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SUMMARY

The currentPhD thesiss focused on moleculayeneticdiagnosticsbased on different
technological approachés two main groups: neurologicétonsisting of patients experiencing
seizures or exhibiting neuromuscular involvememi)l ophthalmological diseases (eygeases
Using modern diagnostic methodsaf§er sequencing and NGS), the genetic cause of the
observed clinical symptoms was established in 43% daktedpatients.

From the group of neurological diseases, we genetically verifiedoB83é tested patients
Diverse genetic variants that lead abnormalitiesin different cellular processes, such as the
accumulation of undegraded protein aggregates in the cell, lysosomal and peraismoers
metabolicabnormalitiesn the Krebs cycle and urea cycle, as well as disordargeimminoacy
tRNA synthetaséunctions and amino acid transport in the process of protein synthesis, were found
in patients with neurological diseases with seizeymptoms Genetic variants that lead to
disruption of muscle contraction proteins, neuronal ion channeldategu neuromuscular
signaling, as well as mitochondrial enzymes or regulators affecting mitochondrial genome
expression or electron transport and ATP production were detected in patients with neuromuscular
involvement.

In 57% of the patients with rare egiiseases, we identified the genetic cause leaditigeto
observed clinical featureshich arise as a result of impaired expression of important proteins in
the retina or from damage to the normal functiontheir mitochondria.

Additionally, we havepresented the advantages and disadvantages of each of the used
moleculargenetic techniques. The described clinical cases have demonstrated which is the most
appropriate method in choosing a moleciganetic analysis in order to verify the diagnosis at th
molecular level.

Based on the performed analysasumber of unpublished genetic variants were found.
This demonstrates the high heterogeneityepatientsrom Bulgariano r i gnendemidoma
region (region of the village of Osikovitsa) in Bulgafor the disease arginase deficienas
establishedWe proved significant carrier frequency (1% of heterozygous carrier) of the variant

€.329+1G>A in thARG1gene in peoplérom Roma originin the endemic region.



Thepresent PhD thesis demonstrates necessity of applyinan individualized approach
for genetic verification of the diagnosis the targeted patientsThis, in turn, helps preparing
affected patients for new therapeutic approachdseaholecular levelln addition, determining
the @rrier status andlentifying atrisk relativesvould be of fundamental importance fafering

adequate mediegenetic counseling and famibfanning
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dL ¢ v yud Zoted dzO 4§ Ols s dsjj dedide ol Osdide'ds 990 H O Mj § ot
fj S o dd BaBgEizOY ®2) § 5Cdlsdlsj EyOfki yqd. 1 ®j§sei ydls
ZOSBSHSC O, Cswists j dHj MSEN G yeic®izOs § tsted 4 s © dzds d
fnd Coj dfftSandey 1| HEYlidBzilk@id SMmis] § ¢ O Mid clfetg &8y Hs@ake]
OdzOdzdL o Mjdkj2Msotslsts, Cs2ks B odajMmi &z wWhdesls O
Gjdzjsdujdz o Oted Odzls.

10Ldte02¢d My d2O0 S OLOMsIss HE Isk¢ dsyjy HO BB

fejHftedjlsd §tod fise@afdcRia)v daBj sdz@2 L O i jlOdziisi Is c
fOydjddsd (AdcbkeO 1).

| SlcHa KMIIHMYHA qIIATHO3A | I HesicHa KTITHIIMHA qUArHO3a | | Scna JIarHo3a, MpHYITHEHa OT roAM 6p0ﬁ TeHn
ToukoBH 11 MATKHI MYyTaLHI B €IHHITYHIT \
TCHIL | CeKBeHIIpaHe 0T HOBO TIOKOICHILA I

Knaciiecko cexBeHpaHe 1o Sanger

VeTaHOBABAHE HA JIumca Ha reHeTHYEH
TeHeTHYHATA TIPHYIHA, Aedext
JIOBENA 10
VeTaHOBABaHE Ha JIumca Ha reHeTIYeH 3a00/IABAHETO
reHeTIYHATA [IPIIIHA, nedekt
JloBena 10 Anamis 3a Tpeanamnis
3a60/1BAHETO ApYT THIT Ha IAaHHHTE
TEHETIYHI ot NGS
[loTeLpsaaBaHe HA
CeKBeHIIpaHe Pepinnpane P nedexTn
TEHETHYHATA HAXOKA
OT HOBO Ha
upe3 ceKBeHHpaHe 110
MOKOJIEHHE JHATHO3ATA Sanser b
Cerperauiosen aHams S CBHIEpaHe
i Ha
B ceMeficTROTO

AHamms 3a TIArHO3ATA

JPYT THIT

TeHeTHIHI Cerperauioses aHams

nedexTn B ceMelicTBOTO

Adekte®D ] BOIdudes §tej Hls Oscvjddgj lsde@ dzdsts dzjf Gste @stedetsf 6 H  (
Cjdzjlsduded L OBGEYo Oded W .



L1 stej 5 dMOdzed Is § -6 jdgtajdl) i Upddef fip@s H s 4 dz* ydls j dzdets ff 5d
gLwmdzw o Odzgy d2O0 G jdzj sdydzOlsO ftedyddz©, HBeo j &ZzO HB
ftod IOtecjlsdedlsy fOydjdesd. [Mmdesodedlsjy ctokzfd L OBt
HdMJ elsOydisdsj dz stelzn MO: dzj otetsdzse d ydzd o BWilsOdzdits

11 ptesdzsedydzed L OB tsdzVv 9 Odzd W

vso 0O MO ctkzf O LOBBAZWIOddw, Ctdlsts M ~OLOS
d/ ddzd vyJ dzlstc ©dzdzO 190 tedjL tdzadzia@ Isf) lEPls jod@As zh j dzts §f toj H O
d &3 2dzind . y Ofmls tsls € dzd dzd ydzd Is § fd i3 Is s=EdO Is dz@H Odz]
o Cdzt yo Ols: wOBOdzZy &z0 W E2dzC ydw dz0 Ho G Olsj dzdzOIs© f(d
dLtsMisOo Odzj o t©OL o dIs@Uds sy tc joH dodyHs o Ntatdbidrfddize | RICEED
tcOL dzd ydzdlsy dzj otctsdzsed ydzd L OBtsdzv 9 Oded W LW dsjj g, SIS t5
EmMisOdztsow o Odzj sts dz@ jlsdBdztcedwisO d §OlstsWdL dds:
sSOtGe J Isdzd Is § fOydjdasd d LOMJ e dzOIsd Is § fMd &3 2 Mise C
JdOcdtsmisd O My HTowedmrO oMMy f§teojyd HBECOL Olsj dzfm
OSss®fIsts ¢ WOSIksted d&O BBEBZEZOBSO MeJHO 9 i
LOBtSd"bORYOMI Gls kwn JdqBOdk] WwMdO ¢ jWisds,d ydzO j
Btsdzj Mls dzO Huntington, MmMddHtesd d&Z2O0 ykfddeO© m =
LOBtsdzVW & Oded Vv ldetoie dflzd Y dagf deb1Okyded o W OSCItsted dzO ¢
Hsf ted dzOfwils L O tOLoadlsdjlss dzO Btsdzi Misls©. v OLdo O
i tod tsdzts o d d B gREmhilni ]I A., MottaguiTabar, S., & Wahlestedt, 2004)

I

==

1111 Joatesdzse d ydzd T Ocisdyts ®@zdfMd i3 IssBOIs d

(i f MdwisO | ~rjlsjtese ] dedets dzj otesdzsea d ydets L O
fsolsOtwh d My ¢l tytse M &Ll yjuhdgsgdL Hgo.icsdzs e
i Mistsoy dogforj stseo j dz d©ZOM OB, € Olsts -1 fide@s IWMQISDEAD -1Yks5j0 5y,
ZzO 100 000 yUblgssin® Pandoiod 20ddtet ydIs©O MmJ, -5y%h € sdzts
dzOfMmJ dzj ded j sts MO H{jd3D dgdls @Y tetsulds o3 dSed 9 @ Ish) fizO frHj tsik] @ity SO
OCIsdo dzO j(fAdbdejatfnfrpdwi c i and/ Badgts | 0B0BB) asfmMdysSd
dHd Y Olsddzdzj Ypg dz ftetsdL ndsiO W) HaeSdso s DC Iststed
ozd Wy Istcf etsw o OISO dzO G teytse | . J stse © ydmdzts o dzd 1
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BOdW sted3Oydd, kLl yded bezdsted d Hte. 1 tod dgvW Ctsd ot
d ddzlsj dzj € Is z Oy ddzOBjdsajd@rps@ fiow S s ftesWweo O dzO j ff ¢
s ZOMdW¥ S Oydwiso do Jfduzfy M Egeshy &Y dstslsy 5 dzPk
d1 msdescj dedz© jYddzi §mdw (fteduddej dzO tsls dszlsoydw/
Jfddzjfmdw (HI dyOM0O fMmj dO oL OddsHj2Mbsoad) KBINHE
20 s ¢ tindedp@@gsimo Pandolfo, 2011y j Mistsls Ols© dzO s dets @ j deded Isj |
BOdzi ¢ f 9 jidglacwists Bz dzls W OC Iststeded jj MisYsdlsts MO L d
Il OL d,cdst8ittld®@dzj sts dzO detso d 6 ded,  Olstscj dzdzd
dfdadzjfmdqw, BdrO tBtscOlsddzd Mo jlstsadedlsjy BOLJ HO
Gjdzgj IsdydzOIs O ftedyddzO L O ftesWo OO dzO Istseo O € dzd dzgd
Vied Jfddzj §lsmided 350 d ee@tefj dzOB dzé HOo Ol o Md Y& ¢
( Qo Is 5 15 dgdatizO dzls dzts ;ts j Qupj I [Lofipmsdzsl Ovdzs) . [ e jdte @ dzls j o,
stso ©, Y4 fGtd yoml ls Iswn Mj dzOBd&zt HO9 O dzj i dzda
LOBBdzW 9 Odzj Ists j§ tfflzH i@ He{deBsd Ig Hdets d i s M d3j 2 Mls
2O EyoOMmisdjlsts dO Htkzed cjdzgjlsduded WOSLSIE@Ps &OC Ik
o jtosWisdslsts | sBY iipfee@d ] dz0 | § tfidg H Hnfd ¥ BeOdzw o€ @5 2 BsBdzO defr
ol LBEYHOMNdIs] dMdezlqdd @ afgisBainkidge, 2012) v syded W s § toC
fted C2bts sy j HO Mj HftesoasCdte® jHddzjfilsdyjdze ci -
stewB9 O HO Mjlsthdgpd MfdslPsalza|d dzlstcOydw dzO 9 L BEZYHOM
ded M Odzy § dels w@abdd's dds@s tc dzd ) d @tz @t o H &5 j dzdzsABEB O ¢ 1 3
Isojys Bl 900 6jdz0 MO tfdmoOded ¢¢Waiwhyd oydw
2017) 1 Olts@ j dzdad lojQtafd Qedglsddd dBscOls HO oaBHWI HEts ftofs
LOBGdzW 9o Odedw, ftod SCtsdbts jHdqdzjifmdwiso |j thdtse j dz
Bscdd HO fj dLwewlk d Htked ¢ dddduyded R"OLOCI g
[BjSCl dz2O0 dzOMmlstswh dw HJMJ tols Otgd @ Bzf dzdz® tc lizfi 0 g B dzts «
Mg By ssBOdS O, sy SsE h s sdeOididags 8 dadE s s BOIs S O

1.1.1.1. IRF2BPL-Mo | toL Odzed L OB tsdz¥v 9 Odzd v

IRF2BPLo i tcL OdzdIlsj L OB tsdzV o1 &dffzOfdaB | e @Ris B 5 dzs dialats [z
COlts Cdzdddydzdlsy ddz R OwOSIsj &8d fifdg d Iods zs € ey s B : to
tcj et Mdw, OdzestedzOdzdzd H o dpk Odeds'ts, dz@EOEPIUMF dBO &3 ¢
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618088).f Mo j dz IsjL d € dzddzd ydzd o BEBRLflp | tttc@dzdf Oy P p tzbizd &
B4 HO M dzOB Azt HO9 OIs d OdesBOdzd diz, o d ezl §f ozj €zl | (
HiWdydls, dzj ol n jg3tzp,dets@Is0OQ fPd WR,5 Mif @ntsaf jydiatzdnlse @tc i Gedzl
IRF2BPLo SHW Is Hts tstf d fiy Oistf 61172G) d g s O@dL JtcOdz dzO H I «
dzO K@ Rt BsL sBAJELZLP2L2)3) COts Y@ sjc¢Ofaf | 9 d dz® ya
Y dzlstc OdzdzO s O dpjacaglizset &.R601B)] &30

Chr 14

pls
plz
pll.2
ogll.2
glz
ogl3.1
g21.1
q21.2
421.3
gz2.1
4Zz2.3
23,1
23,2
23,3
24 .1
2.2
g2d .3
gal.l
g31.3
g3z2.11
g3z.12
g32.13
32,2
g2, 31
32,33

I X I N N | | |

ANdektecd S22 O0OdzdL OydIRF2BRR 9 ictg A HI dzG Slst5 0 tc © tBts BEHAOBS A3 ( 1 4 C
(https:/lwww.genecards.org/egin/carddisp.pl?gene=IRF2BPL

1 jdzlsi Sils (| RF2 BRFRBPLG jCdEH djtc Offz atsdsOH j dz tsls 796

sMlsOli $O. ubttkSlkicOlO sdgy] 6 @k 4 o MBfGiCotBaighh gaH® txiz0
Bjdlsi €O, Mi slso jlsdes | RIRINBFinger.il he biokdOe d &dz@I8® C:
Bjdzsi CO JBRO sdesy Mot (oddOdkOdddsad d PES
fsdzd ¢ dzlsOdd dse kcOSls (AdcEkieO 3) .

p.Arg391Cys
p.Gini26* p.Glul72* p.Lysd184sn p.Leu713Profs*54
|
IRE2BPL -I -m | m = 1 l 1 B 796
p.Phe30leu p. Gin127* | p.Pro372Arg p.Asn701Thrfs*66
p.Argl88*

IRF2BP  Variable - Ul eer | RKRK [ C3HC4 RING
domain Region track NLS domain
Czt@n 3 BOIdyds ftoj HiNlsOo W dzj dzOIRR2BRUzIS | @iz dztyf tofis H 17 © fy

A g
sfdMmodedls Si & 3tsdsj dzliMBrcapledsssat, PekBrd o Otcd O dzls g

[MeBjd ddlsjtjf {ickCaHEERINGHioOg ersdi3jw®Si o Isd 4
TOEOCIkjtejd L O ydzj dats eER e ¢ @aOq ldnj jRIBIEH FHeGEels 5 Zdg@ s o
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bedSodlsddzdeOdzj st dz0@ Mke misteOlsd (Traf MaThanefp® s Ot c j
2019) [ jttjckdzOydvlsO dO EPRddl sl oteEsidod®d dajzds @O L a4 | o
bedSodlddzdtcOdzd B jdzlsi ydzgd OcGtejcOld otsHYbzd HES ¢
ifddzi §lsdyded J(dzapjMaertes §t@lls 2DH0) C3HCARINGf i nger jH sdj dz
djsBRsHdd d L O dOBRAEPK | clORMREIBPUYGsIsdMS O Mee ke j dz
steOdzM S ted § yd WRING ji dajogedf™w HAB@B] dz@ o tsHd HE ftoj BOR o Oc
©j o] Mdw o H tzpSdbissifdz, JF st @O dads st O dzm € o d § yd

t OLdzdujd sdf ¢J dzjIsd ydztRF2BRLNOC lasdf ,d MO@AGY <O hdgf o3t
(https:// www. ncbi.nl m. ni h. gnissehse,nonseusa, rframeshift j ¥ H Iz
o Otcd FdesCdlsts d HJdziydd d HEfdISOydd, IBRRR2BPR-OM O
Mol oL Odzed L OBBd&Y o Odzdw Mmj d2OB&Y H o QO L dzif ayda® dztisgj df
Jfdaifmdviso j ~0LOCbkjtedd LO fesybd oamdusd f0Oyd.
Bsyj HO M HIidyd O IsdfO dO c¢jdzgjlsdydedlsj o Oted
fOydjdzsd. [Mmtsej dzs polfispngddiiizdejOdadiit & Iff £ Ofjls OMtsyddts
fesctel Mdo dzO tj cted Mdw ) dzj o csdzsc d ydzsilsts t©OL o I
dzO tc z h (Mazdoglieseet al, 2018) | ifd ¢ d ocQtagj@dlsufdzd S sdlsts o9 tSHW IS
&zO B J dzlsd § @Otsv Hz@® d 30 IsC-ls jiad s flatE @ dzcopescde®| NBF2 BPL. U s
Bsy j HO wjwyifdas Of £ dzd dzgd ydz®@ dL w e O, dzOB dz¥ H Q9 O dzO
Gjgdej sduyded HJWjSClsd

1.1.1.2NARSIMmo | tcL Odzd L OB tsdzw 9 Oded W

NARSine | toL Odzdlsy L OBtsdzW o Odzdw My R OLOCIsjtedL dtsC
tcOLodIsdj, BICtetsyj W Oodzd v, dL sMisOo Odzj ) Gtso sStodz
ndY slstsdad W, . EIMEGI989] MIM# 613892)m j s j tesL dEslsdz, R BSL
Ho 52 dzts R |p e tc 5 O tf d ONARFIMIM * €0B4®),sh | dL o ] NARSEBEOSC Ols ts
fteduyuddzO L O dLwe O dzO Isj dgf Is&EA QuiftaDdaditc @kt fisls tsv dzdei3ts
KO RteBsLEdEO (18g21.31) (Adcecktd A)ltf{ @Bt kp g
OfY Ot GEtddadds j (EO6.101.22)
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pl1.32 5
pi1.31 5

pll.23
pll.22
pll.z21
pil.l
oqil.1
gll.2
glz.1
glz.2
Gql2.3
g2l.1
g2l.2
g2l.32
21,33
I 22,1
22,2
22,3
(o]

| fezt.31

I = N e e |

ANdebkztc@ sS£0dzdL OYyqdMNAREI® | B HOH] dz6 Sls#5 O tc @ dgts ZRAOSAEB ( 18 q
(https:/lwww.genecards.org/egin/carddisp.pl?gene=NAR%1

¢ BddsB®YqE Mddzlsj sOL disy MO jdo ddi3d, Sdlsts M
2O KB s dmny zddzdisd Ml M M slsa] ik BEOS Jsdsd ols ta)@dafistlf EOls
KOSO d o ®wIstrisditeddlsj. 10 afMwsO Odddss d ] ddc
st s Md delé)if OBOB {f dzs dzfny  lsiaB | gL OL 8 © OB dzts  d\dm)j dzd dzOIs
) fOosttdzs,0 sy jMm S22kt j 6l fi hj fs@andgs L dzO-
etal,2020)] tj OCydv i ©&PdshhE idisd SOt . Lo 6 O Ots
St 1S 1) ©o OO Mmisi S0 | -CO@dddy Otz §sd tddp v dzO
Asn [ A ) tSIsHj dzv dzjls .dz0u df jHoOSHNMSAINED ) sdz@ S O C Qjdhcplaciae® dzf) |
OMf OOcdd FMcBho lspisy H OOz I WG al, 2020)

Asn-tRNAAsn
@ AsnRS1 ;
O
Asn
tEFA | \\\\\~E§
Q ATP

AMP + PPi

ANdcekzte@ BBOL 29 Odzj dzas t OB Ofct®fy if fide fFidd w O d2$ oz M dlsaB,j s OL O
¢ s H Jd tc QNS IetsjIsfixanoleet al, 2020)

sl d3 dBsd3d dzls© o Mo j Istso dzO 8@ Bdizipls 5100 HRARET | figds Ots f
Mol toL Odzd L OBBdZvW o Odzgdw, Ctsjlsts ftejHY BdzOG O dzd MG O
RdzsjtejMmM HtojHMIsOo dzv o O -dfO dxtfifB0) 18 IsdDIs OH K O 200A  (f fOus t
9 Otc d O tASRElcg dr@noleet al, 2020; Wanget al, 2020) v O HOOO ddzHd ¢
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LOBBdV o Odzd W Is O, Mol toL Odzd NARS] iz Is IgQ dzeztf B 10O tc d O bzig |
Bs dzj € zazy trgds d ydzts dzd o ts Mandleietf at j, ¢ d2 OlR®o OsB sMtsB W 8 Ols
BdzdL sMis His S tOBtedgzd &J dzGdefiffieo®ds) odzO G j dzj Isd yded H J

1.1.1.3TPPIfMme i tcL Odzed L OB tsdz%W 9 Odzd W

vss9 0 MO CcoBPifEAY L Oftsdibts o C-tizf Uy B o AP sjs L ezt
Yyd etsdH dzd f s MME 0400 O f2d dets yJ tej B j dMIMABE270)s OC Iy v 7
1 jotdzOdzdzO yjtesdH] dafd st ddidzse ®dzRMls dz0 dzOls kb 4
B lssdd &0 L OBsd o Odzjlsts 0§ dz yoOls fesctej fijdo dzO
Mdzjne j e sHdh dzO 91 L tcOMls, dzOtelzh j dzd J 9 GCBotO, C
BdsC dsdlzfy, YjtojBOddd Okts¥dw d HE. Isojyjibkt
plssteslsts HJj Mjlsd dAdBapaket #,12008)d o 55O g

[ czc SRPEMoO | toL Odgts L OB sdzV 9 Odzj 4 My ddesyj toj B J &
TOEOCkjtedLdEBO fi f LOMWEOd dz0 vy,j dzlstcOdzdzOls O dzj to
ZO0 tydlsy, LObttzHdddPiclsicdyf shH®OH (Al sls otsHjhdIs
C dzd dzd ydzts (@Y, Bitntsandiegepdman, 2015)

] Olstsc j dgded © Otcd OdZBR{L( ML Ifqyw 6 @7 §9 8 ) dz@O ¢ tod yd dzO
L OB tsdzv 0Qjdsfiwlds Oj. dZ5C OdkzdL JtOdz &0 ¢ skt tOBE dO -

Chr 11

-+
f".l N

-:--[)C-:_:-:- I

ANdGeEBO sCO0dzdL OydWTPPHz® ) twrjdzOC | Mlstt-s OGBS @O sWO (11t
(https:/lwww.genecards.org/egin/carddisp.pl?gene=TPP1

]pl5.5
pl5.3
pl5.2
pl5.1
pld.3
pld. 1
pll.2
pll.1z
pil. 11
gll
qlz.1
gls.1
qls.2
gl3.4
old.1
gqld .2
gld.3

g2l
g22.1
g22.3
g=3.1
g23.3
g2d.1
g2d.2
gq=24.3
gza

[y

—
o
I

{ OLCEOYHOdj sts &0 foddfjfldudlsj mi- dsfi b j
JCLBjflsdHOLd. § B @k st IO BHids S d fij dzd dzd d  H d
LYkl o0k o SCdzjlsi YOO ydltsf zOL GO MY tew ks d3j s O

1 jdzlsi ydzed W ls f @RRLE Gl § gz® ) jfdsd HEC13.@.1419) S swW st
L L B0 jSL Y § Bmidion s osgfinjistoiggz h] s N C O
foddfjfbfHizdBlpOipedisde) stso © Isw &30 d &EOdzE O J dzH
(Golabek et al, 2005) twd § j § diHds HOL @L d tc OB6B Gasd datsC d j dzd dzdz
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sMisOli €O, oCdz yo 0" d thifls,dz0dadadtc @ Hsjndix) Htsls O1sg dz@zzd dz
176 ORJdsSdMmi dzddzi dz ftesfjflsdH, GC2lsts i BGlsMmists!
tcjLEdzOls &0 bsoa O fj dzkEyOe O Ltjddwls jdz dds,
vted f j f diHdsdd H OLi® dldzfils o JdROIOQ BPHHO O ftcd BEL O da
stedf j f-SHdflddin OL dzOR @E Jstf p Tzt ts L) Islasts A dejdeL figfjds J4& My
BsL CO 5 otejd3dy dO Jj BBidsdOddslss ttOLoadlsdj, O
s OB d dzdzd dzd o @ tfrHdyjh HAp@ Midts dzC s d3 B dzdzts  dzO -Cl$ tinedfD Isi)] WHS teddz
ZO dLwWe O dO LOBdzve OdzdWIsO, Hi dzy Oh i d i lsdgf@ d diO te
f J f Isd gSenet@l, 2013)

l1tsojyj tls 100 f OlstsTEPPHpdR] Has@ ) GO0 ff sitRRd- jfddd) d j d
Mol tocL OdedIlsj L OBBdzV o9 Oded VW . [tdMmOodedIlsjy ¢ j dzgjlsdyded
ddzgmjteydd, HJdiydd d splice site o90tedOdided. [ J)I
d ci15@>9C) , Stdbts Mmj kel @ I Pl joodlMRREIPe itej O dzd
LOBBdW o Odedw. 1o jyjls sfdmOded 6 jdzjIsdyded o Oted O«
J dzL d di3dzO0 QSutetiah EHPste d dzOtelzh j dzO e ¥ i gz§ W diMdsdf@n e O |
ZOstclzf 9 Ols ftoslsjddedfitcfdzd §jT Mg O o ddLtsL B
OB dz¥ HOO OIls 91 8 ofmMduéd CdzjlsSd, dets ddBO HOdzdzd,
swodeslsts ol LHj2fMlsadj. 1 Obtczf o OdzdWIsO dBsc Ol HO
HS9 jH] HB Cdzilsi ydz0 Mmdsi cls. @ dzidgsicodam@ilsj S dzjIsCd
Cdzj IsSdlsy o Htwkzed Isi COdzd, MO dd3j dedets f ted yd dzOlIls ©
f tGPPIMoe i tcL Odzdlsj L OB tsdzv 9 Odzed v .

t OLdzZd S OO dBBjYHE yYyjtesdH ddfsWizmyddsL © 2 d i)
fted Oydjdsdlsy Ml M MYfddtsyjte] B dzO teaaPligtd O Isdad @ v t
oted3Odzdzs W Edz2C ydsded s O dw | deEzjdCdis sy Q AGfivec@ dijj dz0 d
i Middsyjtejsj ZOttdzd® OOCMdwY 7 o MmMieOods dedi MM
dzOB dz¥ H O 9 @dd ME3dzts e cp O] tfddPdj Hfdsdf H OL O |

1.114ARGI:Mo | toL Oded L OB tsdzW 8 Oded W

dbtcc ddzOL dzd W Is H j W dydNsIM# (207BQ0Y jdzd @@ p ddfiey sudgdiEs] o dzts
LOBtSdzVW 9 Odzj, Stjlsts Md HIi dyd dzO© HJWjiXdH tets ddmeds @
zO Ot6 d dzd dz H ts(Athetalv1998; lyertalzd189G)dztcd § OydJj desdlilsy m O
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Wdydls fmj dzOBdzs HO9OIls JfdLBHJYURZO ~dfjtcOdistsdzsj o
sjlsteOf dzj cdw, ddzlsjdzj SlskzOdzjdz HjWdydl, fHtesctcjMmdoe
(Ashetal, 1998; Siretal, 2015) Yy J MIstslsOISO dzO L OBtsdzv 9 Odzj Iss 9o 5B
d3J 3 A4:850,000d 1:1,000,000(Angela Sun, Eric A Crombez, 2021) 1 OlssG¢ j dzdzd o Oted
¢ j d3RG1 (MIM* 608313),dzt5C Oczd L e Odz dz0 Hl$ @ze B ts 5 BECLOEHBO dZO6 C
(AdeokzigBOdYd RO dL Weo O dzO L OBtsdzv o Odzgj Ists.

Chr &
- =l o
- ] - [ar a1 Ler) - — - o - [ar) - o [ I B LAr I B B o ]
= - [ = = - .l o b LA | o = = I w (=) - [ [ [ I L = o= = T I T I R o
0 o () Cd 00l =l = - = - =l = = =l =l (8] (Y] (Y] [T Y I Y I o I Y Y Y I Y I
v o o [ I v R v o o O o f=2 oo o f=2 o f=2 f=2 o oD oD oooDoToT o oD o
CTTEN T W |1 BN NN |

ANJeEt@Of sCO0dzdL OydWARCERO | terjzizO HI dzG tsis#s O tc @ dgts BEAOS /W (6 q
(https://lwww.genecards.org/egin/carddisp.pl?gene=ARG.1

1 jdzlsi ydzdwils ¢ tetsH z6 IsO tedz@f-AaEL @6.3.1),¢ tgwdis t5f df Bls O dzd L «
ftejotel hOdgj sts dzO Otcddzeddz o Ektejw d steddlsdd (Add

ATP Aspartate AMP PP,
Mitochondrial
Matrix Hepatocyte
Argininosuccinate
. Synthase
Citrulline Argininosuccinate
P.
Ornithine Argininosuccinate
Transcarbamylase Lyase
Polyamine
Carbamoyl synthesis
z;zxgp Phosphate NH o NH o
: HN N NN /‘\ Fumarate
Omnithi N"’
mithine Arginine
s CPS1 g
HCOy Arglnase- -
N-Acetyl-glutamate
Polyamme Nitric Oxide
synthesis
ANAGS 4 NADP*
Glutamate Acetyl Citrulline
CoA \
HzN NH,

AdGE8®R | BOIsd ydzs 1 tej H fls Oo(Singf al, @5 @O & dzff dzdzaj d § O tizd O dzls d
CdtecOh OLEdnER),O®@HYIS Hts ftosWo O dzO L OBtsdzV 9 Odzgj sts Otc@
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Itjuj Bl 40 {Obtscj ddzd oARGHCQAAR® tf fsd i Az df izl
fOydj dzsd fm Otec d dzO LyjjdE Isdjistid Wwdjldzj Icotssamge dadpaf @ &lsdfls jn C
(Sinet al, 2015; DiezFernandezt al, 2018) s tod tsls j G4 tfed7s)y M A ,tsf tod H j
Is. d&z0tc. Actstejh d tojugdresds] fitf, ts o0 HOMs] Ity (DiEdERfmantezls j H j
etal, 2018) 1 Ols s ARGEdzPEH Odzls d H tBEGGHAAES HHAsS L OfMW ¢ Odzj dzO
MstczCIstcOIO ddzd W HA@@Bheid2B16) dad ©®jcic HdAOOI® dzO C 5] Ist
dstc BOzdesIsts tsBte@L Ha Gaf) dedg® s @) sls fmj dzOlstckzf o O o
ORtsdzv €. RBJ dedets dzO dZzOlstclzf o Odzj ss dzO ORsdZW € d Otec
Csdlsts MO ~ROwOCIsjtedzgd L O f#Oydjdesdlsj f OteeddzOL j
ftsodh jdzd dedo O dEO ftasedjdagidz tols Sltdd of | Isd dzOH datste dzOC
sk 10 ¢ Isd -dtsL ¢lniiapdzEASdatsia and Lee, 2006) o j dz lstso O 1 t
fOydddesdlsy f OeddzOL jdz HiWdydls M BlydlsOols d o
vstsytlzL d Bdtmdddydzd dL d3j dzi dzd v H @ g Ols dzts I Gets H® dzaf Hac
HJWdydls.

1.115FH-Me tcL Oded L OB sdz¥v 8 Odzed W

A O OL dad W ISMIMi#606812)] Is O Is Ha jeydEs] o dzs L OB s dzv 9 Od
ol LdedC 00O o tojLizdzsOIls dzO f GHE g sBdzl 3¢68d3j0l9 d, y dgdts 2elsC
EsCOddL qieOdz dz0 810 e EBscOB8 @EOq43) (AdekzsO 9)

Chr 1

-
-+
[a

I BN W X | |0 ||

[36.13
p36.11
p3d.3
p3d.2
p32.3
p3l.3
p3l.1
pl3.2
6211
521.3
45,2
425.3
g3l.1
o33
g3z.1
q42.13

p22.2
pz1.3
pz1.1
pl3.3
§23.3
24 .2
32,2
od2 .2
gd3

odd

o
o
[=5

glz

NGt Of sX:OdzdL Oydw FHdeO tc& |f dzCH 1 dzG tsls tso O to Ofiidsts d3tiz0 ts d§O (1c¢
(https://lwww.genecards.org/egin/carddisp.pl?gene=BH

FHG | 20 (Ea gfth® T H&sS@BBBL O (dLo jfMisjd Bhj SOkt
Cs2dst5yqSi dzO dz® stejBf) COOdIL O ftojoti h Odzgj bt
lted §OydJjdelsdlisy M fifjz cgEeQir® jHdD oHQISY dinpedsiisVO® QY O pd v |

~rdfsltsddw, &ICyj®iiyd =aheRSElgdidddd Cd, daj ol |
d cotte] dzj , (CematsDykang KRY2006)s .} so dh j dzed dzd o O dzO W & 3O
d O&YBECdzlsO®LOl o LkttddOkO HOs Ol ddHdCOYdY L O
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IsdjLd BdtssdBdudsd dL d3gitsagidatpyd Mmifidy lsi e O HHO ofifFdziffls s dzO
B dzj € zezy dzgdsd ydzs dzd o 5.

t OL dzd ydzed ¢ Olstse j dzdzd EH ezj 2@ ylzdd o BL Odzls Qdzd o
RL ®3J M HIE Iswamissense, mngehs®,ldrameskfifsplice siteo Oted Odzlsd . [ Mo j dz
G j dzj Is d ydzdMraehjetVajj, 2062f tc j H s Qo W Is Mz yO2 d2O W EkZdBOtOL j
Md dzOBdz®* HO9 O 1 dzdzO H j dzj RiHpv Cds@iBjdHdAEYyY Chfs flsoftsiy SdED
Hicedwu P ditso w o Odzj Ists dzO IsOCT 9 Isd f3s ¥ gedzj g Huogtled ¢
Mdctej ¢ Oyd tsadzj ifg BjdoNMsfa slsts, Isi 2 €Ol yYtjL MmjSoj dz
J H e isasjydktso OIsO L OB dzO®. |1 bkjLd fdzzyod Mmjcetej ¢ O
jJHdddwls tsHdlsjd j RjikjttsLdetslsjd dtsfdlsj dz dzO Ist
dzsmdlsj iz dz0 f Olstsdzsedyded IssyStsed LOBIdd. 1td {6
ftoj 3daddy IsCifMls L O SftcjH]dZvdy dzO 90ttdOydd o Btesw
ftslsel teHd ddzd w©Isnol tedzd HzOdRMzR @ISO IsdzO BHOJ @jswpd Wdzd
gHj dZlsdW¥W dydtcOdzPts P tg@F e OOdMj Mils HEOGHPD ) d Bipfo s. .
Gjdajdzgivls o O0OtcdOdels dzj fMj HilkjSCIsdtecO fted BOMN OO o
Hjdzjydv f tedy) dzjoastiipld deds@ Of ® daf®@ 4 @i ) dzls fidhdtls B d s
slsmi MlsodjIsts dzO o Otcd Odzls ©

(-]

H:O  coasH
cccc
Oxaloacetate /—N CHE=000 2
l"H,—H )0 CH,—C00
=
H (o]o) H_ _COO Citric acid cycle H.0
N OH ot (7] Malate
| \ . | x"w) - 3
C~=OH HO—CH “H,—CO0
P
ooc” H ooc” | S
H CH: cis-Aconitate
l['()ﬂ (l'—1 200
Fumaraf t Carbanion H
transition state 'z H,0
(3) NADH r )
H* H,0
™ CH,—C00
Fumarate CH o8 000
”“' HO—C—H  lsocitrate
" __coo N\ o ®
H=—C °
i
_C~OH
ooc” M = X fH:—C00
o
Malat \ l‘
(r'Hr—COO |
CC
“'” A-SH
GTP C—S8-CoA Co. o
@) e O
Al ;l ccinyl-CoA

ANcektt@ dEO :dz d&zO stjBfMm. 1 JiW¥Wdydl dzO WERBOtOls "R dHtOIOL C
zZzO WEdBOttOls o BOOI HichHho€ Jjdzf LZO fnls s NagoED.dzOQ&x] ¢ Z tc Ols O
2009 M BsHdWJSOyYydd)



1.1.1.6 PEX1dPEX6Mmoe | tcL Odzed L OB tsdz¥ © Odzd v

1 Otelzh jdadw dzO@ 1 j tets$ fiperaxisongdatdgedesis dissrdeiB@d)) i ©  (
Ctolzf O tsls -WoUsjcmdsodidgfs L OB tsdzv 9o Odzgd W, Ctsdlsts ol L dzd € o (
2O fjtesSCMdLsRRdlsy. 1 tiLEzdzksOls dd ks O Mi dOB &
otsHJNd HB LOMYWEOdzy dz20 BEOddHdedzd f C OE OOz Bz f s
ftodyddsv o Ols dBdetsy j Mlsots d3j IsOB tsdzd siddy 1OQAESEFRGA] @ dzd W1
MY J ¢ Isi Zelvegelz@ellweger spectrum disorder@SD)fj EMlsOdzsow o O dzOIstel
HI dzétse j tedy dzd BBOMIsded & d M dzdfaddzd de@,ls OULBD O d f fodftfr
Cdmj dzd &zO o f zZOL ZOIs O. I sedh jdzd s d diag f DO ydg®@ Is [C
fltesCMdL sdigdets L OB sdzW 9 Odzj .

1l cOo d dzdztslsts Me dzsBW o Odzy d2O ( JtesSCMdL sd3dIlsy MmJd

ftcsH ZCPEXG jdd@f Bj aver man, DO&Agost.i ntoOlsatncdj dstladc LeeCatad,
Is weh tvHls  Z8Dx Rhizomelic chondrodysplasia punctata. d3d dz@80djas iy M d3w Is O dzd
sted tslsHj dzdzd L OB 5 dzZell@edaf v : dzj fisdlaRHs tOEEz0 dz@H tc j dzts dzj o €
ddz? Odzls d dzdz©® B sdzj dlsdz daBs dRP eldlsOu MM O B jHJdzj dzd f BH
iy OB tsdzw 9 Odgd W ts IZellwledej, € s€ @B+ jdp@BOAs s € dzd dzd ydzets i
i teifls O o filpy dz®tc s dPlMsegeddeinberget al, 2006)1 Oy d Js@gBSPMJ tOL H j dzv Is
o Itcd ctwkzfd o L OsodMmd dsts migKideueretzh 20Q5ktslsts dzO L OB tsdz
1 1 J 5dz0 lsf@atddadzls d dzdzOtedd L ¥s9 O § Oyd jgels duJ g @ets HAE@sdR L
HdMW EdS ydw, Iix<¢0O0 ndftslsddw, Jfddjflsdydd c¢i tty
Odes BOdzdd d Hts.
1 RLY9O daDOdzPIstls day tc O dzdzOtc (fi jlsANCP @6 Iz tie@® Mfls® y df 4 dzls
L OB Q9 W dzj ) tcOLodIsdj Ists, ts Y dzdzlz - @sdetOdz O dzg g §f O IsfisjdzizLe
YJtedetsHtesB dz20 HdMW EdzS ydvw, ftsoadh jdzd dedo © dzO IstcOd
Yofils wis § Oy jSdils dlicjO)dzd SOy d Odzded HI MBS d ydad ydt
T RrRLWo © ditic'dd d o Lotc Qid@fy d fo tatp @ kg Led e A@dmj , ¢ O
fted Iwini Mmj d&OBd&t HO9 Ol tydd OdsBZOdZdd d L OMWEO
Bsc Ol HO dzgj BI HOIs dLwe jdzd.

1 Olsts@ j dzdzd o Otcd Odzls PEXYGtY daefils gzy @O IsfOie ddg@f dz@ L O ¢
Cdzd dzd ydzed Mmi Mistswdzedw. [BJ Sl deO MdRO BRWEHIEYS H M| tols
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PEX1 G j dzZMB1*602136)] zs5C OdzdL JeOdz dz0 -050 & istsdsts L AR
(7921.2) (AdcEkLO 11)

pZz .3
p22 .1
pzl.3
pel.z
pzl.d
pl5.3
pl5.2
pld.3
pld.1
plz.3
plz.1
pll.2
gll.z1
gll.22
qll.23
g21.11
921,13
oz1.3
0zz.1
42z.3
o3l.1
q3l.z
g3l.3l
g3l.32
o333

ANdektcOf BAUOdzd L Oyd WEXtlz® twrjlzOH | dz6 sIs-BO tc P s BEEOSBO (7 g
(https:/lwww.genecards.org/egin/carddisp.pl?gene=PEX1

1 OstsGgjdzded ~tliSLdetslsdzed d Ho 52 dats PEXjdsijdeds L i@ s is
HBECOL OdzO § tod yd d&d i jOs LCHedzL" t§ dgeid @ IsCatz drldtdsicls ddis) L i) dgH tdfts
Heimler 1 MIM: #234580) Otzkz " jdd@ vf j etsC MdL sd3dzOIs © B, gMHMH#] dzj L O
214100)] Odelzh j dzdv 2@ ff jtetsC fdL 5d3dzO MOI#60458% j dzj L © 1B

[ oz 6 dwREX6(NIME 601498) ldktseots CSHJ©O Bj dZRIGE, Cf
ftcOo d dzdztsIsts MG dztsB W 9 ORBEX6 jdzOdztHf$ j QatixfCL frffdia. i3 ddz@ls @ | Mtsls
AntesdBsL sABO (6p21.1) (AdekttO 12) .

5

4
p2Z.3
pel.3l
p2l.2
gil.l
old.1
ol4.3
qlh
gile.1
ol6.3
g=2.1
g=2.31
q=22.33
gq23.2
g23.3
g24.1
g=4.2
24 .3
g25.1
gq25.2
q=5.3
gzZ6
qz7

oM
- =

p2z .1
pel.l
plz.3
plz.1

-
(8]
fa o o

C T T~ 7 |1 BN W |

Aokt [ 8QO0dzdL OydWPEXGz® | terjldlzO €1 Ms s tsls Otc OWYsts dIBO SO (6 p
(https://lwww.genecards.org/egin/carddisp.pl?gene=PEX6

) OlstsG j dzdzd REXGE g @zls &f O ) d dzH tENsNEH 60406 GHIOHS)IMP §ddzd 2
%O fj S fdL tdd@sl@eger ivg | Gz2] 4 OB@Y " jddzdfly dzO f j tesC fd
BdBCEjdzjLO® 4B (MI M# 614863) .

si B B dzZsO MO s§dmMOded ©OL destsB toOL REKLIE § dzj Is d
PEX6) fduSd sj ofSHwWI HEt d&OtLkh jddj o Mcdhksswe OdzjlsH
j MsdEO HE WEd&OKO HJIMWEZdS ygw.
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112y JotesdBeMC Edzded L OB tsdzv 9 Odzd W

[tckclsts deddaodetly datfjio s dzsc d Ydzdlsj L OB sdz o Odzd W
vji M RO©OCIs, tedL i@ Ollzj di 3@ fpdzt@Ddsj© M d Mls j BO  (
mMdMmisj 8O d deMCbkddlsj), o tjLbdsolk &0 Ctjlts 0]
Ot v ddd &zhng hizde OO em®nlsz] s tsBEzMS £ dddls] L
BOh OB | vy dzj(Z#@, Pas@pButno hrid OVainzof, 2016) | " St dS & f SH G t
L OBtsdzY 9 Odzd v  olsisE@ OUsO s dz jcdisfdgy dfts| j o s BzMC Zdzdzd L OB s
ho: &eMSbddd HdhsesYdd, &Jsfolsdd, odslssdsdyd
Bq Oflsj dzdzd Mz e, SCOHdB®RIEY Odd, MY ddz0 ddd
Ok OCMmdd, dzOmdzj Hmise j ded B dz. 2@k dzgf H figls & js tz@ed | Gl © 6
LOBGBA&Ye OdzdW, HI dOMd fmj dO LOMWeEOd dzO 2 tsdzdzd
IsdiLd M MistsWYdd ¥y tcdfte cs@ I Isief O  BigdH A i dsHdtspdedls  Is §  dzj o tot
LOBSdEY s Odzd¥ M OHOL dHdEEOBOE g ded s §5d Ofis § Gy Is ¢ tiz@ed
Csotstedd LO Gjdajlsdyudes SBLMdzss j des dzj o tos Bz S & dzdzts
Bsdj dZsO MO dHjdsd¥dydeOdd §sojuj sl 50 0HEE ] dzO
flosW o OO &0 g 5t s EHBIBHMRD ZOMdzj HW o Odzj S5 2O Isj L
HiWdiClIlsd sy J H @iy jHNd oQrds-B OEdsdas dslfhs tcdr @Mz .Ols O
BO S dzd ydz® MK B0 O EBsyj HO &OMsi fd o tO
HO MJ diGEfEndzO0 o) BOOMGIO ff iEEY2DIG) W

1.1.21MYH7ifne | oL Oded L OB S5dz¥ 9 Odzd v

MYH7imo il tcL Odzd Isj ®wECBISAMRAIOdJtetsS M jCi to tsls Mmi
BezME zdzdzd L OMYWeOdzdwY M dzOyOdzts © HJIsMEO ddzd L W«
s ls dzOMgWIO:ls Ols d @ dzO0 ¢ O® (MM 63 F4RE) OB tcldtctsW  Yydz©@ € OtcH d 5
1MM#192600), Laing OVIMyS@BORNED SHedsffGRddvtc O dB dzv o O
(Left ventricular noncompaction, MIM# 613426),0 9 Is s L-HsElacdzO dzls 20 d-dzd ©Oo s
toj yi mMdo dz0 HBIsf Odw, Mol teL Odz® M dPRathMIBB®dzj dz0
608358 MIM# 255160),¢ OCIsts d 3d s O g jlztz Jstd tf dzj Oikj#dz ) d dzH
181430)) so j yjIsts Bls IsjL d L OB-5tedzd @dzls | dzd3@is H P ezls t20 ts HC
COls o dOd Sk Waadsyj disi isO sfipds-te jOw JOM ffo d® IstasdzGsfgisidztsn v o
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) Olsts¢ j dzded  © Otc MOHBIIIM* 016076Q) @ §teduddz® L O dL
dzj o s BEMS £ dzOls O M B sskOSdCO ftod L OMjcdOdlsy
CORs HO 1dsEsL 5B0 (AdckwO 13) .

Chr 14

pls
plz
pll.2
ogll.2
2
ogl3.1
g21.1
q21.2
421.3
gz2.1
4Zz2.3
231
23,2
23,3
24 .1
2.2
g2d .3
gal.l
g31.3
g3z2.11
g3z.12
g32.13
32,2
g2, 31
32,33

-
o

I X T N | I |

ANdeokzteOf BOdzdL Oy d MYHAz® ) t@riEzOH | dzG BIs#s O tc Adgtls BEROS B (14 cC
(https:/lwww.genecards.org/egin/carddisp.pl?gene=MYH7

] JdaMHH7TC sHdO dL W sted3O dzO B JIsO d&d smydsizse Ols ©
heavy cha,, MHC-b ) , Cwilsts Mmj JSMftej MdtcO o Mmi(Jeanigke dzOIs O
et al, 1990; Quiatet al, 2011) MHC-b J 6mhdseoddwvwIls {ttslsj d dz, Eyomlse
HiBJ d&d€d daP Mmi teHj ydedlsy d&BeMEkdd d dJdcttON- o Oy dzO
Is j tc d3d dzOgimtzdlar leadl H s dEndz) oL 9 O OSIsddz d o¢duva, SCdbkts
BslsstcdzOIls © COE jistefdglets@zdzd W Is St ©2 EZyOMmlsea © o Mme dztse W
dzd M € d dz0 )OS jstet fed@O dzddd ModiCHiEs@Y) daBRO | tOL f tsdztsy j dz
B tesBdtsL ddz HEsARB] dz (| i iglhviM), hs?2 B my e iOMmisd @ mai M¢e dzts
dzdh Cdlsj. [LMM izhnlsteg © d d&j MisO L COfimm ded to @dirj riZOdzls
COlsts dinosLtgdes O v IYf delisifidiz dt ez, 2002)]

I sojyj Bls 200 BzlsOoyd MYt OH i iifyddip@sdO  odzO0 fipts W
dLsdzdtcOdzes ddzd S sdBBddzdtcOdets L Ofmw ¢ O dgfWalsh®t alfpi teH j yc
2009)( Andezte® 14). [BSMtsBijdd MO Ho9 O twjedtsdz® I E
ftedydde o Ols d dzdzd i) &-g3lizf Gebietizdets L OMW ¢ Odzj . [ EsOydd
gl obul ar helsdH B sk 420 o @dsB fdfds € @QHedi L OMY ¢ Odzj Ists  dzC
Mol oL o Odzgy dzO OCIsddzO, HBC Ot { Olata jsdgdifd®d O tc d O dzls
otHYINC Y] sdzO0 KBISY Olsd ROPSY i ®dzd iy dizlisg @Y Is ts f jtedgdzdS s
o Qtcd Odzlsd ol &1 affjd WDHEEOMs Hts Ctsd3Bddzd tcOdats Mmi toH
Bz M ¢ & dzdzts (Fio@idet &l QazH)
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ANJcekzto®Rrl430Isd ydzts e@®IYHi7ff lc@dsW dgazOj Hdzts p yOMmls sls s d MO
f Ols s¢ j dzdzd (Fierilteral) 26

14 uyOlsdzj dedj Y§tOo d MsHs-§)®| e $ dzf 1s g y o @gg) @ G v
missens® O tc d ¢Biais ef al, 2002; Walshet al, 2009) ] Clinvare OL Ols© H Odzdzed MO t
BOdzZi ¢ BEts?2 § Olssc | dzdrfrisengeislisey sisedzsamshifn tOdsjd dastigo
HO9 O ddzHdSCOydw, ,wisHgqtzd aBtcd ARLBIO] d2O0 Wk dzC ydw
f Olstsdzse d Yyj dz dYREad Lt Ld® didtdsd] , @4 s fzO b © dzgf dzdzOIs O {f tc
o Oted OdzlsdIsj fj U @ydvis® dd s C Didade dipdSuld@ Isdz®@ dzts | «
WizdeC yd siQaimikx]] dzd o B H NGO HO HES9 J HOIS.

1.1.22TWNKifne i tcL Odzd L OB tsdzv 9 Odzed v

JfTdmMo@YMNime | tcL Odzed L O o d®dedpisietto dzd Isi Md dzH to
dLyjtefoOdzi dO 15 d&O &Bdlstsna tsdzH @tathogdrial DNAY Ols sy §
depletion syndrome (hepatocerebral tyge)MIM# 271245 fgd dzH tctsdz PBIMHEa u |l t L
616138) ,000@UL-BsteigtiafcdzO dzls dzO f tescte] Md o dz@y exi jd?j dg@ (ts Wk
B Is 5 R tsdzH to d O MBI # G09286). s3dzd dzd yded sy M B lssdsd, Stdls
dzOB dz¥ HO9o Ol ftod L OMY dzdzQRe@ls j B3l PUPEFIDEB) [Ty dzO Bdtg figls L Bts
LO MOmBtsMmMistswils | ddatizls f Gl QdepPdzi v j W dydls, MmMisOlskzMm j
fMdrtcBslststcdztslsts tcOLodIsdy, dzj otestf Olsdw, dBzMms & dzdzd
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TWNK( 80 j L o jOiGuj2dMIM* BEER7TI MO § tod yd dzO sy © d d € ‘izaf @z dpz
i flstsp gagvls | dzs @ O dizf isE s O dsAREEE @RS BO ( 10g24. 31

Chr 10

[or I |

[T ThN X N BN @ 2B e ]

ANdGlzteOf H5Qdzd L Oy d PWNEz®! t&7jdzOH 1 dz6 Sis45 O t6 O tgts d3EH20s d3A@® ( 1 0 g
(https://lwww.genecards.org/egin/carddisp.pl?gene=TWNK&keywords=C100yf2

1§ dzlsi ydzdwils { tosaidstsls: tsdib to @ Pdz@zO.Jf (fisds - & glzezth § O oz@z0 |
rts nrndd@déOLO (SCStHJKOWMN LY H s to jfidzd dgd Isasinds dzH tc d O d
fsdzd 3 tOL O ( CtsH d tc CRROGL, s o ' i dzd ROLG F ®O@fgIso Ols o
tej f dzd COYqwWiIsO dz0 dBwBIlstsatsdzHtcd OdzdzOISO 18 (Blsr1s) .
Hts dzOtelzh jdzdj o tjtfi dzdS Oydtsdededy Htosyjfm dzO diBlsr 1 s
dzj (Martleyet al, 2012)

t OL dzd ydzd Isdftsej ¢ jdzjlsd MWAKNO] ¥ JsC iz H o OQAG™ € O3
l o] sBd@ZOH Qo Oh dlsj f Obtwdzsscdudzg . 9 Gtcd OIS MPO shj n
splice sitee Ote d Odzlsd, -dzfmME P MPlsBHISPSO.

plz .5l
plz.z
plz .1
pll .22
pll.z1
qll.z1
qll.z2
qll.z3
g21.1
qzl.2
q2z.3
q23.1
923,31
q23.33
q2d.1
24 .2
025 .1
q25.2
g25.3
q26.11
2613
q26.2
26,3

pla
pla
pld
pl3
g21.3
g22.1
gz22.2

1.1.23UNC80Mmo i toL Odzgd L OB sdzv 9 Odzed v

UNC80Mo i oL Odzdlsj O BRs@ny @ Ostidisnd @itc@dsls dizdz® S d 4§ Gls
fid~ bt tstidstO©e Odzj d MY J ydw d ydadM#Be68QL)e d{ f§ Ofed ¢ lisjj s
Cdzd ded yded sMtsej dtsfisd, ftod §Oydjdesdlsy Bsyjd HC
dazgls j dzj SszOdzj dz HjWdydl, dL&fMsOsOds ©® ©WOLsdIsdjls
Hid.OlstsG j dzded ~tdstsL e sisdzd d dzd H o SUNRE] dAs|SIOjdte(ts LddedOslis
GO Hi e 5l St G OWEE RO 2BEO (2q84) s fGEOHEG | 1 &) dslsc
TOEOC s MY BIRE3E). (

Chr &

[y I L]

g3l
g3z,
632.3
q33.1

-
b s
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o

plE.3
pla.l
pid

pll.z
gll.z?
old.1
gld.2
gld.3
22,1
4223
23,3
o2d .1
02d.2
oq2d .3

[T oW "o W e X
ANcekw® [ s8CO0dzdL OydWNCEDs | dejrdzO HI dzc sls8 0 tc O thts BEEOSABWD (2 «
(https://lwww.genecards.org/egin/carddisp.pl?gene=UNCR0
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] J dzZUNKC80C s H cBtg @zIUNC80),C 52 Ists | dzj sBraBHJdAB du O MmiscC
Wk dz€ ydp@zB Btc d § o ddzQtd O tiFD aN
(https://medlineplus.gov/genetics/gene/unc80/#conditignIstcd j e dIsi C OdzOdzd IstcC
fsdzsy dlsj dzdets L Otej Hj dzad dzOlstcdjod 2tsdzd o SCdzfzlsC dlsy
HO Gj tzdicdfc®isH @A Isted yj MS JALCHJEOZOEAGY H O dzj L O8 d M
dz0 tHitg jozd § Is ts, dzd Md dzd €Isd o j dz, dzj OCIsdo dtcOh C Olsd tsdzj
Ca(2+) COlts BttOL ko O W sl yPtizso @ zhigls + ) q
ol LBEHd d@sMmIsls O(Lude®al, &0 tE ez dzj L © MIsOBJddzdL e Odzj Ists
NALCN, UNC80j dzj sBE SlH@ dfneo | toL o Odzj d&O NALCN f; UNC79.

UNC79W 2 dzS ydsdzedtc© € Olsts Htf i dkdddCN fF @dz® iz iz B L O dzd
ftcdHOo O ykofmlseodlsj dzdztsfls S &3 o L+d(LudkSZmings®, Welr@ € ts dzy
H, Wang Y, Nakayama M, 2010) 1 dzOG tsH ONCBGlz]j ] tgd h j Mlsew e O ot L C
NALCN d UNC79  Ciots fs sdzOyd dz MYy kz dzeStedse dzOdzj (en § szt @zj € )
(Shamseldiret al,, 2016)

TACR1
other stimuli?
ANdGRIFGR j 3OIsd ydes  tNALCK IS @aiz0dzitzd 820 C ts i3 dzj ¢ ) UNC8Ozts ¢ O dzd L
M W3tk CN d @eéhC2D1)
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1 Olstsg jdzdzdIls] oUNCHO B fIso His] dz@ f MO dzO B j dzlsi & (
B zsk £tc il zde@ yd wisls ufiptOv] frfistdeOuizolzO L O dzOtclzh O9 Odzj
d WEdS ydsdoddsislsO dzO0 NALCN CO0dOdddvw ¢ tsdhif dzj ¢ fi

JTdmOdedIlsj § Olsdzse d yded 6 j dzj IsUNGERdN Grassetsse,O dzls d
nonsensef frameshiff ¢ Olsts L O &sdj dzsO dev 3O w @ded L ¢ OB OIls g 5 &
Isdf G jda@y sd yded” HiWJSCd d Mmisj§j dzlsrO Saf Qdadm vic CRdzff
o OtcdOdzlsdlsj, oetsHjhd HB LOCEZBO dz0O -l jdfC QA oz { t
dLwe O o misSengdrjOded]jO (Ripaghée|diret al, 2016) tcl©o d o ff j yOlsdzj dzd j
Y4 ftedsdfvszO yOfmls tsikissehseoy@tg asdfNeB0 cofi dg@ dzOB dzs8 H O 9 O
Gl toytsoffjtc Qo dzj dzd j fy f O yfdrgnmiz&hifidngnsensiztOfitpd] ETtEReldinO
et al, 2016; StrayPederseret al, 2016) l Mo jlso OISO d&dlsj tOIskztO (d
H O dz@iofivVar (https://www.ncbi.nim.nih.gov/clinvaryf LOVD (https://www.lovd.nl/),dzj MO
sf dMOdzed csdzv &3 Btets?2 ff Olstsce YNBSS tojAdas] Qoidgls dH, © oL @D frsvrpde
udlsodsj ., ud Md BOsh @datscejtsdz 46 Y dzts  dzj UNCBO olzj wad O dipidziz
LOBSdZW b Ogzdy dH Owisusl fipfisdated W dsH j dz dzO0 EZdzOMmadzy HW 9 C
Md BI2MELPsSE sdlsts wsHdls| dzds,dn | i3Q o ®Mmd ekt Is dzqk 0O Isiafsfd
f Olssdzse d yd dz 6 j dAN@BBGcuijddPooj Aadsf'Ascddis frpls Is© o MW € 5 H j Is
IMmMojdz sse O ofMjSCd tsHdlsjd O 50% tedMS HO ftojH
ffd d HO ddi30 Hj YO, LH©LOSsd UNCBOFI§ da2d dzO 6 j dzj IsduJ

1.1.24SCO2Mmoi tcL Odzd L OB tsdzv 9 Odzed W

riwdydls dz0 dBdlssn s tedcQ ddg (MIM& 6Byt CCp Is 51 5 d3dzts
tcd yimMdodzs L OBz o Odzy M BdlsdmMdMhmisi dddets L OMw ¢ Odzj
By HO dgOMlsi §d Bl dOYOdslsts dzO ttOY HOdz] Iss HE ]
dzOdzd fggzj Hded sy  Md 3§ Istsd3d: si®¢0O0 ndf slsddlGps, 0 HJ-
ndf jtelstesWdyudz® COHdt®BIsYyOlsdy, dLshsOo Odzj o
fsodh jdd Mlsts? dzts fl{Rapadeoulae®4dl, |l @98; Jaksclet &, 2000) } tc d
f Oydj dzls $@QRMani th Odzd L OB sdzW 9 Odzd Wi fi)j Mz teas A3 Odz®@ i
dzj otesdzse d ydzO Mg B ssBOISIJE O. 1 Obtsej dgded R tsBL G s
¢ j GOO2(MIM* 604272)IN0 HECOL Odz0 ftedyuddz@ L O fteswe OO o
lddd s |§ dzsC OdzdL ( tc Oddec @20 8 5 digs sts &30 tcOMEE HAOO 228 ) .
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Chr 22

— 0l o — [ ]

() - - ) (8} () - [ m - () " oy

o o — — — — — — (] 3] 3] [y} o L) [sr ]
- - - - - -l - -l - = = - -l =l h A |
o o o o o fap fay fap fa fap fap o fap fap o O

ANJeELBO[f 5 Odzd L Oyd SCORBO tech jlzdzOH | dze SIs#6 O tc @ dgtis BEHAOSBE (22 q
(https:/lwww.genecards.org/egin/carddisp.pl?gene=SC{p2

] j dBB@O2C sHdte® jHddz tsls Bjdzlsi ydilsj, dgj sfif sHdd3 |
s ¢ i d H @ytddlisde c oxidasé COX, Csd3tVilzy Cfifhe J dz dzj 6 t5, LO Mg
Codi3f dxji§A@n dzj sBrsHd BB d Mdzj HARKE)COKLE &BOICELL,W OC Is 5t
COX17 d SURF1 (Pecinaet al, 2004) A d Is s «figstSdfd H OL OISO |J § sMmdzj H dzOI
J d&zj CIbt®dz StclsdzOIsSO o jtedc O o9i 9 9l Istejh dzOISO &BJIsts:
4 dzj © Istiplisidagfs ~-teHsERZ ¢ e ©O2 dzd W j dzj 9 B @ 5 dzfLdeHEGs S dif fifsdstde S H T |
tcJ H Izyd tc O(Nelstm, Do lis,i& Gox, 2009y A e 2tc® 19) .

Intermembrane
space y
(p side)

Subunit
Il

Cuy

Intermembrane
space (p side)

Hemea; _

o A & ]
¢ 'ﬁ- AR | Fecy
AR tenter

Subunit aQ \

i s\ fHeme o
—~\\\ [
Subunit | /

Matrix !

(N side) Matrix

(N side)

aH
(substrate)
ar 2H0

(pumped)

ANdEE®@ IS szteO d Y I diipdY | s i dteBono ) ks, O
Cox, 2009)
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1 OtelzM j dzOIsO W EkdeS ¢ Mde@OyGbB®r etsdlzd HB Is. dzOtc.
tcjLEdzlsOls d2O0 Iktsea O M odzzyOes O BtKOIjd ftslstst

CdMmizstesHdd MizeMb@dyded LB EdLd (AJelEO

dochopunupane

A

KcenoOunoruium
\ Huroxpom-

Myranuu BbB C-OKCHAa3a
dakropuTe 3a
criio0siBaHe

OxcugaTuBeH cTpec

Pl

OdparcH 1oTOK Ha Aumnosa BuoeneprernuHu Kpu3u
EJICKTPOHH, PEaKTHBHH
KHUCIIOPOJIHU CYOCTaHITH

AdEEIBO sMdzj Hdzd yd Gls dzOkh O dsAsR ettt diHraESOY@. s © dz0 yd

1 ftsotsH dz20 G Jdailsdydzedlsg HiWJiSld, Csdlsts
BdstsatsdHted Oddy iz G ddf BHYM 2, HB dBsdkj dsO o Mo jlsts:
hdqtesS My Jj Skl 6 Bl f Olstsc | 8L v ©dzd QezIsTERRISL] O figW L) Asdf
HiWjiCld jJ btyStes O okl @ it O ddhpp BPdzE s d dz0 dg® dap ts oz
140 (.Glul40Lys) o oY dzn j dzd dzdzOIs © ff sMdzj H 59 OGOR dzdeEADIs , ¢
Rdzlsj toj ugslstf tcgf § Oydj dzsdlsjy, Ctsdlsts MO RdisL 6 ist
dzOB dzt HO9 B)Ydafsts dZO YO dzts 20 HteswW o O dzgO® M B IssdiBdlsj o
Cedlsts e jpdBlubdUsd Odas®Y s d Hisk ¢ f dejfdajlstdf jatiodes H gz j ©
ZzOtlkzh jddw o B dzlsi Yy8RZD2R dgjocdzdet ¢ 820 dAOSEQ dzBsn j HO f
kjyStslsts LOMWEOd O kjLd §0Oydjdalsd peGlutdelgse dzj dzq j
(Verdijk et al, 2008)
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li ftojuygd teOLHjdzdrdsj HtejHMlsOo jdzadlsy dzj otetsdztse
BOLd©O2¢d fj dO otHjhdlsj ddz Cdzdded yded =~ OtcOCIsj to¢
dzj o tetsdzz MG Zdzdets L OMwW 6 Odzj , stcwB9® O HO fslsBj dzj 3 d a3,
COjestedyudgPeatzOREYP dzdedIsjy dzj otetsdzsedydzd L OB tsdzv o

10 Isso @ jazdfpBmRsYy ] HO L OC dz¢ yd 3, ud ftd dzv-
dJfddzj flsdud dz MddzHtetsdz sy § HO fj dzOBdz® HO® O dzj o't
21).

HeBpo.tornynu 3adoJisiBaHus

I'bpuyoBa cuMnTOMATHKA HeBpoMycKkylIHO 3acsiraHe

AdGE2A®R | BOdydets 2@ joufffls@dydePh dlsj fj € dzddedydzd = OtcOS
dzj otesdzse d ydzdlsjy L OB tsdzV 9 Odzed v .

12. [ W IsOdz@isdzse d ydzd L OB tsdzv 9 Odzd W

stso O MO oMmMdyusSd L OBtsdzv o0 Odzed W, L Setg il I filptse Gdds
sydzedlsj LOBBdYoOdzadW L Ofqfw @ Ols ool o &S @zd dzp M I8 itstficdOO |
Odes BOdzdd o Ltcdlsj dzdedw Of OtcOls, Ctsdlsts aBHWI HEs Bk
stsoa © d®BO tojHJUYO tsydsd L OB tsdz¥ o Odzdte’Q dzd@@s dols tsL ta@eIElq Is
CEdv BO YOMmk Gl kWESswid dEebisdRiddiso jsdadizd L OB sdzv o Od
350. sid3@ bwa My OHOIs HOdIdL] dd, HIMIstesY dw dzO
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ototsH j dzO Odg€hertcsdz®h 18220 Mdzj f sls O, retinitis pigm
dzj otetsf Olsdw dzO Leber dqdHBOtLH Olzs dzts® d tedzdh d @ Pdzf I$ dizg
His dzOMdzj Hinlse j ded Byded L OBBd oOddY, Ctdlsts MO d

1.2.1.CRBImo i tcL Odzd L OB tsdzv o Odzd W

CRBXMmo i tcls Pdz@PB s dzW o OWafw y o Ols @9 Iy fp Mt dzdats Is § Ret
pigmentosal2 MIM# 600105)d | tctsH J dz0 0O d30 9 tc sMIP# 6IZB3E5)L e © O C€ Ist8
09 Is s L-sEFARAZOdZIs dza IsO 1 d e d3j dzlsd e O dzO f Otc GRigmepited dzO r~
paravenous chorioretinal atrophWliM# 172870).) md yS¢ d Isj L d L O @ pssy@idso] O ddd W
Ltcd dzad J Ists. s dzd dzd ydzd{l€ d digls c ©Btc @ WIs jotkdday Yo Ols dzd Mis ©
retinitis pigmentosa B j dzd f j Isdz® o doj Hstd.dzOlUs@ls s ¢ jalzdz@®RBdAAEc d O dzk
(MIM* 604210) , dzdtsSHO ddrLis]stds® Ge Chdgss dgs@ IO (1 g3 1. 3)
ftocdyddz© L O IsjLd LOBtdYe Oded V.

Chr 1

-
-+
[a

| R E— I W .

[36.13
p36.11
p3d.3
p3d.2
p32.3
p3l.3
p3l.1
pl3.2
6211
521.3
45,2
425.3
g3l.1
o33
g3z.1
q42.13

p22.2
p21.3
p21.1
pl3.3
§23.3
24,2
32,2
42,2
gd3
dd

o
o
[=5

glz

ANkt BRLOdzdL Oyd“CRB&z® | t&rjdzOH | dze slsB30 OB BEEOSBD (1 g
(https://lwww.genecards.org/egin/carddisp.pl?gene=CRRB1

1 Jjdzlsi ydedvwvls ftesHlkzSIls d&O ¢jdO mj d SMftej MdteC
My jydodzdL JtcOdzO Isi COdz © YOHIEZOKEDY YyBfjls HgB ] &I dGisE
Yyoe jIstse j tls ICRBLUy Yy O MIRB Sstisdztf dzj ¢ MO, dL GO HOhN Cdzj Is]
Hj2Msea O COIsts toj GdzOIsiste dzO C dzj Isi YydzOIls O { tsdzw te dzts !
ZO tOLodlsdjlstp | ddCRBIdnji I deBjI00 .12 btcOdzMCtedfls©O, € Ols
stcOdzmMCtcdfIsdlsy , Csdlsts CsHdOIls ftoslsj ddzd dzO € dzj
CdzjIsCdlsjy dzO M¢ | | e(Mairdtet @282 ) s jdaj st lsftstg d IslgO@ Mo | | er
Is tc O dzfn ¢ @RBFAs HisC Ols s Wislststej yd flststedIs | d $BMtf o M t
stcOdMCARBYAsSM ] JCMftej MdteO® shdsedts 5 otej 3 dzO
stcOdzMC tcd PBls j CRBclj sB dzOH Q9 OF 98 tojlsddzOls@dgz®@dlsj L tol
CRBXA d CRB1lfgj d&OB&s HOo O d -C,ldssO dap§Oftfyds CasRBf1y j fls
lteslsjddd s CRB1 EyOfmlse® d oi o Wttt dOdzj sts dz0 o
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ltsejuyy I 400 ¢G4 dzj Isd y@EBLipe0 e LOQEE|| , L @BSSidE odO
HSC ZOH o9 Odzed HBSMJ 6 0O. RMidg eHrizs elsw an ofmjs e gh Ol r a me
ddzid eydd/ Hjdzjydd (AdekzttO 23) .

T E Bii ER BO BN OEEE
-5 | H [ 5 ] I‘: Isoform B

p.Cys948Tyr

p.Thr745Lys p-Aspl1005val
p.Thr745Met vall
p.Arg764Cys p.lle1100Thr
p.Gly770Ser p.Glyl103Arg
p.Ty )8Cy p.Gly1103val
84del p Pro836Thr p.Leu1107Pro
BS0A p.Tyr1161Cys
p.Gly850Ser p.Cys12295er p.lle1358Asn

Y p.Le 2Arj
p.Asn880Ser
v v ) 4 l l

i 81 B 88a

{ I to t t tot
Lh'i‘i lk,;'vl p.Gin362* ‘ p.p A8Hisfs € ) 4 A

p.lys801*
p.Gly169Valfs*3 pASNGS7Lysfs*8  p.Glys27*

ANJEEB@® R | BOdUdts o] HilsOo w dzj dBRBlS tc GdsiipReteB ] 1€ OIS jis,5 Ut H
Yyomls tls ¢jdjlsquddlsj o Otcd O dzlsafj GREEMabtafal. QD dzd § 5 HI o

]l Olstsc j dzdzd @RBleq Ozlls ditses Ols HO fmj Mol teL 8 Ols M { to
Wrdstej yjflsstedlsj, IsjySt kotjyHOd &O CdzjlSdlsj o
LOo dd &sfls il st O dfperdplipmiees al, 1982 KMairoet 40 PO2Y O Is

1.2.2.CEP290Mo i tcL Odzd L OB tsdzv 9 Odzd W

1] OlstsG j dzgdzd o Oted O dzls d CER280 (VAM* B30442)CelsjClzOdz® tsH W IS H
Qo Is s L-tsj3azishd o dzed Is j ) d-Beedicld @IMeze159B1, M ddeh tcsd3 dz®@ Joub
(MIM# 610188)pte 5 H j dz0@ O RO o to ts MIR# GIAT55)fredbderr te s di 0dz@ Me c k e |
611134 d ) d dzH tots o3 -Lokén 6S(EIM# 610189). MO PLzs L O o Mmdys d
LOBtsSdzW 9 Odzed WV | Bydetslsts L OMwWeOdzj, CtjistsretiBiisi j H O
pigmentosalts dzts B 5 30 dz0 ) 3G dzP O L tc d Is)j @dsia®c jsdpdzds tsds @tc ¢f O d
G J @EP2900 sHW Is Hts 6§t fgRided Rige@dtf tisdzv o Odzdwv . 1 L Os8 d fd dst
o Oted Odzs ©, Czddzdydedlsj " OwLOSCkjtdmisdsd, Stdbkts &S
Mz f slsO His M3 tols sdets fi@adher M dzH tcsd3 dzO Me c k e
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]l 4 dZLEP290] dsC OdzdL JtcOdz dzO-sWi EdstslsRs L @B (dzZQ g2 . .
24).

[
=0

pl3.32
3.3

ey
Ml

pl3.33
pl3.2
pl3.l
plz.3
plz.l
pll.z2
pdl.zd
pll.1
gli

12
ogl3.11
gl3.12
l3.13
old.1
old.2
gld.3
gls
g2l.l
g21.2
g2l.31
q2l.32
q21 33
23,1
423.2
423.3
g2d .11
o2d.13
g2d .21
24 .23
g2d .31
24 .32
24 .33

E.

| -:-:I-:- |

NGt R4QdzdL OYJdCEP2HD | & F d20 HI dzG BB O DR BEIOS IO (12 q
(https:/lwww.genecards.org/egin/carddisp.pl?gene=CEP290

14 dzlsi ydzdwils f toteHyzitdsels edz® sd3jj dzO § tetsils j d dz, C2Ists
tej Mded yd Misd C drylddsd o tsPYv dzHOFlso O o GBlEBOBOUWLDEEEIs O
BJ dzlsi,daflg idzd L © dL ¢ t6Copirt@sirj #&.52014; dBurnightet al, 2014)
tdmMdzed ysdlsy bEyOmlseaOIs © Hodyjdzdilsts d&O Cdzj sCdlsy
[IMojdz ss9a O Isj MO dgitsBrtSHd®Bd LO ol Lfted] d3Odzj Ists
Ltejdzdd Ists, MdzEr O d &BdtedmoO.

sl 3 sz dzls© MO s dmMOdzd tOL dzd yded ¢ Olstsdztse d y oz
CEP290r s€ OL O dzd misgenses mofséne, frameshift, splicelsit® € ibfrathedzlz Is ©y d d .
Rd&zsjtejfm ftoj HMIsOo dzv o O CEPRIDIPg | ta jO dfdtc dL @Bt Gsiizitych \Oazf] v
d&zOB d&zs HO9 © jJHJdz d MmCdppietejetan)., RGLA)(Jde HiFWQ $2As5 ) .
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pMet1? (c2T>A) p=(C.1824G>A) p.Thr1334fs

p? (c.180+1G>T) PAGB21ts p.Lys1343ts
p.Thedols £.7 (€.1910-2A5C) plle13721s
pArg108X p.GinB4sX p.Glu1656ts
pAsp128ts p.Pro66Sts P.Gu1656X
p.Glu14sts p.? (€.2218-15_2220del) p.Val1683X
pAgQISIX p.? (c2218-2A5C) P.? (¢.5226+1G>A)
p.Ser189X p.The709ts pAaI753ts
p.Gh227ts p.GinB99X p.Ag1782X
p.7? (c.1189+1G>A) p.Cys998X pLlys1840fs
plyse2its p.Gl1098X pAG1926X
pLleus17X P.7 (c.3310-1_3310delinsAA) p.Thr1938ts
Js JS + RF p.Tyr531X pleuttdtts p.Glu19561s
p.Ser570X p.Gin1308X p.Glu1956X
L P 102202fs
LCA
CORS
9.2 (¢.103-13_103-18del) 2352 !
P.TheS56s “Trael
P.7 (c.1086-1G>A) MKS

7 (c.180+2T>A)
€.
::’g:‘ ) p.Leu750X p-Asp128ts :Ly“m
pilie10591s PAgI271X P-Motd07ts PArg205X
i) pThri7221s plie13721s ”"w
P.Gu1553ts

p.Gin1591X

P.Lys15981s

p.Glu1656ts

P.GlutB12ty

P-Glu1839ts

pTrpIsI2s

SLS

MKS-like

ANdGelte® t62F ¢ tod o CHR2IBAE: @ d tcOL dzd ydzd Is§ W QG Azts(saftf telaj dg@
OKROo tetsL O) ,dzOS LS b € ) d dzH eksizISAER] oA dertsioghedpQIS+RDAf dzH 5 d3  dzO
Joubert, OMtsyddeOdz M tojlsddesy Olsd wipupert, 8 & B § d te(Ohgtal dzf tc ey B ty
dzj H ts fiyls O ISGORSKEM@lte)lepculorenalfn d dzH)tgts dgIK S ( figMedke G slogy), MHCS

like (MeckelGr uber ftsHtsBj dz fd dzH tcts d3Biedl) (Bdp@Betef(shad, LB sd3 dzO Bar

15 Blsdesh jdzgdj dO CBtoj d&zZOydwisO diRiyHE wgdai Isdyd
stewBo O HO flsBjdziydd, Ui Y @idHnclkjaizdy jdijadsstsy@ df iyl
CEP290GfMmo | toL OdzdIlsi L OBtV e Odzdw. uvOCO dzOf eI d dzls
OB dzE HOO O ) dLSCdz® ydlsj dzdets o dmMsC O yjMmMstslsO §tod |
(Coppieterset al, 2010; Valkenburget al, 2018) [ dMOdOIO ¢ j dzj Isd ydzO dat
ZOBOEY 9 Odzj dz2O0 OCIsd o dzd WCER28GsIsg didzj L £ tkig § s REB IS F @
tcOLodlsdjlss dzO tjIsd dzOIlsO, yted L imOMRY cQdjs deQ )tz
s BOdzdd o tojfmddySdlsy BscOls HO HESo jHOI HB Isjy
nOtcOCIsjtedzs L O otetsH ] &ZOISO OBOstesL © dzZO Leber.
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1.2.3. USH2AMmoe | tcL Odzd L OB tsdzW 9 Odzd W

USH2AC j dzMIM* 608400)] dzsC OcdzdL qicOdz dzO-0 ©1 Edstislelis L ts B
(1941) (AdcktO 26) .

Chr 1

[36.13
p36.11
p3d.3
p3d.2
p32.3
p3l.3
p3l.1
pl3.2
6211
521.3
45,2
425.3
g3l.1
o33
g3z.1
q42.13

od2 .2
gd3
odd

-
-+
[a

I BN W X | |0 |

pe2.2
p21.3
p2l.1
pl3.3
623.3
o2d .2
632.2

o
o
[=5

glz

ANJekteOf RBOdzdL Oy d WUSH@209 | dsfrdzO HI dzé BlsB O O thts BEZEOS B (1 «
(https:/lwww.genecards.org/egin/carddisp.pl?gene=USH3A

1 Olstse j dzgdzd o OtcdOdzlsd  tsH I @ QdD Is P tc flapd dz0j dzO0O f
tcd yjmdoeadzdIlsy Ret i (MiM#i653809)d g Md dztt wshezls @z MIM# (
27690). 1 toc s @ to j ptndisiz@lgmentosay ~nOcOCIsjtcedzO d L O HoJjls]
MddHtcsdBO dzO Usher dsyj HO fj dOBdZzEHO9 0O d L OGk

1 J dzlsi ydzdvw s  tdISH2AC Is. dfenc j JzOdzsC Oz L tc Btz M dzsIs
Zrts d tejds2d dgo lsaB@i jsodz) Szls dzO B OL OiagfdfBislgo digl GiigBata]Gsdydj Isc
nBd3j BMIsOL OlsO dzO o Is @Bhattadmiyat al2D08) d tj Isd dzOIs O

1 s9 4 yud sls 4 0USH28 ©Btd O dztdzd , OmMsyddte@dEtcjfn i
C dzd dzd ydzd ,fiyoOm ls ts€ dlaPw o CDIBadftet alIPPIBNQ c Etc© 2 7)) .
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stsyStsod L Od3J dzd YSE2AE |j dapd &z®Ble® Isdz@ 5 ff 5 dzlz YO 9o O dzg,
dzj W Iz dz§ y pgdsdzidad s© fMmJj , Ud G4 gaglzs g U ded § glzg @ad G dzly
HE CtiftetdjlsdteOdz dzO B J dzlsi-oyidd®sPls jW ezl dgidle d y dgdH d
LOMw e O d WEkdC ydw lusheridh Pt SessEe2d [5.Cys768@h¢0Ouyang
et al, 2004; BlanceKelly et al, 2015)d30tc ¢ dtcOdzed M yJ ed § ZOPHEEF Zf§ O o
Wjdslsdfdzdlsj Ctstej dzOydd dzO f Oydj dzls Ydbey , datsdn@f dsditsifgfls
2O G j dzgj Is d ydzo @y7678etisdef@ojditsd p. Cys 1 59 Phe Ols, yj ftod
GJ dzj Isd yJ pCysirjoPhieigjls i dzOBdz®E HOB O Isj ¢ O LOGEBO dgO
Yyofmls ©ls f0Oydjddsdlsy, pdesitbdSerfste?h) §z0 & gk Grdly e HixD
G dziz ~(Mlsr@t al, 2004; BlanceKelly et al, 2015) s s aH@® o © d dzH J§ O YW dztsls d § dz
dLwe O dzO LOBBdWeOdzjIsts LOoadMmd ls IsdfO dzO dkzlsO:
gL f3J dzgj dzgdw d WOCIststed dz0 B¢ tsdzdzOlsO Mmtei HO.

124 Offdzj Hfjlso j dzO Gy lsd uebdr dzj otesyf Olsdw dzO

L Offdzj Hfjlso j dzOs O 151 lteberZQONIMIMASRSOM)S d & Odk® dzv o O dzj
Csjls Mj SO0LOCkjtdLdEO f HobkMiswOddz®, BjLBBM L
2O Ltejdedj ftod ddzHdodHd © dEEZzZOHO ol LUsOMEBEE2 ftoj Hd
Ui Mssf azOlsftcjL oktsislsts d ltjlslsts HjMmjlsddilsd]
i MsdcO HE LOcCke OCtddh dd daijaEaig i P00e) 5 @& d
fOydjdadsdlsy fm dzOMmdzj viilse j dzelebedd3tsiyjls d (@O fn) fiz] al2BB 2O Is
dzj otesdzse d ydzes L OfMw e Odzd , J €zts jlsdety s € dz Woi@d W §f sz Iz
& M jydW¥ dudz0 Bdsf Olsdww d HodcOlsj dzded dzOtelzh j dzd

1 Ols seniskelse Otcd Odzlsd o d3d Is s Ads@RH iSOz dADTIIR 1ol df Iss
MT-ND2, MT-ND3, MT-ND4, MND4L, MT-ND5d MT-ND6) © tSHUMHBN. H 1§ j dzj Is d y dzd Is
BzlsOydd dsisaOasls H@e Isitg dztindsdzts Y tzd yd dz2O s i3 d dzOMdzy 1 Mis o J
dzj o otsf Qébdry D% sls Mz yodlsy J JHABBO s bktedlj It
[l s: m. 346 0K@PNDL o ne jldd@ MB-KDA4 o. 14 4 MF-ND6EC | alz0O .
| j dzd MT-ND1, MT-ND4 d MT-ND6 S tsHdtOls fkejHddedyd dz® ¢t
B Istsh BdzH ted O dzdzO Is O (Yu\Yai-Bea gt ez d2@D9)6 § EdZBO 2 8) .
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‘ NDUFS3
1
\ NDUFS3
2 | NDUFS3 NADH Dehydrogenase
\ NDUFS3 s NDUFBS Module
‘ NDUFS3 NDUFB6 Ve \ "
o NDS ‘

3 L i 5 6 %\, .
| | ,. ,

b NDUFB6 ‘

s fy NDI1,ND2,ND3, .
(aprox. 400KDa) SOL S HDE all mt-DNA NDUFA9 Complex I

encoded proteins
ND4L

+ ND4 ND2, ND3,ND4L (aprox. 650 KDa) (aprox. 800 KDa)
| (aprox. 460 KDa)

AdGEt@ R8O dydsts ftoj HiNlsOowdzj dz0  this Pj A esdz® figa@tisw ©
mMize J Hddzd yd. 4 Ydtojdzd MmMbstej z¢d MO tslsBj dzv L Odzd szt
f OydJ ddHOMN (PerdipsClementect al, 20100 BsH dW)d S Oydd

{Mme jd s dadtgilsg j dzils d dad o OwdHBMsjntj " Ol d
Htezed dlsOoydd ¢t HI diqogddrO seQ) gitschip (i3 dhstieigfiipteidic d{@sh) s s 1s
(Fraser, Bousse and Newman, 2010; Achélial, 2012; Biet al, 2012)

LHON ol Ldzd S 90O o tjLEzdzlsOls dO f Oktsdtsedydsd o Ot
Csjlsts tsL d&zZOy0Ooe O, Yd LOBBSdYWeOdzjIsts J M d&3O2yd dets
ftesBOdzn d dzsMmw s f Qs dedsEddOWglsdz oc jdgkirladsyd ¢ Olsts f tod
Msdedzy Hts LOGEkEBO d&O L tej dzd | , sO¢CO d WhiEtsy4 Ists H
f Ostsdzsedyd dz o OIHPR dzff, Gz OsL @@ ffitcj H O Ols BkzlsOydw
si € COlts i3dIstsn tsdzH tcdz) aedz® IO0 tsfis] sFOM F ORDLOS | dzdzts 6
Md di3j 2 MLBIANIARON OdzZOdBdzj L O L O L OEEBO dz2O L tcj ded J Ists,
dzd d4yw-Wai-Man Pet al, 2000)

VMisOdztso W 9 Odzd sts dzO G J dzj Isd ydzOIS O f ted ydfde@ L © dz
LOMJ ¢ dzOIsd Is § fOoydidessd m tjHCd dziotetsdztsedyded d
gL Szt ydilsj dzdets L dzOyjdedd L O L OMjedkzOIsdIsy M d3d 2 Mise
sj O] dd, Csdlss Bdr O fYtHBBdddzd dOyddzO dO >y do sl
oJtedYdE Odzj Ists dz© GJ daj Isd ydzd v HiWJ Cls-¢ jfdgiHd dsukiad O
C sdzmkz dzls @y EWdzOds dUs@ MJ d3d 2 M slAO0 ,L OB Glsity o Otz ds jRdzindsvs d
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ytejL fHteseo jyHOdg d&O MjctejcOydtsdzj dz OdzOdzdL o MMj o3
MisOls k£ f sgodedousdildils dz0 ks Owe jIsdzdls jIs & 1Od) d de@as ff &z 518 ¥ iz
ftocsodBE] Clsdz® G j dzj sdydzO ¢ tsdefylz daidn® wpd e h d HefgloezP dzgizts
B dzj § ey tzidsd ydzOlsO HJOCdsMis®S O o wHayg dshlo oy @]
tcOL dzd yd ded o34 Bysnyd da @ MG @@ Y cOdzj dzO o3j - Odzed L dZO oz
CsdeC toj sdeslsts L OB sdz¥ 9 Odzj
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2Kt R 1or¢vyRr

21.Kj dz

AjdlsO d&0  dOfsswh v lsehfj tls Oy dspS oy desizs
SN O0EOCIjtedL qeOdzj dz0 d" S t5d tojHSd daj o esdzse dyded
dzO0 M) etej d3d dedzd Isj RBJTNY Hcp J LiAD B0 K@ESMIF G E@ O ¢ sMisOo

yddaz Bjhji d ftee jARCIAL Isddq) (ftpidarids 19k aigjderdzdsdzcte O MI€ @ts -
tjecdisd @0 MistkOdolkOo.

22.1 OHOyYd

T 1 sHBdtcOdz]-f a8 Jdz@P W § SH - SH Sénfpl € PGS t @dzj f
EflsOdzsow o Odzj 20 ¢ jdzgjlsdudzOlsO fteduddz®, HEo
Gjossdsedudd d GWlkOkBsdsedydd L OB dv e Odzd "W

T RLoOI t6h 0 Odzj dzO¢ joEisjdl € Wdief w@aBOdzd L d M vyjd ¢jdzjls
HOG dztsL d Is §

1 ¢ dzOddd L] dzls § tc fdd)) Is1CDyizfird , ( sz WG8d o wjL zazlsOk sl

7T 1 slseoi to HOo Odzj NE&E OdsfQaildsd] I tfiflctso J ¥ H Odzy dzO T
o Mjdkj2Mlsea OO, yYtojL Sdn@ndyj MSts Mmj o j ded tcOdzj

 stcOodzv 9 Odzy 2O Hwodzeyj dedlsy tjLblzdzsOlsd M s
By Y HEZAdZOBHdd B OL d H Odsded

T RLOJ toh o GdRitcG girjsd@ydtsdzj dz MSteddzddze 5 Blsdatsh j «
jdzHjBdYyjdz tejedsdz 9 11 dze Oted W

T RLYd Mdzv o Odzj &ZO0 fJtesyjdzs "ibjtesLdelsdtsMmls
sOtcC j IsdzOIs O dBzlsOydw o dLMmdzjHo Odzedw toj ¢ d sdz
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3 ouvrtrROJR R JrulTR
3.1f Olsj tod Odzg
3.1.1s dzd dzd uj dz BO j e Oz

]l AtHO dz2O0 dL OB tsHs g Is Gapd HaBfndzs B HY BW R O dL f
fMtejH Stdlts fOYydjdidsd f dzjotesdzsedyded d BYlsOdBs:
csHMmlse jdzdyd, COCks d fwd yOfk &l Mjdj2Mss OO
fsotsH 20 lsStedilsdlsjl Hdsjfdzlsfiaj diaff j§ OtsBQ ks .dz0 d L fydzj
HdMJ elsOyd sdzj ds oldstdcltstH jedzdr @ jdyOdz sls § sSlsj dzeyd Odzj dz j da
LO L OB sdzV dz@udzj dztsH PEGHE st tc O d & ts dpld ©Wz® $PO BrdsdaP@izOL )

G OB dzd YOL Y16 H joflzj igafjjH at@@izdlsj §Oydjdadsd d Isjhded tesHMse
ZOMsswh dw HdMmjlsOydeds dz IstelzH .

[Bh Bs?2 dLMdjHoOdd §Oydjdlsd 279

1 Jotetsdzts¢ [ W Is O dzd3ts dzts g izj Clsdoe j g
L OB tsdz% o LOBtdzV 9 § d®BzIsOyd sdzj dz

Jzf O L OB s

Jtots2d L mdzj H

sOtae J Isded ¢ 33 7 200
1 tets?2 dL mdz,

tesH Mise J dad 1 32 7

[Bh Btos? 65 14 200

RLMdzj He Odzdlsy dzdyod dBseOls HO Mj BtsBh Wl o Mmdzj |

T 1Jotesdztse d ydzad L RO fipdiz) o sO@ZH o j: sBhts 33 32f tctsB Odz
tsHMise j ded ¢ O  daPtc dav jdridisdeiptaisy jlsalzd  § Oyd § dzglsd . ]
BzlsB®def dz MStoddzd ¢ dz0  UcOs03f) Gzt 0 W tdcisHjL BIsH s ldsls 1 |
jJdgHj Bdyjdz tcjcedisdzes 9 MlstcOdzOISO L O L OB tsdzWv 9 Odzj
Codelstetsdzded ftoesBd Bls Yyw dzOsO MMilstc©dzO.

T [WisOdBtdsedydd &R OBty o OBedsi7: ®Wedhydj dis07 ¢ OF¢
totsH Miso j dzf &OIs dzdzets f tslsoi toH jdzdlsj § Oydj dalsd.

1 Oydj dzlsdlsy , Ctsdlss BWR O 8BJjCIs dzO dL mdzj Ho Odzd
ZOMtsyjded LO 115 OdOdzdL ls:
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T d16¢f] s HjlMSd BBdzj Misd Al csW. RoOdz [dIsjo
9 vfi1¢f] Awe. | JjBtedi, CcEt. 1 dzsosHdo

T vf1¢f] Awo. [ OttddOi, ct. I OtedzO

T vfi1¢f] AusWdwdhjHiA, cte. uwsWdw

T uvf106f] Adpdzj SMOdzHtetso MC OR, Gte. wsWdw

T vf16f] Aus. RoOd tdq&mMSdh, cto. usWydw

T 116] AL OYydbdOddzO ¢ OtHdsdsedydd B 6dddyoi,

R dzW Sted3q tc Odzts )l tech cGOigial j cigOB d W dztsi o L ) izt f of @ @jlzs B S5
omducd §0Oydd desd d dzdzOlls Bdz@ehly d s dfle Pdeff v SO, Ct5d
sBjClk dzO dzOMmistsw h d win@ diing ded2inyd sz S50 2 £0C5E 0207 ¢
116/ 03.05120188. Q. jpHoflycziC d vedEedivsdls j Is

3121 dsdzsec dyd dz BOIsj tcd Odz

10 o jyHOAz 2Q dzjdissdia] Rdzlsiv tc dfts fydzj Heo @did W B
o MBS chtd) C HidAd E@®O s d&josCsydlsd 6l o] dsL d
ssdzdyjMisotslsts Ctl o, SCtflml Bph jjin teissdRSesabididay Qirzs3
Hd Odi3d dz Is § isde@IOta|q JseP@® vfptsdzy ® Y tetso j 3 H Odafj digOs ddziinrjlsCjlz
qLfdzjHo Oded™ dzj J djsBRsHdBS §Oydjddsdlsj HO MO
ZOT Ok Odzj . Jdtsdscdyuddvls Ol tod Oz B 4 & HO8 )]
YOMOMHES Okts L Ofsyds tsyj POl §Eadzjfy te@rd  ®dzilzO kO d
dL fmdzj HPdeddfiL. sdzd 6 O 1 sy tatBlsR, te d O dzj Is OB 1B Jfiflr -~ sted t
ORdzd 5y jldzs s OO 20 (L tcOBlso Odzj 2O dzOMlsswh dw H d f
dLtBdzdteOdy dzO 115 Bl [EZted dgOH dddz slsiteEdgdeq daizdf cOBupdd) iz
tesHMmilse j dzad yd .

10 dL oide ds@dgic j sdzdV RBzlsOydsdel dz MStcddzddze o
L O L OB tsdeGod@e@jLisitslz 1 j Wdtaydd IsC, ts Rl dsdmdzdfls ] f tetsBd tsls y
dL sdzd tc O dz0OC tgi1os, tolsL J § @lsio icizG 2 B dzOdzS @, Is€ & PIs 5y | fielgd Is gz
dzj sdzOlsOdzdzd v MCtcddeddzc. vj BWAR O ftejHBMISO0 jded TS|
ltcjHdBMsoatslsts dz20 IstsLd sdf ftesed j bktsa O, yj Ij ¢
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BJL Iss90O HO HB9 jJHJ] HEBS dzOtkzh Osk@dzPIse ¢ O QJ Ml o tslsts
BJdL Mjuydwdudd dLdmsoe Oded ™

32. [ jlstsH(
321. Vo j HOOd&Zd Isd ydz© tsBtcOBSISS O dzO ®BOIsj to

3211R LB tcOdzj dO odMtsitRkisd) SdzdzO 1 s ls §4ted
BB IstsH

lteddzydy dzO d3j stsH O:

l od YO Bj IsSHO 9 C dz¥ ys O @'t seGwe G § Od:Mj 4
Ujto jddls) Sl @@ CadjtstE @v 5)Oidzf S @®Oj W Hicj dedlsj € dzj Is¢
i3 ©OLtlZh Ol dsOydy &O Bjdbsi ydlsj j fdzjHe O
MBS SBEsd) Skddd [1s. sObts §shdjHdd fki §SO0 | f

ltesBYyJ Hizte O:

lLjlsOlO Cti o Mj dqLddeO o MMl jnsd dEdBds f d£O fids dsRjfi)
HtsB OQamiMISIOH j dz dzd L (pis=@.4, NHa@t W 1553:M, KHCGQ - 10mM, NaEDTA i
0.ImM).r ftczo jIsC OIsO Mj ©OLC&ZOMNO HBBtGy M dqdz€ kB dt
YW zedtec® L O 15 pmddueizf p@z@P0didsazdo © d Mmj dL
fsdzzyj dzOlsO© Mmdzj H yjipbtcs®Mifls @dz) dzz QL §@ON BEW | to
My ©OLBI @ dzPHY Rlaste sV cidiescP dAni " dlsj Emdzsedw d dzOH
sls dzthg s tslsldfdalOy j dzOIsO EIsO2C O Mmi HI e O W Htp & ¢ dzj Is
(dzkz € dzj s dzd L ( (pBB.p,NaClz ¥5inkd, NeeEDTAT 25mM). [ Mo jdz Issea O fMmj
d B teslsj § @Bng/@)J40001 0 % dzOlsted j o H BDS).Iytsfteids jndgipaf OB (
HBtey d M dJddCEE@JgOdz@&ZOdRB8T. wdzjHo O OO Misi f¢0
[ 5B Oo W miffjicj Bd IV dzgOIStcd j © - daststels ] SGdipief) . gdzj H Istso
Yyj dzbtets¥ ¢ fin@zOL PO Ptothls 02 dz0 s j B j OB EteO®, L O HO
ftoj ydi d sSSDEEN tdzoL Edzls Ols dz0 Yy j delstesi ke dteOdzj sts B j dz
ddzjH stsoa O dqHea O Mlsi COO LO ftojydfdlsoOoydwy dzO 1
ftejHRBHSISE vyj dastets? gdd@dDjdazdzts fiygls dasls dzd 000 fplslg to d dz
jfezo js@mO SBISKE0OC] RBIsPzj B HBEOHEEPP s MiskHjdz OB Mis
ftejydydlsdteO d dLfdkze O &O el e disfkld @ da dzPE IO
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fdfjlsO d MmJ fGtetsdzdo © Oo NP0 WzO] DO dzsidz.n KL fififzid C@OL Iso
BkW,jtc ( PRISHHLCL (BH=7.4)71 10mM, [ 1 v ¢H=8.0)7T 1mM). ¢ f OteOlsdilsj, ¢ 50
JLytsdzL o Of BptcB)Ozc O Her ml e, Ger many, Y dzlstetsW Iz ¢ (
Hei dol ph Reax Top, bjtdktsmhisOls Memmert, Ger many

3.21.2R L tsdzd tc O dzj 2O odMsStdktsd) Szdadd 1 s tsls
~n Sted tsdzB d ts f{th)q ¥ dzls OdFazs I8zA COsslzO dzd ¢ ©9 d y O
10 yYyd &zlsO dL f sdziResDEIZj-BiCth e | €e@Istd Py e OHdzsd Isd
ftesdL o s¢pfiBQlsdMc OIS ©, S BY IsHdzp tc Y BBIDSSHIJMZEOE RGP eyndor f
Hei dol ph Reax Top; Biore Thermo E Isjtd3tB izs§ .

3213RL Bozd 6@ dai d igisC SBsdj S dzdzO0 1 s Gl Ekddo

10 y,jdzs©O DNA-szB S @B dgiplsSens,t Olsts fMmdzj He OR A3 d dzfMmls
ZO0 ftosdL o PSSO, OV Ists] dls taigWiEBc-AS HIM IIDI Sip i W |
ostelsj &M Hei dol ph Reax Top; Bi ore Thermo E Isjts

3214RL BdzdtcOdzj dzO 1 s Bl ¥ ddzlsi RrxtiBloadd3@atz¢ d M
(DBS) DNA Isolation kit s WNORGEN

[Is Wddzsi edzOIs O B dZzZOdZE © MJ ©im&GEdB OIsh@dFfs 5853 M
dLdzdtcOdzj dzO r1s. uvd Mi  H ZzOBredBlodaSspds@BSPB S5Is ¢ O
DNA Isolation kit¢Otsls K GRIGERADIS ay@le Is j 2O ftsdlL
P OtcOIskzteOIsO, § swWsdzlstgsWdg @ ~MiHMiIds®pijn EpRexidor f ;
Top; Biore Theltmd HOfgstocsB tztfblzlsi tcdzdlsj B dzOdzC d
pjtedy dO tj OCydw Ci d3 dnnigw (CAdsds CH i) G sOMferudPsLses gl 5 | 8
CdiRf sdgj delsdIlsj, dzgjsBratsHdd®Bd L O fftetse j ) HTodrjolgas dzO
et al, 1999)

3215y dtej SlsdzO M jClstetsW slstsdzj Isted W

RL&BjteoOdzgj sts dz0 OB MtsteB yd Ols O nrif ¢ d 2 r@rdipksyj g dg®  dzO
CodalstetsdzO v | BW j tf OB RQ@Mmme A@h © O jo@Qzmmic OL d3j to
[lsdetsh jded jIss 2260/ 2280 {tsCOLaO COyYjMmMbatslss dzO
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slss2desiisd <1.8 §sCOLo Ok dzOdzd yidslds f §d® teiPts dz dg Ofis @
Cowists fmj ffj §stzsY B d5jnetertsEpBendorP h o t o

3220 ZOddlsd U0 BBLOBBISCO &O KOl  tsdOdO

3221 jC o jdzdtcOdzy BIs WBY B § sCtsdzj dedd (

H4jCojdadteOdzjIsts tsIs detsots fsCtsdzjdedj BJNJ dLoi to!
AdmeraHealthy ¢ 1 Y idedgpdcd ¢ O d Clinical Institute of M
[ ¥ B A&V d&z2O, g @s omjjdkpvj.dzedtcOdzj Ists BN j dLiBdLoO0dO Isj
fmd dzls jlluminde® tc  dayldap o3j ssH O o € dz¥ Yo O W (tcWote OFF didsdflacdlsiz]
M HiI dyddz0 9, s8@E 02 MMBOH BBEJcdzd M Cojdzydd © HO OISO
WtcOG d3j deld@fj H Q) fig jHSOeH jjdzy d 5 dzdzCst jBSdoB jdedfstds@ R jOSs s 1s MgzO g L o | t
fsssydzd( Rflzdi swdcel l 0), CObt WkOed] dzisdlsg OO Mo i i
flsi § §6dgd 34200 o j tod ¥ dfQizftc faO%,y d "Bshistso @ Qedjtfi dzciflsdXIsO
Covwfsys ¢ j iz €Edzc@Isj tod dzO FcsyZDONKEIS) s&O. § 1 shdzj +
ftesiypdd C iy j ded tc O dzi (httpg:/lbitedipdbilzlsQmi13546/sequenemgsynthesis
explainingthe-illumina-sequencingechnology/)

ANO2 ddsfisjin Coj dzd cOEzZE OB S HRRARI LA tcOR © o ~BHO dzC
HgMmjtesOydsdaj dz stekH, ytjiL MY yd Rimhosysterslz MW
1l sdzyj dedilsy MiSCoeojdzydd M §oHtcOos dgw o Ols M oW B o
ddzj Ho O OdzOdzd L JtcOdzj dO HOdzdzedIlsj, COlts dzj i slso jIs
d tiWjtej dzsdzOIsO Mmj Cojdzydw My §tsHdEZOCOR O dzO W d dzls
dBZ3Gdzf Olstsejdzgj dz JWJCls.

lted oefMmMdySd §O0ydjdeasd BYR O OdzOdzdL JtcOdzf tcOL dz
sOte jlsdzOIls © HdOc tptf i3 ks & dzMeEf TP IsdCic O dzj Is ts dzO HOd
sfi h jmMlsawe Oh j dzaj MOBOWP tetsls g flaipd RBtc QF sde®d Misd ¢
C Oy jdgls Diz0 dzIe o EzBdgd b 5t 55 ¢ j dzj sqdudz® ddz¥ steds0Oyd
Ny SojddteOdyIsts s dqgea 20 d B djzj z@isdydey @i §disted ,
fesctcOROROMYANRHE® Ote Odzls Isj, SCtdlts BlEtso OkvIs da
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{ Mdats o dzd Is §¢ Wdlsdids tedfdL, f szl @ O A3y MO:

1 v J Mmistiedengy):sso © jJ yYyOMmslsoO ls ftesydisdlsjy, SCdlt
fsmdzj Hise Ols j dzdztsls dzO H OH j dzs 3V M is ti.ls ts32 telAsAgdstis OO0 d3,
HO BIi HJ 0.5. 1dJ L OHO9 OW 3§ J Ulsodfjtsteadly @s dB.Is2j, ALjds jHEAS
d o tjeddzd &0 cjdedlsjy, COFbt dj jhP dsOid] BEic
1 MAF (minor allele frequency): mists2 detgMmis f s d Is 5o QOFHOOAOG dIgls 0. 05
si 2 COls dMEORd3dd HO OdzOdzd L (iietidsdgjts fi@dge Cas@tf dodsdBldsdo
fsf zdzOydw.

1 Var. balance:f sC OL 90 CtdzCts Mddj sted ydes fiffj tseBdoOHs@z0 45 Ot
9dJtdeO. IndfzayCRdzded@®tced Odzls) Is IstewB 9 O HO dd3O0 B OdzO dzl
Bzsects i Isd o fttOoOISO d BBKLOIAEZOKO 9 jtedcO. ¢¢ts
BIi Hy 0. 1 MmzEyodkj, ¢(sScOkt fttOoadrmddd OdOZdL O dz
1 Pos. balancef sCO@L § sdz¢ 5 Mdd3d stedydes My o©dYHO 5L dyo
ojtedeO LO oamMduyusd ftetsydilsd, dgLOoadmMddis HOdzd i H
1 Exondistance(tc OL MissW dzd j . quissgzE a Bdd®) o MA@ JUSQH OK jsdC
Is ts y dzts sftej HJ dzj dzO dzlz € dzj sIs d H dz© i tsfdzji Wz Is | dzdzts
odLEZOEZqL JtcOd3, .

[Mojde LBt dzdlsj Wddzdsted HB kkS, fscicOrOlk
Widslsdyf, C(scolgus] {BER@MS FWdzd o OttdOdzlsd o ¢J ded,
Cstej zOydw f Sdddedydedlsj ROwOCIkjtdmisdSd, dzOBdzd H
HO OB @dzOdAl L JE@EE ] sg di 2 WOdlsj, SsScOls o [k
fsdzzyd dzd dJdet steBOydy L O BEssBd fipd ¢ @ ud Hdg B d
fteduddzj dzd s § Olstsc j dzgdzd o OtedOdzsd o kOejlsjdz &
pOtedOdalsd o dzj SEHAEONd EHOHRITHREY RO HO] &ZOH O8 P &ls t
f OOk segfi ddj ded] (ecctOkOlEd fOdagd o § WG O dzdc
%O o 0OdOdlsdls) (d&Ofte. HO oadyHOB] MOBs § Ok  ddz
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3.222) sdzd d3j e OL dzO 9 j tc d X daGymergse® €hajrdreaction} ACR),

MNMteslssSsdz L O dzOdzdzsy O 9 O dgJRFEBPL, EH, PEXS ®EX1, tsls ¢ § d

MYH7, TWNK, SCO2 CRB1, CEP2909 S t5d I3 OfststfdH j dzlsd W d y d tc O dzd |

NGSG j dzj s ydzd ©OLlg§®das U ORGL(FGIE LaspatgO 1, 2, 3 d

1 02 di3j edlsy , Csdlsts MO dzgj sBrtsHddBB L O OB dzd W
My 4 uyud W ey dzd tsdzd sls Gjded sy, MO HJ InGRadzdRER dzd Y te
(https://genome.ucsc.edu/dgn/hgPcr)

10 o fj @4 c duddip@ls i boddiafiL zkse WO L O fso jy
{flddBdL OYdwisoO oCdz¢ yo O j ek dz0 B j Gy lddstE® yo
ot ~ dBtedaOd f@&PRUB] tedIsi , L © OF & dadf i LyafdeGf dgjias(tt € Is .
[flsd BOEZOO Ctdyj dseOoydw &0 S oY sdzj GBRFQ) , dzj
fejHfMisOo jdd o kOB ddyO

v OB dzdgOdzR § dZs e OYdY 2O € s RORY Gxls dePPziaBdz iy Oda® ot©f afd Bdzd s

IRF2BPL, FH, PEX6, PEX1, MYH7, TWNK, SCO2, CRB1, CEP29€ OC st d ARGMES Ists dzd j dzC
1, 2, 3 d 4)

sl sdzj dzls dzO tcj OC yd ts dzdz( [ BJoh (

Il dmMsCsdkisdzy S EdzdzO 1 s 1
ltc@2d3jtc FM)( 10 pmol / 1
ltc@2d3jtc RM)( 10 pmol / 1

t OLboatste 2O HJjLtsCMddelzC dzj slsdH Ists 2

BIO, Chungnam, Korea)

10~ Prime Tagqg BEWJjtt ( GENET BI 2.5
uJtedl3tmMis OB d dzdzO 1§ 5 KAGERETCEIQ, Ohufgnamm 0.1
Korea)

[ dMsddzdtcOdzO o tsH O rs SOy dz

10 §tsdzkyOo Odzj dz® MY jydWdujds ftesHkzSls, 6§lddcd
PCR | OO0 j ftojHMISOo jdzO o ISOBd&JYO 3.
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UOBEZEYBESctO®BRO L O PERE D] N is@azjy Odz®@ dzj dz0 ol wdisddagdzds Isf te
¢ j dztRE2BPL, FH, PEX6, PEX1, MYHTWNK, SCO2, CRB1, CEP290 € OC Ists d AR@MI tsls
(dSLtsded 1, 2, 3 d 4)

[ IsOf v B JteOls ] d&3g 1 tets2 Y
1 OYyOdzdz® H j dzOIs Iz tc O 94<C 5d3d dz. 1
[ dZOskELOyd™ 94C 30Mj ¢
mdetedHdL Oydw dzO0 60°C 30Mmj ¢ 30
sddzlsjL dzO dzsoa O 9§ 725C 1d3d dz|
s tc Off dizdzls j L 725C 5d3d dz. 1

1N eBlstsSCsdz L O dzOd3dztsy O9 O dHARBADTPRLJUNICBE UBH2ASIs G j dac

o (Bdbts 5§ OHOl dHJjNESH Y deild 6 Qded S @WEY dals qy O M ls

sls GARGAQ j SLtsded 5, 6, 7 d 8)

1 02 di3j tedIsd , Ctsdlsts MO dzj sBraBHdAB L O OW®Y dzd W
tej ¢ dtsdzd tsls GJded sy, ho HdL OArdBlimO dRCR ytej L
(https://genome.ucsc.edu/dgn/hgPcr).

[sdzsots ffteso jHSAR Ry BGflsddidL dteOdzj PCRO Cztjsiso o W
sOBdzd @) HMisOQoavw gy flsdBOEZAEZOISO Cdyj distcOydw  dzC
ftotso j Y HA@RRIss dzO
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U OB dzyOs dzy j delstcOydw dz0 € sl sdzj dzlf ldzz O &z Q@fnls alz®h dntf g y
f tots H HARSIdE d 5 dzd BARSETPRIZGKMGIQ USH2A OCIts d ARGEME S stsded j Bz0
6,

7 d 8)
st sdzj dzls dzO@ teoj OC yd ts dzdzC [BJo) (
ris 1
1t 02 &{Lapmolim) 1
1t 02 &§lapmolim) 1
t OLsoaste dzO HJjL 5C Mddalz € dzpp)ls d H Is tc © 2

(GENETBIO, ChungnamKoreg
1 jlsOddz (5))

DMSO 2

1 OPRrimeTags k& W (GENET BIO, Chungnam, Korea) 2.5

v J ted3ssmis OB d dzdzRrimt Taaif G ERlE TBBD, Ghungnam 0.1

Koreg

[ d Msd dzd e OdzO 9o SH O rs CtcOj dz

10 fsdkzyOo Odzj &O MY jydidujds fesHkSCl, 6{§lsdd
PCR ] tt®dt@aay HiisOo j &zZ0 o kOB ddyO® 5

UOBZEYBSCtcOBO L O PERBE D] N is@aiz) Odz® dzi dzO fodBsij wddWsddagdzds Isf tc
¢ j dzIARB1ITPPLUNC8BQUSH2AC OCIsts d vARBK jt€ls tsaiddz®, 6, 7 d 8)

[ 5Of v Bl L0 1) Bjlles2 v
1 OyOdzdzO H j dzOlszte Oy 94<C 5d3d dz. 1
[ J] ZOkzeOyd™ 94C 45Mmj € .
mdBtedHdL Oydw dzO {f te 60°C 45f j ¢ . 35
sddzlsjL dzO deso O 9 t 725C 1d3d dz.
StOjdz MddalsjtL 725C 5d3d dz. 1

11 teslstsCtsdz L O dzOodipasySOp Calgdg iz ts dgHstc d O dzdzed v ¢ § d

1 02 d3j tedls g, C sd Ists OdgtPdzddyj st GysHvd d3dgO L ©f M O dzd Is |
MYy dudwWduded tej cdtsded tsls tsdydidists AstjdznORdo@idii@ided cyjtagtads, § to
In-Silico PCR (https://genome.ucsc.edufbgi/hgPcr).
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10 ofMmjCd chfbjadsdgB] k] bhmdsedPERD ELOHES:
zfils O dats o (RlatEj 30 drdpO 4O S tsdzy j dalstsOydw  dz@ € tsd3tf tsdzj dals d s
2ZOCRd f sdzkyOo Odzj dO0 MY j yd v Qg dals § tc § Helf BlF® ENROHY BR]
[flsdBdL EOR &Bj kMdss PER O ) OGO o iy 151 eddj dz@z00 s OB ¢

OB ZhYyQAstsetcORBO L O {(PPERLOQ NHOG @O dzj d2O0 Mf j ydW dyded |
tjedidd ks BdsthtdHtdOddddY ¢ j dsdg.

[ sOf v B JeO Jtj B 12 yd
1 OYyoOdzdzO® H j dzOls Iz te ( 94C 5d3q dz. 1
[ ] ZOzwOydv 94C 40Mmj € .
mdetedHdL Oydw dzO 60°C 404 ¢ . 30
sddzsi L dzO dztso O g 72C 1d3d dz.
sStOjdz MddalsjL 725C 5d3d dz. 1

3223 d&zj SieW SEEjLO o OCOEBSL jd ¢jdz

stsdzduyj Mo slsts d € Oy mlPCRASY dzy of Ss@iapduty ddefds J 1§ tajhe:
OdzOdzd L dte© M f sd3tshjlddf) Cdp@ s ds@ig & LOAZO | OPRUYQY cdEdDs L jdz d
CGJdz d rtedLBdsOdzdO jdjShkttsWtstejL 0 MmMdMmlsj 0O. 1
BOwLSs jto, L O H GfipdsGld @ jdaq dadO dgdz®y H dadizv daf s & dpPdzi tc O
LOoadMmMd s dsdj S zddzOlsO ddiz BOMO. ) O¢ Gd=A Il v ¢
fsHBOGEO odLEZOdZdL JteOdzj sts  dz@ 1 s fndzj H ts B dzi
1 dBaHdBI] 1B cdERBODLB mmadsite/ddo; Cefifp) dafaddO
NeeEDTAT 1 mmol/lBzW jt6 L O dzO0dzOmwdzy dzO ftesedlsj: 0. 25%
b OcOIskztcOIs O, Cswists dLffsdzL 9 On d3jd SLte@s o ff dzdas,ls ©W dijiz tc
dzd o J dzd tc dzOo @FRANGUE O, @O JO B Oz dz ¢ | @lsE@XEGO Y1 &BJ B
l tOL Bems 2oxOA 23 tod rde®l vrizfi.d Is)jj 58 - 5H d d3PIs®0 Y @ @RS Iz
ZO jdzj Ctoisf®tePls OO K tstedL sdzk @zt tf s 8 JsiH @ZOA G j Ha
Wuer zbur g, Germany,; BWZXZY.L Wb olsgutz O o s g deiOwap .
&zO0 ftwtsedlsjy Mi th tpiEhd d: REGOBEsiglsh KB Br omma 20!
Vertriebs GmbH, Vienna, Austrial fd y¢< d Oc OtetsL dzgd GJ izt J BWno O
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dLftsdzL o Otk B S WRRN dZIsOyd sdzdzO MdMmMisj d30: Al pha Dig
Biosciences, Inc., Santa Clara, CA, USA

322415 dted SIsdets fJ € Saindgdets O dif)i WidiEBtgj tadgWin yQj dedls dzts
HdHJ LdaLChpEj] siIsd H d

g4 € o J dzd tf ®B8andeny Jd dzL d d3j dz  d3j IstsH LO tsftej Hj dzv dz
fsmdzj Hise Ols j dzdzsMils dzg@ IsOtEjlsj dz EyoOmlsi ¢ sls 11 s.
ojteded ol teak jHdtso jtedy dzO BOtedyO M O diEOEQJdz0
LOY sdg@lsydets Bftej H] dzj des BY Miss,BtcHH L B O tc @2 dgzQuds
b oiziz yO2 dz® tizts Yo O dejizlz s©) My J dzls dztizlz CBddj dMsLd@udRd(2', B dzO dztsL
HdHJj L 5¢ Mdf HzdBajWdd W Ols d, S(sHfH s Adz)  f SL o s deMsedzOIls [z H
cOMmiswh OO D jlcClets Y teloXlsin Bdadson o5 teHztf Of to j t€ jie@IsY & 'OlsiA)
ot OL dzd ydzd | g4 fipg@lsviro nj ) M j MHBPGRAp Of swiisj s ©  dzO | dz
Ther mo Sequetfnadkded]jltddkziOy®o Ols Mmj t©0OL dzdyded {5 HI
J#OCoats dOYyoOds d LOLdduyid St02, tftjH]jdid i
HHl sIasdzzyj dzd s Mtc @®OBHAEZ EsY €240 ] B Eddeg df © dzO € Of
G jjdaizj € Is tc s W tisth)jicL] @ BPle stsdgOIs d yj dz MIJ1800 Fedr@rieds Seneficl w
Analyzer(Applied Biosystemsk Isi f S dilsj L O fftetseo j Y HOdg ss dzO fMmj Co

110dRdztsy O Odzj “Wdz@ | IO tdctgjCavoddg[j dzBCRY sMtc j H ils o s d3

T deL d dgdzsydimise Odzay dzO© dzOwzisy J tzd OGc §J k@ EK 0 SAP. /
Ml €0 J Tt ydmlse Odzy da®ls Ot IsiAg dz@ dzdff s jO dad Wi tff ticEs® Iz @ |
d dimfjydidudd ftesuikztlsd, ¢EHPEOIsBE Qs Gwmdgrd? dd
fisi § €0 Mmj M "jfhsais2d. HPsBEH) M Pz j BL OOdY dzd ¥
d 1 Ol Ex0SAP. 4 dzj% 9 O0nd @Q Iz gnfizg Brdzj¢ tsop@ 53 A j OC yd W |
d zOCIsdo dtcOdzj dZ@ j@L d&dImj ndzO 80

Tuj CojdydsdzdzO toj OCydw, CwwisBi fjj DarigdatorkiiyB.s.w o O M
(Appl i ed Bi osyst emps) sf sdduiljlsdz) B  fzeize Qe d dzlz € dzj ts
W dzlz ts to jdissy j mizlsdzW L Odzed  H d H jsU =i§ Mmiddialz digigts Is ff 6 §f u d Mils j dz0O s
HSBOoawls 0.3 Ol { tcO PP 2 OMfx fifjtLdey)jdazisiiaizjddr BIOW j to,
DyeETerminator v3.1 d BdHjMddzdtcOdz0 stHO Hts
&zO0 M Goazgz@ig®EC ydv | HftojHMmisOoajdz 9 sOBdRZJYO 7
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OBz Y B tsls 3OS df to s 9 JfyHWedg] dzylzos dzdzOIs© toj OC ydw

[ 5Of G Bl 6Ol |t Biles2 Yy
1 OYyOdzdz® H j dzOlsztc Oy 96 C 3d3d dz. 1

[ j &ZOktOydw 96C 20M ] S .
mdetedHdL Oydw dz0 f{ 55<C 20 Mg 30

b d dzls jdetsod@d o j tod ¢ O 60C 2 iqd
StOj dz MddalsjL 60C 7 dd 1

T1tcj EIsOW o Odzy d2O MmJ Swig jday difstelgdag ' of lsc@uidz'S Isip  § Is O dats dz
dz0 dzj Mol toL Odedds!jd3 dbipjC Wrj jsdeyfitEsdzdzOIsO ftesB O Mj HEBB O
&ZzOlstcdj o OyYj Ol MuiiW tcd HRHPJ dpfdB eig O Yytoj L dzj € 5 dz€ |
fdf jIsdtcOdzj . g dzj H sso © My HSB O W 80 Ol MmiskzH j
KjdzZstesW 2edtec® M d&O MsO2dO Isj BfjttOlskzc® L O 15
SlsmistcOdzy 8 © o dzgd B3O Is j dad®C yed.L. I dgeile € dz@lsis) EEOO2 C O f
80% JIsOdzts dz, otstelsy MO My d M4 y Jtfdeldfpds=sisC] tc O
S B j tOlskzteO®. wbkff jtedzOSOdZsOISO M o d3O0OR9 0O yYtejL
Mis 02 dzO0 s j fgYQ tdsO It

71 t5HG Slea®p] X j dzy d s dzdzd] Wdz] f<dstaHEANCHYe jLISA] y dztis dadz @ygzaiige dswi dzj
ftoj ZlsOw o Odgjj slOO BR0EIcMiBi Formamide (Applied Biosystems] ) j
otstels j Cndfjc®O H | ZCGndzOY®Y Jd@S B Oydw mide® dzjez L O
Ml BdtcOdzj dz0O yYywdztslsts S tsdzdyd Mlsots dzO HI detslsts, f tetss
sdzj H Istso O Mg -9 agY € o OdetfidizdC IRIH CFEOBE OBMO dzd L

T IJdLEzOdzd L d tc Odzj ZO tojL zddgd®I3O.{ togi 2Mj COI§ Hzy 5 Gzdzarl
Isj todzsd dfd 81@PH j L SCEMd 2z C dzj BIsdHd MO W dhzktstej Myj dzls dzets
Hylsjd ydvw.j dzydtsdzdzedilsy HOdzdzd My BSBOBESISo Ol O9 IstsdBO
Coll ection Software d MmMj OdzOdzdL qtcOIls f tsMmtcj HMIso 1
Csipsfgdzz yOoa Ols 9 ctlstes oadH HtH WBEdRBOIO dO Jj dzj
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323.[ dlsj tcOlskztedzd ,BOICES lentSsitimtidtf o j H S Iststed

dLisdzLoOdzd © ~"tSHO d&ZO L tOBtSlse Odzj dzO ¢

10 0dzOdzdL dteOdzy dzO MmJ § B gziday ff dzdzdzd Is joj v R dztiz@ s  dzC
Sangertc Oo dz¥v 9 Or &3y tWOL YJjIlsj dzOIsO Mmj S o jdzydw m f k8 dzd &
Browserd GenB&dk¢d cjdzjIsdydzd o9 0OtdOdzasd, Sdlsts BW A (
420 dOfistswh dw HdMmJ tels Oy iy defp gzlf & & @rd Fd@Oy frfted ¢ fiftc GDoo dajtso
COCHict®L dz§ Quzqf H Odzded, ST dNOfzG oo RIC@®L | gesA tedfisd Is §
o 0tcdOdzsd BWA O € dzOfMmd WaPy dntls @dkafi ,O teas@ Us@ tcAGMGI AP jstc] €
LO ddzsjtefftej lsOydw dzO (Richjaddgels af,\R@AB)Is[jM o g Odc (lOTBISA] Is |
ftoso j oW o Odzd ) B@mMADs O2.1.1H @dadegwski et al, 2020)
(https://gnomad.broadinstitute.org)),0 HO M =@ Bl a1 Odzd o© BN OlsC
d ¢0¢a0 J yJ MmistsiB @lyO yd2ady Isdztisfisd I€ jj diAy bsaf m|.dzditssjlicos Otc d O dz
i to J H d SMsitistierdraster Iittps://www.mutationtaster.ofngf Human Splicing Finder3.0
(Desmeetal,2009)L © HO Mj ot Wasdr Pidzdizd Y W f O ts dzgP dzlp Betec 6 j Isdzd Is |
ZO- s SCHsfi dzdzj dedj L O yofpls s dtso ssils € tangsliapls j ¢ j d
BJ dzlsi yj dz ssH j dkphaFdld2fBsatrseb aD,202qd; Jmperet al, 2021) L © H O
feso jtcdd3 HOdZd Bdr O dd&BOdzd o dzdw tzdsiico md d&zIE iz y dadjldjls i
BsHydzd BY- O GJjdgjtedtcOdzed tslIs RoOOMz vkztelskzted ¢ 59 .
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4t ryvfuvodvsRrR R Jarw3r[ o1

{Bhidwl Btets?2 dLMdzjHo Oded ddzHdodHd o} dapPmissw h d
sls 40 IsOtec josjdmd Wdowddig @esd®) 6 j dzj Isd ydzOIls O f ted yd dzO ¢

1 HEY ) dzdziindadfj jH @ @-Ld@ind @ @Y Is ®MmJ ¢ dz@idff BB IAF BOIs d y dz
tesHMise § dzd yd ¢ filrd degl gz o ded3y Is 5 i3AC G bl IstitsholRf) daslO § to§ dz
HgOC desfgls ff$ Of Oyd j dels S Ols O 10Oz § OH t1GDBJO o 2B eafs to 5 H | da
fslsj dyd Odzdzgd ™ jdzH j BJUYjdz tjedtsdz L O OteeddzOL j dz H
sls yv zOO B 8GO dzj Isd ydzOs0 ftedyuddz® L O dzOB dz
fNd Btsls s BOIs O YfCayf]f j208s O .

411 Jotsdzte d yded L OB tsdzW 9 Odzed W

Il ©OkSdlsj dzO ROl d2v sicdkf | BY - 1©0 W« nldaizd o OEx]
fl dej ototsdztsc d ydaff 3 2B ts tigitfly I© aizif tzdf| Is | dzdzks to &3 (39%)fitsds) .
ddeH § CMdedlsj EHBOQdepezB FB3i 6Jdzj sdudzOlO fteduddzO L C
fd i3t Is s df@BIdE @ L I dzjfdR@ ARy jAdglo tetsdztse d ydzd L OB sdz¥ & Od
Gl oyso O Mmddif s 3O)IsES B Rl tedhls®deso drn d3j ¢ j dajds d Y dzO ks
dzOB dz¢ HO9 Oded Is]i ETeBzE3@BI8 MO (tojHMisOs jded o fd Y c
fOydjdesd M dzj otesdzsedyded L OBtsdzw 9 Odzd W, o ¢ dz6 yo O «
ZO0 d&ZOfMkstswh slsts fteskzyso Odzj .
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v OB dzd yfOts dBj: ¢ z-dzY twegets d ydzd H O dzddd dzjdeQc SfBG df judidd d L OB s d
o Cdzt yoOhd ¢l toyso © MdBf ssBOISdEC O, BBjCI dzO dzOMls

RL Y SdzL 9
’ . L M ls O dats 9 sdf d
L 5B 1 s RLf”dzé“_1Of'?JG ¢jdzjsdy 1 dcetlsddc | dzj Isd v dzOfmdzj H ?SdondZd.Lls
esHmbsed cJdl Foriod 5 0tq O Led g
fOydJ dz
1 3 J dzffH 8 OBO te| IRF2BPL pC.G:;IﬁgZ'-I're’zr ~dIsjtets] nonsense de novo NGS
pijgfgﬁ_,’u mjljtes] missense ®02¢ 0
2 |yj defifH o OO t5| NARSL NGS
pc;AngGSSSGAI’n ndlsjtets] missense B Oh O
C.119G>A,
p.Arg40His
HOo OO to d ndIsj tets| missense BO2AC 0O
3 [yjdeffd dzjL Off TPP1 ¢.1375T>G, NGS
nj Miste p-Tyr459Asp
pcfrz;g;:ér ndIsjtets] nonsense BOM O
Ho OBO d302gou'§a'dzdtc
4 | & y9qd dzjLOf ARGL c.320+1G>A | R disL d| splice site 4 San;er
i mists B Oh O
) C.775G>A, - ) 4 Sojdadtg
5 (o {I' Y / ARG1 p.Gly259Ser ~BdtsL d| missense / Sanger
02¢0
. c.1048C>T, - . ®
6 N J dzfiflH 8 OBO te FH p.Arg350Trp A~ sdtsL d| missense NGS
’ B Oh O
B Oh O
7 i gt © OBO Bl peyy ¢-2097dup, T dsL q| frameshift NGS
Ad d H8 O p.lle700TyrfsTerd "
BO2EC 0O
:i?;:;:fo riljtet missense BOh O
. Ho OBO :
8 |4 daf ; 4| PEX6 NGS
d dnd ¢.160_243del, nikis In-frame #O2 ¢ 0
p.Vals4_Leuslde| "¢ °¢ Hj dzjy

[Is ctoczf OO dzO dzgj otetsdzse dydedlsy L OBtsdzV o Odzedvw
11 fOodidfdRdsts ftcd 5 jBENEYGtc®@ABEH) ¢ j dzj IsdydzOlsO { toc
gz quUuwde®B dZdyod 9 MO ftjHMlsOs jded ofMduscd c¢Jdzj sdy
O dzj ototsdztse d ydad Is j L OB sdzW 9 Odad W ff dzgj otesdBzME 2
HdMJ elsOydsdzj dz IstclzH .
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v OB dzd: | B dxg ¢ kz-dzY wegets d U ddf@ jHd@jdidefydzts o jted W dydteOdzdilsy § Oyd.
LOBEBSdZzY 9o OdzdwY M dzjotesdzzmMmEzdzdets L OMW e Odzj, tBJ CIs dzO dzO

RL § t5dzL
. . L fls O dets g sdf d .
L s&| 1 sk ;;:I”fgzé:f “Z?Jd; ¢cidgibd] 1 deslsddej daj s d “dzgflgd“ ?sdoz?gd;‘jLL
9 Otcd Odf 9 Oted O .
! : 1 oud,
Ho ORRO tofg
1 | & yindddwis | MYH? C5746C>T, | o\ | nonsense BON O NGS
. . p.GIn1916Ter
4 LOMmj
®OAC 0O, L ftej v tsd
2 N d dzff Md Miste® ¢ MYH7 ¢.5560-2A>C ndlsjtets] splice site B ON ddg NGS
§ dzj d3j dadd ftesdL n
C.1412A>G, "o . .
. BLTyrA71CYS rndlsdtets missense BO2C O
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