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INTRODUCTION

Leber Congenital Amaurosis (LCA, MIM[204000]) was first described as a congenital type of retinitis
pigmentosa (RP). Approximately 20% of all blind children are thought to suffer from this disease. Phenotypic

reported, based on the presence or absence of photophobia, night blindness, hyperopia, macular/peripheral retinal
abnormalities and measurable visual acuity (Hanein et al., 2004; Hanein et al., 2006). LCA displays variable

CRX (Freund et al., 1998), AIPLI (Sohocki et al., 2000a), RPGRIP1 (Dryja et al., 2001), CRBI (den Hollander et \ N

RD3 (Friedman et al., 2006), LCAS5 (den Hollander et al., 2007) and SPATA7 (Wang et al., 2009), with the
involvement of TULPI (Hagstrom et al., 1998) and LRAT (Thompson et al., 2001) under debate. Mutations jn

these genes account for =70% of all LCA cases. Several of them are also implicated in other retinal dystrophies: -

w_ T o T T mEEETs M IV o= oY Y Yy oD YR SR

CRBI, RPE65, RDHI2 and SPATA7 are associated with both LCA and early-onset yetinal dystrophy (EORD), Y. ( Deleted: . LcA9 (Keen,etal., 2003)

N
NN {Deleted: loci
N
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which often overlap (Gu et al., 1997; den Hollander et al., 1999; Janecke et al., 2004; Wang et al., 2009).
Several subtypes of LCA can be considered part of the ciliopathies, as four disease genes — TULPI, RPGRIPI

genes may cause a broad phenotypic spectrum. One of the best examples is CEP290, the most frequently mutated
gene in the western European LCA population. In addition to LCA, CEP290 is associated with Joubert syndrome
JS, MIM[213300]), Senior-Loken syndrome (SLS, MIM[266900]), Meckel-Griiber syndrome (MKS,
MIM[249000]) and Bardet-Biedl syndrome (BBS, MIM[209900]); a range of clinically and genetically
heterogeneous ciliopathies (Sayer et al., 2006; Valente et al., 2006b; Baala et al., 2007; Brancati et al., 2007; Helou
et al., 2007; Leitch et al., 2008). Recent studies suggest that modifiers may play a role in the pathogenesis of
ciliopathies (Leitch et al., 2008; Khanna et al., 2009; Louie et al., 2010).

Establishing a molecular diagnosis for LCA is not only important in the context of genetic counselling and
clinical prognosis, but is also essential in view of future gene therapy. Recent Phase I clinical trials for RPE6S

et al., 2008; Hauswirth et al., 2008; Maguire et al., 2008; Cideciyan et al., 2009; Maguire et al., 2009). As such "\

therapies are likely to be gene-specific, the development of robust clinical testing and efforts toward gene
identification are of utmost importance.

Current diagnostic testing for LCA generally involves chip analysis that contains known mutations in the
known LCA and EORD genes (Asper Ophthalmics, Estonia). Depending on the population, causal mutations are
found in approximately 55% of all cases (Yzer et al., 2006). Only a limited number of laboratories subsequently
screen an additional number of genes (Stone, 2007; den Hollander et al., 2008).

This study includes an extensive genetic survey in order to identify the molecular cause in 91 LCA probands

patients carrying mutation(s), and the AHII gene was screened for modifier alleles of CEP290-related disease, |- contributions to LCA in the population

MATERIALS AND METHODS

Patients

ophthalmologist and/or geneticist, mainly associated with the University Hospitals of Ghent, Leuven or Brussels.

******* -~

Eleven probands are born from a consanguineous marriage. The inclusion criteria for LCA were bilateral visual
loss before the age of 6 months accompanied by nystagmus and an undetectable or significantly reduced ERG.

John Wiley & Sons, Inc.
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Twelve patients presented with additional mental retardation and/or autistic behaviour. For 18 patients with an - [ Deleted: of the LCA ]
available Magnetic Resonance Imaging (MRI), the absence of a molar tooth sign (MTS) excluded the diagnosis of - \[ Deleted: all J
JS. In addition, genotyping was performed on 11 probands with FORD, (disease diagnosed beyond the first six_ - -
months of life but before the age of three) and 13 with a retinal dystrophy in the context of JS (LCA-JS), SLSor -« \{ Deleted: carly-onset retinal dystrophy ( J
cerebello-oculo-renal syndrome (CORS). These patients were not included during calculations of gene-specific ‘[Deleted:, J
contributions in isolated LCA. Genomic DNA and RNA were extracted from leukocytes using the Puregene DNA
isolation kit (Gentra, Minneapolis, USA) and the RNeasy Mini kit (Qiagen) respectively, followed by cDNA
synthesis with the iScript cDNA Synthesis kit (Bio-Rad). If available, parents and/or siblings were also genotyped.
Seven of the patients were reported previously (Yzer et al., 2006; Brancati et al., 2007; Perrault et al., 2007), _ _ - [ Deleted: (Table 1) J
Patient notation was performed according to their clinical diagnosis (prefixes LCA, SLS, LCA-JS, CORS and
EORD), with consecutive numbering in the order of the genes involved.
Genotyping

As a pre-screening method, all patients with either isolated LCA or EORD were analysed with a microarray
containing 344 to 641 mutations in 8 (GUCY2D, CRX, RPE65, CRBI, RPGRIP1, AIPLI, LRAT and MERTK) to 13
(addition of TULPI, LCAS5, RDHI2, CEP290 and SPATA7) LCA and EORD genes (LCA chip Versions 2004- __ - { Deleted: early-onset RP
2009; Asper Ophthalmics, Estonia)_(http://www.asperbio.com)(Zernant et al., 2005). Each of the mutations found
by the LCA chip was subsequently confirmed through Sanger sequencing. In case of a heterozygous mutation, the _ _ - { Deleted: sequencing was performed of
woding gxons and intron-exon boundaries of the involved gene were sequenced. . _______________ - { Deleted: whole

Patients in whom no mutations were identified after LCA chip analysis were analysed through sequencing of all_ "~ { Deleted: roni
coding exons and intron-exon boundaries of CEP290, CRBI, RPE65, GUCY2D, AIPLI and CRX, the first five >~ _ : fegion
genes peing the most frequently mutated jn LCA, At the time the LCA chip did not yet include CEP290 variants, \ Deleted: Sanger

stepwise targeted mutation analysis was performed prior to sequencing of the total coding region. We initially * \i\\ Deleted

1 the following genes:

screened for the frequent c.2991+1655A>G mutation followed by four additional mutations: c.4723A>T

N
W {Deleted: .
\

(p.Lys1575X), ¢.5587-1G>C (splice site), c.5163del (p.Thr1722GInfsX2) and c¢.3310-1_3310delinsAA (splice "'

site). The first three mutations occurred multiple times in a previous study (Perrault et al., 2007); the latter was \zz\\\{ Deleted: T
found in three patients with a heterozygous ¢.2991+1655A>G mutation in our population. CEP290 was also \\\{ Deleted: are
screened at cDNA level in patients with only a single mutation in CEP290. To this end, cDNA screening psing 16 { Deleted: genes
overlapping primer sets_was optimized. Four patients with CEP290-related LCA who presented with mental ‘{ Deleted: CRX
retardation, two patients with SLS, pne patient with CORS and one patient with LCA-JS underwent sequencing of '\ :
the AHI! gene. For |3 patients with SLS/LCA-JS/CORS, molecular testing of CEP290 was requested. Supp. Table '\ \\{ Deleted: who
S1 includes all primer sequences used in this study., ' \\\\\\\ \\{ Deleted: carried
) " \:\\\ { Deleted: was analyzed
Mutation nomenclature o { Deleted:
Mutation nomenclature uses numbering with the A of the initiation codon ATG as +1 ‘\\\\\\ =
(www.hgvs.org/mutnomen), based on the following RefSeqs: NM_201253.1 (CRBI), NM_000329.2 (RPE65), ' \{ Deleted: and
NM_000180.3 (GUCY2D), NM_014336.3 (AIPLI), NM_0005544 (CRX), NM_025114.3 (CEP290), " | Deleted: Sanger
NM_152443.2 (RDH12), NM_020366.3 (RPGRIPI) and NM_001134831.1 (AHII) \ { Deleted: 12

(http://www.ncbi.nlm.nih.gov/nuccore). All mutations and variants found in CEP290 were submitted to the Locus-
Specific Mutation Database CEP290base (http://medgen.ugent.be/cep290base) (Coppieters et al., 2010). {

Deleted:
this study are available on request.

All primer sequences used in

o A JU U A U G A 0

Evaluation of sequence changes
The presence of all mutations was confirmed on a second PCR product. Segregation analysis of disease alleles

- { Deleted:

170 ]

was used as a control panel. Thorough bio-informatic evaluation of novel variants was done using Alamut software
(v.1.5). Variants were designated as “unclassified variant (UV)” if no consensus was seen in all prediction

- { Deleted:

(Table 1) ]

- { Deleted:

identifying J

comprising data on visual function, retinal appearance and associated (extra-) ocular features. When possible,
ERG, fundus pictures, autofluorescence (AF) images and optical coherence tomography (OCT) were obtained. In
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case of CEP290-related LCA, neurological (MRI) and nephrological data (kidney ultrasound [US], urinary and
blood parameters) were obtained and evaluated.

RESULTS

Mutation screening strategy of known LCA genes

compound heterozygous variants in one gene were each found in 13 patients; a single heterozygous variant was -
identified in 17 individuals. In addition, variants within two distinct genes were found in four patients. JThe -

Deleted: ....In three of them, two
heterozygous variants were detected in
two genes, respectively. The other one
carried a homozygous variant in one gene
together with a heterozygous variant in
another gene. [1]

Deleted: For one patient, t...the
mutation .. [2]

mutation_in A/PLI (LCA chip version 2006) could not be confirmed in LCA-23. Instead, a heterozygous c.111C>T |

(p.=) variant was identified on the same nucleotide position. This miscall has previously been described ‘
(Henderson et al., 2007). In addition, gubsequent sequencing of GUCY2D in LCA-51 revealed a heterozygous
c.389del mutation that was not detected on the LCA chip. The variants c.2101C>T (p.Pro701Ser) (GUCY2D),
¢.3341A>G (p.Aspl114Gly) (RPGRIPI) (Vallespin et al., 2007a), c.286G>A p.Val96lle (AIPLI) (Yzer et al.,
2006) and c.1301C>T (p.Ala434Val) (RPE65) (Morimura et al, 1998) have already been geported as

polymorphisms and were therefore discarded as mutations. Moreover, identification of the GUCY2D piPr0701Ser RN

{ Deleted: on the LCA chip

Deleted: (..., CRBI p.Glul330X)... of
the LCA chip [3]

| Deleted: onthe LCA chip...dir("_ 74

-

variant in a homozygous state in both healthy parents from an LCA patient further supported its non-pathogenic " { Deleted: considered ... using LCA chip
nature. After the exclusion of these polymorphisms, variants were assigned to be mutations in 45 patients (39 LCA analysis ... [5]
and 6 EORD),

Secondly, all patients with a heterozygous mutation identified through chip analysis were subjected to screening 7[ Deleted: As a second step...complete
a ...analysis ...Sanger ... [6]

of the relevant gene. In addition, all patients with pegative chip yesults underwent sequencing of 6 LCA genes. In
the following sections, the molecular results are discussed in detail for each of the genes.

CEP290. CEP290 was found to be the most frequently mutated gene in our cohort, accounting for 30% (27/91) | ~ — 7 Deleted: LCA ...all ... in the entire
of cases with isolated LCA (Table 1). Since the LCA chip did not contain CEP290 variants at the onset of this LCA cohort....identified in CEP290-
study, only a fraction of currently known mutations were detected using this technique. The ¢.2991+1655A>G, related LCA - [7]

c.4723A>T (p.Lys1575X) and ¢.3310-1_3310delinsAA mutations were the most recurrent, with gene-specific
allele frequencies of 49%, 11% and 6%, respectively. Similar to previous studies, most of the mutations are either
nonsense, frameshift og, splice site mutations. Only two missense variants were identified, of which the pathogenic | _ - { Deleted: , to a lesser extent,

effect is currently uncertain (p.Alal566Prq,and p.Leul694Pro) (Supp. Table S2). Overall, 13 novel CEP290 /{Deleted: LCA25 . LC AQW
mutations were identified o cause LCA, The complex allele ¢.3310-1_3310delinsAA has a predicted effect on [~ leted:
splicing, which was confirmed by cDNA analysis (data not shown). The silent c.1824G>A change affects the last ™~ _ Deleted: Table 2...that (...[9] j

nucleotide of exon 18 and was also predicted to alter splicing (data not shown). '| Deleted: : six frameshift mutations,
three nonsense mutations, four splice site

77777 mutations and the two novel missense

disorders, we analysed 13 additional probands suffering from LCA-JS, SLS or CORS. CEP290 harbored mutations variants

/

in seven of .them (..T able 1). Six probands carried known mutations, whereas a novel p.Thr2457AlafsX27 mutation b Deleted: scveral ...throe SLS. three
segregated yn family [l CA-JS-2, LCA-JS and one CORS...Five
Sequencing of the entire coding region did not reveal a second mutation in LCA-27, while the pathogenic effect harboured ...in one family, ...with the
of one variant was uncertain in LCA-25 and LCA-26, Subsequent cDNA screening jn LCA-25 and LCA-27 was x disease ...(...) ... [10]
normal, thereby making deep intronic splice site mutations or large exon deletions/duplications very unlikely. No Deleted: In two patients, s...(... and
RNA was available for LCA-26. LCA-JS-3)...in two other patients,

)een e three of these patients [~ [11]

CRBI. Mutations in CRBI were found in 15 families with LCA (16%) and 5 families with EORD (Table 1).
The LCA chip allowed the identification of a homozygous or compound heterozygous CRBI mutation in 15
probands (12 LCA and 3 EORD), and a heterozygous CRBI mutation in 3 patients. Sequencing of the whole
coding region of CRBI in the latter revealed a known and novel mutation, respectively (LCA-29, p.GIn362X_and

Table S2). Sequencing of the fotal coding region identified compound heterozygous mutations in two additional

Deleted: ), a novel mutation (...Table
2...whole ... [12]
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probands. In one of them, CRBI screening was exceptionally performed without prior LCA chip analysis, given
clear clinical indications for a CRBI-related phenotype (EORD-2). Indeed, this patient was compound

- [ Deleted:

Cys948Trp

disrupt a disulfide bridge (Supp. Table S2). In addition, two sisters with LCA carried two novel frameshift ~{Deleted

: Table 2

mutations (LCA-41). As previously described, the p.Lys801X and p.Cys948Tyr mutations were most frequent,
showing gene-specific allele frequencies in the LCA cohort of 27% and 23%, respectively.

RPEG5. Eight cases with LCA showed mutations in RPE65 (9%) (Table 1). LCA chip analysis identified a

S

i two probands (

addition, a heterozygous mutation was detected in four patients through LCA chip analysis. Sequencing of RPE6S "\ ~ \[ Deleted:
O\~ .

-

in these individuals identified three novel mutations and the known p.Phe530LeufsX40 mutation which was not \ *~
yet present on the LCA chip at the time (LCA-48). Although the evidence for a pathogenic nature of the novel

AN \\{ Deleted:

one patient (

mutation p.Trp331dup is not conclusive, segregation in patient LCA45a, her affected aunt LCA45b and her \\\{ Deleted:

-

(healthy) parents sustains a causal role. The two other novel mutations result in a frameshift (LCA-46 and LCA-

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —

S { Deleted:

the whole coding region

iR \\ { Deleted:

both healthy

mutations found in LCA-46 could only confirm segregation of p.Leu341Ser in the mother, suggesting that “\_

N \\ { Deleted:

of LCA45a strongly suggests

p-Ser121LeufsX6 pccurred de novo (paternity confirmed). AN { Deleted:

whole

A N
NN { Deleted:
\ \

Table 2

o 0

GUCY2D. Mutations in GUCY2D were found in seven probands with LCA (8%) (Table 1). Five of them were |
identified with GUCY2D mutations using the LCA chip. One was homozygous for p.Phe565Ser (LCA-52), while '\

\
heterozygous for p.Phe565Ser (LCA-54) and the novel missense change p.Lys866Asn (LCA-55), respectively 1", '\ 2009).

Deleted:

Patients LCA-47 and LCA-49
were included in a recent Phase I gene
therapy clinical trial (Maguire, et al.,

: mutation
identified in the mother of an LCA patient (Koenekoop et al., 2002). However, o second mutation was found. \\\\‘\ {Deleted: was
JLCA-56 was compound heterozygous for the povel missense changes,p.Glu196Val and p.Pro711Leu (Supp. Table " '
S2). In addition, a novel splice site mutation was identified in LCA-51 (c.2577-2A>C). A ‘\\\\\ \\\\{ Deleted: of them
%\ \\\\\\ \\f Deleted: the
AIPLI. Only two distinct AIPLI variants were detected through LCA chip analysis in five LCA patients (5%) \\\\\\\\ \1\\\ { Deleted: mutation
(Table 1). The p.Trp278X mutation occurred homozygously in four probands (LCA-58 to LCA-61). In addition, a ', \\‘\i\ \\\\\{ Deleted: Table 2
heterozygous p.Thrl14lle variant was found in proband LCA-62. Direct sequencing of the AIPLI gene identified ' \\\::\\\ .
the known variant p.Pro376Ser (missing signal on LCA chip). Segregation analysis in the parents, however, \\\\\\\\{ Deleted: a
revealed a cis-allelic inheritance from the mother. No further mutations were detected following additional \\ \\\\\\‘\{ Deleted: not
sequencing of AIPLI in other patients. \ ‘\\ \\{ Deleted: Patient
I e .
CRX. LCA chip analysis identified 2 CRX missense variants in two LCA patients (Table 1). The p.Tyr142Cys \\\\\\{ Deleted: following
variant was previously described as a mutation (Vallespin et al., 2007a). Stone and colleagues, however, \\{ Deleted: :
considered this variant as a polymorphism based on the estimate of pathogenic probability and the identification of \\{ Deleted: Table 2
this variant in a patient with two disease-causing alleles_in another LCA gene (Stone, 2007) (LCA-63). The  *\ { peleted: in the AIPLI genc
pathogenicity of the second variant p.Val242Met also remains unclear (LCA-64) (Swain et al., 1997; Rivolta et al., ~_ \{ Deteted: with LCA
2001; Chen et al., 2002). Given their uncertain pathogenic potential, both variants were discarded as mutations for AN .
further calculations. { Deleted: properly segregating
RDH12. Mutation screening of RDHI2 was performed downstream of LCA chip gesults involving this gene. A __ - ‘[ Deleted: in the context
heterozygous p.Ala269GlyfsX2 mutation was identified in two probands with EORD. Subsequent sequencing = \‘[Deleted: analysis
RDHI2 identified an additional novel missense change in both patients, p.Val233Asp (EORD-6) and p.Ser175Leu_ . { Deleted: diec
(EORD-7) respectively (Supp. Table S2). According to UniProt, the Ser175 residue might be a substrate binding ™~ .
site (http://www.uniprot.org/uniprot/Q96NRS). A known mutation located in the same codon, p.Ser175Pro, lacks ~_ ‘[Deleted: of the total coding region
the ability to catalyze the reduction of retinaldehyde to retinol in vitro (Lee et al., 2007). In addition, a N \[ Deleted: Table 2
homozygous p.Ala269GlyfsX2 mutation was identified in patient EORD-8, for which RDHI2 sequencing was
performed prior to LCA-chip analysis (uponrequest). - { Deleted: exceptionally

) WU U o 0 0 G A A 0
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1
2 RPGRIPI. Similarly, screening of RPGRIPI was performed in the context of LCA chip analysis. In one LCA | _ - { Deleted: As for RDH!2, mutation
3 patient, a heterozygous mutation was identified, Sequencing of RPGRIPI, however, did not identify a second | _ { Deleted: (1%)
4 mutation (LCA-65). \\\‘[D T— -
5 eleted: the total co 1ng region
6 Mutations in multiple LCA genes. For the assessment of the potential involvement of a second gene in LCA,
7 only variants with significant pathogenic potential were faken into account (see above). Two patients yvfitllil/z{Deleted: considered
CEP290-related LCA displayed a heterozygous mutation in another LCA gene: LCA-16 was heterozygous for the
8 play yg g yg
known p.Arg85Cys mutation in RPE65, while LCA-20 carried the common p.Lys801X mutation in CRBI.
9
10 Identification of potential modifier alleles in the AHI1 gene
11 The AHII gene was sequenced as a candidate modifier gene in eight patients with CEP290-related LCA who
12 presented with mental retardation. Four of them were diagnosed with LCA (LCA-3, LCA-20, LCA-23 and LCA-
13 24); two patients also suffered from NPHP (SLS-2 and SLS-3) and in two other cases, the LCA phenotype was
14 part of a JS diagnosis (CORS-1 and LCA-JS-3). A MTS was absent on brain imaging in two isolated patients with
15 LCA (no data were available for LCA-20, LCA-24, SLS-2 and SLS-3).
16 A heterozygous novel AHII p.Asn811Lys mutation was found in the most severely affected patient CORS-1,
17 out of three patients with the same CEP290 genotype but different neurological involvement (SLS-2, SLS-3 and
CORS-1). Moreover, AHII screening in the five remaining patients revealed a second heterozygous missense
18 variant, p.His758Pro, in LCA-3. Conservation and in silico predictions for both changes suggest a possible effect
19 on protein structure/function (Supp. Table S2). Interestingly, exonic splicing enhancer (ESE) predictions point to a
20 change in ESEs for both variants (data not shown). Moreover, both changes are located in a conserved WD-40
21 repeat (http://www .uniprot.org/uniprot/Q8N157) and were absent in > 340 Belgian control individuals. l - - { Deleted: 170
22 In addition, SLS-2 was found to be heterozygous for the known p.Serl123Phe change. Although it concerns a
23 potentially pathogenic variant that affects a phosphorylation site and is located in a highly conserved region
24 (Dephoure et al., 2008), this change was considered a polymorphism because of its high frequency in the Dutch
o5 population and the observation that this change did not segregate in a family with JS (Valente et al., 2006a; Kroes
et al., 2008).
26 |
27
28 Table 1: Mutations identified in 80 unrelated patients with LCA, using LCA chip analysis and direct L - - { Deleted: a series of
29 sequencing of CEP290, CRB1, RPE65, AIPL1, GUCY2D and CRX.
30 P Allele 1 Allele 2 Refdrence
{uﬁ t __ Origin 7£7 _Segr_yntron/ — Nucleotide — — — — — Aminoacid - — — — Intron/ - Nucleotide — — — — Aminoacid- - - - - - - — — — | - - 7| Deleted: ¢
:,3) " o exon change change exon change change {
S LEP290 [
;JCA-I Belgium - X 26 €2991+1655A>G*  p.Cys998X* 126 €299141655A>G* p.Cys998X* g%%%?oual‘der etal,
3BcA2  Belgum - X 126 2991+1655A5G  p.Cys998X 26 c2991+1655A5G  p.Cys998X ;%%‘g?ouarder etal.
2?CA-3* Belgium - X 126 €299141655A>G*  p.Cys998X* E6 €322C>T p.Argl08X ;%%%?Ollal‘der etal,
38CA-4 Belgium - NA 126 €299141655A>G  p.Cys998X E25 €2695C>T p.GIn899X ;%%%?Ollal‘der etal,
3 (den Hollander et al.,
CA-5 Belgium - NA 126 ¢.2991+1655A>G p.Cys998X E34 ¢.4393C>T p-Argl465X 2006);_(Brtlcati etal.,
4 2007) (CORS)
41 (den Hollander et al.,
. 2006), (Brgncati et al.,
j32CA-6 Belgium X 126 ¢.2991+1655A>G p.Cys998X E36 c.4723A>T p.Lys1575X 2007: Perriult etal.,
2007)
44 (den Hollander et al.,
CAT*  Belgium NA 126 2991+1655A5G  p.Cys998X E36  cA723AST LysI575X 2006)43‘1““‘“ etal,
4BCAT belgium NA 126 : = p-Lys =2 SELESRSS P-LysL DA 2007; Perrault et al.,
46 2007)
" (den Hollander et al.,
47 cas Belgium NA 126 €2991+1655A>G  p.Cys998X E36 cAT23AST p.Lys1575X 2006), (Brjncati et al.,
A8 2007; Perrault et al.,
49
50
51
52
53
54
55
56
57
58
59
60
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1
2
3 P Allele 1 Allele 2 Reference
. . o ar
Patignt | Origin = - Seer pnyon/ — Nucleotide — — — — — Aminoacid — — — — Intron/ ~ Nucleotide -~~~ Aminoacid — --- ’{ Deleted: &
4 exon change change exon change change
5 [ 2007)
?LCA—Q | Belgium - X 126 €2991+1655A>G  p.Cys998X E39  5344C>T p.Argl782X g%%‘;;iouande‘ etal,
gLCA-I0 | Libwania - X I 299141655A5G  p.Cys998X E6 384 385del p.Asp128GlufsX17 g%%‘;?ouander etal,
9LcA-11 Belgium - X 126 €2991+1655A>G  p.Cys998X E6 c.437del p.Glul46GlyfsX17 (2‘3)%“6?0“*‘“‘1“ etal,
16 The (den Hollander ot al
11CA-12 | Netherlan - NA 126 €2991+1655A5>G*  p.Cys998X* E19 859 1862del  p.Arg621llefsX2  2006). (Perrault et al.,
- ds 2007)
12 . ] (den Hollander et al.,
15CA-13 Belgium - NA 126 €2991+1655A5G  p.Cys998X E29  c3422dup pLeulldIPhefsX5s
14CA-14 f,l—e;f(%’ . X e €2991+1655A5G*  p.Cys998X* E31  c400ldel p.Thr1334TlefsX2 g%%‘;;iouande‘ etal,
15BCA-15 (den Hollander et al.,
1q>errault et | Belgium - NA 126 ¢.2991+1655A>G p.Cys998X E37 ¢.4962_4963del p-Glul656AsnfsX3  2006), (Perrault et al.,
al., 2007) 2007)
17 (den Hollander et al.,
18ca.16r | Beleium/ X 126 €2991+1655A>G  p.Cys998X E40  c¢.5493del p.Alal832Profsx19 2000 (Brancati etal.,
19 Greece 2007; Frank et al.,
2008) (CORS)
2QcA-17 | Belgium - X D26 299141655A5G  p.Cys998X E40 5519 5537del  p.LysIS40ArgfsXS (2‘(’)‘*0“6)}10“3“"“ etal,
2% -
obCA-1S Belgium - X 6 €2991+1655A>G  p.Cys998X E43 W p-Glul956GlyfsX9 (2‘(’)‘30“6)}10113“‘1“ etal,
2BCA-19 | Belgium - X D26 c299141655A5G  p.Cys998X 13  ¢l189+1G>A  Donor Splice defect (2‘(’)‘*0“6)}10“3“"“ etal,
24CA20° .
T~ B )
ofzeretal,| Belgim - NA 126 2991+1655A5G  p.Cys998X 21 c2218245C —"—"—&A:fceectmrs lice (2‘(’)‘*0“6)}10“3“"“ etal
006) s defect
4 . ¢.3310- Acceptor splice (den Hollander et al.,
Qcaai Belgium - X 126 €2991+1655A>G  p.Cys998X D8E (5 —"—"—defect 2006)
. . ¢.3310- Acceptor splice (den Hollander et al.,
28CA-22 | Belgium - NA 126 €2991+1655A>G  p.Cys998X 28-E29 =t A —"—"—defect 2006)
2 : . ) R ¢.3310- Acceptor splice (den Hollander et al.,
32CA 23 Belgium - NA 126 €2991+1655A>G  p.Cys998X D8E2 (o L AA —"—"—defect 2006)
nijA—24 | Belgium - NA E36 c.4723A>T p.Lys1575X E36 c.4723A>T p.Lys1575X (Perrault et al., 2007)
2fca2s' | Belgium - X  E36 C4T23AST p.Lys1575X E35  d696G>C p-Alal566Pro UV (Perrault et al., 2007)
O£CA26 | Belgium X EI8 ¢.1824G>A p.=. splice site E38  c5081T>C p.Leul694Pro UV
2fCA—27 Belgium -  NA 126 299141655A5G  p.Cys998X 2 2 2 (2‘3)%“6?0“3“‘1“ etal,
= ) (Valente et al., 2006b)_
35LS-1 Pakistm FC X  E2 c21G>T p.TipTCys E2 c21G>T p.Trp7Cys (CORS)
(Perrault et al., 2007),
LS-2 Belgium - NA E36 CAT23AST pLys1575X E34  c4393C>T Dp.Arg1465X (Brancati et al., 2007)_
3 5_ (CORS)
38 (Perrault et al., 2007),_
3§LS—3 Belgium - NA E36 c.4723A>T p.Lys1575X E34 ¢.4393C>T p.Argl465X (Brancati et al., 2007)_
(CORS)
40Q0Rs-1* (Perrault et al., 2007),_
Brancati et| Belgium SD NA E36 c4723A>T p.Lys1575X E34 c.4393C>T p.Argl465X (Brancati et al., 2007)_
al., 2007) (CORS)
: Acceptor Splice (Perrault 2007). (
AfCA-Js-l Belgium - X 140 ¢.5587-1G>C ?;C:CI“” Splice  pap ¢.3793C>T p.GIn1265X efgfa;gé(;o&]flgaala
4521 E54 7366 7369del  p.Thr2457AIafsX27 ES4 <7366 7369del  p.Thr2457AlafsX27
=—————ND + X
4 ;AJS'Z 1k E54 7366 7369del  p.Thr2457AIafsX27 ES4 <7366 7369del  p.Thr2457AlafsX27
46 -
. 3310- ptor sp i
4HCAIS3 | Belgium - NA I28-E29 i%lloo LelinsAA (;A:fceectm' splice g5, ¢.7341dup p.Leu2448ThrfsX8  (Sayer et al., 2006)
AGRBI
49
50
51
52
53
54
55
56
57
58
59
60
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1

2

3 P Allele 1 Allele 2 Refdrence
. . . ar

Patignt _ Origin = - Seer pnyon/ — Nucleotide — — — — - Aminoacid — — — — Intron/ ~ Nucleotide -~~~ Aminoacid — - - ’{ Deleted: & ]
4 exon change change exon change change
SlCA28  Belgium - NA E7 2401 AST* pLys801X* E7  c2401AST* p.Lys801X* (don ;—lolla pder et al.,

LCA-29 (den Hollapder et al.,
7 (Yzeretal., Belgium - NA E7 c.2401A>T* p.Lys801X* E5 ¢.1084C>T p.GIn362X 2001), (Yzpret al.,
8.2006) 2006)

LCA-30 (den Hollapder et al.,
9 LCA-30 Belgium - X E7 c.2401A>ST* p.Lys801X* E7 ¢.2290C>T* p.Arg764Cys* 2001), (Lofery et al.,
10 2001)
1i;CA-31 (den Hollapder et al.,

zeretal.,, Belgium - X E7 c.2401A>T* p.Lys801X* E8 c.2688T>A* p-Cys896X* 2001), (Hapein et al.,
1.2006) 2004)
CA-32 (den Hollapder et al.,

%‘; zeretal.,, Belgium - NA E7 c.2401A>T* p.Lys801X* E8 c.2688T>A* p.Cys896X* 2001), (Hapein et al.,
14006) 2004)
1§ (den Hollander et al.,

CA-33 Belgium - NA E7 ¢.2401A>T* p.Lys801X* E9 ¢.2843G>A* p.Cys948Tyr* 2001), (Lolery et al.,
16 2001)

. 5 % i .y
17ca34  Belgium - X E7 C2401AST* p.Lys801X* M1 c4006-1G>T Scceptor splice (2‘3)%“1 ;—lolla pderetal
1QCA—35 Belgium + NA E9 ¢.2843G>A* p.Cys948Tyr* E9 ¢.2843G>A* p.Cys948Tyr* (Lotery et fil., 2001)

; i;CA-Sé ND - NA E9 c.2843G>A* p.Cys948Tyr* Ell ¢.3988G>T* p.Glul1330X* gfétzrz;tp il 2001)..

(Lotery et 4., 2001),
23:CA-37 Belgium - X E9 c.2843G>A* p.Cys948Tyr* 18 c.2842+5G>A* Splice defect* (den Hollapder et al.,
22 1999)

(Lotery et gl., 2001),
21?3CA—38 Belgium - X E9 ¢.2843G>A* p.Cys948Tyr* 18 ¢.2842+5G>A* Splice defect* (den Hollapder et al.,
24 1999)

(Lotery et 4., 2001),
2§CA-393 E9 c.2843G>A* p.Cys948Tyr* 18 c.2842+5G>A* Splice defect* (den Hollapder et al.,

. 1999)

Belgium - X -

(Hanein etlal., 2004),
EZCAG% Il ¢.4005+1G>A Splice defect 18 ¢.2842+5G>A Splice defect (den Hollapder et al.,

8 1999)

2 (Hanein etfal., 2004),
3 CA-40 Belgium - NA 111 ¢c.4005+1G>A* Splice defect* I8 c.2842+5G>A* Splice defect* (den Hollapder et al.,

1999)
31CcA411-1 Belei X E7 ¢.2441 2442del pLeu8ld4ArgfsX23 E9 ¢3713 3716dup  p.Cys1240ProfsX24 | { Deleted: J

————  Belgium - ——— :
3RCA-4111-2 - o E7 ¢.2441 2442del pleu8l4ArgfsX23 E9  ¢3713 3716dup  p.Cys1240ProfsX24 __ Deleted: J
33CA-42 ND + NA Ell ¢.3879G>A* p.Trpl293X* Ell ¢.3879G>A* prpl293X*  (Hanein etfal., 20¢ eted ]

= Deleted:

(Lotery et hl., 200,
3@ORD-1 1I-1 E9 c.2843G>A* p.Cys948Tyr* E7 c.2401A>T* p.Lys801X* (den Hollapder et al.,

. 2001)

Belgium -

(Lotery et 4l., 2001),
§§ORD—1 11-2 E9 c.2843G>A p.Cys948Tyr E7 ¢c.2401A>T p.Lys801X (den Hollapder et al.,

7 2001)
38O0RD-2 Belgium NA E9 ¢.2843G>A p.Cys948Tyr E4 ¢.929G>A p.Cys310Tyr (Lotery et fl., 2001)
3QORD-3 Belgium - X E9 c.2843G>A* p.Cys948Tyr* E6 c.1472A>T p.Aspd91Val UV (Lotery et jil., 2001)
4(§ORD-4 Belgium NA ES c.1084C>T* p.GIn362X* ES c.1084C>T* p.GIn362X* (Yzeret a.ll, 2006)
Ag@ORD-S Belgium - NA E7 ¢.2290C>T* p.Arg764Cys* E7 ¢.2290C>T* p.Arg764Cys* (Lotery et bl., 2001)
1 BPE65 |
4 LCA-43 Turkey FC X E3 c.131G>A* p.Arg44Gln* E3 c.131G>A* p.Arg44Gln* (Simovich et al., 2001)
4 ;CA—44 Turkey FC X Eo6 ¢.542C>T p.Prol81Leu Eo6 ¢.542C>T p.Pro18iLeu |

TCA-45a Belei x E7 c.700C>T* p.Arg234X* E9 ¢.991 993dup p-Trp331dup (Marlhens gt al., 1997)

elgium - X
4 CA-45b E9 €991 993dup p.Trp331dup E9 ¢.991 993dup p.Trp331dup

5 X
4 : (c.10 " " Ser121LeufsX6  (Morimurget al.,
4gCA 46 Portugal 29T> E10 ¢.1022T>C p.Leu341Ser ES ¢.361delT de nove 1998) (ARRP)

C)
49
50
51
52
53
54
55
56
57
58
59
60
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1
2
3 Par Allele 1 Allele 2 Reference
Patignt | Origin = - Seer pnyon/ — Nucleotide — — — — — Aminoacid — — — — Intron/ ~ Nucleotide -~~~ Aminoacid — --- ’{ Deleted: &
4 exon change change exon change change
5 LCA-47 | Belgium - X El4 c.1590del* p.Phe530LeufsX40* El14 c.1590del* p-Phe530LeufsX40* (Yzer et al., 2006)
6 (Yzer et al., 2006)..
7 LCA-48 Belgium - X El4 ¢.1590del p.Phe530LeufsX40 ES c.370C>T* p.Argl24X* (Morimura et al.,
1998)
8 ) . A ) ) (Yzer et al., 2006).
- g H X El4 €.1590del* p.Phe530LeufsX40* 11 . * * bt .
o LCA-49 Belgium X El4 ¢.1590del Phe530LeufsX40* I1 c.11+45G>A Splice defect (Gu et al., 1997)
= Belgium
lQCA—SO /Russia - X E9 ¢.886dupA p-Arg296LysfsX7 11 c.l1+5G>A* Splice defect* (Guetal., 1997)
11 (mother)
&GUCY2D
12
18CAS! g’ﬁ%ﬁf};’/ - NA E2 ¢.389del pProl30LeufsX36 13 ¢2577-2A5C Splice defect (Perrault et al., 1996)
14cA-52 Turkey TC NA ES8 c.1694T>C* p.Phe565Ser* E8 c.1694T>C* p.Phe565Ser* (Perrault et al., 1996)
15CA-53 Belgium NA EI2 ¢.2302C>T* p.Arg768Trp* EI2 ¢.2302C>T* p.Arg768Trp* (Lotery et al., 2000)
16ca-54 ﬁ%ﬁf‘f/ - X EI2 €.2302C>T* D.Arg768Trp* E8 .1694T>C* p.Phe565Ser* E;‘e)r‘f;zlftefgl 2(1)88)63
1 {CA-55 Belgium - X El12 ¢.2302C>T* p.Arg768Trp* El4 ¢.2598G>C p-Lys866Asn (Lotery et al., 2000)
18, 5 | %ﬁ—“ . X E2 CS8TAST p.GuI%6ValUV EIl  ¢2132C5T p.Pro711Leu UV
20CAST | Afica - NA E8 €.1724C>T* pProS7SLeut UV 2 ? 2 (2138;;“’1‘001’ etal,
2npL1 |
CA-58
g zeretal.,| Belgium - X E6 c.834G>A* p.Trp278X* E6 c.834G>A p.Trp278X (Sohocki et al., 2000a)
%06)
24CA-59 Belgium - NA E6 c.834G>A* p.Trp278X* E6 c.834G>A* p.Trp278X* (Sohocki et al., 2000a)
25CA-60 | Belgium NA E6 c.834G>A* p.Trp278X* E6 c.834G>A* p.Trp278X* (Sohocki et al., 2000a)
2§CA-61 | Belgium - X E6 c.834G>A* p.Trp278X* E6 c.834G>A* p.Trp278X* (Sohocki et al., 2000a)
L E3 ¢341C>T* UV pThrildlle* UV ) ) .
2T CA-62 Africa - in cis E6 e 1126C>T UV b.Pro376Ser UV 2 ? 2 (Sohocki et al., 2000b)
28rx
29cA63 | Belgium SC NA E4 CA25ASGH pTyrl42Cys* UV 2 2 2 (Vallespin et al.,
a0 2007a)
:tCA-64 Ruanda NA E3 c.724G>A* p.Val242Met* UV~ ? ? 2 (Swain et al., 1997)
OkDHI2 |
(Janecke et al., 2004),
380rD-6 | Belgium - X E6 ¢.806_810del* .Ala269GlyfsX2* E8 C.698T>A Val233As 4%2;‘ /z : xg‘;ﬁi:ﬁm
SR 2esuin RAROIIYISAS R YALLIJIASD ofcarver- -
34 database
350RD-7 Belgium + X  E6 ¢.806_810del* p.Ala269GlyfsX2* E7 €.524C>T p.Ser175Leu (Janecke et al., 2004)
36BORD-8 | Belgium E6 ¢.806_810del p.Ala269GlyfsX2  E6 ¢.806_810del p.Ala269GlyfsX2 (Janecke et al., 2004)
3RPGRIPI |
38CA—65 | Belgium El6 ¢.2668C>T* p-Arg890X* 2 2 2 (Gerber et al., 2001)
39 |
40 Novel mutations are indicated in bold. *: patients carrying a heterozygous mutation in an additional gene: LCA-3 (AHII,
41 ¢.2273A>C, p.His758Pro), LCA-16 (RPE65, ¢.253C>T, p.Arg85Cys) (Stone, 2007), LCA-20 (CRB1, ¢.2401A>T, p.Lys801X)
42 (den Hollander et al., 2001) and CORS-1 (AHII, ¢.2433T>G, p.Asn811Lys). *: identified through LCA chip analysis. ': LCA-7
and LCA-25 are distantly related. X: segregation analysis performed and segregation confirmed. NA: no material available of
43 | family members. Reference: first publication describing the mutation in patients with LCA or EORD. In case of CEP290, these _ _ - { Deleted: (carly-onset) RP
44 references may also refer to papers dealing with other phenotypes (phenotype mentioned between brackets). Seven patients
45 were already described (corresponding reference is indicated in the first column). Abbreviations used: par cons: parental
46 consanguinity; segr: segregation; FC: first cousins; SC: second cousins; TC: third cousins; SD: second degree; ND: no data;
47 UV, unclassified variant; LCA, Leber Congenital Amaurosis; SLS, Senior-Loken syndrome; JS, joubert syndrome; ARRP,
48 | autosomal recessive retinitis pigmentosa; CORS, cerebello-oculo-renal syndrome; ML, Meckel-like syndrome. - *[ Deleted: CRD, cone-rod dystrophy:
49
50
51
52
53
54
55
56
57
58
59
60
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Y - { Deleted: |

- { Deleted: |

Extensive ophthalmological data (best corrected visual acuity [BCVA], refraction, ERG, visual fields, color
vision_testing, fundus aspect both with white light and autofluorescence imaging and the presence of nystagmus,
night blindness, photophobia and additional features) as well as associated manifestations in patients with CRBI,

RPEG65, GUCY2D, AIPLI, CRX, RPGRIPI and RDHI2 mutations are summarized in detail in Supp. Table S3, Inﬁl - - { Deleted: Supplementary J

addition, Figure 1 depicts several representative fundi from patients with an established molecular diagnosis. An =~ { Deleted: |

MTS due to midbrain abnormalities with cerebellar vermis aplasia was demonstrated in five patients with JS-
LCA/CORS and CEP290 mutations (Figure 2).
Special attention was paid to the CEP290-related ocular phenotype, since this has been described in only a few

LCA studies so far. It appeared that this phenotype displays only limited fundus alterations in the first few years of l - - { Deleted: subtype
- - ‘[ Deleted: carly

marbleized fundus and/or salt and pepper aspect was seen during the first decade. This aspect further evolved from
young adulthood into progressive outer retinal atrophy in the midperiphery with relative sparing of the central
macula. Abnormalities of the central macula were absent in our patient cohort, despite the impression that
CEP290-related disease is probably of a cone-rod type (based on ERG findings and the occurrence of
photophobia). Of note is the presence of a hyperautofluorescent ring around the central macula on AF imaging,
observed in four patients starting from the age of six (LCA-2, LCA-3, LCA-7 and LCA-25). Mild intraretinal
spicular pigment migration occurred in three patients at an age between 7 and 33 years old (LCA-JS-1, LCA-6 and
LCA-7). This aspect became even more pronounced at the age of 49 in patient LCA-7, where a predominant
spicular pigmentation was mixed with less frequent intraretinal pigment migration with a nummular aspect. Visual
acuity of this group was mostly limited to light perception. In the few patients with better preserved central vision,
basic color vision was present and visual fields varied from severely concentrically constricted (LCA-8) to sparing

- {Deleted: Supplementary j

o ‘[ Deleted: 1

Figure 2: Magnetic resonance imaging (MRI) showing characteristic molar tooth sign (MTS) in five patients with
Joubert syndrome/cerebello-oculo-renal syndrome due to mutations in CEP290 (all are axial sections through |
midbrain).

CORS-1 at age 5 years; B) LCA-JS-1 at age 7 years; C) LCA-JS-2 II-1 at age 14 years; D) LCA-JS-2 II-2 at age 17 years and
E) LCA-JS-3 at age 2 years.
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Figure 1: Clinical characteristics of eight LCA patients with an established molecular diagnosis, illustrating
characteristic phenotypic features associated with different genotypes. '/’
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age; mild predominantly spicular intraretinal pigmentation also increases with age; however, preservation of patches of normal
peripheral retina are most striking feature; these patches remain over time.

DISCUSSION

Genotypes of the Belgian LCA population

In a cohort of 91 unrelated LCA patients, mainly originating from Belgium, a total of 61 different mutations

with syndromic LCA (SLS, LCA-JS and CORS),(Table 1).

LCA chip analysis proved to be a powerful initial tool as mutations were found in 41% (37/91) of patients with
LCA. Subsequent sequencing of 6 genes (CEP290, CRBI, RPE65, GUCY2D, AIPLI and CRX) enabled us to
identify mutations in an additional 28% of cases. Of note. the majority of mutations found in the latter probands
are now included in the LCA chip, increasing its detection rate to 65% if pur cohort would have been analyzed

using the latest version (v8, 641 variants).

Segregation of disease alleles was demonstrated in 41 out of 43 families available, with fwo exceptions, The

e Ve ate L T T I e

chromosome. This finding challenges a previous study proposing fhis genotype as causal jn an LCA patient
{Sohocki et al., 2000b). In the second case, only one of fwo mutations identified in LCA-46 was found in the
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In total, 30 novel yutations/variants were identified in this study {Table 1, Supp. Table S2). Interestingly, 5 out
of 16 novel mutations in CEP290 are located nearby known changes: c.384_385del (c.384_387del,
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prone to mutational events.

For several genes, a limited number of recurrent mutations made up the majority of mutated alleles. This was
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(RPE65, 25%), p.Arg768Trp (GUCY2D, 31%), p.Phe565Ser (GUCY2D, 23%) and p.Trp278X (AIPL1, 89%). The
presence of all but one of these mutations on the LCA chip significantly contributed to its high detection rate.

chip testing. Notably, we might have failed to detect deep intronic and regulatory mutations or multi-exon
deletions, as were recently demonstrated in CEP290 (Travaglini et al., 2009). In addition, it cannot be excluded

taking into account the high detection rate obtained using the current strategy. Finally, these patients may carry
mutations in as yet unknown genes.

Phenotypes of the Belgian LCA population

In addition, the phenotypes of patients with a molecular diagnosis were extensively studied. For all genes,

all but RPE65-related LCA patients. A relatively higher incidence of both keratoconus and cataract was seen in the
CRBI-related group, which may reflect secondary effects of a more severe retinal dystrophy compared to other
genes. Indeed, several retinal abnormalities such as macular atrophy and intraretinal pigment migration already

o { Deleted: in this study

" Deleted: excluded since a selection of
six genes was sequenced

)
]
)
|
J

_ - { Deleted: consequent

became apparent in the first decade of life in patients with CRBI-related disease, being earlier than generally seen _ _ - { Deleted: which is

for the other genes. In addition, a yellowish discoloration of the central macula was often observed. However, this
feature is not entirely gene-specific, since it also occurred in a patient carrying RDHI2 mutations (EORD-7). This
feature may be due to more severe outer retinal atrophy in the macula in CRBI- and RDH2-related disease, which
may cause more intense scleral light reflection due to less absorption by the atrophic retinal pigment epithelium,
with consequent highlighting of the macular luteal pigment.

The RPE65-related phenotype proved to be typically associated with a fundus appearance which is essentially
normal during first years and displays only later on fundus alterations which are initially mild. Visual acuity is
generally somewhat better than that seen in CRB/-related LCA. However, it seems to be the relatively slow
evolution of the phenotype which makes it particularly suitable for therapeutic intervention (Bainbridge et al.,
2008; Hauswirth et al., 2008; Maguire et al., 2008). For two patients from our cohort (LCA-47 and LCA-49),
RPEG5 gene-replacement therapy resulted in better visual function (Maguire et al., 2009). In addition, two patients
with RPE65 mutations reported a period of increased visual function, possibly reflecting postnatal physiological
cone maturation (LCA-44 and LCA-47) (Koenekoop et al., 2007). Hanein et al. classified both CRBI- and RPE65-
related LCA as rod-cone dystrophies because of a predominant occurrence of night blindness (Hanein et al., 2004).
All RPE65-related phenotypes in this study correspond to this classification. In the CRBI-group, however, six
patients with LCA and two with EORD also suffered from photophobia, even before the onset of night blindness in
EORD-3.

Similarly, the GUCY2D-related phenotype was found to have only limited fundus abnormalities. Although this
phenotype was previously categorized as cone-rod dystrophy, one patient in our cohort had severe night blindness
before photophobia became apparent (LCA-54).

In the patients with AIPL] mutations, an RP-like phenotype emerged by their teenage years at the latest, and a
maculopathy with (partial) outer retinal atrophy was typically present in the majority of cases (Dharmaraj et al.,
2004).

A unique feature of RDHI2-related early-onset dystrophy was the occurrence of areas with complete
preservation of the chorioretina in the retinal periphery, alternating with regions of total atrophy (EORD-7).

appeared to be that of a severe cone-rod type retinal dystrophy. Visual acuity was mostly limited to light
perception, as recently described (Walia et al., 2010). Interestingly, a limited subset of patients displayed no
obvious retinal abnormalities in the first years of life. In general, the fundus contained either small white dots or,
more frequently, a marbleized or salt and pepper aspect in the first to second decade. In two patients aged 18 and
49, predominant spicular pigment migration was observed (LCA-6 and LCA-7), in contrast to the reported
nummular pigmentation in one patient in the fourth decade (den Hollander et al., 2006). In one patient, nummular

LCA-20, who carried a heterozygous CRBI null allele on top of two mutations in CEP290.
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may modify a phenotype caused by the other (Kim et al., 2008; Tsang et al., 2008; Hsiao et al., 2009). Tory and
colleagues already suggested a similar potential epistatic effect of CEP290 and AHII mutations on phenotypes
related to NPHPI, encoding another interactor of AHI1 (Tory et al., 2007; Eley et al., 2008). Strikingly, one of the
AHII variants they described as a potential modifier for neurological involvement in patients with NPHPI
mutations, p.Arg830Trp, was recently identified as a modifier allele for retinal degeneration in patients with
NPHP, independent of a primary NPHPI mutation (Louie et al., 2010). Of note, four out of seven patients in the
study from Tory and coworkers carrying p.Arg830Trp displayed visual impairment, with one blind individual

Overall, a molecular diagnosis of CEP290 mutations might have considerable consequences towards the
clinical prognosis_of an individual. Given the potential involvement of ciliary modifiers_and the presence of cilia

- ‘[ Deleted: s

b ‘[ Deleted: that are

A

CEP290. Detailed phenotyping of all patients with a molecular diagnosis revealed novel insights, mainly into the
CEP290-related retinal phenotype, which is well documented for the first time in a larger patient group. The
variable age-of-onset of the extra-ocular features emphasizes the importance of long-term clinical follow-up of
LCA patients with CEP290 mutations. Moreover, the identification of potential modifiers of CEP290-related
disease might contribute to a refined prognosis based on a molecular diagnosis. Finally, our findings fit with
previous observations suggesting that the phenotype of ciliopathies is most likely determined by the synergistic
effect of all variants occurring in the ciliary proteome.
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SUPPLEMENTARY MATERIAL

Gene Exon Forward primer (5’-3”) Reverse primer (5’-3%)
CEP290 Exon 2 tttgtggececaattgtctg ccacctaagtaaacagaaaagcaac

Exon 3 ccaaggtgcttaattggtca tttcccctacacaccetttt
Exon 4 tttactgaacgtctccatgtge tggcagatccataaaataggag
Exon 5 ttctagactcctattttatggatctge ttcacaaccatatgctcagtee
Exon 6 atctgcactgaagtataatgc tggtgatgacaaaatgaaca
Exon 7 ggtgggagaattgcttgaac acccgceatagacctgagatg
Exon 8 ttggttctactgagccaaataatg tctgaaggtaaccaaacacaaca
Exon 9 ggtgaggctttaagtgtggte cttaatgaccaagacaggcaaa
Exon 10 tggtcaatgccaattagtaaagg gtgaggtgattggagaaacaca
Exon 11 ttccaggatgacttcaatgataaa aactcattgatgtgaaagaggtca
Exon 12 cagagattatgccagtagttgctc ttgggaccaggtggtagaag
Exon 13 aaaaggcatacttgtacccaca tccatcatttacaaatgtaagcac
Exon 14 aatggcataccacttttcttgc tggcaaaaagtaaatgctcaaag
Exon 15 gcatatgtacattttcctttagac actccaaccccataaaatct
Exon 16 tcacagaaagttacctcattcttc cctetttcttgagecatttg
Exon 17 tgtaggccttgaaccaaagac ttcaggactgaacccactgac
Exon 18 ggatcacgaggtcagaagat aaatgagaagcttgtattggct
Exon 19 gggattaagatcaccatctge acagcaaggcaaatcaactg
Exon 20 aactcaactattcacgttggattt ttgaaagcagctcaagaaaaac
Exon 21 tatcatgcttggcaatgaa tcttataaggcacttattttccac
Exon 22 ggcatttctaagcagaaactgaa atctgcatgetttggtgatg
Exon 23 tgtgttgcttacagatttggtga caggataatcccaggcttaatg
Exon 24 tgataactttgttgecttgcat tccgaatccatctgaagage
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Human Mutation

Gene Exon Forward primer (5’-3) Reverse primer (5°-3)
Exon 25 gatcaagtccaacaagatgc cagaagaagcaattatgacaaa
Exon 26 tgcatgtttttcttacatgg aaatgcaggcaaactttaat
Intron 26 cattagaaagtcct:ggcaagagacat agtaaggaggatgtaagactggagatagag
Exon 27 ggacacagccaaaccatatc caggattattcatctgcctaagtt
Exon 28 tccatggaactataatgctttc tetgetttecttttaaacaattc
Exon 29 tttaccctccttcagtctgtte ttaaccctgttaaaaccgatct
Exon 30 gcaaacatgataacctctgatgg ctgggcaacagaatgagacc

Exon 31_1 agttccagctatgtttgcac ctegtttggagggaagaaac
Exon 31_2 ccaagggtaaagctccacta ttgtagatctcatgtgecact
Exon 32 caggagaatggcatgaacc atcattatcatcaatggaggaatgt
Exon 33 tcacctctctgagtttgtatt cagttgcagcattgagagtaa
Exon 34 atcttgtttgttactctgtagcat tggctattagaaacattataggag
Exon 35_1 aagcatgcaaataactgctgtce accttgcttgcatgtttgc
Exon 35_2 aatcaatgaactgaggcttcg ggtgtaatccaatcacatgcaa
Exon 36 gaggggacatgcataccagt cggtgagctacaggaggaag
Exon 37 tttgatcatttgaggaaccaaa ccagcagtcctgaggataaa
Exon 38 gttgcagtcagecgagattg actttttattacaacacggagat
Exon 39 ttcaatgtggaaagaattgagtg tgtctageccaccaacagtge
Exon 40_1 tcctcaaggtagacttgacatgaa ttgecttttcagttcatcatte
Exon40_2  ctactacctctatattgtaaatcagaca ttgtgggtgtttgttgaaga
Exon 41 aaaatgcagaagcagctacca ttcaatactgcttatagtcctcaa
Exon 42 tcaacctgtatagcaaaatgaaca cgagatcacaggaaaatcca
Exon 43 tggattttcctgtgatctcg tcaattcacatgggaaaagaaa
Exon 44 catttaaaggaggccttcagtg tgagaaagatgtaatgcttttgg

John Wiley & Sons, Inc.
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Gene Exon Forward primer (5’-3’) Reverse primer (5’-3)
Exon 45 ggctttcaccagaacactec ggecttcaacaaataaatget
Exon 46 tgcatcaggcaataatgtgg cagatgcagaataaacactgaaa

Exon 47_1 gctgcatgattttaggaatgte caatttttcattttcctgctca

Exon 47_2 tggtagaagtggaaagacaatcc cccttagecttgectetcat
Exon 48 aacgttgggaacttegttct tggtggaatgtgatgacage
Exon 49 aggaagaaaccaggttatcca ttgaatacactgaatctatgagaaca
Exon 50 ttgccaccactttttaatge ggggtgcccttcagttagat
Exon 51 tgcttgtetctagttgtagea ctaggacaatgccagttatge
Exon 52 cgtgaaggcttttgtattcca aagacccaaagcttatcaggaa
Exon 53 ggagggaggcageattaagt tgttaggaatagtcagatgaaca
Exon 54 tgectttattgetgtatttgace tcggagaactgcttatttcca

CRBI Exon 1 atgaatccaatccagcctga tgactgttcacattgactgg
Exon2_1 gttgaggcagcacaaaggtc gcteettteteetggggtg
Exon2_2 caatccctgtcaaggaagtg ggagtaaccatcaattccatc
Exon2_3 gagtgtgcttccageecttg gagctaactacaccatctgtg

Exon 3 ctctggtaaacaaagcattgtc cagggagttctaagccaatc

Exon 4 agtaagatgatgccatgggt tcatttgctataagcgatatgtgt

Exon 5 gacttagcagcttctctgaatt gtcaagtcatatcecatetce
Exon 6_1 cctgagctattcatgeacttc gaagtgagggatgcatgttce
Exon 6_2 gatattctcetgggetgtace gaagagccattggctgaacag
Exon 6_3 ggctcagtttgtaacatagec ggagtcgtcgattaaggtaag
Exon 6_4 ccagcgatggagagtggea ctacaaacgaaggtgtggatg
Exon 6_5 ggtgttgetetgcttaactte ctgetetgetetgaggeatg
Exon 7_1 gtcttccateecttetgtet tttgggagagtttggagtca
Exon 7_2 agatttggccaggatgactc aggccaccaatgtagatgac

John Wiley & Sons, Inc.
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Human Mutation

Gene Exon Forward primer (5’-3) Reverse primer (5°-3)
Exon7_3 gactgaacttaatggtggattc ggtgggtcagtaacatcate
Exon 8 cagatatgtggtttcaccgtc gtcgeaacttaactggtgag
Exon 9_1 caatgatcattactattaataacgg gtgccatcattcactgactge
Exon 9_2 tcaattgcaaagtggcaaca ttaactgcaaacagccagtg
Exon 9_3 caatataaagggcctgcaagg ctgcaactctgtcagagcag
Exon 9_4 cactgtgaactcaacatcgatg cagtgatgcagagtatagcttc
Exon 10 gaacaagatgaacagetgtgg gctcagaattctcttccagaag
Exon 11 ccaatgtattcaacagggacc caactggctcgtcattcatac
Exon 12 cctttgctatagaattcgcate gtacagtcatcacattcacag
Exon 1 ctcaagactgcttccaaacc tcccaaagecataactectt
Exon 2 ctatctctgeggactttgag ggaagccagagaagagagac
Exon 3 cccaaggcagggataagaag ctaggcectactttgaggag
Exon 4 ttgtcagtaacctctactecte atggccattctaagetcca
Exon 5 ggcttgaaaattactggactg ctgaacatcacctagcactg
Exon 6 cctagggacaaaggtataatg cacaatacagtaactttctcac
Exon 7 gtatcaaaggtaggcaaagca cgtttccaaatctgetgeta
RPEG6S
Exon 8 gtggcttgagaatcageect catcttcttcagaatcacaaac
Exon 9 caagtttgtgattctgaagaag ccgtaatttccaggaacaatg
Exon 10 cattgcctgtgctcatgtttg cctgagagagatgaaacattc
Exon 11 gaattctttcetgetcactgag gagcacatgcttaggaaaactc
Exon 12 caaagatgggttctgatggg cctcgtcaaggtgagatga
Exon 13 acgaactaacatacagaactgc tcactttgttccagatagggt
Exon 14 gacattcaatctatagcttggg gcagacctgaagctgattttc
GUCY2D Exon 2_1 catgggttactcgggcttg gagaagatggggtcgcaag
Exon2_2 atcatcccatgggttactcg gcgatceeggettett
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Gene Exon Forward primer (5’-3’) Reverse primer (5’-3)
Exon2_3 tcgtgggtccggtgaa gtagtggatcgtgtcgaagg
Exon 3 ggacggegeegegageeaag tceecteteecttgeettet
Exon 4 gtgggctgtgaccecgace tggtccatggegattgtcte
Exon 5 ctatcattcccageetctee ttgctgecagacttecatttc
Exon 6 gacggaacttggtgccettgg ggaaggaaccaaatttacgga
Exon 7 ctcagectgacctcaaceca tectectgagagtgegecte
Exon 8 geattctgggacagtgagec agaaaccgatggccacctag
Exon 9 ccecacattgeectgggeaga cctgeccecaggacgteace
Exon 10 agcaggctgaggctgectet cccggtggatectegtetge
Exon 11 ctttctctgagatggetect tttagaggaaagagtgaggct
Exon 12 caggccagggtcagaggcage ctcaggttgctgacaagcat
Exon 13 cagctttaccagettcctte geaggcagtgaggteacctg
Exon 14 gaccggetgettacaca gctggaggctggtgaag
Exon 15 ggcaatcgettegtgtacte gatgggctggagectgggaa
Exon 16 ccecgaggecctacctaggt acctcecegtettgtceceg
Exon 17 gcatctccacaggtccat agggtgagctgaggtttg
Exon 18 caaacctcagctcaccctt tctaagtcagaaagggatcgg
Exon 19 gatgacgtgggccetgeecteee cttgggtgggacgttctgeag
Exon 1 geacacctggaatgttgaa aaaggtggatgggataggag
Exon 2 gggccttgaacagtgtgtet tttcccgaaacacageage
Exon 3 agtgagggagcaggattc tgeccatgatgecegetgte
AIPLI
Exon 4 ctcetgeccagggaga gggagatgtgccacagg
Exon 5 aaagtccaggaaggctatgg taaggaacctgcagaccaag
Exon 6 ctgggaagggagctgtag aaaagtgacaccacgatcc
CRX Exon 2 gtgcacgtcaccecatggtgagtaac cagaggtcctccaagagatgaggec

John Wiley & Sons, Inc.
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Human Mutation

Gene Exon Forward primer (5’-3) Reverse primer (5°-3)
Exon 3 gtagaagggcagggaatgt ctcetcecatcactetttgt
Exon4_1 gctggatgcaaagtagacag ccatgggagaaaggtaggg
Exon4_2 tctccgagetectatttcag gatctaaactgcagggaagc
Exon 3 ggagaggagcagagaageag gettccagtgeaggtetttg
Exon 4 tcttagtgtgagetegtgaagg ttctagtcagageccecaag
Exon 5 cccagtcecaagcteactta tagtggggtggatgatggtt
RDHI?2 Exon 6 gggcaattatgcaggtetgt ccctggacattctccacatt
Exon 7 aattggttcacacccagaaga tgacttcccaagttgetgtg
Exon 8 tectgagtecectecttetea tcatcaggcacaaactcage
Exon 9 gggaccataaagatttccaga ctttagggttggecttetee
RPGRIP1 Exon 1 tgctgagaaattcctgctacaa tctgtgaaggccagcaagat
Exon 2 tgagacatctaaagggttcaaaaa cagtctatcgacatgtttggc
Exon 3 tgtactggggacagaaggcta aaacgtggctggceacatc
Exon 4 cagcccttcatgttccagtt ttccctgatcatgetgaaaa
Exon 5 ccaaggttactgattcacttaatttc cctctgagatggaggaaagg
Exon 6 cgtgatgagaaatgggagaaa cgagttgtgaggcttggatt
Exon 7 agtgtgctaagtaacagtacct atttgctccagcaatagge
Exon 8 caaagtcattctttgtgacatctg ggagcttcgtttttgtcattt
Exon 9 ggaaaatcctcattaatcccaat attgagtaccaatttccecata
Exon 10 aggtccaggagatgctgaaa ggatcaagtgaggggattaaa
Exon 11 ttttgttttcggagtgcaag gttttctaatctcatcatcttcee
Exon 12 agtttctgetgetggceattt ggacagccattgtgtgtttg
Exon 13 gggtctgcaaggaaatcaaa atgagaggcacccttcttga
Exon 14 cacaacttggacttccacca ggggaatacagatggtgteg
Exon 15 agcaccaatgcagaatttcc gatgtagctcgetccaaagg
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Gene Exon Forward primer (5’-3’) Reverse primer (5’-3)
Exon 16 getettectcaccacagatec tetgetetgttgetettgaca
Exon 17 ggtgctgacaaatgctcact cacatgacactcacagaggga
Exon 18 tcccaaatecctttettgtg tgtetgcettetgettetget
Exon 19 aaagaaggcaggaaggaagg cttgaaagcctgatctcgtg
Exon 20 tgaccagacagtggattgga tgcattttccatcagettca
Exon 21 tgggttaattggatggegta attcaccccacaaaaatcca
Exon 22 ccatgaataccactaatgaaagtct catcagcacaaaaccaaactc
Exon 23 aaatggaggcaagggaaaag gggataagatttcaatccactttg
Exon 24 cattcatttagcatccceagt ggtactggagaaaaatgcctttag

AHII Exon 1_1 agggcactgtcatgatctec ggtaaacatgtccegetgtg
Exon 1_2 tcagtgccatcagaacagact ggctggactggcaacaatg
Exon 1_3 cacagcgggacatgtttacc ggcaggagaattgcttgacc
Exon 1_4 ggaacattgttgccagtcea cgtggectttgagttcagtt
Exon 1_5 tctgggcatageatcacaca atgctaacaatgtttgagaggca

Exon 2 tttgtcettgctgaccatge ggcecctagatcaaagectea
Exon 3 tgggtgacacagcaagacte tggtcacatacctgaaagetga
Exon 4 actttgggtecttgteccat agcaggtccctggtaaatgt
Exon 5 aactgtgcatgaggcaggt agcaaaccttgagacagect
Exon 6 agagaaatgaagcataatggcct acacatcttgegetattget
Exon 7 tttgcectttaatgggatgtga tgacctatcatgtgtectggt
Exon 8 tggtgcattccagttetttgg tgccatttgtttgggcaagt
Exon 9 aggtgtggtcatctggttca cccatcccagtttacatgge
Exon 10 aattgcggacacgaaagaca gaggagggtcagtggaatgt
Exon 11 tgtgttagcctecattaaacge aaactccctgggcetettgg
Exon 12 actgccagatgttcettggt cagccctaaactgacgttacte

John Wiley & Sons, Inc.
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Human Mutation

Gene Exon Forward primer (5’-3) Reverse primer (5°-3)
Exon 13 atgccacagtgcaaatggg acacatgtactgagaggctcat
Exon 14 gceeggecaccatattatte ggttcattggetgtgttggt
Exon 15 geaccactggattctacect tgtgctgcaaatgtetttggt
Exon 16 getatcaactagccacattggac tggcagtgatggctttagagt
Exon 17 ggectccagaactgtgagaa ggtgaagaagcagaaacaaagga
Exon 18 tcaactcctgctttaaatcaacctt gttcagcgtgaaatetggea
Exon 19 ggcatggctgtttgtgtett atggaccctccctaactgaatg
Exon 20 cgtctcacttgattccacage catgttacccaggetggtc
Exon 21 tgaggcagtagaatcgcttga ggtttgetgttgtetggett
Exon 22 gagatcgtgccactgcatte catttacttggcagcagggt
Exon 23 ggcagatgcccttaaatgte tettccactcttttggeaat
Exon 24 agcacaatgaaggaaagcca tcatcttgtagcaccgaatgtt
Exon 25 cctgtaggacagceactcaaga acaggctaggcacaccttag
Exon 26 ccttgtecatctgagteccaa tcactgtgagtgtgctacce
Exon 27 ggaatgctaaacgcageaca getgatagegtagtgacega
Exon 28 cgtcggtcactacgetatca tttccctgegetagetacaa

Supplementary Table S1: Exon-flanking primers for the amplification of the human CEP290, CRB1,
RPEG65, GUCY2D, AIPL1, CRX, RDHI12, RPGRIPI and AHI1 genes and for the ¢.2991+1655A>G mutation

in CEP290.
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Human Mutation

HUMAN MUTATION Mutation in Brief #____ (20XX) Online

HUMAN MUTATION
Supplementary Table S2
PolyPhen SIFT
Nucleotide | Amino acid Domain/ PSIC Median Grantham | Nucleotide Amino acid
Gene . c e o . . Remarks
change change Region Prediction score Prediction | Score sequence score conservation | conservation
difference conservation
Moderately
- Affect Weakly )
CEP290 | ¢.5081T>C | PTUIO%Pro | o coit | Possibly 1.995 protein | 0.00% 3.44 98 conserved conserved
uv damaging - (considering
function (score: 0.0) .
12 species)
Highly
. Highly conserved,
CEP290 | c4696G>C | PAIRISOOPrO | iy eoit | POSSBIY |y 638 | Tolerated | 0.10 3.44 27 conserved | up to Frog
uv damaging L
(score: 1.0) (considering
12 species)
Highly Disruption of
EGF-like 8, Probabl Affect Highly conserved, annotated
CRBI c.929G>A | p.Cys310Tyr | extracellular Y 3.761 protein 0.00* 3.96 194 conserved up to Cow bond
. damaging . . L . .
domain function (score: 1.0) (considering | formation site
8 species) (PolyPhen)
p.Aspd91Val Laﬁ]ﬁ?? ¢ Affect Highly cown::f\Zd
CRBI c.1472A>T ’ ’ Benign 1410 protein 0.01* 3.96 152 conserved L
uv extracellular - (considering
. function (score: 1.0) .
domain 8 species)
Probabl Highly ]\c/lgfgfvtgiy
RPEG6S5 ¢.253C>T p-Arg85Cys Y 2476 Tolerated 0.05 2.90 180 conserved L
damaging (considering
(score: 1.0) .
18 species)
Highly
Probabl Affect Highly conserved, I;gcrﬁzgl?zﬁt
RPE65 ¢.542C>T | p.Prol81Leu Y 2.956 protein 0.04 2.90 98 conserved up to Fruitfly Lo
damaging ; L binding site
function (score: 1.0) (considering .
. (UniProtKB)
18 species)
Highly
conserved
. Affect Weakly ’
Gucy2p | cs87a>T | PGu1%6Val | Extracellular | Possibly 1.650 protein | 0.00% 432 121 conserved up to
uv domain damaging - . Opossum
function (score: 0.3) L
(considering
10 species)
GUCY2D | c.1724C>T | p.Pro575Leu | Cytoplasmic Benign 1433 Affect 0.00* 4.32 98 Weakly Highly 1528743021
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Human Mutation

PolyPhen SIFT
Gene Nucleotide | Amino acid Domain/ PSIC Median Grantham | Nucleotide Amino acid Remarks
change change Region Prediction score Prediction | Score sequence score conservation | conservation
difference conservation
uv domain protein conserved conserved,
function (score: 0.0) up to
Opossum
(considering
10 species)
Highly
Protein . conserved
. Affect Highly ’
Gueyap | c2132cst | PPro7lILeu | Kinase, | Probably g, protein | 0.00% 432 08 conserved up to
uv Cytoplasmic | damaging . ] . Opossum
. function (score: 1.0) o
domain (considering
10 species)
Highly
. conserved
o Affect Highly ’
GUCY2D | ¢2598G>C | p.Lys866Asn | CYLoplasmic | Probably -, ;50 protein | 0.00% 432 94 conserved upto
domain damaging . ] . Opossum
function (score: 1.0) A
(considering
10 species)
Moderately
p-Thr114lle PPIase . Weakly conserved
AIPLI c.341C>T Benign 0.179 Tolerated 0.13 3.34 89 conserved P rs8069375
uv FKBP-type (considering
(score: 0.0) .
12 species)
Weakly
p-Pro376Ser . Weakly conserved
AIPLI c.1126C>T Benign ? Tolerated 0.48 4.32 74 conserved o
uv . (considering
(score: 0.0) .
12 species)
Highly
. conserved
) Affect Highly )
CRX | c425a5G | PTYyr142Cys Benign 1458 protein | 0.00% 432 194 conserved | WPOLite 0 0ugaa0
uv . brown bat
function (score: 1.0) .
(considering
8 species)
Highly
Weakly conserved,
CRX | c724G>A p'Vagf,QMet Benign 1.033 Tolerated | 0.20 432 21 conserved uptoDog | RS61748459
(score: 0.2) (considering VAR_007949
8 species)
Prediction Affect Weakl Highly Disruption of
Probably basis: . y conserved, annotated
RDHI2 ¢.524C>T | p.Serl75Leu - protein 0.00* 3.61 145 conserved . Lo
damaging sequence function (score: 0.2) up to Fruitfly binding site
annotation T (considering (PolyPhen)
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PolyPhen SIFT
Nucleotide | Amino acid Domain/ PSIC Median Grantham | Nucleotide Amino acid
Gene . o ‘e . . Remarks
change change Region Prediction score Prediction | Score sequence score conservation | conservation
difference conservation
15 species)
Highly
Probabl Affect Weakly conserved,
RDHI2 c.698T>A | p.Val233Asp d Y 2.616 protein 0.00* 3.60 152 conserved up to Fruitfly
amaging . S
function (score: 0.0) (considering
15 species)
Probabl Affect Highl omsened
AHII ¢.2273A>C | p.His758Pro WD 4 Y 2.679 protein 0.03* 3.39 71 gny o
damaging . conserved (considering
function . .
(score: 1.0) 12 species)
Highly
Possibl Affect Highly “’T“de’
AHII | ¢2433T>G | p.Asn811Lys WD 5 SSIDLY 1719 protein | 0.00% 3.39 94 conserved P
damaging . . Tetraodon
function (score: 1.0) .
(considering
12 species)
Disruption of
Prediction . Weakly annotated
Probably basis: Highly conserved functional
AHII ¢.3368C>T | p.Ser1123Phe . ’ Tolerated 0.07 3.67 155 conserved S . e
damaging | sequence o (considering | site (modified
. (score: 0.9) . .
annotation 12 species) residue)
(PolyPhen)

Supplementary Table S2: in-silico predictions of the novel missense variants and known unclassified variants identified in this study using the Alamut
software.
Alamut provides for each variant the HGVS nomenclature and a nucleotide conservation score which was computed at UCSC from 17 vertebrates and has a
range between 0 and 1 (http://genome.ucsc.edu/cgi-bin/hgTrackUi?g=multiz17way). For missense variants, Alamut calculates the Grantham distance and
automatically fills in queries for PolyPhen and SIFT prediction servers, based on the UniProt protein identifiers and FASTA sequences of several orthologs,
respectively. In addition, information on topological as well as functional domains and variations (VAR) was extracted from the UniProtKB database using the
following identifiers: 015078 (CEP290), P82279 (CRBI1), Q16518 (RPE65), Q02846 (GUCY2D), QINZN9 (AIPLI), 043186 (CRX), Q96NR8 (RDH12) and
Q8N157 (AHII) (http://www.uniprot.org/uniprot/). Variants were designated as “unclassified variant (UV)” if no consensus was seen in all prediction programs
used. *These substitutions may have been predicted to affect function just because the sequences used were not diverse enough.
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1
2 Supplementary Table S3 — Part I
3
4
5 Patient Night Col
6 Gene a loe ™| Gender e Photophobia ERG -olor Fundus aspect Other features
n Blindness vision
7
8
9 CEP290 Absent Optic disc pallor
JCys998X]+ | LCA-1 M Retinal vessel attenuation
10 B (4mo)
Cys998X] Normal macula
11 Pigmentary retinopathy
12 Normal macula
13 (6yrs)
14 gEsgég())(H LCA-2 M Mild Absent Retinal vessel attenuation Evenokin
By C ;998X (5mo & 1.5yrs) Salt and pepper alterations yepoking
15 1Cys998X] Pseudopapilledema
16 HyperAF ring around macula
(14yrs)
17 Normal optic discs
18 CEP290 Retinal vessel attenuation .
Absent + Eyepokin,
19 p.[Cys998X]+ | LCA-3 M + + Normal peripheral retina yepoking
(4mo) (6yrs) Enophthalmos
20 JArg108X y Beginning of hyperAF around macula P
(6yr5)
21 CEP290 Absent Retinal vessel attenuation
22 p.|Cys998X(+ | LCA-4 F Tapetal reflex of posterior pole
(2yrs)
23 GIn899X] y Pseudopapilledema
24 CEP290 Absent Eyepoking
p.|Cys998X(+ | LCA-5 M
25 e (4mo) Enophthalmos
21465X]
26 Retinal vessel attenuation
27 White marbleized changes
28 Macular oedema
(3.2yrs)
29 Retinal vessel attenuation
30 CEP290 White marbleized around vascular arcade
31 p.[Cys998X]+ | LCA-6 F - (Siniggngyrs) Seg/; rg)eers‘l){D Blg /;nd Discrete RPE alterations Exotropia
[Lys1575X ! ’ No macular reflex
32 (4.9yrs)
33 Extensive peripheral outer retinal atrophy
Limited spicular intraretinal pigmentation
34 P pig
35 Relative macular preservation
36 Relatively darker perifoveal ring
37
38
39
40
41
42
43
44
45
46 John Wiley & Sons, Inc.
47
48

N
o]
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Gene Patloe nt Gender nght Photophobia ERG C.O.l or Fundus aspect Other features
n Blindness vision
(18yrs)
Peripheral salt and pepper intraretinal pigmentation
Relative macular preservation
(22yrs)
Extensive midperipheral and peripheral outer retinal
atrophy Eyepoking
Subnormal Limited spicular intraretinal pigmentation Enophthalmos
CEP290 +) A (lyr) + Relative macular preservation Exotropia
p.[Cys998X(+ | LCA-7 M (later in (early in life) Absent (early in Development of synchysis scintillans Posterior SCP
)Lys1575X life) carly In fite 2 yrs life) (33yrs) cataract (star
(21yrs) More extensive intraretinal pigmentation (predominantly shaped) (49yrs)
spicular)
Relative macular preservation
Hyper AF in central macula and mid- and far periphery
Extensive confluent atrophy
(49yrs)
CEP290 Absent
p.[Cys998X(+ | LCA-8 F (16yrs) R/G Optic disc pallor
)Lys1575X]
CEP290 Severe
p.[Cys998X]+ | LCA-9 M + CRD Marbleized retinal changes
[Arg1782X] (5mo & 1.2yrs)
CEP290 . .
[Cys998X |+ Nummular pigmentation
m_y_]_[ Asp128Glufs | “CA10 F S I I Essuggpzirzﬂleﬁiema ,,,,,,,,,,,,,,,,,,,,,,
X17] Maculopathy
CEP290
p.[Cys998X ]+ LCA-11 M Absent Optic disc pallor Eyepoking
Glul46Glyfs (6mo) Yellow confluent peripheral spots Enophthalmos
X17]
CEP290 Retinal vessel attenuation
p.[Cys998X (+ ) Peripheral pepper and salt alterations .
JArgea1llefsx | A2 | M Absent P Mactlar RPE alterations Enophthalmos
2] (6mo)
CEP290 Lo
D[Cys998X(+ | LCA-13 F ?fril?)t Retixglljt\llzgsslcart)felxll?:ation
)Leul141Phef B

John Wiley & Sons, Inc.
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34 Coppieters et al.

Human Mutation

Gene Pa::oe nt Gender Blli\lnlg::Zss Photophobia ERG w(f:i(s)il(())ll; Fundus aspect Other features
| sX5]

CEP290 . . .

. Granular pigment alterations Eyepoking
EJ—Ll(l:r;nga?fI)l(ef; LCA-14 F 1(\5t)rsne;1)t Normal macula Enophthalmos
—Q (7mo) Cataract

Retinal vessel attenuation
CEP290 (]E’Sr[?alilst (7mo)
b Cys998X + *bélﬁh*inl - *M ************** R Ab;én{ ********************** Hyperaemic optic disc-— -~ - *Eyepok'rng -
)Glul656Asnf etal Marbleized, white spots Enophthalmos
sX3] 2007') Nummular pigmentation
(2yrs)

CEP290
p.|Cys998X 1+ Absent o .
[Alal832Profs LCA-16 M (6mo & 10mo) Yellow spots Eyepoking

X19]

CEP290 Absent Full optic disc with no apparent excavation
p.[Cys998X1+ Marbleized fundus changes in the midperiphery .
[Liys1840Argf LCA-17 M (5mo) Normal macula Eyepoking

sX5] (8yrs)

CEP290 Full optic discs Eyepoking
.l Cys998X 1+ + Absent Limited outer retinal atrophy Enophthalmos
[_é—y—]_lul95 6GIvE LCA-18 M (carly in life) (3mo) Midperipheral salt and pepper alterations Keratoconus with

Ey— y Normal macula acute hydrops

(15yrs) (OD>0S) (13yrs)
Very small optic disc excavation

CEP290 . ' Re'tinal vessel attenuation '

Cys998X 1+ Absent Mild midperipheral salt and pepper alterations Evenokin
p_._\;]_‘ LCA-19 M + + Bull’s eye maculopathy with preservation of central yepoking
[Donor Splice (3mo) . Enophthalmos

defect macula, surrounded by conc.entrlc area of more
defect] pronounced outer retinal atrophy
(14yrs)
Lo Eyepoking

CEP290 | LCA-20 Rei e dise pallor Enophthalmos
p.[Cys998X(+ (Yzer, F ) ) Absent RPE alterations Cataract with lens

Acceptor Leroy et (9yrs) maculopathy unknown luxation
Splice defect] | al. 2006) Keratoconus (OD)

(3mo) .
Enucleation because

John Wiley & Sons, Inc.
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Human Mutation

Genetic screening of LCA in Belgium 35

Gene Patloe nt Gender nght Photophobia ERG (;0.1 or Fundus aspect Other features
n Blindness vision
of phacolytic
glaucoma (OD)
CEP290
p.[Cys998X]+ } ) Optic disc pallor
Acceptor LCA-21 M *+ Absent Retinal vessel attenuation
splice defect]
CEP290 Lo
Normal optic discs
p.[Cys998X(+ : ) ) Absent . :
Accentor LCA-22 M (4mo & 9mo) Wl%lte retinal spots
. apetal reflex
Splice defect]
Salt and pepper alterations
CEP290 Nom(l;linr(r)l)acula
p.[Cys998X (+ Absent . L Eyepoking
LCA-23 F Pinkish optic disc .
S ﬁccecfietf:z i (5mo & 1.5yrs) Mild retinal vessel attenuation Enophthalmos
p! . .
RPE alterations (yellowish dots)
(6yrs)
CEP290
p.[Lys1575X( | LCA-24 M
+)Lys1575X]
No RPE alterations
(4mo)
Retinal vessel attenuation
Discrete RPE alterations
CEP290 (1.10yrs) .
Severe . . Eyepoking
. S QQ
p.[Lys1575X LCA-25 M ) Strong CRD Retinal vgssel attenuation Enophthalmos
+[Alal566Pro HyperAF ring around macula .
(1.1yrs) Exotropia
1 (8yrs)
Retinal vessel attenuation
Salt and pepper alterations
Mild macular pigment epithelial alterations
(10yrs)
N el s
p.[Leul694Pr B ) Absent . . . . ST
ol+l=. splice LCA-26 (4.5yrs) Midperipheral reticular aspe’ct, e\specmlly around vascular Strabismus
J—L’_p_site] arcades

Assymetric ectopia foveae OS>0D

John Wiley & Sons, Inc.
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Human Mutation

1
2
3
4 Gene Patloe nt Gender nght Photophobia ERG (;0.1 or Fundus aspect Other features
5 n Blindness vision
6
7 (Gyrs)
8 Normal optic disc
9 Deep intraretinal white spots along vascular arcades
HyperAF ring around macula
10 No pigmentation/atrophy
11 (5.4yrs)
12 CEP290 Subnormal Optic disc pallor
13 998 LCA-27 M S5mo & & Trs + No RPE alterations
pLys998X, | “TEL T | Gmo&lyr&Tys) | T |7 Notmal macuta - — - — —— | { Deleted: [
14 CEP290 Absent h ‘[ Deleted: (+)?]
15 p.[Trp7Cys]+ SLS-1 F (2mo) Abnormal RPE
16 Trp7Cys]
CEP290
17 + Keratoconus
pfLys1575X( | SLS-2 F + : )
18 ) Are1465X] (12yrs) Cataract
19 CEP290
20 pJLys1575X SLS-3 M Eyepoking
+)Arg1465X]
21 CORS-T
22 CEP290 | (Bramcati | | | | L ( Field Code Changed
23 pfLys1575X( | , Barrano F Enophthalmos
24 +)Arg1465X etal.
2007)
25 CEP290 Optic disc pallor
26 p{GIn1265X] | LCA-JS- M - _ Absent Salt and pepper alterations
F[Acceptor 1 (first year of life)
27 Tlice de fect] Mild spicular intraretinal pigmentation
28 CEP290 LCA-IS Normal optic discs
29 ) II_-l ) F + + Absent Retinal vessel attenuation
30 Salt and pepper alterations
2457AlafsX27 | LCA-JS-
31 ] 211 M + Absent
32 CEP290
33 p.[Leu2448Th Absent L
v/ A ... | LCA-JS- : Optic disc pallor
34 r_fw 3 M *+ (4mo & 1.4yrs) Retinal vessel attenuation
35 _Jt((l)rfspllce
efect
36
37
38
39
40
41
42
43
44
45
46 John Wiley & Sons, Inc.
47
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Human Mutation

Genetic screening of LCA in Belgium 37

Gene Patloe nt Gender nght Photophobia ERG (;0.1 or Fundus aspect Other features
n Blindness vision
CRBI
p.[Lys801X(+ | LCA-28 M Marbleized fundus changes
)Lys801X]
Optic disc pallor
Retinal vessel attenuation Eyepoking (mild)
CRBI LCA-29 Basic Perivascular fibrosis Enophthalmos
) (Yzer, . Absent Severe R-G No clear PPRPE (mild)
p.[Lys801X(+ M + Mild . . . .
Gln362X] Leroy et (1yr & 30.6yrs) and B-Y Fine intraretinal white flecks Posterior
- al. 2006) deficienty Nummular intraretinal pigmentation subcapsular cataratt
Macular atrophy (0OS>0D)
(30.6yrs)
CRBI
p.[Lys801X]+ | LCA-30 M
[Arg764Cys]
Retinal vessel attenuation
Outer retinal atrophy
RPE defects around vascular arcade
Perimacular atrophic spots
(3mo)
CRBI LCA-31 qumal optic dlsc§ Eyepoking
) (Yzer, Absent . Perivascular fibrosis .
p.[Lys801X]+ M + - Basic Enophthalmos
Cys896X Leroy et (3mo) No clear PPRPE Exotropia
[Cys896X] al. 2006) Outer retinal atrophy
Small white dots
Nummular hyperpigmentation
Pseudopapilledema
Macular atrophy
(8yrs)
Depigmentation around macula Evenokin
L Enophthalmos
. . phthalmos
Macular aplasia: vessels of choroid become apparent .
CRBI LCA-32 ) (17yrs) Esotropia
(Yzer, [ Keratoconus wit
p.[Lys801X(+ Leroy et F + (+ after Normalopticdisc __ _________ ~acute hydrops-and ~
)Cys896X al. 2006) keratoconus) Retinal vessel attenuation rupture of Descembt

Perivascular fibrosis
No clear PPRPE
Outer retinal atrophy

membrane
W20yrs) | _

John Wiley & Sons, Inc.
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Human Mutation

1
2
3
4 Gene Patloe nt Gender nght Photophobia ERG C.O.l or Fundus aspect Other features
5 n Blindness vision
6
7 White retinal spots
8 Peripheral intraretinal pigment migration, predominant
nummular
i 0 Some midperipheral lipofuscin depositions
Macular aplasia
11 Pseudopapilledema
12 (33yrs)
13 Pale and slightly swollen optic disc
CRBI Absent Diffuse outer retinal atrophy
14 p[Lys801X(+ | LCA-33 F + (o & 1.7y15) Small whitish deep intraretinal flecks
15 )Cys948Tyr I Nummular intraretinal pigmentation
16 Limited macular atrophy
17 chgix N Absent Retinal vessel attenuation Evenokin
p{LysBOIX |+ LCA-34 F + Macular pigmentation Yepoxing
18 Acceptor (4mo & 1.5yrs) . Strabismus
19 | splice defect] Pseudopapilledema
CRBI
32 p.|Cys948Tyr( | LCA-35 F Keratoconus (OS)
+]Cys948Tyr]
22 Enophthalmos
23 Optic disc pallor Cataract
24 CRBI Retinal vessel attenuation Glaucoma
p.[Cys948Tyr( | LCA-36 F Nummular intraretinal pigmentation (neovascular with
25 +)Glu1330X Macular alterations OD seclusio pupillae
26 Coats reaction and anterior
S hiae)
27 synec
CRBI
28 ,
p.[Cys948T LCA-37 M
- - +
29 +[Splice.
30 defect]
31 Optic disg pallor with irregu!ar shape
32 CRBI Basic Peri Iier;lfl?eil:/z;sg 1 2gter(:aelltlltzrrlations Eyepoking
pfCysOd8Tyrl | | 2o | o . ) Absent quntil9yrs) | O ey o oem __Enophthalmos _ _
33 +[Splice (9.1yrs) Disturbed . : . Exotropia
34 defect] (after 9yrs) Retinal vessel attenuation with tortuous aspect
y Extensive peripheral and macular outer retinal atrophy
35 Small white deep intraretinal flecks
36
37
38
39
40
41
42
43
44
45
46 John Wiley & Sons, Inc.
47
48
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Human Mutation

Genetic screening of LCA in Belgium 39

Gene Patl:’ nt Gender nght Photophobia ERG (,jo.l or Fundus aspect Other features
n Blindness vision
Nummular intraretinal pigment migrations
Yellowish hue of the macula
6 astrocytoma-like retinal excrescences superior to right
macula
Pseudopapilledema with prominent sheathing of blood
vessels near optic discs
(18yrs)
Optic disc pallor
. Retinal vessel attenuation
Basic
. Salt and pepper aspect
(early in .
life) o Macular aplasm _
CRBI Absent Declining Total chorioretina atrophy in the central macula Eyepoking
p.[Cys948Tyr] | LCA-39a F + + (4mo) at the age Pseudopapilledema Enophthalmos
+[Splice Atrophic macular region with pigment near border Esotropia
of 12yrs
defect] (LCA- Absent (3yrs)
39a) (s 1 1yrs) Total atrophy of retina and choriocapillaris
and y Midperipheral small white dots
p.[Splice Midperipheral small nummular pigmentation
defect]+[Splic Optic disc pallor
e defect Small excavation optic disc (OD, not OS)
(LCA-39b Absent Retinal vessel attenuation
LCA-39b M + (8yrs & 16yrs) - Extensive peripheral outer retinal atrophy
y T Limited nummular intraretinal pigmentation
Macular yellowish atrophy (OD>0S)
(16yrs)
No optic disc excavation
CRBI No perivascular sheathing Cataract (OS>0D)
p.[Splice LCA-40 M + ) Absent Severe outer retinal and central macular atrophy Retinal detachmer)t
defect(+)Splic (2yrs) Small deep intraretinal white flecks (OD: partial -
e defect Extensive nummular intraretinal pigmentation inferior, OS: totall
(11yrs)
CRBI1
p.[Leu814Arg
fsX23]+[Cysl | LCA-41 F + Mild Absent Disturbed Hyperaemic optic disc Eyepoking
240ProfsX24 1I-1 (31yrs) Retinal vessel attenuation Enophthalmos
Small pigment clumps scattered through retina Esotropia

Pseudopapilledema
Normal macula

(12yrs)

John Wiley & Sons, Inc.
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Human Mutation

1
2
3
4 Gene Patloe nt Gender nght Photophobia ERG (;0.1 or Fundus aspect Other features
5 n Blindness vision
6
7 Macular atrophy with pigment clumping
8 (21yrs)
9 Macular pseudocoloboma
(23yrs)
10 Limited perivascular sheathing around optic disc
11 Extensive outer retinal atrophy
Small white intraretinal flecks
12
13 Pronounced nummular intraretinal pigmentation
Central macular atrophy
14 (36yrs)
15 Beginning macular atrophy with pigment alterations
(10yrs)
16 Extensive peripheral outer retinal atrophy
17 Extensive macular atrophy Eyepoking
18 LCA-41 Absent } Extreme hyperplg'menFatlon arqund centra'l magula Enophthal_mos
19 2 F + - (24yrs) Disturbed Pronounced peripapillary perivascular fibrosis Esotropia
20 T Relative sparing of small retinal area just nasal to the SCP Cataract
optic disc (used for fixation) (complete, OS)
21 Pronounced mid and far-peripheral nummular intraretinal
22 pigmentation
(24yrs)
gi CRBI White retinal spots
Absent Salt and pepper pigmentation Keratoconus
JTrpl1293X( | LCA-42 F +
25 p{ TrpI293X( (2yrs) Maculopathy Cataract (OD)
+)Trp1293X
%6 +Trp1293X] 2y
Optic disc pallor
217 EORD-1 Retinal vessel attenuation
28 ; F + - CRD Salt and pepper alterations
CRBI II-1 Nummular intraretinal pigmentation (over 360°)
29 p.[Cys948Tyr] ummuiart 1na’pig v §°"
30 J[Lys801X] No maculopathy
- EORD-1 Optic disc pallor
31 2 } M + Mild CRD Salt and pepper alterations
32 No maculopathy
33 CRBI Optic disc pallor
34 p.|Cys948Tyr( | EORD-2 M Peripheral nummular intraretinal pigmentation Cataract
35 +)Cys310Tyr] No maculopathy
36
37
38
39
40
41
42
43
44
45
46 John Wiley & Sons, Inc.
47
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Human Mutation

Genetic screening of LCA in Belgium 41

Gene Patl:’ nt Gender nght Photophobia ERG (;0.1 or Fundus aspect Other features
n Blindness vision
Hyperaemic optic disc
CRBI + Strong . ReFina vessgl attenuation .
[Cys948Tyr] | EORD-3 F (since the | (since arly Absent Midperipheral pigment alterations
+[Asp491Val| age of 5) age) (4.10yrs) Pseu’dopapllledema
Bull’s maculopathy
(dyrs)
CRBI Absent Peripheral nummular intraretinal pigmentation
p.L GIn362X | EORD-4 M (Syrs) No maculopathy Cataract
(+)GIn362X]
: e
p.[Arg764Cys (since the Absent Normal : SCP Cataract (OD))
(+)Arg764Cys EORD-5 F age of 13- } (12yrs) (12yrs) . . Coats reaction (OD) - . Glaucoma
] 14) N Mid-peripheral spicular intraretinal pigmentation
Excavation optic disc (OS)
Discrete retinal vessel attenuation
RPE6S Strong ) R/B (not \ . l'\Iormal. fundus .
[Ared4Gln] | LCA-43 F (since the (searches for Absent R/Y) Very small white mtrargtmal flecks in mid- and far Esotropia
+[Argd4Gln] age of 13- by (7mo & 2yrs) (4yrs) periphery
14) No preretinal fibrosis
(4yrs)
Retinal vessel attenuation
Discrete RPE alterations
RPEGS _(Gmo)
p.[Prol8iLeu . Absent .  Optic disc pallor
+[Prol81Len LCA-44 M + (sear'ches for (5mo & 4yrs) Disturbed Retinal vessel attenuation
L[Prol8iLeu light) Mild thinning of inferior retina
1 Limited midperipheral intraretinal pigmentation
Well-preserved macula
(Tyrs)
RPEG65 Optic disc pallor
p.lArg234X]+ LCA-45a F Depigmentations and round hyperpigmentations
Trp331dup
(LCA-45a)
and
p[Trp331dup LCA-45b
+[Trp331du

pl (LCA-45b)

John Wiley & Sons, Inc.
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Human Mutation

Gene Patl:’ nt Gender nght Photophobia ERG (;0.1 or Fundus aspect Other features
n Blindness vision
RPE6S o Retinal vgssel attenuation
Limited but clear peripheral outer retinal atrophy
ptLeu341Ser . . . -
LCA-46 F No intraretinal pigmentation
pSeri21Leuf Relative preservation of essentially normal macula
X6 (de novo) pres o y
(21yrs)
Optic disc pallor
Retinal vessel attenuation
No pigmentation
(Syrs) .
S Eyepoking
- NG e Car oy
p{Fhe530Leu LCA-47 M + (searches for pownt G/B Discrete retinal thinning limited plolster'lor
fsX401+[Phe5 . (9mo & 9yrs) R/0O/P ) ) lens opacification)
3DLeufsX40] light) Cellophane maculopathy Semimydriasis
= Limited macular pigment alterations (ODS)
Peripheral hypopigmentation
Small discrete peripheral white flecks
Total absence of AF
Oyrs)
Optic disc pallor
Absent Retinal vessel attenuation
LCA-48 M Basic Outer retinal atrophy especially in inferior midperiphery
(4mo & 1yr) . .
Relative sparing of the macula.
Mild preretinal macular fibrosis
Retinal vessel attenuation
No pigment alterations
Normal macula
) (lyr & 4.3yrs)
LCA-49 M Strong (searches for Absent Basic Peripheral piggfent @Phgtions Semimydriasis
ight) (1.9yrs) (6yrs)
g Normal optic disc
Limited retinal vessel attenuation
Peripheral RPE alterations without intraretinal pigment
Very limited foveal pigment alterations
RPEG65 Normal vessels
p.[Arg296Lys LCA-50 F Absent Mild RPE alterations Esotropia
fsX7]+[Splice ) (5mo) No hyperpigmentation Hypertropia
defect] Normal macula

John Wiley & Sons, Inc.
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Human Mutation

Genetic screening of LCA in Belgium 43

Gene Patloe nt Gender nght Photophobia ERG C.O.l or Fundus aspect Other features
n Blindness vision
GUCY2D
p.[Prol130Leuf Absent
$X36 LCA-51 M (11mo 5;;“3 9 Normal fundus Eyepoking
(+)Splice .
defect]

GUCY2D ) .
pIPhes65Ser( | LCAS2 | M ‘(*;’If;)‘ Normal fundus pyepoking
+)Phe565Ser] P

GUCY2D
p.[Arg768Trp( | LCA-53 M
+)Arg768Trp]

GUCY2D + + Eyepoking
p.[Arg768Trp] | LCA-54 F (since (since the age ?;Isne;l)t IZIIO rmgil 3fu2n(ilsl; Enophthalmos
+[Phe565Ser] early age) of 2.6) r - Esotropia

Pseudopapilledema

GUCY2D Absent Essentially normal fundus
p.[Arg768Trp] | LCA-55 M (4.4yrs) - Limited peripheral salt and pepper alterations Eyepoking
+[Lys866Asn T Limited hyperAF of the central macula

(13yrs)
' Optic disc pallor ' Eyepoking
Retinal vessel attenuation Enophthalmos

GUCY2D Basic Limited peripheral outer retinal atrophy Esot_ro i s
p.[Glul96Val LCA-56 F Stron Absent Strong R/G No intraretinal pigmentation Keratocons s with
+[Pro711Leu ) ) g (3mo) and B/Y Normal macula

. acute hydrops
1 defect Foveolar yellowish atrophy
(OD>0S)
No hyper- or hypoAF (16yrs)
(25y13) "
GUCY2D LCA-57 F + Absent Severely Optic disc hypoplasia
p.Pro575Leu (3.3yrs) disturbed Bull’s maculopathy
LCA-58 Bull's eye maculopathy, diffuse RPE alterations; limited
AIPLI . . . Do .
) (Yzer, . Absent intraretinal pigment migration of spicular type; sub- or

p.[Trp278X1+ F Mild . . . : . y

Trn278X Leroy et (Bmo & 1yr) deep intraretinal fine white deposits predominantly along
[Trp278X] al. 2006) vascular arcades

.
p.[Trp278X | LCA-59 M (since the age o Maéular i‘ megigaheraﬁém Eyepoking
()Trp278X] of 4.10) Y pig ‘

(Syrs)

John Wiley & Sons, Inc.
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Human Mutation

1
2
3
4 Gene Patloe nt Gender nght Photophobia ERG C.O.l or Fundus aspect Other features
5 n Blindness vision
6
7 Normal optic discs
8 Retinal vessel attenuation
AIPLI Peripheral outer retinal atroph
9 p phy
n.[Trp278X | LCA-60 M Spicular intraretinal pigmentation
10 () Trp278X Total outer retinal aplasia of central macula, surrounded
11 by thin rim of hyperplastic RPE
12 (28yrs)
13 Limited optic disc pallor
Retinal vessel attenuation
AIPLI Stron,

14 . 2 Absent Extensive outer retinal atrophy Eyepoking

pfTrp278X]+ | LCA-61 F + (after first . . . . . .
15 Trp278X] decade) (3mo & 6mo) Mid and far-peripheral spicular pigmentation Esotropia
16 b Better preserved macula with central yellow atrophy
17 (19yrs)
18 [Tﬁﬁ%in . |Lcae2 | F Abseny Optic disc pallor Eyepokin
19 B 037 ()SerT (1.4yrs) Retinal vessel attenuation yepoxing

CRX Absent .
32 ol Tyr142Cys LCA-63 (6mo) Eyepoking
22 p Va?ﬁ};]\/[et LCA-64
23 /511)27)192(}1 ¢ Optic disc pallor
24 E—)myg EORD-6 M Retinal vessel attenuation
25 =T Aspl Salt and pepper alterations
26 Limited retinal vessel attenuation
27 Better preservation of the chorioretina in the posterior
pole than in the periphery

28 Clear retinal pigment epithelium alterations
29 Peripheral areas of preserved chorioretina alternating with
30 RDHI2 + areas of total atrophy with predominant spicular

p-|Ala269Glyf . Absent Basic . . . . .
31 sX2]+[Ser175 EORD-7 M ea(j;n;;) + (3.5yrs) (5.10yrs) mt_raretm'cgl5 sf)mentanon Esotropia
32 Leu] Retinal vessel attenuation
33 Yellowish discoloration of central macula
34 More prominent spicular intraretinal pigmentation

Areas with complete preservation of peripheral
35
chorioretina

36
37
38
39
40
41
42
43
44
45
46 John Wiley & Sons, Inc.
47
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Gene

Patient
nO

Gender

Night
Blindness

Photophobia

ERG

Color
vision

Fundus aspect

Other features

(19yrs)

RDHI2
p.[Ala269Glyf

sX2(+)Ala269
GlyfsX2]

EORD-8

RPGRIPI
p.Arg890X

LCA-65

Strong

John Wiley & Sons, Inc.
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Human Mutation

1
2 Supplementary Table S3 — Part 11
3
4 .
5 BCVA Refraction N logi
. age age eurologic
6 Gene Pa::f nt Gender Nyst (age) (age) VF MTS al Kidney F:)attl:;' res
7 | oD 0oS oD oS Features
8 CEP290
9 p.[Cys99 ) 9 9
10 8X]+[Cys LCA-1 M LP? LP? +5 +5 Normal MRI
998X} _ - - 1| Deleted: CEP290
11 CEP290 {
12 p.[Cys99 B 20/600 20/600 )
13 8X|+[Cys | LCA2 M * (Iyr & Syrs) | (Iyr&5yrs) | */ +7
1 998X], _ - - { Deleted: ceP290
WMRE RDL | | o ]
15 Broadened Daytime Growth { Deleted: NMR
16 CEP290 +7 +7 supertentorial Mild MR incontine | retardation
17 p.ICys99 LCAS3 M + 2/24 2/24 (3mo) (3mo) ventricular system Autism nce (length and
8X]+[Arg (6yrs) (6yrs) +8.25 +8.25 without signs of Normal weigth)
18 losxy | | | L Geys) | (eys) || intracranial | _kidney | Prematurity | - - { Deleted: CEP290
19 hypertension Us (36w)
20 (11mo) (6.10yrs)
CEP290
21 p.ICys99 NLP NLP
22 8X(1)GIn | LCA F * (since birth) | (since birth) -
23 899X - {Deleted: CEP290
TDM brains:
24 modest cortical
25 CEP290 atrophy with
26 o0 NLP limited subdural
DICYs99 1 oy s M NLP (1.8yrs & +6 +6 bifrontal fluid MEI
27 8X(+)Arg (1.8yrs & 8yrs) 8yr5) (4mo) (4mo) Lo
gg (E15> < IS U R N IS NN RS R RO A I I - - { Deleted: cer200
EEG: normal
30 (4mo)
Normal
31 . kidney
32 CEP290 1.5/24 3/36 MRI: Us
p.[Cys99 (3.6yrs) (3.6yrs) +4 +4 slightly Learning g
33 8X[+[Lys | “CAO F *+ 1/20 2/10 (18yrs) | (18yrs) | Re9UCed | vadened lateral | disabilicy | "™
. kidney
34 75X, | ] (85yrs) | (85yrs) | | | | ventricles 34yrs) | function |- -~~~ ] - - { Deleted: cer200
35 (3yrs)
36
37
38
39
40
41
42
43
44
45
46 John Wiley & Sons, Inc.
47
48

N
o]
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Gene

Patient

n°

Gender

Nyst

BCVA
(age)

Refraction
(age)

oD

OD oS

VF

MTS

Neurologic
al
Features

Kidney

Other
Features

CEP290
p.[Cys99
8X(+)Lys

1575X],

_ (49yrs)

CF at 2m
(21yrs)
LP with
incomplete loc

+3.5
(42yrs)

+3.5
(42yrs)

CEP290
p.[Cys99

8X(+)Lys
1575X],

LCA-8

1/60
(6yrs)
HM 2m
(30yrs)

(30yrs)

+5 +5

50

CEP290
p.ICys99

8X]+[Arg
1782X1

LCA-9

1120
(6yrs)

1/20
(6yrs)

+2.25 +2.25

10°
(6yrs)

Normal MRI

CEP290

p.ICys99
8X1+[Asp
128Glufs

X17}

LCA-10

NLP

NLP

+4 +4

Normal MRI
(10yrs)

Normal
kidney

(10yrs)

Obesity

CEP290

LCA-11

NLP

NLP

+8 +8

Normal MRI

6211lefsX
2

LCA-12

NLP

NLP

+10
(6mo)

+10
(6mo)

Normal
kidney
US (1yr)

CEP290
p.ICys99
8X(+)Leu
1141Phef
sX5

LCA-13

NLP

NLP

+8 +8

Normal CT scan
MRI: 2 atypical
white matter
lesions
(17yrs — 19yrs)

MR
Epilepsy

CEP290
p.ICys99
8X1+[Thr
1334llefs
X2|

LCA-14

LP?
(7mo)
NLP
(7.8yrs)

LP?
(7mo)
NLP
(7.8yrs)

MRTI: slightly
broadened lateral
ventricles (5Smo)

Limited
ventricle
septum
defect
(VSD): slow

John Wiley & Sons, Inc.
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- - {Deleted:

CEP290

Ll - - {Deleted:

CEP290

Ll - - {Deleted:

CEP290

| - - {Deleted:

CEP290

| - - {Deleted:

CEP290

| - - {Deleted:

CEP290

l - - {Deleted:

CEP290

L - - {Deleted:

CEP290
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Human Mutation

- { Field Code Changed

- {Deleted: CEP290

I {Deleted: CEP290

|- -~ {Deleted: CEP290

|- -~ {Deleted: CEP290

|- {Deleted: NMR

1
2 BCVA Refraction Neurologi
. (age age eurologic
3 Gene Pa::f nt Gender Nyst ge) (age) VF MTS al Kidney thtl:liis
4 | oD 0S oD 0S Features
5
closure,
6 Asthma
7 Familial
8 palatoschisis
Brother died
9 from SIDS
10 CEP290 | LCA-15 Hypermetr | Hypermetr
11 p.[Cys99 | (Perrawlt, | | (| | da | da | | - A | ]
8X(+)Glu | Delphin M + LP LP hypermetr | hypermetr Normal MRE Be‘.kdel Brsqret.e
12 . . (1.3yrs) Autism? scoliosis
1656 Asnf etal. opic opic
ii sX31], 2007) (strong) (strong)
CEP290
15 p.[Cys99
16 8X]+[Ala | LCA-16 M + NLP NLP +8 +8 - Obesitas
1832Profs
17 X19}
18 Carrier of a
19 CEP290 patlrllggénic
20 D[Cys99 LP LP Autism translocation
21 8X[+[Lys | LCA-17 M + No loc No loc 7 y7 Normal IQ :
1840Argf .
22 X5 45,XY,t(13;51
23 B e e 4 (father has -
the same)
24 Non-verbal
25 learning
disabilit
26 =
CEP290 Ataxia Normal
27 p.[Cys99 LP LP Mild) | kidne
2L YS . y
28 8X]+[Glu | LCA-18 M + No loc No loc Conc | Normal CT scan Dyspraxia US
.t (early in constr (5mo)
29 1956Glvf (early in life) life) (10yrs) (5mo)
sX9 Balance
30 4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
and
31 coordinatio
32 n problems
CEP290 . ) Autism Normal
> RICSI9 | ycplg | M + NLP NLP %Sg?%g{g% |7 Mitd- 7 idney =7 2o
34 8X]+[Do (since birth) | (since birth) patm . ! moderate US
35 nor Py MR (6mo)
36
37
38
39
40
41
42
43
44
45
46 John Wiley & Sons, Inc.
47
48

N
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Gene

Patient

Gender

Nyst

Refraction
(age)

oD

oS

OD oS

VF

MTS

Neurologic
al
Features

Kidney

Other
Features

Splice
defect],

Verbal IQ
Coordinati
on
problems

Leroy et
al. 2006)

- F

<120
_ (45yrs)
NLP
(54yrs)

< 1/20

| (45yrs)
NLP

(54yrs)

Severe MR-

(6w)

LCA-21

LP

LP

+5 +5

Normal CT scan

Mild MR
ADHD
Movement
abnormaliti
es

Chrom dupl
14q24-32.3
(< mother:
carrier of a

balanced
translocation

LCA-22

LP

LP

LCA-23

LP?

LP?

(1.2_yrs)

Severe MR
Dev Del
Epilepsy

Axial
hypotonia

Kidney
US:
hyperden
sity
(3yrs)
No other
signs of
- NPHP -

(17yrs)

Hyperlax
ligaments
Hyperlordosi
s

LCA-24

Severe MR

LCA-25

20/600

20/600

+3.5 +3.5

10°- 15°

Normal MRI

John Wiley & Sons, Inc.
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-- {Deleted: CEP290

| Field Code Changed

L - - {Deleted: CEP290

L - - {Deleted: CEP290

| - - { Deleted: cer290

- - | Deleted: cer290

-- {Deleted: CEP290
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Human Mutation

)

1
2 BCVA Refraction Neurologi
. age age eurologic
3 Gene Pa::f nt Gender Nyst (age) (age) VF MTS al Kidney thtl:liis
4 | oD oS oD oS Features
> p.[Lys157 (9mo) (9mo) (9yrs) (9yrs) paracent (4mo)
6 5X]+[Ala 1/60 1124 ral
7 1566Pro}, (Syrs) (Syrs) _ - - { Deleted: cEP290 )
8 CEP250 5/60 5/60
.[Leul6
9 pLeul6 (Byrs) (yrs) +325 +3
10 %‘L"l’.]ﬂ LCA-26 + 1710 1710 @.5yrs) | (4.5yrs)
=.Splce (4.5yrs) (4.5yrs)
11 site}, - {Deleted: CEP290 ]
12 CEP290
13 pLys998 | LCA-27 | M | - + o6 | o6 | 1 1.5 v 1 R I R //’[Deleted:[ ]
% - .
14 Glueear | ~. . \{[ Deleted: (+)7] %
15 UTI Clinodactyly Deleted: CEP290
Sibling died
16 %2793 No reaction on | No reaction I\;o CT{DSS shortly after
17 pATrp7€ " SLS-1 F + light on light >+4 >+4 -2 ataxiathypo | (5yrs) birth
18 sk (2mo) (2mo) P T (enlarged
Tip?Cysb| | |\ PR TR tonia _ | RTx__| - | - - - { Deleted: cer200
) kidneys;
19 (6yrs) chrom 6
20 defect)
21 diagnosi
22 s renal
insufficie
23 insu
ncy
24 CEP290 (30yrs)
T o Mild MR Syncopes
25 p.[Lys157 . . . <20 Broadened 4th RDI g »
6 SX(1)AF SLS-2 F + LP with loc LP with loc (14yrs) ventricle ;211;2;65 Peritonea Scoliosis L 1= A‘ g:n;:;::t [FC1]: Correcte leeftijden ’
4esxy, | | ldialysis | | | v
27 (3dyrs) "~ { peleted: cer290
28 Kidney
29 E transplan
30 t (34yrs)
RDI
31 CEP290 Moderate (7yrs)
32 QL— ys157 MR Kidney Recurrent
33 5'X +‘ Ar SLS-3 M NLP NLP Severe Us: OM
4—)—%1 165X autism hyperden
34 465Xy | o\l ool Mild ataxia|~ - sity~ ~ |~~~ - - {Dﬂeted: CEP290
35 (13yrs)
36
37
38
39
40
41
42
43
44
45
46 John Wiley & Sons, Inc.
47
48

N
o]
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Correcte leeftijden toevoegen
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BCVA Refraction N Togi
. (age age eurologic
Gene Pa::f nt Gender Nyst ge) (age) VF MTS al Kidney thtl:liis
(0))] oS (0))] oS Features
CKD5
(16yrs)
Peritonea
1 dialysis
(since
the age
of 17)
RDI
(6yrs) .
iy | Sl
cep29o | CORS Severe MR |, U5 oM
T .1z~ | (Brancati, . hyperden .
arrano + with loc with loc +10, + +10, + + sit
JLys157 B F LP with 1 LP with 1 10. +12 10. +12 Ataxia ity Congenital
SX(+)Arg etal Balance (6yrs) chylothorax
465Xh | o0y |-t} L b _problems | ~poo | Alternating |
tachypnea
(14yrs) Syncopes
Deceased yneop
(16yrs)
CEP290
p.[GIn126 o .
ypotonia
S—Xe]it(;?& LCA-JS-1 M + 1/100 1/100 +5 +5 tubular ( 4+ 9 Walking
splice r problems
defect],
CEP290 | LCA-JS-2 5 Walking
[ Thr24 1 F + 1.5/10 1/10 +5 +5 10 + problems
S7AlafsX .
Py prr— Mild MR
§Z5+71:‘ll:t" LCIAI:;SQ A + 1/20 1/20 +4.5 +3.5 10° + Walking
X271 problems
CEP290 Severe
pLeudd psychomot | Normal
48ThrfsX NLP NLP or kidney
-JS- ? fogis
w LCA-JS-3 M REM (since birth) | (since birth) : retardation | US Scoliosis
pror. Hypotonia (1yr)
splice No ataxia
defect]
BB | eass | 17100 17100

John Wiley & Sons, Inc.
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- - {Deleted: CEP290

| - - {Deleted: CEP290

l - - {Deleted: CEP290

| - - { Deleted: cer290
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Human Mutation

- {Deleted: CRBI

[ Field Code Changed

T {Deleted:

T ‘[Deleted: CRBI

—

|- -~ {Deleted: q

- {Deleted: CRBI

{ Field Code Changed

- {Deleted: CRBI

«J J LI J

[ Field Code Changed

T {Deleted:

T ‘[Deleted: CRBI

o J

- {Deleted: CRBI

BCVA Refraction N Togi
. (age age eurologic
Gene Pa::f nt Gender Nyst ge) (age) VF MTS al Kidney thtl:liis
(0))] oS (0))] oS Features
X(+)Lys8
01X1
OD:
central
residual
visual
field,
20/600 20/600 OS:
CRB1 LCA-29 (1yr) (1yr) 1225 +1.88 temporal
plLys8OL | (Yzer, | 0 | | 130 | <150 | el ) S nferior || |
X(+)Gn3 | Leroyet | M ¥ @oyrs) | 1oy | QUM OIS | ana | N R B
62X}, | al2006) | | | 140 | 140 [ g Y T partially [
(25 yrs) (25 yrs) superior
visual
field
intact
(30.6yrs
)
CRBI1
p.[Lys801
X]+[Arg7 LCA{;Q, _ ,M ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
64Cys]
CRBI LCA-31 HM on 20
p[Lys801 | (Yzer, | . | |1 HMon20cm | ¢ cm | . 0 6 00
X]+[Cys8 | Leroy et M + (3mo & 6yrs) Bmo & +10 +9:5 )
96X1 al. 2006) 6yrs)
40°%;
CRBI LCA-32 1/100 1/100 remainin Asthma
[Lys80L| (Yzer, | o | | aw | aw | o+ | S T S I B AR | oot |
X(+)Cys8 | Leroy et <1/600 &1/600_ | (19yrs) | (19yrs) [temporal | | | | iothe Tefty
96X}, | al.2006) | | __BSyrs). | BSyrs) ||| erescent | | |- -
(19yrs)
CRBI CF at Im CF at Im
p[Lys801 (until 8yrs) (until 8yrs) o
X(+)Cys9 | FEA33 F * HMat0.5m | CFatl0cm | 4 10 :
48Tyr], (9yrs) (9yrs)
CRBI Remaini
p.[Lys801 | LCA-34 F + (12(;/?02) (fol/igoz) +5 +5 ng -
X]+[Acce IYE YT island in

John Wiley & Sons, |

nc.
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Patient

n°

Gender

Nyst

BCVA
(age)

Refraction

(age)

oD

oS

OD

oS

VF

MTS

Neurologic
al
Features

Kidney

Other
Features

peripher
al field

LCA-35

LP

LP

lul1330X}

LCA-36

LP

LP

CRBI
p.ICys94
8Tyrl+[S

plice

LCA-37

LP
(decreased

since the age of
13)

LP
(decreased
since the age
of 13)

Normal CT scan

- [=9
SR
CEE
L

LCA-38

0.07
LP with
localisation
(17yrs)

0.07
LP with
localisation
(17yrs)

+9

+9

10°

Normal CT scan
(5.9yrs)

LCA-39a

1.5/36
(4.9yrs)
HM Im

(15.11yrs)

2/36
(4.9yrs)
HM 1m

(15.11yrs)

+4.75

+5.25

10°

LCA-3%

0.08

0.08

10°-20°

p-[Splice
defect(+)

LCA-40

0.08

Byrs)
LP

0.08
Byrs)
NLP

<10°

Normal CT scan
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-- {Deleted: CRBI

-- {Deleted: CRBI

- - {Deleted: CRBI

| - - {Deleted: CRBI

- - {Deleted: CRBI

| - - {Deleted: CRBI
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Human Mutation

BCVA Refraction N logi
. (age age eurologic
Gene Pa::f nt Gender Nyst ge) (age) VF MTS al Kidney thtl:liis
oD 0OS (0))] oS Features
Splice. (22 yrs) (22 yrs)
defect], _ - - { Deleted: craI
3/10 3/10
LCA-41 (8yrs) (8yrs) 5
CRBI 11 F * CFat15cm | CFat15em | *° 9| 3050 -
p.[Leu81 (37yrs) (37yrs)
4ArgfsX2 50-60°
31+[Cysl 1/20 1/100 45 +15 horizont
240Profs | LCA-41 F + (14yrs) (14yrs) Asti. m Asti. m ally )
X4, | m2 | " | " | 120 | CFasoem | TN | UEM | g0 |0 T | ] |~ { Deleted: cra
(28yrs) (28yrs) verticall
y
CRBI1
ey 2/10 4/10
pITrpl29 ] . ]
3IX(4)T LCA-42 F (2]3/;5) (Zglgs) +5 +5 10
1293X], _ - - { Deleted: crs!
CRBI EORD-1 5
[Cys94 L1 F - 1/50 1/50 +6 +6 60 -
8Tyrl+[L | EORD-1 5
M 1/50 1/20 +3 +3 10 -
s8I m2 | 0 0 o oy o e I {Deleted: CRBI
CRBI1
p.[Cys94
8Tyr(+)C | EORD-2 M LP NLP + + 10° -
ys310Tyr
L - {Deleted: CRBI
MRI:
CRBL 2/10 2/10 Complet | heortical white | Learning
g_‘rc‘u—y%i EORD-3 F + (4yrs) (4yrs) +4.5 +4.5 ( 4e 9 matter lesions, disability
8Tyrl+[A 1720 1720 (10.10yrs) | (10.10yrs) Oyr . | frontal (right) in (but
sp491Val 15°-30 .
. (11.9yrs) (11.9yrs) (11yrs) centrum semi- | normal IQ) -
L A A € 257 2 IS YO Bt E IS _/7/{Deleted.CRBl
CRBI1
pL 3/10 3/10
GIn362X | EORD-4 M + (16yrs) (16yrs) +6 +6 10° -
(+)GIn36 LP LP
2X] - {Deleted: CRBI
CRBI 5/10 7/10 +2D +3D 30° Normal
p.[Arg76 | EORD-5 F - (until Syrs) (until Syrs) (12yrs) (12yrs) (12yrs) - kidney
4Cys(+)A LP no loc HM +5D +5D Absent US

John Wiley & Sons, Inc.



P OO~NOUILAWNPE

ADABADIMDPPDEDIMDWOWWWWWWWWWWNNNNNNNNNNRERPRERPRPERPRPERERRPR
~NO U BRARWNRPOOO~NOOOPRWNRPOOONODUPRAWNPOOO~NOOUUMWNEO

S D
O

Human Mutation

Genetic screening of LCA in Belgium 55

Gene

Patient

n°

Gender

Nyst

BCVA
(age)

Refraction
(age)

oD

oS

OD oS

VF

MTS

Neurologic
al
Features

Kidney

Other
Features

1g764Cys
18

(18.4yrs )

(18.4yrs )

(19yrs)

RPEG65

p.[Arg44
Glnl+[Ar
244GlIn]

LCA-43

1/20

1/20

+4.5
(7mo)

+4.5
(7mo)

Conc
constr

Normal MRI

MR
Autism

Obesitas

RPE65

p.[Prol8
1Leul+[P
rol81Leu

o

1/10
(4yrs & 9yrs)

Normal CT scan
and EEG
(5mo)

Behavioura
1 anomalies

Mild
perceptive
hearing loss
(Cx26
negative)

RPEG6S
p[Arg23
4X+[Trp
331dup
(LCA-
45a) and
p.[Trp33
1dup]+[T
rp331du
pl (LCA-
45by

LCA-45a

LCA-45b

RPEG65

p.Leu341
Ser
p-Seri21
LeufsX6
(de novo),

LCA-46

RPEGS
p.[Phe530
LeufsX40

+[Phe53
OLeufsX4

0}

LCA-47

1/10
(Syrs)
5/100
(9yrs)

1/10
(Syrs)
5/100
9yrs)

+4 +4.5
(9yrs) (Oyrs)

Moderat
e conc
constr

Attention
deficit
disorder

RPEG65

p.[Phe530
LeufsX40

1+[Argl2

LCA-48

15/100
(Syrs)
2/10
(10yrs)

12/100
(5yrs)
2/10
(10yrs)

-2.25

40°

John Wiley & Sons, Inc.
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L - - {Deleted: RPEGS

L - - {Deleted: RPEG6S

| - - {Deleted: RPEGS

| - - { Deleted: rrEsS
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Human Mutation

Gene

Patient

Gender

Refraction
(age)

VF

MTS

Neurologic
al
Features

Other
Features

Xy

RPEGS
p.[Phe530
LeufsX40

+[Splice
defect],

(compensa
tory head
movement

s)

Moderat
e conc
constr

Normal MRI
(9mo)

RPEGS
p-[Arg29
6LysfsX7

+[Splice
defect],

LCA-50

1/10
(3yrs)

Normal MRI
(7mo)

GUCY2D
p.[Pro130
LeufsX36
(+)Splice
defect],

LCA-51

NLP

NLP

GUCY2D
p.[Phe565

Ser(+)Phe
565Ser],

LCA-52

LP

LP

+4 +4

Normal MRI

US:
hydro-
uretero-
nephrosis

GUCY2D
p.[Arg76
8Trp(+)A
rg768Trpl,

LCA-53

GUCY2D
p.[Arg76
8Trpl+[P
he565Ser],

LCA-54

1/600
(4.9yrs)

1/120
(4.9yrs)

Constric
ted
(2.6yrs)

+3.75
(4.7yrs)

+4.25
(4.7yrs)

GUCY2D

p.[Arg76
8Trpl+[L

ys866Asn

LCA-55

LP

LP

+9 +9 10°

MR
autism

1)
GUCY2D

p[Glul9
6Vall+[P
ro711Leu

1

LCA-56

1/30
(5.5yrs)
3/100
(23yrs)

1/30
(5.5yrs)
3/100
(23yrs)

Moderat
e conc
constr

+6 +6

GUCY2D

LCA-57

6/60

6/36

MRI: hypoplasia

MR

John Wiley & Sons, |

nc.

- {Deleted:

RPE6S

- {Deleted:

RPE6S

- {Deleted:

RPE6S

- [ Deleted:

GUCY2D

- [ Deleted:

GUCY2D

- [ Deleted:
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- [ Deleted:
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- [ Deleted:
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- [ Deleted:
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BCVA Refraction

. Neurologic
age age

Gene Patlf nt Gender Nyst (age) (age) VF MTS al Kidney Fi:nttl:ﬁ-is

oD 0OS oD 0OS Features

p.Pro575 optic nerves

P OO~NOUILAWNPE

Ley - - [ Deleted: GUCY2D ]
AIPLI LCA-58 <20/600 <20/600
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oD 0OS oD oS Features
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Supplementary Table S3: Clinical data of 80 patients with mutation(s) in one of the LCA genes.

If available, the age of the first and last measurement is mentioned between brackets. A question mark indicates an uncertain status. Blank fields indicate

(LCA-47 and LCA-49) concern the period preceding therapy. Characteristics described in “Other features” are binocular, if not mentioned otherwise.
Abbreviations used: N°, number; cons, consanguinity; nyst, nystagmus; BCVA, best corrected visual acuity; OD, right eye; OS, left eye; ODS, both eyes; ERG,
electroretinogram; VF, visual field; MTS, molar tooth sign; MRI, magnetic resonance imaging: MR, mental retardation; NPHP, nephronophtisis; SE, spherical

constr, concentrically constricted; G, green; B, blue; R, red; O, orange; P, pink; RPE, retinal pigment epithelium; PPRPE, preserved para-arteriolar retinal
pigment epithelium; astigm, astigmatism; loc, localization; CRD: cone-rod dystrophy; SCP: subcapsularis posterior; dev del: developmental delay; MEI: middle
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