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Supplementary Figure 1 Chromatograms of the frameshift GON4L variant in
family 1

Chromatograms of the GON4L variant [NM_001282860.2:¢.62 63del,
p-(GIn21Argfs*12] in family 1. Boxed bases were deleted.



clustalw.aln

CLUSTAL 2.1 multiple sequence alignment

NP_001269785.1_isod
NP_001269789.1_iso3
NP_001269787.1_isob
NP_001269790.1_isob
NP_116668.4 iso?

NP_001269785.1_isod
MP_001269789.1_iso3
NP 001289787.1 isob
NP_001269790.1_isob
NP_115668.4_isoZ

NP 001269785.1 isod
NP_001269789.1_iso3
NP_001269787.1_isob
NP_001269780.1_isob
NP_115668.4_isoZ

NP_001269785.1_isod
NP_001269789.1_iso3
NP_001269787.1_isob
NP_001269790.1_isob

NP_T15668.4_iso?

NP_001269785.1_isod
NP_001269789.1_iso3
NP_001269787.1_isob
NP_001269780.1_isof

NP_115668.4_isoZ

NP_001269785.1_isod
NP_001269789.1_iso3
NP_001269787.1_isob
NP_001269780.1_isob
NP_116668.4_iso?

NP_001269785.1_isod
NP_001269789.1_iso3
NP_001269787.1_isob
NP_001269790.1_isob
NP_115668.4_isoZ

NP_001269785.1_isod
NP_001269789.1_iso3
NP_001269787.1_isob
NP_001269780.1_isob
NP_115668.4_isoZ

NP_001269785.1_isod
NP_001269789.1_iso3
NP_001269787.1_isob
NP_001269790.1_isob
NP_115668.4_isoZ

NP_001269785.1_isod
NP_001269789.1_iso3
NP_001269787.1_isob
NP_001269780.1_isof
NP_115668.4_isoZ

MLPCKKRRT TV TESLAOHKGNOEENNYDLESAYKPESDOVKDLSSYSLSWDPSHGRYAGFE
MLPCKKRRTTYTESLOHKGNGEENNYDLESAYVKPESDOYKDLSSYSLSHDPSHGRYAGFE
MLPCEKRRTTYTESLOHKGNGEENNYDLESAYKPESDOYKDLSSYSLSWDPSHGRYAGFE
MLPCKKRRTTYTESLOHKGNOEENNYDLESAVKPESDOYKDLSSYSLSWDPSHGRYAGFE
MLPCKKRRT TV TESLOHKGNOEENNYDLESAYKPESDOVKDLSSYSLSWDPSHGRYAGFE

(S SE S LSOO SEI OGSO OETEIOEIESOEIESLEIEIOEIESLEIESEESES OO eSS

YQUSLODAGNGLGMEDT SLSSGMLTGNTNYPTLEGYDYATSGAGI TLPSLESFHPLNIHIGE,
YOSLODAGNOLGMEDTSLSSGMLTCHTHYPTLEGVDYATSQGI TLPSLESFHPLMIHIGK,
YOSLODAGNOLGMEDTSLSSGMLTONTNVPTLEGYDYATSQGI TLPSLESFHPLNIHIGH
YOSLODAGNOLGMEDTSLSSGMLTONTNVPILEGYDYATSQGI TLPSLESFHPLMNIHIGK
YOSLODAGNOLGMEDTSLSSGMLTCNTNYPTLEGYDYATSQGI TLPSLESFHPLNIHIGH,

RS S S E S EESI I G EEIIOFEIISSEEEEEEE TSSO S ESSEEESEEE ST

GKLHATGSKRGRKMTLRPGPYTOEDRCOHL TLKEPF SGEPSEEYKEEGGKPOMNSEGE]
GKLHATGSKRGRKMTLRPGPYTOEDRCOHL TLKEPF SGEPSEEYKEEGGKPOMNSEGE]
GKLHATGSKRGKKMTLRPGFYTOEDRCDHLTLKEPF SGEPSEEYKEEGGKPUMNSEGE]
GKLHATGSKRGKKMTLRPGPYTOEDRCDHLTLKEPFSGEPSEEYKEEGGKPUMNSEGE]
GKLHATGSKRGKKMTLRPGPYTOEDRCOHLTLKEPFSGEPSEEVKEEGGKPUMNSEGET
FHERERE OO OO OO OO OO RO K

SLPSGSASAKPYSOPRKSTUPDYCASPOEKPLRTLFHOPEEE [EDGGLF IPMEEGDNEES
SLPSGSASAKPYSAPRKSTUPDYCASPOEKPLRTLFHOPEEE [EDGGLF IPMEEGDNEES
SLPSGSOSAKPYSOPRKSTOPOYCASPOEKPLRTLFHOPEEE [EDGGLF IPMEECDNEES
SLPSGSASAKPYSOPRKSTOPDYCASPOERPLRTLFHOPEEE [EDGGLF IPMEEQDNEES
SLPSGSASAKPYSOPRKSTOPDYCASPOEKPLRTLFHOPEEE [EDGGLF IPMEEQDNEES

A R A A R OO0

EKRREKKKGTKRKRDGRGOEGTLAYDLKLDOMLDRTLEDGAKGHNL T AYMYRNILHEY]
EKRRKKKKGTKRKROGRGOEGTLAYDLKL DOMLDRTLEDGAKQHML TAYNYRNILHEV
EKRRKKKKGTKRKROGRGOEGTLAYDLKLDOMLDRTLEDGAKQHML TAYNYRNILHEV]
EKRREKKKGTERKRDGRGREGTLAYDLKLDDMLDRTLEDGAKGHNL TAYNYEN LHEV%

¥

P
P
P
P
P
¥

EKRREKKKGTKRKRDGRGOEGTLAYDLKLDOMLDRTLEDGAKCHNL T AYMYRNTLHEY
B S S e P P P eSS S S E e S e

MERYY AMMK 44T SETEDMPMFEPKMTRSKLKEYVEKGYY IPTHN ISP [KKANETKPPQFY
NEHYYAMMK AL T SETEDMPMFEPKMTRSKLKEYVERKGYY IPTHNISP IKKANETKPPQRY
MEHYYAMMK AL T SETEDMPMFEPKMTRSKLKEYVERGYY IPTHNISP IKKANETKPPQRY
NEHYYAMMK AL TSETEDMPMFEPKMTRSKLKEYVERGYY IPTUNISP TKKANE TKPPORY
MNERYY AMMK A4 T SETEDMPMFEPKMTRSKLKEYVEKGYY IPTHN ISP [KKANETKPPQFY
FHERCEEOOOEOC OO OO RO OO OO RO,

HLEEDDSSDEEYGPDDEEEDETAEESLLESDVESTASSPRGAKKSRLRUSSEMTETDE

DI

OIHLEEDDSSDEEYCOPDDEEEDETAEESLLESDVESTASSPRGAKKSRLROSSEMTETDE
B%HLEEDDSSDEEYGPDDEEEDETAEESLLESDVESTASSPRGAKKSRLRGSSEMTETDE
01
X

T
T
T
T
T
*

HLEEDDSSDEEYUPDDEEEDETAEESLLESDYESTASSPRGARK SRLROUSSEMTETDE
HLEEDDSSDEEYOPODEEEDETAEESLLESDYESTASSPRGAKK SRLROSSEMTETDE

S S EESESEEELEESESESEELESECEESECSESSCEEEEESEEESSEEEES S S SSS

ESGILSEAEKVTTPAIRHISAEYVPMGPPPPPKPRATROSTFMEKLHAYDEELASSPYCM
ESGILSEAEKYTTPATRHISAEYYPMGPPPPPRPKUTRDST FMEKLHAYDEELASSPYCM
ESGILSEAEKVTTPAIRHISAEYYPMGPPPPPRPKATRDSTFMEKLHAYDEELASSPYCH
ESGILSEAEKVTTPAIRHISAEYYPMGPPPPPKPKATRDSTFMEKLHAYDEELASSPYCH
ESGILSEAEKVTTPAIRHISAEYYPMGPPPPPKPKATRDSTFMEKLHAYDEELASSPYCH
FHERCEEOOOEOC OO OO RO OO OO RO,

DSFOPMDDSLIAFRTRSKMPLKDYPLGOLEAELGAPD] TPDMYDPNT ADDEDHKMHLGGL
DSFOPMDDSLIAFRTRSKMPLKDYPLGOLEAELGAPD] TPOMYDPNT ADDEDUWKMWLGGL
DSFOPMDDSLIAFRTRSKMPLKDYPLGOLEAELOAPD] TPOMYDPNT ADDEDWKMAWLGGL
DSFOPMDDSLIAFRTRSKMPLKDVPLGOLEAELQAPDI TPOMYDPNT ADDEDWKMNLGGL
DSFUPMDDSLIAFRTRSKMPLKDYPLGOLEAELGARD I TPOMYDPNTADDEDHKMALGGL

AR KRR R RROR SRR R R O O OO O

MNODYGNEDEADDDDDPEYNFLEDLDEPDTEDFRTDRAVRI TEKEVNELMEELFETFCDE
MNDDYGNEDEADDDDDPEYNFLEDLDEPDTEDFRTDRAYRI TEKEVNELMEELFETFCDE
MNDDYGNEDEADDDDDPE YNFLEDLDEPDTEDFRTDRAYRI TKREYNELMEELFETFQDE
MNDDYGNEDEADDDDDPEYNFLEDLDEPDTEDFRTDRAYRI TKKEYNELMEELFETFGDE
MNDDYGNEDEADDDDDPEYNFLEDLDEPDTEDFRTORAYRI THKEYNELMEELFETFQDE
FHERCEEOOOEOC OO OO RO OO OO RO,



NP_001269785.1 _isod
NP_001269789 11 i s03
NP_001269757 .1 i s0b
NP_001269790 .1 i s0b
NP T15668.4_iso?

NP_001269785.1 _isod
NP_001269759 .1 i 03
NP_001269787 .1 i sob
NP_001269790 .1 i s0b
NP T15668.4_iso?

NP_001269785.1 _isod
NP_001269789 11 i s03
NP_001269757 .1 i s0b
NP_001269790 .1 i s0b
NP T15668.4_iso?

NP_001269785.1 _isod
NP_001269759 .1 i 03
NP_001269787 .1 i sob
NP_001269790 .1 i s0b
NP T15668.4_iso?

NP_001269785.1 _isod
NP_001269789 11 i s03
NP_001269757 .1 i s0b
NP_001269790 .1 i s0b
NP T15668.4_iso?

NP_001269785.1 _isod
NP_001269759 .1 i 03
NP_001269787 .1 i sob
NP_001269790 .1 i s0b
NP T15668.4_iso?

NP_001269785.1 _isod
NP_001269789 11 i s03
NP_001269757 .1 i s0b
NP_001269790 .1 i s0b
NP T15668.4_iso?

NP_001269785.1 _isod
NP_001269759 .1 i 03
NP_001269787 .1 i sob
NP_001269790 .1 i s0b
NP T15668.4_iso?

NP_001269785.1 _isod
NP_001269789 11 i s03
NP_001269757 .1 i s0b
NP_001269790 .1 i s0b
NP T15668.4_iso?

NP_001269785.1 _isod
NP_001269759 .1 i 03
NP_001269787 .1 i sob
NP_001269790 .1 i s0b

NP T15668.4_iso?

MGF SMMEDDGPEEEECYAEPRPNFNTPQALRFEEPLANLLNEQHRTVKELFEQLKMKKSS
MGF SMMEDDGPEEEECYAEPRPHNFNTPQALRFEEPLANLLNEQHRTVKELFEQLKMKKSS
MGF SMMEDDGPEEEECYAEPRPNFNTPQALRFEEPLANLLNEQHRTVKELFEQLKMKKSS
MGF SMMEDDGPEEEECYAEPRPHNFNTPQALRFEEPLANLLNEQHRTVKELFEQLKMKKSS
MGFSMMEDDGPEEEECYAEPRPNFNTPQALRFEEPLANLLNEOHRTYKELFEQLEMKKSS
B S T S T P S S S S S e T S S e S P S

AKQLOEVERYKPQSEKVHOTL ILDPACRKRELQOGMACHYALL TQTHLLATCHPNLNPEAT
AKGQLOEVERYKPQSERVHOTL ILDPACRKREL QOGMACHYALL TATHLLATCHNPNLNPEAT
AKQLOEVERYKPQSEKVHOTL ILDPACRKRELQOGMACHYALL TQTHLLATCHPNLNPEAT
AKGQLOEVERYKPQSERVHOTL ILDPACRKREL QOGMACHYALL TATHLLATCHNPNLNPEAT
AKQLOEVERYKPQSEKVHOTL ILDPACRKRELQOOMACHYALL TQTHLLATCHPNLNPEAT
HRK RO OO OO0 RO O OOOE OO RO R0k

TTRIFLKELGTFAQSSTALHHOYNPKFQTLFQPCNLMGAMGOL IEDFSTHYSTDCSPHITY
TTRIFLKELGTFARSSTALHHOYHPKFQTLFOPCHLMGAMOL IEDFSTHYSTDCSPHITY
TTRIFLKELGTFAQSSTALHHOYNPKFQTLFQPCNLMGAMGOL IEDFSTHYSTDCSPHITY
TTRIFLKELGTFARSSTALHHOYHPKFQTLFOPCHLMGAMOL IEDFSTHYSTDCSPHITY
TTRIFLKELGTFARSSTALHHOYNPKFQTLFOPCNLMGAMOL IEDFSTHYSTDCSPHETY
B S T S T P S S S S S e T S S e S P S

KKTAMEFPCLPECYAWTLATSKVEMYPELLPYCSLEAKNPCOK TVETKAEDNLLALGLEH
KKTANEFPCLPKGVAE LATSKVFMYPELLPVCSLKﬁKNPGDK%VFTK&EDNLLALGLKH
I

— i —

KKTAMEFPCLPECYAWTLATSKVEMYPELLPYCSLEAKNPCOK TVETKAEDNLLALGLEH
KETAMEFPCLPEGY AW TLATSKVEMYPELLPYCSLKAKNPCOK IWFTKAEDNLLALGLER
KKTAMEFPCLPECYAWILATSKVFMYPELLPYCSLEAKNPCOK TVFTKAEDHLLALGLEH
HRK RO OO OO0 RO O OOOE OO RO R0k

FEGTEFPNPLISKYLLTCKTAHQLTYR IKNLNMNRAPONT THF YRKTKOLPYLGKCCEE]
FEGTEFPNPLISKYLLTCKTAHQLTYR IKNLNMNRAPONT TKF YKKTKOLPYLGKCCEE]
FEGTEFPNPL SKYLLTCKTﬁHGLTVR%KNLNMNRAPDN%%KFYKKTKGLPVLGKCCEE%

[1 I

— e ——

FEGTEFPNPLISKYLLTCKTAHOLTYRIKNLNMNRAPOM T TKFYRKTHOLPYLGKCCEE
FEGTEFPNPLISKYLLTCKTAHOLTYR IKNLNMNRAPDNT TKFYRKTROLPYLGKCCEE
B S T S T P S S S S S e T S S e S P S

(PHQOWKPPIEREEHRLPFWLKASLPSTQEELRHMADGAREYGNMTGT TEINSDRSLEKDN
(PHQKPP TEREEHRLPFWLKASLPSTOEEL RHMADGAREYGNMTGT TEINSDRSLEKDN
(PHQOWKPPIEREEHRLPFWLKASLPSTQEELRHMADGAREYGNMTGT TEINSDRSLEKDN
(PHQKPP TEREEHRLPFWLKASLPSTOEEL RHMADGAREYGNMTGT TEINSDRSLEKDN
(PHOWKPPIEREEHRLPFWLKASLPSTOEELRHMADGAREYGNMTGTTEINSDRSLEKDN
HRK RO OO OO0 RO O OOOE OO RO R0k

LELGSESRYPLLLPEGYVLELKPYATRFPREARRAKRSSYLIPLL [QPSPSLOPSFMPGK
LELGSESRYPLLLPEGYVLELKPYATRFPREANRAKRSSYLKPLL [QPSPSLOPSFMPGK
LELGSESRYPLLLPEGYVLELKPYATRFPREARRAKRSSYLIPLL [QPSPSLOPSFMPGK
LELGSESRYPLLLPEGYVLELKPYATRFPREANRAKRSSYLKPLL [QPSPSLOPSFMPGK
LELGSESRYPLLLPEGYYLELKPYATRFPREARROKRSSYLKPLL IOPSPSLOPSFMPGK
B S T S T P S S S S S e T S S e S P S

TPARSTHSEAPPSKMYLRIPHPTOPATVLATYPGYPPLGYSGGESFESPAALPAYPPEAR
TPARSTHSE&PPSKMVLR%PHP%GP&TVLQTVPGVPPLGVSGGESFESP&ALP&VPPEAR
[PHPI

TPARSTHSEAPPSKMYLRIPHPTOPATVLATYPGYPPLGYSGGESFESPAALPAYPPEAR
TPARSTHSEAPPSKMYLRIPHPTOPATYLATYPGYPPLGYSGGESFESPALLPAYPPEAR
TPARSTHSEAPPSKMYLRIPHPTOPATYLATYPGYPPLGYSGGESFESPAALPAYPPEAR
HRK RO OO OO0 RO O OOOE OO RO R0k

TSFPLSESQTLLSSAPYPKYMLP SLAPSKFRKPYYRRREP SKRRGYKASPCMIPAPY THHP
TSFPLSESQTLLSSAPYPKYMLPSLAPSKFRKPYYRREPSKRRGYKASPCMKPAPY THHP
TSFPLSESQTLLSSAPYPKYMLP SLAPSKFRKPYYRRREP SKRRGYKASPCMIPAPY THHP
TSFPLSESQTLLSSAPYPKYMLPSLAPSKFRKPYYRREPSKRRGYKASPCMKPAPY THHP
TSFPLSESQTLLSSAPYPKYMLP SLAPSKFRKPYYRRREP SKRRGYKASPCMKPAPY THHP
B S T S T P S S S S S e T S S e S P S

— i ——

ASYIFTYPATTYKIYSLGGGCNMIQOPYNAAYAQSPATIPITTLLYNPTSFPCPLNQSLYA
ASYIFTYPATTYKTYSLGGGONM IQPYNAAYAQSPATIPITTLLYNPTSFPCPLNQSLYA
ASYIFTYPATTYKIYSLGGGCNMIQOPYNAAYAQSPATIPITTLLYNPTSFPCPLNQSLYA
ASYIFTYPATTYKTYSLGGGONM IQPYNAAYAQSPATIPITTLLYNPTSFPCPLNQSLYA
ASYIFTYPATTYKTYSLGGGCNM IOPYNAAYAQSPATIPITTLLYNPTSFPCPLNQSLYA
HRK RO OO OO0 RO O OOOE OO RO R0k



NP_001289785.1_isod
NP_001269789.1_iso3
NP_001289787.1_iscb
NP_001269780.1_isob
NP_11b668.4_iso?

NP_001269785.1_isod
NP_001269739.1 _iso3
NP_001269787.1_isob
NP_001269730.1_isof
NP_115668.4 _isoZ

NP_001289785.1_isod
NP_001269789.1_iso3
NP_001289787.1_iscb
NP_001269780.1_isob
NP_11b668.4_iso?

NP_001269785.1_isod
NP_001269739.1 _iso3
NP_001269787.1_isob
NP_001269730.1_isof
NP_115668.4 _isoZ

NP_001289785.1_isod
NP_001269789.1_iso3
NP_001289787.1_iscb
NP_001269780.1_isob
NP_11b668.4_iso?

NP_001269785.1_isod
NP_001269739.1 _iso3
NP_001269787.1_isob
NP_001269730.1_isof
NP_115668.4 _isoZ

NP_001289785.1_isod
NP_001269789.1_iso3
NP_001289787.1_iscb
NP_001269780.1_isob
NP_11b668.4_iso?

NP_001269785.1_isod
NP_001269739.1 _iso3
NP_001269787.1_isob
NP_001269730.1_isof
NP_115668.4 _isoZ

NP_001289785.1_isod
NP_001269789.1_iso3
NP_001289787.1_iscb
NP_001269780.1_isob
NP_11b668.4_iso?

NP_001269785.1_isod
NP_001269739.1 _iso3
NP_001269787.1_isob
NP_001269730.1_isof
NP_115668.4 _isoZ

SSYSPLIVSGNSYNLPIPSTPEDKAHYNYD T ACAYADGENAF QGLEPKLEPQELSPLSAT
SSYSPLIVSGNSYNLPIPSTPEDKAHYNYD I ACAVADGENAFQGLEPKLEPQELSPLSAT
SSYSPLIYSGNSYNLPIPSTPEDKAHYNVD T ACAYADGENAF QGLEPKLEPOELSPLSAT
SSYSPLIVSGNSYNLPIPSTPEDKAHYNYD I ACAVADGENAFQGLEPKLEPQELSPLSAT
SSYSPLIVSGNSYNLPIPSTPEDKAHYNYD T ACAYADGENAFQGLEPKLEPOELSPLSAT

2SS SSSEEEESSRESEEEESEELEESELEELESSSSEELENSSSELESESLEES S S

YFPKYEHSPGPPLADAECOEGLSENSACRUTYYK TEEGROALEPLPOGIQESLNNPTPGD
YFPKVEHSPGPPLADAECOEGLSEMSACRWTYYK TEEGROALEPLPOGICESLNNPTPGD
YFPKYEHSPGPPLADAECOEGLSENSACRUTYYK TEEGROALEPLPOGIQESLNNPTPGD
YFPKVEHSPGPPLADAECOEGLSEMSACRWTYYK TEEGROALEPLPOGICESLNNPTPGD
YFPKYEHSPGPPLADAECOEGLSENSACRWTVYKTEEGROALEPLPOGIQESLNNPTPGD

RSSO ELESEE RIS P A EL LSS ETIESPELISEE RIS TS TS TS

LEEIVKMEPEEAREE ISGSPERDICDD IKYEHAVELDTGAPSEELSSAGEVTKOTVLCKE
LEE IVKMEPEEAREE [SGSPERDICDD IKVEHAVELDTGAPSEELSSAGEVTKOTYLCKE
LEEIVKMEPEEAREE ISGSPERDICDD IKYEHAVELDTGAPSEELSSAGEVTKOTVLCKE
LEE IVKMEPEEAREE [SGSPERDICDD IKVEHAVELDTGAPSEELSSAGEVTKOTYLCKE
LEEIVKMEPEEAREE ISGSPERDICDD IKYEHAYELDTGAPSEELSSAGEVTKOTVLCKE

2SS SSSEEEESSRESEEEESEELEESELEELESSSSEELENSSSELESESLEES S S

EERSOPTKTPSSSOEPPOEGTSGTDYNKGSSKMALSSMOPEYRLSSPPGKPEDSSSYOGN
EERSOPTKTPSSSOEPPDEGTSGTOYMKGSSKMALSSMOPEYRLSSPPGRPEDSSSVIGE
EERSOPTKTPSSSOEPPOEGTSGTDYNKGSSKMALSSMOPEYRLSSPPGKPEDSSSYOGN
EERSOPTKTPSSSOEPPDEGTSGTOYMKGSSKMALSSMOPEYRLSSPPGRPEDSSSVIGE
EERSOPTKTPSSSOEPPDEGTSGTDYNKGSSKMALSSMOPEYRLSSPPGKPEDSSSYOGN

RSSO ELESEE RIS P A EL LSS ETIESPELISEE RIS TS TS TS

SWGTPYGPETGGEKNGPEEEEEEDFDDL TGDEEDEMSSASEESYLSYPELQETMERLTHL
SVGTPYGPETGGEKNGPEEEEEEDFDOL TODEEDEMSSASEESYLSYPELOETMEKLTHL
SWGTPYGPETGGEKNGPEEEEEEDFDDL TODEEDEMSSASEESYLSYPELOETMEKLTHL
SVGTPYGPETGGEKNGPEEEEEEDFDOL TODEEDEMSSASEESYLSYPELOYRAGEYSQY
SVGTPYGPETGGEKNGPEEEEEEDFDDL TODEEDEMSSASEESYLSYPELOYRAGEY SQV

LS ESSSSSEEEIODELEEEESEELESSELEELESSLEELENISSEESS S S o

ASERRMSQEGESEEENSCUEENSEPEEEEEEEAFGMESLQKEDEMTDEAVGDSAEKPPTFA
ASERRMSOEGESEEENSOEEMSEPEEEEEEEAEGMESL OKEDEMTOEAYGDSAEKPPTFA
é%ERRMSQEGESEEENSGEENSEPEEEEEEEﬁEGMESLGKEDEMTDEﬂUGDSﬂEKPPTFﬂ

FRG

SPETAPEYETSRTPPGES IKALGKGRNNHRARMKRGSRARASKDTSKLLLL YDEDILERD
SPETAPEVETSRTPPGES IKAAGKGRNNHRARMKRGSRARASKDTSKLLLL YDEDILERD
SPETAPEYETSRTPPGES TKALGKGRNNHRARMKRGSRARASKDTSKLLLLYDEDILERD

PLREQKDLAFAQAYLTRYREALOHIPGKYEDFLOYIYEFESSTORRTAVDLYRSLQILLQ
PLRECKDLAF AQAYLTRYREALOHIPGKYEDFLAY IYEFESSTCRRTAYDLYRSLQILLO
PLRECKDLAFAQAYLTRYREALOHIPGKYEDFLOYIYEFESSTORRTAVDLYRSLOILLO

DWPGLLKDFAAFLLPEQALACGLFEEQ@AFEKSRIFLROLETCFAENPSHHOK T TKYLOG
DWPCLLKDFAAFLLPEQAL ACGLFEEQQAFEKSRIFLROLEICFAENPSHHOK T TKYLOG
DWPOLLKDFAAFLLPEQALACGLFEEQOAFEKSRKFLROLETCFAENPSHHOKT TKYLOG
LSNMYHLL ICHLLAC
LSNMYHLLICHLLAC
kX i

CADCLPOEITELKTOMWCLLKGHDHLQDEFS TFFOHLRPAASRMGDFEE INWTEEKEYEF
CADCLPOEITELKTOMWCLLKGHOHLGDEFSTFFOHLRPAASRMGOFEE INWTEEKEYEF
CADCLPOEITELKTOMWCLLKGHDHLQDEFS TFFOHLRPAASRMGDFEE INWTEEKEYEF
CTMDSPKIICI
CTMDSPKIICI

X kDX




NP_001269785.1_isod
NP_001269739.1 _iso3
NP_0012697587.1_isob
NP_001269790.1_isob
NP_115668.4 _isoZ

NP_001269785.1 _isod
NP_001269789.1_iso3
NP_001269757.1 _isab
NP_0012697490.1_isof

NP_115668.4_iso2

NP_001269785.1_isod
NP_001269739.1 _iso3
NP_0012697587.1_isob

NP_001269790.1_i sob
NP_115668.4_isoZ

NP_001289785.1_isod
NP_001269789.1_iso3
NP_001289787.1_isob
NP_001269780.1_isob
NP_116668.4_isoZ

NP_001269785.1_isod
NP_001269739.1 _iso3
NP_0012697587.1_isob
NP_001269790.1_isob
NP_115668.4 _isoZ

NP_001269785.1 _isod
NP_001269789.1_iso3
NP_001269757.1 _isab
NP_0012697490.1_isof

NP_115668.4_iso2

NP_001269785.1_isod
NP_001269739.1 _iso3
NP_0012697587.1_isob
NP_001269790.1_isob
NP_115668.4 _isoZ

NP_001269785.1 _isod
NP_001269789.1_iso3
NP_001269757.1 _isab
NP_0012697490.1_isof

NP_115668.4_iso2

OGFEEYALPOYEEEEEPPK IPTASKENKREKE IGYONHOKETEWPDGAKDCACSCHEGGPD
DGFEEVALPOYEEEEEPPK IPTASKNKRKKE [GYONHOKETEWPDGAKDCACSCHEGGPD
OGFEEYALPOYEEEEEPPK IPTASKNKREKE IGYONHDKETEWPDGAKDCACSCHEGGPD

SKLKKSKRRSCSHCSSKYCDSK SYRSKEPHELYGSSPHREASPMPGAKE AGUGK DMMEEE
SKLKKSKRRSCSHCSSKYCDSK SYRSKEPHEL VGSSPHREASPMPGAK EAGUGK DMMEEE
SKLKRSKRRSCSHCSSKYCDSK SYRSKEPHELYGSSPHREASPMPGAKE AGUGK DMMEEE

APEERESTEATOSRTYRT TRKGEMPYSAGLAVGSTLPSPREVTYTERLLLDGPPPHSPET
APEERESTEATQSRTVRTTRRGEMPY SAGLAVGSTLPSPREYTVTERLLLDGPPPHSPET
APEERESTEATOSRTYRTTRKGEMPYSG-LAVGSTLPSPREVTYTERLLLDGPPPHSPET

PUFPPTTGAYLY TVKRNGYGPEYRSCPKASPRLGKEREGOK AYSESEALMLYWDASETEK
POFPPTTGAYLY TYKRNOVGPEVRSCPKASPRLOKEREGOK AYSESEALMLYWDASETEK
POFPPTTGAYLY TVKRNGVGPEYRSCPKASPRLCKEREGOK AYSESEALMLYWDASETEK

LPGTYEPPASFLSPYSSKTRDAGRRHYSGKPDTOERWLPSSRARVK TRDRTCPYHESPSG
LPGTVEPPASFLSPYSSKTROAGRRHYSGKPDTOERWLPSSRARVKTRORTCPYHESPSG
LPGTYEPPASFLSPYSSKTRDAGRRHYSGKPDTOERWLPSSRARVKTRORTCPYHESPSG

IDTSETSPRAPRGGLAKDSGTCUAKGPEGEQOPRAAEATYCANNSEYSSTGERVVLNTREA
IDTSETSPRAPRGGLAKDSGTOAK GPEGEQOPRAAEATVCANNSEYSSTGEKYVLWTREA
IDTSETSPRAPRGGLAKDSGTCUAK GPEGECOPRAAEATYCANNSEYSSTGERVVLWTREA

ORY [LTMCOEQGACPQTEN T TSQULGNK TPAEYSHRERELMOLFHT ACEASSEDEDDATS
DRV L TMCOEQGACPUTFN T TSOALGMKTPAEYSHRFRELMOLFHT ACEASSEDEDDATS
ORY [LTMCOEQGACPQATFN T TSQULGNK TPAEY SHRFRELMULFHT ACEASSEDEDDATS

TSNADGLSDHGOLLSEEELDE
TSNADGOLSDHGOLLSEEELDE
TSNADGLSDHGOLLSEEELDE

Supplementary Figure 2 GON4L protein alignment by CLUSTALW
Five GON4L protein sequences encoded by each isoform were aligned using

CLUSTALW (https://www.genome.jp/tools-bin/clustalw): NP_001269785.1 encoded

by NM_001282856.2 (transcript variant 4), NP_001269789.1 encoded by
NM_001282860.2 (transcript variant 3), NP_001269787.1 encoded by
NM_001282858.2 (transcript variant 5), NP_001269790.1 encoded by

NM_001282861.2 (transcript variant 6), and NP_115668.4 encoded by NM_032292.6
(transcript variant 2).



Father (ll-1) Mother (111-2)

AAAATCATGATAAGGTATTTTCTTTGTTT AAAATCATGATAAGGTATTTTCTTTGTTT

| |

1 | l

1] i

Affected female (IV-1) Affected male (I1V-2)

AAAATCATGATAAGATATTTTCTTTGTTT AAAATCATGATAAGATATTTTCTTTGTTT

|

Supplementary Figure 3 Chromatograms of the GON4L variant in family 2
The variant (NM_001282860.2:¢.5517+1G>A) is indicated by orange arrows. The
exonic regions are highlighted by light-blue shading.



Rt o

< ™ N > g o

[9AS] YNYW
O 8LOVITPNOO aMey

e s

< ™ o~ - o

[9A3] YNYW
O gLOV/TPNOO dnjeRy

ol

< ™ N b o

[9A8] YNYW
(©  GLOV/IPNOD dAjeRy

VYNQ?O |05JuU0d uewnyH
a)Ao0yna| poo|q |esayduad
uo|0d

auijsajul ||lews

Aeao

shyse}

ajejsosd

sNWA}

uag(ds

sealoued

a|osnw [ejale)s
Asupiy

aosNW [ejo[ays |e1e)
shwAuy) [e}a)

uag|ds |e}a)

yeay |ej9)

Asupiy eja)

J8A1| )3

bun| |eja)

ulelq |eydy

VNQD |05}u0d UBWNH
m.zoov_:m_ poo|q |esayduad
uojod

auisajul |lews

Kieno

a|osnw |es|ays
Asupny

Heay
3JosnwW [e}a|ays |e1a)
snwAuy) |eja)
uaa|ds |ejay
.»_mwc =SB
aupy |eja)
18| [E18)
bunj |eje.
uleiq |ejsy

9 |0JJUOD uBWN
M. %9__:2 poo|q _mhwdatwa
uo|j0d
auijsajul ||lews
Aeno
sisa)
ajejsoud
snwA)
uag|ds
sealoued
ERTIGEENS
Asupny

3JoSNW [B)9[aYS |13}
snwAuy) |eja)
uag|ds |ej8)
eay |e)a)
aupiy |eja)
J9AI| |E}9)
bun| |eje.
ule.q |eja)

Supplementary Figure 4 Human GON4L expression

GON4L expression in human fetal and adult tissues assessed by TagMan assays. Panels a and b show the relative expression covering

short and long isoforms (A: Hs00228595 m1, B: Hs01685033 mH), and Panel ¢ shows the expression specific for long isoforms

(Hs00250331 ml). Expression levels were normalized against ACTB and levels relative to the control are shown.
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Supplementary Figure 5 Growth of Gon4l-knockdown PC12 cells

Numbers of live cells after culture for 5 days are shown. Dots represent data from each
of three independent experiments and bars represent the mean with standard error of the
mean (SEM). ns, not significant. One-way ANOVA followed by Tukey’s multiple

comparison test was used for statistical analysis.



CLUSTAL 2.1 Multiple Sequence Alignments

Sequence 1: gondla XP 003200651.2 1602 aa
Sequence 2: gondlb NP 001188464.1 2055 aa
Sequence 3: GON4L NP 001269789 2241 aa

Sequences (1:2) Aligned. Score: 29.588
Sequences (1:3) Aligned. Score: 28.0275
Sequences (2:3) Aligned. Score: 29.0511

CLUSTAL 2.1 multiple sequence alignment

gond4lb NP 001188464.

gondla XP 003200651.

GON4L NP 001269789

gond4lb NP 001188464.

gondla XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gondla XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

MLPCKKRRTTVTESLQHKGNQEENNVDLESAVKPESDQVKDLSSVSLSWD

PSHGRVAGFEVQSLODAGNQLGMEDTSLSSGMLTONTNVPILEGVDVAIS

———————————————— MGWKRKSSSPEPQPNLVKLPKRESLSRSPSSWKR
—————————————— MDQTRKRRLNNRKPGLSQCKVARAEEPEDISESRDV

QGITLPSLESFHPLNIHIGKGKLHATGSKRGKKMTLRPGPVTQEDRCDHL

*

KASTPSKTKSWTSIQSLSPDRHVDQCNGQEKMSSAGHVEDDSDCIQSSTP
NVTEPAGSN-—-—-——————-—-—-——————————— FSSIRASSPQSDSTSQEQH

TLKEPFSGEPSEEVKEEGGKPOMNSEGEIPSLPSGSQSAKPVSQPRKSTQ

* . . %

VSSPLRSEEDAELGLVITVDEDRCEGEEWLKKRNGVNIKKNGINQTEGETI
AACTQTSEDDAENNLIITFDKE-QAGTRGMGRRKGLRRKKDAINEVEAQQ
PDVCASPQEKPLRTLFHQPEEEIEDGGLFIPMEEQDNEESEKRRKKKKGT

* ... *



gon4lb NP 001188464.

gon4la XP 003200651.

GON4L NP 001269789

gon4lb NP 001188464.

gon4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gondla XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789
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gon4lb NP 001188464.

gon4la XP 003200651.

GON4L NP 001269789

gon4lb NP 001188464.

gon4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gondla XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789
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gon4lb NP 001188464.

gon4la XP 003200651.

GON4L NP 001269789

gon4lb NP 001188464.

gon4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gondla XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789
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gon4lb NP 001188464.

gon4la XP 003200651.

GON4L NP 001269789

gon4lb NP 001188464.

gon4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gondla XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789
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gon4lb NP 001188464.

gon4la XP 003200651.

GON4L NP 001269789

gon4lb NP 001188464.

gon4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gondla XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789

gond4lb NP 001188464.

gond4la XP 003200651.

GON4L_NP_ 001269789
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Supplementary Figure 6 Protein sequence alignment of GON4L and Gon4la/b

This alignment was analyzed with Clustal W (https://www.genome.jp/tools-bin/clustalw).
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Supplementary Figure 7 gon4lb antisense morpholino oligo knockdown and rescue
in zebrafish embryos at 50 hpf

(a—d) Representative images of eye size, head size, and body length of 50-hpf zebrafish
embryos injected with a standard control morpholino oligo (a, c) or a gon4lb morpholino
oligo (b, d). The green and red lines in panels a and b delineate the contour of the head
and eye, respectively, and red lines in panels ¢ and d indicate the position for measuring
the body axis. For head and eye size, uninjected wild-type: n=28, control MO: n=16,
human GON4L mRNA: n=16, gon4lb MO: n=26, and gon4/b + human GON4L mRNA
(rescue): n=20. For body length, uninjected wild-type: n=33, control MO: n = 28, human
GON4L mRNA: n = 34, gon4lb MO: n = 30, and gon4lb MO + rescue: n=28. All images
presented in a-d are dorsal views, with the anterior surface at the top. (e-g) Quantitative
data showing eye size (e), head size (f), and body length (g). gon4/b-knockdown
morphants showed reductions in eye size (26%), head size (26%), and body length (35%)
compared with uninjected embryos, while embryos injected with the standard control MO
did not display any abnormal changes. Co-injection of human GON4L mRNA and gon41b

MO into embryos restored eye size, head size, and body length. (h) Representative images



of wholemount zebrafish embryos immunostained with a HuC/HuD monoclonal antibody
at 50 hpf. Images presented in h are ventral views, with the anterior side at the top. (i)
Quantitative data showing the HuC/HuD-positive area of 50-hpf embryos (uninjected
wild-type: n=29, control MO: n=18, human GON4L mRNA: n=20, gon4lb MO: n=16,
and gon4lb MO + rescue: n=16). This phenotype was rescued by injection of human
GON4L mRNA (a 30% recovery compared with the gon4/b MO group, p = 0.003).
Furthermore, injection of human GON4L mRNA into zebrafish embryos did not result in
any specific changes in brain area compared with uninjected embryos. Scale bar: 50 um
(a, b, h), 200 pm (c, d). Data are shown as the mean +£ SEM; *p <0.05, §§p < 0.01, ***p
<0.001, ****p <0.0001, §§§§p < 0.0001 using one-way ANOVA with post hoc Tukey’s

test.
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Supplementary Figure 8 Antisense morpholino oligo knockdown of gon4lb causes
cell death in the brain and eye of zebrafish embryos at 50-hpf.

(a—e) Representative images of 50-hpf zebrafish embryos stained with Acridine Orange,
where (a) is uninjected wild-type, (b) is injected with control morpholino oligo (MO), (c)
is injected with human GON4L mRNA, (d) is injected with gon4/b MO, and (e) is co-
injected with gon4lb MO and human GON4L mRNA for rescue. All images are dorsal
views with the anterior aspect to the left. (f) Quantitative data of the number of Acridine
Orange-positive cells in the head region of 50-hpf zebrafish embryos. Sample numbers
are as follows: uninjected wild-type (n = 10), control MO (n = 10), human GON4L mRNA
(n=12), gon4lb MO (n = 11), and gon4lb+human GON4L mRNA (n=11). Data are shown
as the mean + SEM; ****p <(0.0001; §§§§p < 0.0001 using one-way analysis of variance
(ANOVA) with post hoc Tukey’s test.
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Supplementary Figure 9 Predicted mRNA and protein sequences of the zebrafish
gon4lb-knockout allele

Left and right panels show wild-type and knockout sequences and encoded amino acid
residues of the first part of the cDNA sequence of zebrafish gon4lb (NM_001201535).
The red heighted region is the CRISPR/Cas9 knockout target region. The blue box
indicates the 13 bp deletion (¢.60 72del). The premature stop codon in the knockout allele

is represented as a dot within a boxed region in the right panel.
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Supplementary Figure 10 gon4lb”- zebrafish embryos show increased cell death in
the brain and eye, which is rescued by human GON4L mRNA co-injection.

(a—d) Representative images of 50-hpf zebrafish embryos from the gon4/b-knockout line
stained with Acridine Orange: (a) gon4lb™", (b) gon4lb™", (c) gon4lb”", and (d) gon4lb™
embryos injected with human GON4L mRNA. All images are dorsal views with the
anterior aspect to the left. (¢) Quantitative data show the number of Acridine Orange-
positive cells in the head region of 50-hpf zebrafish embryos from the gon4/b-knockout
line. Sample numbers are as follows: gon4lb™" (n = 10), gon4lb™" (n=11), gon4lb™" (n=
11), and gon4lb™~ embryos injected with human GON4L mRNA (n=13). Data are shown
as the mean = SEM; *p < 0.05; ****p <0.0001, §§§§p < 0.0001 using one-way ANOVA
with post hoc Tukey’s test.
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Supplementary Figure 11 gon4lb antisense MO knockdown causes abnormal
craniofacial development

(a) Representative images of head cartilage from 5-dpf zebrafish embryos stained with
Alcian blue and Alizarin Red (10 embryos each). All images are ventral views, with the
anterior aspect at the top. Scale bar: 100 um. (b,c) Quantitative data show the angle of
four different mineralized craniofacial bone elements (b) and the length of six different
mineralized craniofacial bone elements (c¢) from 5-dpf zebrafish embryos. Data are shown
as the mean + SEM; *p <0.05; **p <0.01; ***p <0.001; ****p <0.0001 using two-way
ANOVA with Tukey’s multiple comparisons test (o = 0.05).
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Supplementary Figure 12 Left-right heart displacement induced by gon4Ilb gene
knockout
(a-c) Representative images of heart positioning in zebrafish embryos at 48 hpf under
light microscopy. Most embryos of gon4lb**(a) and gon4lb™(b) genotypes exhibit
normal left-sided heart positioning. A subset of gon4/b”(c) embryos display abnormal
right-sided heart positioning as indicated by a red arrow. The boundaries of the atrium
and ventricle are outlined with white and black dashed lines, respectively. All images are
ventral views with anterior at the top. Scale bar: 100 um. Abbreviations: (A) atrium, (V)
ventricle. (d) Percentage of embryos exhibiting left-right heart displacement anomalies at
48 hpf. Sample sizes are gon4lb™" (n=14), gon4lb™" (n=13), gon4lb”~ (n=15). Data are
presented as mean = SEM; ns, not significant; **p < 0.01; analyzed using one-way
analysis of variance (ANOVA) with Tukey's post hoc test.
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Supplementary Figure 13 Left-right liver displacement induced by gon4lb gene
knockout

(a-f) Representative images of liver positioning in zebrafish embryos at 5 dpfunder light
microscopy, shown in left lateral views (a-c) and right lateral views (d-f). In most embryos
of gon4lb™™" (a and d) and gon4lb™" (b and e) genotypes, the left lobe of the liver is
significantly larger than the right lobe; however, in a subset of gon4lb” (c and f) embryos,
the right liver lobe is observed to be larger than or equal to the left lobe. The liver
boundaries are delineated by black and white dashed lines in left (a-c) and right (d-f)
lateral views. Liver is not observed in left lateral view of panel c. All images are lateral
views, with anterior to the left in (a-c) and anterior to the right in (d-f). Scale bar: 100 pm.
(G) Percentage of embryos displaying abnormal right lobe equal to or larger than the left
lobe at 5 dpf. Sample sizes are gondlb™" (n=31), gon4lb*" (n=26), gon4lb”" (n=19). Data
are presented as mean £ SEM; ns, not significant; ***p <0.001; analyzed using one-way

analysis of variance (ANOVA) with Tukey's post hoc test.
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Supplementary Figure 14 Human GON4L expression in GTEx portal

Isoform-specific expression of human GON4L in all tissues (upper panel) and brain cortex (lower panel) is shown. Isoforms were annotated
using Ensembl. The isoforms boxed with pink and blue lines correspond to long and short isoforms based on the coding protein length,
respectively. Among them, ENST00000368331.5 is equivalent to one of three long isoforms NM_001262860.2.
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Supplementary Figure 15 Uncropped blots of Western blotting showing Gon4I-
knockdown efficiencies in PC12 cells

Uncropped blots from Figure. 3C. Representative blot images were shown (three
independent experiments). Colorimetric and chemiluminescent images were detected
and merged with a ChemiDoc Touch imaging system (BioRad).



Supplementary Table 1 GON4L-related facial characteristics and other features

Patient 1 Patient2  Patient3  Sum

w

Facial asymmetry* - + +
Long face +
High forehead +
Thick eyebrows -
Downslanted palpebral fissures +
Strabismus NA
Broad nasal root -
Broad nose -
Beaked tip + -
Bulbous tip - +
Deviated nasal septum - + +
Prominent cheek - + (left) + (right)
Short philtrum - + -
Long and prominent philtrum -
Broad chin -
Pointed chin +
Low-set ears -
Folded helix -
Situs inversus totalis -

+ + + + 4+ + + +
+ 4+ + + + + +

+ + + 0 4+
+ + + + 0+
NNPNDNEFEPEFRPENNENNDNNDNODNDWOW

NA: Not assessed

*except for eyes



