18 NR5A1 NM_004959.5:¢c.990G>C 0.32 LB
19 ACTA1 NM_001100.4:c.795G>T 0.813 LP
20 TNPO3 NM_001382216.1:¢.1397T>C 0.991 LP
21 RYR2 NM_001035.3:¢.6997C>T 0.883 LP
22 LDLR NM_000527.5:c.949G>A 0.472 Amb
23 KCNQ2 NM_172107.4:c.2258C>T 0.239 LB
24 SNTA1 NM_003098.3:¢.220C>G 0.053 LB
25 MYH2 NM_017534.6:¢c.1463T>C 1 LP
26 | ALDH18A1 | NM_002860.4:c.1502T>C 0.965 LP
27 COoQ4 NM_016035.5:¢c.238C>T 0.091 LB
28 ABCD1 NM_000033.4:c.542A>G 0.898 LP
29 GDF6 NM_001001557.4:c.619del 0.119 LB
30 KCNH2 | NM_000238.4:c.580G>A 0.28 LB
31 MYH6 NM_002471.4:c.1408G>T 0.881 LP
32 MYH7 NM_000257.4:c.4348G>A 0.874 LP
33 RYR2 NM_001035.3:¢c.995G>A 0.147 LB
34 NPR2 NM_003995.4:¢c.1484G>A 0.123 LB

2. AvaAuon o€ €ningdo olkoyEéveiag — Segregation Analysis

H avaAuon oec €ninedo OIKOYEVEIAG €ival Hia YEVETIKN avdAuon HPeE Tnv onoia
MEAETATAl O TPOMOG KANPOVOUNONG TWV NapaAAaywv METAEU TwvV HEA®WV HIAG
olkoyévelac. MapdAAnAa, diepeuvdTtal N CUOXETION TwWV NAPAAAAYWV HE TO EKACTOTE
vOOnNMa Kal n naboyovikoTNTa TwV HEAETOHEVWY NAapailiAayov.

MNa Tnv avaAuon oec €ninedo OIKOYEVEIAG TWV VYEVETIKOV NAPAAAQyw®V
(naboydvwyv, nibavwg naboydvwv n ayvwoTou KAIVIKAG onpaciag) nou evronifovTal
yeEow WES oe aoBeveic, akoAoubBeital n €&hfc diadikaoiac. Tiverar AfRwn oAlkou
nePIPEPIKOU aigaTog and Toug acBeVEIC Kal GUYYEVEIC NpWToU r/kal deuTEpou Baduou
anod To onoio anopovwveTal oAlkd yevwuikd DNA. 2Tn ouvéxela, akoAouBei o oxediaouoc
KATAAANAWV EKKIVNTWV YId TNV &vioxuon TnNG MeEPIOXNC €vOlaPEPOVTOC, OTNV oroia
evTonifeTal n peAeToPeVN napaAiayr. H evioxuon Twv neploxwv yiveralr HEOW
aAuocidwTnG avTidpaonc noAupepdaonc (Polymerase Chain Reaction, PCR) kal TEAog, n
aAAnAouxion TNG nNepIoXnC £vOIAPEPOVTOC MPAYMATONOIEITAl MECW aAAnAouxiong
Sanger.

MNa Tnv avaAuon Twv anoteAsopatwv aAAnAolxiong Sanger yivetal avTioToixnon
TNG aAAnAouxiag TNG eVIOXUHEVNG NEPIOXNG ME TO YovIdiwpha ava@opdg, Katda Tnv onoia
eniBeBaiwveTal n UNAp&n TNG HEAETWHPEVNG NapaAAayng oTov aoBevn, evw diepeuvdaral
n Unap&n Tng oTa ouyyevika hEAN. H diadikacia oAokAnpwveral Je To oXedIAoNO Tou
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VEVEAAOYIKOU O&VTPOU, TOV €navéAeyXo TNC Katnyoplonoinong TnG napdAAayng,
avaioya Tnv naboyovikOTNTAC TNG, KAl TNV EVNUEPWON TWV NAPANENOVTWVY IATPWV YId
TO TEAIKO anoTEAEONQ.

Méxpl OTIYMNG, €xel npayuaTtonoin®esi avdAuon oe €ninedo olkoyevelag yia 9
napaAAayeg ayvwoTtng KAIVIKNG onuaaciag, ek Twv onoiwv 7 npoBAEneTal Yeow in silico
epyaAeiov va sival Mavwg Maboyodveg kal 2 MBava Mn Maboyodveg. Ta dedopgva nou
OUAAEXBNKav via 4 and auTég ATav Ikavd yia Tnv enavakarnyopionoincr Toug ano
napaAiAayeg AyvwoTng KAIVIKAG onuaociac oe Méavwe naboyoveg napaliayeg. TEAoG,
yla oOpIohEveG napaAlayéc Ta Oedopéva pag Osv ATAv  ENAPKA  yia TNV
enavakartnyopionoinon Toug, woTdoo €ival oupBatd pe Tnv naboyovikoTnTa Mou
npoBAEéneTal ano 1o epyaieio AlphaMissense. (Mivakag 3)

Mivakag 3: NapaAAayég ayvwoTou kAIvikiG onpaciag (VUS) yia TiG onoieg £yive HEAETN
o€ eninedo oikoyEvelag. O1 oKiaypaPpnuEVEG NApaAAayEG enavakaTnyoplonoifénkav os nidavwg
nadoyodveg. To «X» TnG TeAeuTaiag oTAANG UNOdNAWVEI TN CUPPWVia PETAEU TNG NPOBAEWNG TNG
naboyovikoTnTag Tou in silico epyaleiou, pe Ta dedopéva TNG Nnapolodg HEAETNC.

MpoBAeywn
A/A | Tovidio ‘Ovopa MapaAAayng Na@oyovikéTnTag
AlphaMissense
1 SH3TC2 | NM_024577.4:c.3526T>G LP X
2 PMP22 | NM_000304.4:¢c.124T>C LP X
3 TNPO3 | NM_001382216.1:¢.1397T>C LP X
4 RYR2 NM_001035.3:¢c.6997C>T LP X
5 KCNH2 | NM_000238.4:c.580G>A LB X
6 MYH6 NM_002471.4:c.1408G>T LP
7 MYH7 NM_000257.4:¢c.4348G>A LP
8 GDAP1 | NM_018972.4:c.213G>C LP X
9 RYR2 NM_001035.3:¢c.995G>A LB

Katad tnv avdAuon oc €ninedo OIKOYEVEIAG NAPAAAAYWV ayvwoToug KAIVIKAG
onuaoiag, oToxoc gival anokTnon véwv dedopevwy (nx: eUpeon TnG idlag napaAAaync
O£ OUYYEevVEIC e Tov D10 @aivoTuno nou Oev sixav unoBAnBei oe yeveTikh avaAuon,
XApaKTNPIOUOC Wiag napailAaync we de novo n dianioTwan OTI Jia napaAiayn ayvwong
KAIVIKNG onuaoiag BpiokeTal in trans pe naboyovo napaAAayr) nou 8a Bondrijoouv aTnv
gnavakartnyoplonoinon Twv napaAlaywv oUuewva HE Ta Kpithpia TnGg ACMG.
MapaAAnAa, eAéyxeTal n IKAvoTnTa NPOBAEWNG TNG NaboyovikoTNTag TWV Napallaywv
ME TN xpnon in silico epyaieinv, 6nwc eival To AlphaMissense.

MapakdTw napoucialovral Ta YevedAoylkd O&vTpa Kal Ta KpITAPIa Mou
Xpnoigonoinénkav yia Tnv enavakarnyoplonoinon Twv Teoodpwv napalilaywv (Eikova
4-8). Apxika emBeBaiwbnke n Unapén TnG napalidaync NM_001035.3:¢c.6997C>T oTo
yovidio RYR2 otnv acBevr) (II.1), nou ndacxel and MoAupoppn KaTtexoAapivepyikn
KoiAlakny Taxukapdia (CPVT), Kal 0 GUOXETIOPOC WE TNV KAIVIKN €IKOvVa TNG acBevouc,
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ouUgpwva He Ta €10IKG yid To voonua kpitApia. MapdAAnAa, n idia napaAAiayn
evTonioTnke kai otnv adep®n Tng acbevouc (I1.2) (Eikdva 5A).

B _
PM1 (Moderate)

* Located in a mutational hot spot and/or critical and well-established
functional domain without benign variation

RYR2 1 —

¢ Multiple lines of computational evidence support a deleterious effect on
the gene or gene product (conservation, evolutionary, splicing impact, etc.)

o
o8
|

* Extremely low frequency in gnomAD population databases

|

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

Eikova 5: Enavakarnyopionoion TnG napaAAayng (RYR2) NM_001035.3:¢c.6997C>T ano
VUS os Likely Pathogenic. (A) l'eveaAoyiko SEvTpo KANpovOUNonG TNG napaiAayng. To BEAog
unodeikvUel ToV apxIKo aagBevr|, o onolog npayuartonoinoe WES. (B) Ta nAnpoUpeva KpIThpld TG
ACMG, Bdaoel Twv onoiwv YiveTal n enavakarnyopionoinon Tng napaAiaync (2 Moderate + 2
Supporting = Likely Pathogenic). To okiaypagnuévo KpITrpIo NPooTEBNKE KATa Tn OIAPKEId TNG
napouoacg PHEAETNG.

AvTioToixa, eniBeBaiwOnke n UNap&n 10600 TNG NAPAAAAyYNG AyvwoTou KAIVIKAG
onuaciag NM_024577.4:c.3526T>G, 000 kdl TnGg nadoyovou napaiiayng
NM.024577.4:¢c.3676-8G>A, oTo yovidlo SH3TC2, oroug aoBeveic (II.1 kai I1.2), nou
naoxouv ano Charcot-Marie-Tooth disease. QoT000, 0TNV PNTEPa Twv acbevwv (I.1)
gvTonioTnKe POVO N napaAAayr ayvwoTou KAIVIKAG onupaciag, unodnAwvovtag Ot n
naboydévoc napaidayrp nponABe and Tov natépa Twv dacBevwv (Eikova 6A).
Supdnepaivoupe Aoindv, OTI ol dUo evromlduevec napaAAayeg oto yovidio SH3TC2
BpiokovTal in trans.

A
SH3TC2 r

NM_024577.4:¢c.3526T>G (VUS) : PM2 (Moderate)
* Extremely low frequency in gnomAD population databases

\ ~  PP3(Supporting)

* Multiple lines of computational evidence support a deleterious effect on
the gene or gene product (conservation, evolutionary, splicing impact, etc.)

B * Located in a mutational hot spot and/or critical and well-established
NM.024577 4-c.3676-8G>A functional domain without benign variation

” _

. 7z * For recessive disorders, detected in trans with a pathogenic variant

IR}
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Eikova 6: Enavakartnyopionoion TnG napaAAayng (SH3TC2) NM_024577.4:c.3526T>G
ano VUS oz Likely Pathogenic. (A) M'evealoyikd d€vTpo kAnpovounong Tng VUS napaAAayngc.
To BEAog unodeikvUel Tov apxiko agbevr, o onoldg npayparonoinoe WES. (B) M'eveaAoyiko SEvTpo
kAnpovounong Tng Maboyovou napaiiayng. To BENoG unodeikvUel Tov apXIKO acBevr), 0 onoiog
npayuatonoinoe WES. (F) Ta nAnpolUpeva kpithipia Tng ACMG, Bdcel Twv onoiwv Yiverar n
enavakartnyoplonoinon Tng napaAAayng (2 Moderate + 2 Supporting - Likely Pathogenic). To
oKIaypapnuéEVo KPITAPIO NPOCTEBNKE KATA TN OIAPKEIA TNG Napouoag HEAETNG.

SuveyilovTag, eniBeBaiwbnke N UNApPEn TOCO TNC NAPAAAAYNC AYVWOTOU KAIVIKNG
onuaciag  NM_018972.4:¢c.213G>C, 000 kai TnGg naBoydvou napailiayng
NM_018972.4:¢c.760dup, oTo yovidio GDAP1, otnv acBevn II.1, nou ndoxel and Charcot-
Marie-Tooth disease. Evw ano Tn WEAETN ot €ninedo olyévelag Bpednke OTI n pia
napaAAayn nou evronioTnke otnv acBevn II.1 nponABe and Tov natépa Tng (I.1) kai n
O0guTepn and tn unTépa TnG (I1.2) (Eikova 7A, 7B). Zuunepaivoupe Aoindv, o1 ol duo
evTon{opeves napaAiayéc ato yovidio GDAP1 BpiokovTal in trans.

A r

GDAPL PM2 (Supporting)
NM_018972.4:c.213G>C (VUS)
¢ Extremely low frequency in gnomAD population databases
11 1.2

e Multiple lines of computational evidence support a deleterious effect on

N the gene or gene product (conservation, evolutionary, splicing impact, etc.)
n1

B
NM_018972.4:¢.760dup (P) * Located in a mutational hot spot and/or critical and well-established

functional domain without benign variation
11 1.2

‘

\ ¢ For recessive disorders, detected in trans with a pathogenic variant

1

Eikova 7: Enavakarnyopionoion tng napaAAayng (GDAP1) NM_018972.4:c.213G>C
ano VUS oz Likely Pathogenic. (A) Mevealoyikd devTpo kAnpovounong Tng VUS napaAAaynge.
To BEAOG unodeikvUel Tov apxikd agbevry, o onoiog npayuartonoinos WES. (B) MleveaAoyiko dEvTpo
KAnpovopnong Tng nadoyovou napaAiayng. To BEAOG unodeikvUel Tov apxIko agBevr), o onoiog
npayuartonoinose WES. (F) Ta nAnpoUpeva kpithpia Tng ACMG, Bacsl Twv onoiwv YiveTal n
enavakarnyoplonoinon Tng napaAAayng (2 Moderate + 2 Supporting - Likely Pathogenic). To
OoKIaypapnuEVo KPITAPIO NPOCTEBNKE KATA Tn OIAPKEIA TNG Napouoag HEAETNG.

Teélog, eniBeBaiwdnke n Unapén TnG napaiiayng NM_000304.4:¢c.124T>C oTo
yovidlo PMP22 otnv acBevr) (I.2), nou naocxel ano Charcot-Marie-Tooth disease.
MapaAAnAa, n idia napaAiayn evronioTnke kal ota dUo TéKva TNG agbevouc (I1.1, I1.2),
Ta onoia eniong deixvouv cupBato gaivoTtuno (Eikova 8A).
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B
A PP3 (Strong)
PMP22 e Multiple lines of computational evidence support a deleterious effect on

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

r'd
-9 R

* Absent from controls (or at extremely low frequency if recessive) in Exome
Sequencing Project, 1000 Genomes or ExAC

» Co-segregation with disease in multiple affected family members in a gene
definitively known to cause the disease

Eikova 8: Enavakarnyopionoion TnG napaAAayng (PMP22) NM_000304.4:c.124T>C ano
VUS os Likely Pathogenic. (A) l'eveaAoyiko S&vTpo KANPovOUNONG TNG NnapaiAayng. To BEAog
unodeikvUel ToV apxXIKo aagbevr|, o onolog npayuaronoinoe WES. (B) Ta nAnpoUpeva KpIThnpid TG
ACMG, Bdaocesl Twv onoiwv YiveTal n enavakarnyopionoinon Tng napaAAayng (1 Strong + 2
Supporting = Likely Pathogenic). To okiaypapnuévo KpITrpIio NpooTEBNKE KaTda Tn OIAPKEId TNG
napouodac YHEAETNG.

Me Bdoel Ta veéa Oedopéva Mou nposkuwav and Tnv availuon oe eninedo
OIKOYEVEIAC, £YIVE €MAVEAEYXOC TWV KpITNpiwv TNG ACMG nou nAnpouvTal yia Kale
napaAAayrn. To TeEAIKO cupnEpacpa ATav OTI Kal oTi¢ OUO NEPINTWOEIC IKavonolouvTal 2
KpITApIa HeTpiac 1oxuoc (Moderate) kair 2 unooTnpikTikad Kpimnpia (Supporting),
ouvduaaouocg Nou kataTtaooesl pia napaiiayn wg Moavwg NMaboyovo (Likely Pathogenic)
(Eikovecg 5B kai 6B).

TéAog, 0c KAMOIEC NEPINTWOEIC €Xel npayuatonoindei digpeuvuon UNApEng
naboyévwv/nibavwe naboyovwy napaAlaywv o€ AAAa ouyyevika PEAN TOU €KACTOTE
aogBevoug, oToxelovTag OTOV EVTONIONO CUYYEVIKWV JEA®Y NOU PEPOUV TNV napaiiayn
Kdl €XOUV PioKo EUPAvIoNg TNG Nabnong. 'ETol, ota dtopa autd pnopei va dwbei owaoTn
1aTpikn kKabodnynaon, NEPIAGUBAVOVTAC CUOTNHATIKOUC MPoANnTIKOUG EAEYXOUC 1l akOua
Kal npoAnnTIKNn Bgpaneia.

Mivakag 4: NMNaBoyoveg/MOavwg nadoyoveg napaAAayEg yia TIG onoieg HEAETAONKE n
KANPOVOHUNOT TOUG OE CUYYEVIKA HEAN.

A/A | Tovidio 'Ovopa MapaAAayng
1 DYSF NM_001130987.2:¢c.11495G>A
2 DYSF NM_001130987.2:c.2550_2553del
3 ACVR1 NM_001111067.4:c.617G>A
4 MPZ NM_000530.8:¢c.103G>A
5 CERS1 NM_021267.5:c.269del
6 MPZ NM_000530.8:¢c.103G>A
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TTN NM_001267550.2:¢c.62251dup
SCN5A NM_000335.5:¢.4996G>A
TTN NM_001267550.2:¢c.58870C>T

3. ZuvduaoTikn avdAuon NOAAANA®MV YEVETIK®OV TONWV KAl OHIK®OV
0edOHEVWV

e 2UVOUAOTIKA avAAuon TTOAAATTAWY YEVETIKWV TOTTWV

Eival yvwaoTo nwg n unapén nepiagdTepwV TNG KIAG YEVETIKAC NapaAAaync unopei
aBpoloTikd, va odnynoesl oTnv ekdNAWoN Kanoiou gpaivotunou. Enopévwg, n Tautdxpovn
MEAETN MOAAANAWYV YEVETIKWV TONWV PMNOPEi va 0dnynoel aTov evroniopd napailaywv
Mou n TauTOXpPOoVn EUPAVICH TOUG €ival uneuduvn yia TNV NpOKANon Kanoiag acbéveiac.

AnO TNV KOOPTN AOBEVWV TNG OUYKEKPIMEVNG MEAETNG, O MNEVTE MNEPIOTATIKA
gevTonioTnkav dU0 YEVETIKEC NapdAAayeg, €ite aTo idiIo yovidio (3 nepioTaTika), €iTe os
dlapopeTika yovidia (2 nepiotaTikd) (Mivakag 5). MNa va OIEPEUVACOUKE €4V Ol
OUYKEKPIPEVEG NMApaAAayeG abpoloTika Pnopouv va odnynoouv oTnv ekONAwon Twv
avTioToIXWV (paivoTunwy, orpapnkape atn BiIBAloypagikn avalntnon.

Mivakag 5: NepioTaTikd nou evronioTnkav U0 napaAAayEg.

1" NapaAAayn 2" NMapaAAayn

M2 rovisio |\ Ovoua fovisio | OvoKa
| over (Mo |0 oy | Wooiiser e |
5 SH3TC2 2247g?ggZ7A4c P SH3TC2 g_ll\_/l>.C()524577.4:c.352 VUS
3 MYH6 !Vlhiag?32>4_l_71.4:c VUS MYH7 22;200257.4:&434 VUS
4 GDAP1 !\17%633:”83972'4:(: P GDAP1 2T6018972'4:C.213 VUS

MNa To NePIOTATIKO ME TIC napaAAayec ora yovidia MYH6 kai MYH7, énou o
aobevng ndoxel ano AiataTiknl Muokapdiondbeia, evroniodage TNV OnNUOCIisUon TWV
Suzuki et al. nou unootnpifouv OTI n TauTdoxpovn UNap&én napalAaywv oTa yovidia
MYH6 kal MYH7 €ival unguBuvn yia Tnv ekdNAwaon YRepTpopIkng Muokapdionabeiac.
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A B
MYH7 | MYH6
E) ORI gy Q@ Dt
N | N

1.1 | 1.1 1¢
i
|

EikOova 8: MN'evealoyika 3évrpa kKAnpovopnong 3Uo napaAAay®v Nou EVvTonioTnKav oTov
id10 aoBsvi. (A) TlevealoylkdO OBEvTpo KAnpovounong Tng napaAiayng (MYH7)
NM_000257.4:c.4348G>A. (B) levealoyikd B&vTpo KANpovopnong Tng napaiiayng (MYH6)
NM_002471.4:c.1408G>T. To BEAoG unodeikvUel Tov apXIkO acBevr), o onold¢ npayuaronoinoe
WES.

o XuvluaoTIKA avaAuon TTOAAATTAWY OMIKWYV dedopévv

Me To ouvOUAOUO JIAPOPETIKWV ONIKWV DEDOUEVWY €ival duvaTr n NANPECTEPN
KATavonan TOU TPOMOU AEITOUPYIag Twv BIOAOYIK®OV GUOTNHATWY KAl INXAVIOPN®V Kal
nw¢ autoi ennpealovTal ano Tnv Unapén YeveTikwv napaAlaywv. € gia npoonddeia va
KATAVOrOOUKE TOUG NApAyoVvTeG Nou odnyouv aTnV PpAvion diaQopeTIKWV AoBEVEIQY,
oTav Oegv €xel evTonioTei kdAnola YeVeTIK napaAlayry and Tnv avaiuon WES,
oKoMNeUOUME va NMpaypaTonoinooupe petaBoAopikn avaiuon petaBoAitTov e Nuclear
Magnetic Resonance spectroscopy (NMR).

SUYKeEKpPIYEVA, o€ dUo aoBeveic Nou NACYXOUV ano UNePXoANOTEPOAAIUid, OTOUG
onoioug OPWG dev evTonioTnke kanola napaAiayn peEow Tou WES, kpibnke Xproipo va
npaypatonoin®ei peraBoAopikn avaiuon peraBoAiTwv ye NMR. Ma auTnv Tnv avaiuon,
yiveTal Afwn oAikoU aipatog (NAGopa kal opog) Kai oupwv nou 8a xpnoigonoindoulv yia
TOV EVTOMIOUO TWV HETABOAITOV KAl OTN OUVEXEId Ba ouykpiBoUv HE TOUG HETABOAITEG
Mou €XOouVv evTonIoTEl o€ evav control nAnBuoud (0s ouvepyaoia PE TO EpyacTnpio TOU
. ZnupoUAia, Tunua dappakeuTikAg, MavenioTnuio NaTtpwyv). H NeETABOAOMIKE MEAETN
anoTeAei avTikeipevo EexwpioToU napadoTEou.

4. AAAnAoUxion oAikoU yovidiopatog (Whole Genome
Sequencing - WGS)

H avaAuon WGS, napd 1o uynAdTEpo KOOTOUC MOU andiTel yia TNV uAonoinon
Tng, anoTeAei TNV TéXVIKN NGS pe TNV KaAUTepn diayvwoTikn andédoon. Méow TG WGS
gnopoUv  va &vTOMIOTOUV  NAPAAAGYEC O PN-KWOIKOMOINTIKEGC MEPIOXEC TOU
yovISIWHATOG, €v® NAapAAAnAa OIUKOAUVETAl N avixveuon OOMIK®WV nNapailiaywv
(Structural Variations - SVs) kai napaAAaywv apiuou avTtiypapwyv (Copy Number
Variations — CNVs).

MeExpl OTIYUAG, €xouv emAexBei nevre aobeveic oTouc onoioug Oa
npayuyatonoin®si WGS (Mivakac 6). O1 acBeveic autoi gugavidouv oapec npoTuno
YEVETIKOU VOO HATOC KAl IGXUPO (paivoTUMNO OTOUG 0Moioug OPwG OV EVTONIOTNKE KAMoia
napaAAayn nou va ouvOEeTal Ye TO paivoTund Toug, péow Tou WES. Evw a&ilel va
onuelwdei 6T o1 acBeveig 1 kair 2 (Mivakag 6) eival ouyyeveic 1°Y BaBuou. MNa Tnv
avaAuon autrh, and oAlkd nepipepikd aipa anopovwveral Yevwuikd DNA TO onoio
xpnoigonoisital yia Tnv avaiuon. H availuon WGS Ba yivel og cuvepyacia Pe TO
gpyaoTnpio Tou M. Xatdr, IvoTiTouTo OAEUIVYK.
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Mivakag 6: AgBeveic oToug onoioug Oa npayparonoin®ei Whole Genome Sequencing.

A/A dUAo . Erog daivoTunog
Fevvnong
1 Avdpag 1975 YnepxoAnoTepoAaipia
2 lfuvaika 2016 YnepxoAnoTepoAdipia
3 AvSpac 1991 Ynomoma{ouosq AOIMWEEIC TOU avanveuoTIKOU
OUCTAMATOG

AlaTapaxn Badiong, Badioua supeiag Baongc,
YRepavakAaoTIKOTNTA TwV KATW akpwv, AucTovia
TWV AkpwV, MePIKOIAIAKEG UNOMNUKVOTNTEG AEUKNG
ouaiag

4 fuvaika 2022

2021 AvanTu&lakn kabuoTépnan, MUOKAOVIKOI onacoi,

5 Fuvaika Mikpoke@aAia, STopaTonpoownikr anpagia

Ta anoTteAéopara TG NPOBAswNnG NnadoyovikoTNTAG NnapalAaywv ayvwoTng
KAIVIKAG onpaciag napoucidoTnkav oTo NG OUVEDPIO:

74° NaveAArvio Zuvedpio EAANVIKNG ETalpeiag Bioxnueiag kar Mopiaknic BioAoyiag, 13-
15 AekeuBpiou 2024, ©sooalovikn

TiTAoc: Investigating the pathogenicity of Variants of Uncertain Significance (VUS) in
rare diseases using sequencing techniques

Suyypaoeic: I. Papadionysiou, V. Tzimogianni, E. Veltsou, P. Michalieris, D. Veltista,
E. Chroni, R. Koros, P. Davlouros, R. Seung Woo, K. JiHye, Z. Lygerou

MNapakdTw napdTtiBevTal n OXETIKN NEPIANWN KAl N avapTnUEvVn napouagiaon
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Investigating the pathogenicity of Variants of Uncertain
Significance (VUS) in rare diseases using sequencing
techniques

Ioanna Papadionysiou?!, Valentini Tzimogianni!, Eirini Veltsou!, Panagiotis
Michalieris!, Dimitra Veltista?, Elisavet Chroni?, Rafail Koros3, Periklis
Davlouros?, Ryu Seung Woo#, Kim JiHye*, Zoi Lygerou?

IMolecular Genetics Unit, General Biology Department, Medical School, University of Patras,
Greece, 2Neuromuscular Center, University General Hospital of Patras and Medical School,
University of Patras, Greece, 3Cardiology Unit, Pathology Clinic, University General Hospital of
Patras and Medical School, University of Patras, Greece, *3billion Inc., Seoul, South Korea.

Rare diseases (RDs) are disorders characterized by their low prevalence (less than 1
in 2000 people is affected), that can be life-threatening or lead to chronic disability.
Nearly 400 million people worldwide are affected by RDs, with an estimated 1 million
individuals impacted in Greece. Due to their high phenotypic and genetic
heterogeneity, accurate diagnosis is challenging, leaving many patients undiagnosed.
As the majority of RDs have a genetic etiology, Whole-Exome Sequencing (WES) has
proven valuable in the identification of underlying genetic defects and definitive
diagnoses.

In this study, WES was performed on a Greek cohort of 400 patients who suffered from
RDs and remained undiagnosed at the time of the analysis. The cohort encompassed
both pediatric and adult patients, while various phenotypes were included ranging from
neurodevelopmental and neurological/neuromuscular conditions to growth, metabolic,
cardiovascular and skeletal abnormalities.

WES identified the underlying genetic cause in 33% of cases (positive result) and
additionally, in 18% of cases, a Variant of Uncertain Significance (VUS) was identified
(inconclusive result). To further investigate these cases, in silico tools were used and
targeted Sanger Sequencing was performed in probands and family members for
segregation analysis, aiming at identifying afflicted undiagnosed members and/or
reclassifying the VUS. Based on the acquired data and a reassessment of the American
College of Medical Genetics (ACMG) criteria, several VUS variants were reclassified,
providing new insights into both patient and disease management.

Clarifying the pathogenicity of VUS provides scientists and clinicians with valuable
insights into the genetic factors of a disease, enabling improved prediction, prevention,
and treatment strategies.

GOMEDPRECISION_MNAPAAOTEO2.1_ 1 10 24_1InN

M v 6 | Funded by the
E G G European Union
O A ANGEKTIKOTHTAT NextGenerationEU




MapadoTeo 2.1: “ZupBoAn oTnv epappoyn peBodwv avaiuong VUS os ondvia voonuara

-napouaiacn os ouvedpIo”. Page 16 of 16
Investigating the pathogenicity of Variants of Uncertain
Significance (VUS) in rare diseases using sequencing techniques
loanna Papadionysiou’, Valentini Tzimogianni®, Eirini Veltsou®, Panagiotis Michalieris', Dimitra Veltista®, Elisavet Chron”, Rafail Koros®, Perildis
Daviouros®, Ryu Seung Woo*, Kim JiHye*, Zoi Lygerou’
"Molecuter Genetics Un, General Blology Department, Medical School, Universtly of Patas, Greece, *Neuromusculer Centey, Universly General Hospltal of Patras and Medical School, Universty of Patras, Greece,
*Cardiciogy Un, Pathalogy mmwwumnmmmumm'mm Seoul, Sauth Xorea.
L3l |Rare miseases (RDs) afect millions wordwide, with the majortty having a genetic orgin. Despie K . the dlag of these
8 conditions remains 3 significant chalienge due to thelr compiexity and rarty. Whole Exome Sequencing (WES), aponeﬂ\u gy that fo on
[T3l | sequencing the protein-coding regions of the g has ged 3s 3 tool In gheg baaso!meudlteasn By Kdentitying
.g g n eoomg gions, WES has significantly Improved diagnostic rates and exp our g of g ' . many
° wEh rare di s face o uncenantyauetomemmsmmntvmzlnmmmemsmwmmpkmnmogea
= weumummmmmmmmprqeaumm the pathogenicly of of L In Significance (VUS) by Integrating muitiple
= P Y 3pp g advanced genomic tools with and comp analyses.
1. Whole Exome Sequencing (WES) in a Greek cohort of 3. Reclassification of VUS variants into Likely
400 patients Pathogenic
Caucholani ic P ic Ventricular T:
Arrhyth heart disorder

Mwmmmmmm
« Recurrent syncope, seizures, or sudden death after physical
activity or emotional stress.

= Normal ciinical findings

VUS missense variant in RYR2
- Pathogenicity score: 0.88

| PM1(Moderate)
+ Located In 3 mutatonal hot spot andior ortical and wel-
estavished functional domain WINout Denign varation
 PP3(Moderate)
. lines of computationa evioenoe
m:&«:tonl'negenecrgs'veplgm';“a
_—|
r « Extremaly low frequency N gnomAD population d3tabases
g ' e  [PP4Swpotng) |
° o= = - * Patients or Is specficfor 3
(A) Envolied cases per every g cinic. (B) cases per every mmmmm
Ginic In General Universtty HOSPLA Of Palras. (C) Posiive results were
mmmdum,mmmgrmmwmhtn .
{no dlinically significant pathogenic varanis detected). (D) Diiarent ; Charcot-Marie-Tooth
— = s * Demyeinating. pesipheral neurcpaliy
2. Investigating variant reclassification in clinical - Distal motor and sensory impairment > foot |
genetics deformities . 1 .
Literaturs ~+ New data on the variant decreased
Y)U;mssmsevmmtn;;:ﬂcz 1
Frankiln varant's athogenicity score: 0. -
Databases —— Varsome
Ciinvar R — PM2(Moderate)
+ Extremely low frequency In gnomAD population dataD3ses
Insiico __ AlphaMissenss __ Pathogenicity score  PP3(Swppottng)
predictive tools SpliceAl 4 score -~ mmorgm :
 PMi{Supporting)
“wu . Varants + Locatad In 3 mutatonal hot spot andior oritic and wed-
pathogenicity estadished functional domain WINout Denign vartation
segragation Inherttance pattsms |— « Fof recessive ISordars, detectad In rans With a pathogenic
Analysis Sequencing & pathogenicity —

+ 4 VUS variants have been reclassified - Likely Pathogenic

« The integration of in siico tools with sequencing techniques for analyzing Variants of Uncertain Significance (VUS) holds great promise for improving
the diagnostic yield in rare disease (RD) cases. This synergy facilitates the reclassification of VUS into more definitwe categories—either pathogenic or|
benign—while also uncovering critical insights into the molecular mechanisms driving these conditions
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