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PURPOSE. To report a large, consanguineous Algerian family
affected with Leber congenital amaurosis (LCA) or early-onset
retinal degeneration (EORD).

METHODS. All accessible family members underwent a complete
ophthalmic examination, and blood was obtained for DNA
extraction. Homozygosity mapping was performed with mark-
ers flanking 12 loci associated with LCA. The 15 exons of
TULP1 were sequenced.

RESULTS. Seven of 30 examined family members were affected,
including five with EORD and two with LCA. All patients had
nystagmus, hemeralopia, mild myopia, and low visual acuity
without photophobia. Fundus features were variable among
EORD patients: typical spicular retinitis pigmentosa or
clumped pigmented retinopathy with age-dependent macular
involvement. A salt-and-pepper retinopathy with midperiph-
eral retinal pigment epithelium (RPE) atrophy was present in
the older patients with LCA, whereas the retina appeared
virtually normal in the younger ones. Both scotopic and pho-
topic electroretinograms were nondetectable. Fundus imaging
revealed a perifoveal ring of increased fundus autofluorescence
(FAF) in the proband, and optical coherence tomography dis-
closed a thinned retina, mainly due to photoreceptor loss.
Linkage analysis identified a region of homozygosity on chro-
mosome 6, region p21.3, and mutation screening revealed a
novel 6-base in-frame duplication, in the TULP1 gene.

CONCLUSIONS. Mutation in the TULP1 gene is a rare cause of
LCA/EORD, with only 14 mutations reported so far. The ob-
served intrafamilial phenotypic variability could be attributed
to disease progression or possibly modifier alleles. This study
provides the first description of FAF and quantitative reflectiv-
ity profiles in TULP1-related retinopathy. (Invest Ophthalmol
Vis Sci. 2007;48:5160–5167) DOI:10.1167/iovs.06-1013

L eber congenital amaurosis (LCA) is an autosomal reces-
sive retinal degeneration first described by Theodore

Leber in 18691 as a congenital form of retinitis pigmentosa
(RP). It represents the most common inherited cause of
blindness in childhood and is characterized at or near birth
by severe visual loss, wandering nystagmus, amaurotic pu-
pils, and normal fundus. A severely reduced electroretino-
gram (ERG) was added as a diagnostic feature in 1956 by
Franceschetti and Dieterlé.2

LCA, early-onset retinal degeneration (EORD), and RP may
be considered a continuum of entities, in which LCA repre-
sents the extreme end of severity, as far as age of onset and
functional outcome are concerned.3–5 Based on behavior to-
ward light during the first 2 years of life, Hanein et al.3 divided
patients with LCA/EORD into two main groups: (1) congenital
or very early cone–rod dystrophy, and (2) severe yet progres-
sive rod–cone dystrophy.

Poor vision may either be present at birth or develop
progressively during childhood or adolescence. Fundus ex-
amination is usually normal at birth and retinopathy does
not become evident for several years. Extinguished ERGs
before the age of 1 year can be used as a criterion to
distinguish LCA from EORD.6 Associated clinical signs such
as posterior polar cataract and keratoconus may be part of
the phenotype. Refractive error also seems to be a distinct
feature, as patients with mutation in certain genes are very
hyperopic, whereas other mutated genes are associated with
emmetropia or high myopia.3

To date, nine genes (GUCY2D, CRB1, RPE65, RPGRIP1,
AIPL1, CRX, RDH12, IMPDH1, and CEP290)3–9 and three loci
(LCA3, LCA5, and LCA9)3 have been reported to be associated
with LCA. LRAT and TULP1 have also been implicated in LCA,3

although controversy remains regarding their phenotypic asso-
ciations, and other researchers consider them to be a cause of
juvenile or early-onset RP rather than LCA.4–6 It has been
shown, that all LCA genes except RPGRIP1 are also associated
with other retinal dystrophies, and that different mutations in
one gene can cause alternate phenotypes.4 Moreover, some
patients with LCA have been found to have inherited mutations
in more than one of these LCA-associated genes, suggesting
modifier alleles.10

To add to the complexity, the reported genes participate in
a wide variety of retinal pathways, are expressed in separate
retinal cells, and have diverse putative functions. The exact
pathophysiological role of most of them is as yet unknown.4,11

Efforts have been made to define clinical subtypes and to
establish gene-specific phenotypes as well as LCA carrier phe-
notypes, so as to guide the genetic testing strategies and coun-
seling.3,12,13 Recognizing distinct clinical subtypes and corre-
lating them with a specific genetic background is a necessary
step into the understanding of this heterogeneous group of
disorders.

We report a large Algerian family exhibiting a novel TULP1
mutation and its variable phenotypic expression, ranging from
typical LCA to EORD.
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METHODS

Patients

This study adhered to the tenets of the Declaration of Helsinki (1983
Revision). Informed consent was obtained from all subjects after the
nature and possible consequences of the study had been explained.

All accessible members of the family had a complete clinical exam-
ination, including refraction, best corrected visual acuity, Goldmann
perimetry, color vision testing (Ishihara plates or Farnsworth D-15 hue
test), pupillary responses, biomicroscopy, tonometry, and funduscopy
after pupillary dilatation. Fluorescein angiography was performed on
the propositus (subject VII3) and two other affected members (sub-
jects VI25 and VI26). Macular optical coherence tomography (OCT;
Stratus OCT 3; Carl Zeiss Meditec Inc., Dublin, CA), fundus autofluo-
rescence (FAF) measurement with a confocal scanning laser ophthal-
moscope (Heidelberg Retina Angiogram [HRA 2], Heidelberg Engineer-
ing, Heidelberg, Germany), and photopic and scotopic full-field
electroretinography (ISCEV standards14) were available only for the
proband investigated in Lausanne, the remainder of the family being
examined in Algeria.

For analysis of retinal lamination irregularities raw data of each line
scan were exported from the OCT device. Light reflection profiles
(LRPs) of each line scan were analyzed (IGOR Pro 5.05a; Wavemetrics

Inc., Lake Oswego, OR).15–17 A 6-year-old normal subject was used as
the control.

DNA Analysis

Genomic DNA was extracted from peripheral blood of the family
members by using a standard procedure. Fifty-one unrelated healthy
individuals of Algerian ancestry were used as control subjects. Linkage
to the 12 autosomal recessive loci that were known at the time of
investigation was tested by using polymorphic genetic markers flank-
ing the region of each gene by approximately 2.5 Mb (Table 1a).
Homozygosity mapping was performed because of consanguinity and
our hypothesis that this family shared a unique mutation by descent.

Thirteen primer sets were used to amplify all 15 exons of TULP1
(tubby-like protein 1) and their intronic junctions in two unaffected
obligate carriers (Table 1b). The primers were designed from adjacent
intronic sequences 50 to 70 bp from the splice site, using Primer3
software (provided in the public domain by the Whitehead Institute,
Massachusetts Institute of Technology, Cambridge, MA; http://
frodo.wi.mit.edu/cgibin/primer3/primer3_www.cgi). All exons were
PCR-amplified and sequenced on both strands (Big Dye Terminator,
ver. 1 or 3) and electrophoresed (model 3100 genetic analyzer; Ap-
plied Biosystems [ABI], Rotkreuz, Switzerland).

TABLE 1. Primers
a. Primers Used for Homozygosity Mapping

Gene Position (Mb) Microsatellite Forward Primer Reverse Primer

TULP1 36.3 D6S291 CTCAGAGGATGCCATGTCTAAAATA GGGGATGACGAATTATTCACTAACT
32.7 D6S1666 CTGAGTTGGGCAGCATTTG ACCCAGCATTTTGGAGTTG

RPE85 66.7 D1S198 GACTTCACCATCAACGCCTG CAGGAAAGTGGATGTGACGA
71.3 D1S2895 TCCTCAGCCATGTGGAA TAGCAGCCCAAACTGACTAA

CRX 55.46 D19S904 ACAAGAATTGCTTGAACCTGG GCTCCATTTCGGAGATGTTA
51.7 D19S412 TGAGCGACAGAATGAGACT ACATCTTACTGAATGCTTGC

AIPL1 3.75 D17S1828 TGCACTCACAGATTTGCC TTAAGCCAGTTCGGATTTG
8.75 D17S786 GTGAAAGTGACATGTTTTCCA AGGATTTGGGCTCTTTTGTA

GUCY2D 5.91 D17S1832 ACGCCTTGACATAGTTGC TGTGTGACTGTTCAGCCTC
10.05 D17S1879 GAAGTTTACGAAAATTGCTGTC AAGGGTAGTTCTGCGTGC

RPGRIP1 19.9 D14S261 CCAGCAGCACTATTCAGACT ACTCCTTCCCACAATTTCTC
23.4 D14S972 TTAACGCATAACAGCCAAGA TCTGACTGCCTCCATGA

CRB1 195.3 D1S413 GCCAAGCCTGAGATCAAAAT ACTTGAACAGATTGGGATTG
190.7 D1S412 TAGGACTTTTCAACTTCCACAG ATAGGCACAGAATCAATGAATG

LRAT 158.7 D4S413 ATATAGTGCTCCAGAAACAGAAATG GAAGAATTGTAGTATAGTTTGTCTCC
147.1 D4S1586 GCATGTACCATTGCCAGG CCCAGAGTGCTGATGTGTG
142.5 D4S424 GCGCTCTTGGTATATGGTACAG TGTGGGCAACGTCACTC

RDH12 64.2 D14S1046 CATTTGGAGTTGAGTGGTTAGA CCTCTGTGGATTCTGGGA
68.5 AFM273xb9 CCCAGATCGCNCCATT ATGGCTCTGAGGCGGG

LCA3 77.7 D14S74 TGTACCACTACCTGAGTTGAGTC CAGGATATTGTTACACTGCCTAAG
LCA9 9.5 D1S450 GCTCCAATGTCCAAGGG GGGTACTCAGATGGCTGGT

17.5 D1S3669 TTTTGTTTCTTGATCTGGGC TGTTAAACTTTTCACTGAGGTATAA
LCA5 84.4 D6S1609 TATAGCACAGAGCCTGATACACTTG TAGCCATTTTGCCCAGTC

93.4 D6S1274 CAAATTTCAGATTACATGCAGC GGCATGTAGGCATACTCTGG

b. TULP1 PCR Conditions

Exon Forward Primer Reverse Primer Annealing Temperature (°C) Use of Betain

1 � 2 TTGAGATTCTTCCCCCAGTG GACCTGTCCCACCCCTAGAC 58 No
3 GTTATTTCTGGCGGCTCAAG CTTCTACACCAACCCCAACC 55 Yes
4 GGAGATCCCTAGGGTGAGGA GAAAAGTGGGGGCTATTTGA 58 No
5 AACTGGGCTCCCCAGATAAG CTCAGTGAGACGCCAAGC 58 No
6 � 7 TAGGCAGGACAAGAGGGTTG TGGCAAACTCCTTACCTAGCA 55 Yes
8 ATGGGGTCGACTCTCTTGTG CACCCTCTAGGCTCCCAAGT 58 No
9 � 10 CTCCCCAGAGCCTCCTAACT GTGAGCTGCAGGGAGAAATC 58 No
11 CAAACGGGCCTGATTTCTC ACTGTGGTGGGTGCTCTACC 58 No
12 � 13 TAAACTGCTTGGCTGTGTGG GATGGATGTGCTCAGGGAGT 60 Yes
14 ATGAAGATGTCCAGGCCACA TGGTGTGTGTGTGTGTGAGG 62 Yes
15 GAGATAGAAGAAGGGATGGGTGT AGTTTTCCGCGGGAGCTT 55 Yes
15b AAGGTTGAGGGCACTGTCTG 58 No
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RESULTS

Phenotype

The pedigree of the family strongly suggests autosomal reces-
sive inheritance (Fig. 1). Seven individuals (three females, four
males) were found to be affected. None was obese or showed
other endocrine disorders or hearing impairment, with the
exception of the oldest patient (VI24), who was deaf-mute
after acute meningitis at the age of 2 years.

According to patients’ histories, symptoms started either at
birth (patients VII3 and VII4) or during infancy (patients VI9,
VI10, VI24, VI25, and VI26). Age at diagnosis ranged from 3 to
12 years. All patients had night blindness and nystagmus, but
none presented photophobia, and the oculodigital sign was not
reported. Four patients retained enough vision to learn reading
and writing (patients VI25, VI26, VI9, and VII3) whereas two
subjects did not go to school, and one was still too young to
attend school at the time of examination.

All tested eyes had a myopic refractive error, except for
patient VI10 who presented mild hyperopia (Table 2). Visual
acuity at examination ranged from perception of light to 20/
100. The proband (VII3) was examined on two occasions (8
months apart), and during this interval, his visual acuity de-
clined from 20/100 to 20/250 in the better eye. Visual fields
were moderately to severely restricted in all subjects who
managed to undergo the test, and only the V4e stimulus was
seen. Color vision was severely disturbed without a specific
axis of confusion. The pupillary reflex was extremely sluggish
in most of the patients. None presented signs of keratoconus.

In the proband, full-field electroretinography showed com-
pletely extinguished rod- and cone-driven responses. An annu-
lus of increased perifoveal FAF, as depicted by HRA, was
present at approximately 2° to 5° eccentricity (Fig. 2).

Macular OCT scans in the proband showed an abnormal
lamination due to the underlying degenerative disease. The

nerve fiber layer and inner plexiform layer seemed to be
preserved (Fig. 3), but the structures of the outer retina were
nondetectable. The compared LRPs between control and pa-
tient revealed a complete loss of the reflective structures that
seem to correspond to the outer nuclear layer and the highly
reflective layer between inner and outer photoreceptor seg-
ments. Retinal thickness in the analyzed OCT scans was signif-
icantly reduced (290 � 11 �m in the normal subject vs. 95 �
8 �m in the patient). This finding can mostly be explained by
the degenerative loss of structures in the outer retina (Fig. 3).

Funduscopic findings varied significantly across and within
the sibships, mainly in an age-dependant manner. The young-
est patient had no detectable maculopathy. Patients VII3, VI9,
and VI10 had an indistinct foveolar reflex (Fig. 4). All three
older affected patients presented pronounced maculopathy. In
the two sisters (VI25 and VI26), an annulus of pinpoint peri-
foveal yellow deposits, similar to those seen in the periphery,
surrounded a dull fovea (VI25, Fig. 4b). In subject VI24, geo-
graphic atrophy had ensued (Fig. 4c).

The optic disc was healthy-colored in younger patients,
whereas moderate to waxy disc pallor was evident in the three
older ones (subjects VI26, VI25, and VI24). The latter patients
also presented an annulus of peripapillary RPE atrophy in both
eyes (Fig. 4b, 4c). This feature did not seem to correspond to
a myopic crescent, as it was equally large temporally and
nasally, and it was more pronounced in the eldest patient
(VI24), who was equally or less myopic than his sisters (VI25
and VI26), at least in the left eye (right eye refraction and
funduscopy were not possible in VI24, because of very dense
cataract).

Pigmentary retinopathy and retinal vessel attenuation were
present in all but the youngest subject (VII4). Patients VI25,
VI26, and VI9 presented severely sclerosed arteries and multi-
ple occluded or ghost vessels in the periphery and occasionally
at the posterior pole (Fig. 4d, subject VI9). Pigment spicules
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FIGURE 1. Simplified depiction of
the studied pedigree, comprising
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and clumps varied in intensity among patients. In sibs VI9 and
VI10, pigment migration was predominantly paravenous (Fig.
4e, subject VI10). Pinpoint yellow-white deposits were also
present in the peripheral retina in subjects VI25, VI26, VI9, and
VII3 (Fig. 4d, subject VI9).

Fluorescein angiography confirmed the presence of peri-
papillary retinal pigment epithelial atrophy (subjects VI25 and
VI26) and the absence of macular edema.

Fifteen of the 17 examined asymptomatic carriers of the
mutation (mean age, 35 years; range, 14–85) had an unremark-
able fundus appearance. Two heterozygous subjects (V13 and
V10, age 66 and 64 years, respectively) presented a few drusen-
like macular deposits, and V10 additionally presented age-
related pigmentary macular changes.

Molecular Analysis

Homozygosity mapping excluded all the tested loci with the
exception of TULP1 located at 6p21.3 for which the parents
were heterozygous, and all affected individuals were homozy-
gous for the two analyzed markers. TULP1 sequencing re-
vealed five sequence modifications.

A small 6-base in-frame duplication, c.1593 to 1594dupT-
TCGCC (HSTULPS01-5, Retina International Mutation Database
www.retina-international.org), was identified in exon 15 (Figs.
5a, 5b).18 This change was homozygous in all seven affected
members, heterozygous in their parents and 15 collaterals, and
absent in 51 ethnic-matched control subjects. This mutation
leads to a predicted duplication of two amino acids in the
highly conserved C-terminal region of the protein (FA531-
532dup; Fig. 5c). None of the 102 control chromosomes pre-
sented this change. In addition, this mutation was not observed
in more than 500 index cases with various forms of RP.

FIGURE 2. HRA imaging of the proband’s macular area in the right and
left eyes, depicting an annulus of increased perifoveal AF.

FIGURE 3. (a) A pseudocolor image of an OCT scan in a healthy age-matched control patient taken in the same place and direction as in the patient.
(b) A pseudocolor image of patient VII3. (c) Scan location and direction. Images from the raw data of OCT scans of (d) control patient and (e)
patient VII3. Red rectangles: the analyzed area. LRPs are shown for the (f) control subject and the (g) patient. Peaks in LRPs resemble: A, retinal
pigment epithelium; B, highly reflective layer between inner and outer photoreceptor segments; C, outer plexiform layer; D, inner plexiform layer;
E, nerve fiber layer. The outer limiting membrane was not detectable in the OCT scans. Distance B–C represents the outer nuclear layer, and
distance A–E represents retinal thickness.
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A second sequence modification was identified in exon
14—namely, a G-to-A change (GCT to ACT)—leading to a
predicted A496T amino acid substitution. This allele was found
in the heterozygous state in the proband’s father (VI17). Fi-
nally, three other polymorphisms were found, two of which
are known single-nucleotide polymorphisms: I259T (ATA-to-
ACA change) and K261N (AAG-to-AAC change) in exon 8. The
former was present in the heterozygous state and the latter in
the homozygous state in subject VI18. The third polymor-
phism, T454T (ACG-to-ACA change), in exon 14, was present
in the heterozygous state in subject VI17.

DISCUSSION

In this study, we investigated a large Algerian family with
multiple consanguineous loops, comprising seven patients
(age range, 3–44 years) with LCA/EORD. We were able to
exclude linkage to 11 of 12 known loci associated with this
phenotype and to establish linkage to markers flanking the
TULP1 gene by homozygosity mapping. Screening this gene
revealed a novel mutation, FA531-532dup, that cosegregated
with the disease in the homozygous state and was absent in
102 control chromosomes belonging to normal individuals of
Algerian origin.

Previous linkage analysis in a large Dominican pedigree
with autosomal recessive (ar)EORD mapped the disease to
6p21.3.19 This locus, known as RP14, was later shown to
harbor mutations in the TULP1 gene.20,21 TULP1 belongs to a

highly expressed retinal family of tubby genes, including
TULP2 and TULP3. TULP1 mutations are known to cause
retinal degeneration with a wide range of severity, from con-
genital blindness/LCA to adult-onset RP.3,22 The most com-
monly described phenotype is severe, early-onset retinal de-
generation.

Although the specific function of TULP1 is not yet known,
recent studies have shown that the protein is expressed in
both rods and cones.23 It may act as a transcription factor24 or
be implicated in protein trafficking,25 such as rhodopsin trans-
port.26

TULP1 appears to be a rare cause of LCA, as mutations of
this gene are reported in only 1.7% of patients with LCA.3 A
total of only 14 disease-causing alleles of TULP1 have been
reported in 11 index patients, including seven missense muta-
tions (Arg400Trp, Gly368Trp, Arg420Pro, Phe491Leu,
Ile459Lys, Phe382Ser, and Lys489Arg),3,20,22,27 five splice-site
mutations (c.99�1G�A, IVS2DS G-A,�1, IVS14-6C-A, IVS4-
2delAGA, and IVS14DS G-A,�1),3,20,21,22,28,29 one nonsense
mutation (Glu402X),3 and one frame-shift deletion
(c.937delC).28 These changes were observed in four simplex
and seven multiplex pedigrees of autosomal recessive retinitis
pigmentosa (arRP) or EORD and were present in populations
of different origins, including Spanish. Of note, the present
Algerian family is of Andalusian origin and immigrated to the
region of Tlemcen in the 15th century at the time of the
Reconquista.

FIGURE 4. (a) Composite color pho-
tograph of the left fundus in the pro-
band (VII3). The optic disc and mac-
ula were relatively preserved, vessels
showed slight attenuation, and the
RPE was diffusely altered, with forma-
tion of a few spicules in the mid pe-
riphery. (b) Color photograph of the
left optic disc and macula in subject
VI25. Vessel attenuation, yellow pin-
point deposits surrounding the dull
fovea, and peripapillary RPE atrophy
were noted. (c) Composite color pho-
tograph of the left fundus in the old-
est affected family member (VI24),
showing severe vessel attenuation,
diffuse RPE atrophy with a distinct
peripapillary large atrophic annulus,
and geographic atrophy of the mac-
ula. (d) Color photograph in the mid
periphery of the left fundus in VI9.
Pinpoint white deposits and pigment
clumps were present, as well as vessel
occlusion, either established or devel-
oping. (e) Composite color photo-
graph of the left fundus in VI10,
showing pronounced pigment migra-
tion around vessels and well-pre-
served optic disc and macula.
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A body of evidence supports a causative role of the FA531-
532dup mutation in this family. The mutation segregates in all
affected members, is absent in the control population, and
compromises the structure of the highly conserved carboxyl
terminal end of the protein.

The heterozygous change A496T has previously been de-
scribed as a polymorphism of uncertain pathogenicity,20,22

since it was only found heterozygously in patients in whom an
undetected compound heterozygosity could not be excluded.
The coexistence of A496T with FA531-532dup in a normal
subject (VI17) provides evidence that A496T is not a disease-
causing mutation.

The prevalence of TULP1 mutations has not been specifi-
cally investigated in patients with RP. Gu et al.22 found TULP1
double mutations in 2 (1.17%) of 171 patients with arRP. In
1.75% of the same cohort, single heterozygous, potentially
pathogenic mutations were observed.22 In their study of 536
patients with RP, Hagstrom et al.20 found pathogenic TULP1
mutations in �0.5% of the cases (2/536 or 0.37%). Even if these
statistics underestimate the actual prevalence, since the muta-
tion detection with current techniques is �100%, it is reason-
able to say that TULP1 mutations are a rare cause of RP or
EORD.

Visual function in TULP1-related retinal degeneration has
been described as severely reduced when compared with that
of other patients with arRP,20,28 or much better than in other
groups of patients with LCA.29 Lack of severe central visual
dysfunction and absence of nystagmus was described in two

8-year-old Phe382Ser homozygotes, who presented acuities of
0.3 and 0.5, suggesting a less severe phenotype specific to this
TULP1 mutation.27

When comparing our patients to the numerous
IVS14�1G�A homozygotes from the large Dominican kin-
dred,29 a similar course of severity and progression of visual
handicap was noted. Relative preservation of visual acuity
(20/100) and visual field (near-normal V4e isopter, undetect-
able I4e target) in the first decade of life, although nystagmus
appeared as early as in the first year. Common clinical findings
were a myopic refractive error in most of the patients, minimal
peripheral pigmentary retinopathy, and vessel attenuation
(early aspect of RP) present from the first decade, initial normal
disc and macular appearance, eventual development of oph-
thalmoscopically visible maculopathy, and optic disc pallor. An
annulus of yellow deposits in the central 10° of the macula was
present in many patients in the second and third decades.29

This finding was also reported in one of two Phe382Ser ho-
mozygotes.27 Macular geographic atrophy, present in our el-
dest patient, was described in a 42-year-old IVS14�1G�A ho-
mozygote.29

Only nuclear sclerotic cataract was reported in a 42-year-old
IVS14�1G�A homozygote,29 whereas bilateral subcapsular
opacities, similar to the ones in VI24, VI25 and VI26, have been
described in a 26-year-old patient carrying the IVS4-2delAGA
and c.937delC mutations.28 Pigmentary retinopathy is referred
to as typical RP or bone-spicule–like pigment changes mainly
in the peripheral retina, in most patients with TULP1-related
disease.3,28,29 Apart from the vascular attenuation that is usu-
ally regarded as a typical feature of EORD or RP, we observed
multiple severely sclerosed and occluded or ghost vessels in
subjects VI25 and VI9. This feature, as well as peripapillary RPE
atrophy, has not been reported in patients with TULP1-related
LCA or EORD.

We found a totally normal clinical appearance in most of the
FA531-532dup mutation carriers (15/17) of all ages. The pres-
ence of macular drusenlike deposits in two heterozygotes is in
accordance with the findings in a reported Dominican kindred,
in which such carriers were also found to have normal ERGs.29

So far, no clinical feature has been identified to raise the
suspicion of a TULP1 mutation carrier state that would guide
genotyping in families affected by LCA/EORD.

Quantitative analysis of retinal layers in the macular area in
the proband (VII3) and in the age-matched control subject (Fig.
3) reveals comparable distances between the nerve fiber layer
and the inner plexiform layer. On the contrary, VII3 exhibited
missing reflective layers corresponding to the outer retinal
structures, and the reduced signal intensity suggested an al-
ready affected outer plexiform layer. This in vivo biomicro-
scopic characterization of the diseased retina suggests a retro-
grade process of degeneration as a result of the primary
photoreceptor decay.

Of interest is the simultaneous presence of a perifoveal ring
of increased AF in the same patient. This finding appears not to
be uncommon in patients with RP with preserved central
vision30 and has also been described in some patients with
LCA, although not in correlation with a specific genotype.31

FAF is an index of lipofuscin accumulation in the RPE, its
preservation reflects the level of metabolic activity and thus
indicates at least a partial presence of structurally intact pho-
toreceptors and photoreceptor/RPE complex.31 In our patient,
the AF image revealed that the homozygous FA531-532dup
mutation in TULP1 does not halt the formation of lipofuscin
fluorophores and causes macular photoreceptor cell dysfunc-
tion as opposed to cell death, at the corresponding stage of the
disease. This finding can be helpful in directing mutation
screening in patients with LCA/EORD3—for example, in differ-
entiating from RPE65 mutations—as they have been found to

amino acids Q A F A I A
wild-type c a g g c c t t c g c c - - - - - - a t c g c c

c a g g c c t t c g c c t t c g c c a t c g c c
amino acids Q A F A F A I A
FA531-532dup

a

b

c
FIGURE 5. (a) Sequencing chromatogram from a subject heterozygous
for the mutation, with two different series of bases superimposed from
the point of the insertion/duplication (arrow) to the end. (b) Sequenc-
ing chromatogram from a subject homozygous for the duplication of
TTCGCC. (c) Graphic depiction of the wild-type and mutated DNA
sequences and the corresponding amino-acid sequences.
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lead to lack of FAF.32 FAF can also be useful in monitoring
possible photoreceptor cell rescue therapies in the future.31

Evaluation of autofluorescence by HRA and retinal thickness
by OCT may help to discriminate between RPE65 (and possi-
bly LRAT), TULP1, and CRMB1-related rod-cone LCAs. Further
characterization of patients with TULP1 mutations with the
help of these devices may shed some light on the pathogenesis
of this rare retinopathy.
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