
Research Article Open Access

Volume 2 • Issue 12 • 1000194
J Clinic Experiment Ophthalmol
ISSN:2155-9570 JCEO an open access journal

Open AccessResearch Article

Lafont et al. J Clinic Experiment Ophthalmol 2011, 2:12 
DOI: 10.4172/2155-9570.1000194

Keywords: Retinitis pigmentosa; Autosomal dominant inheritance;
Autosomal recessive inheritance; RP1; Visual field; Visual acuity

Introduction
Retinitis Pigmentosa (RP) is a group of inherited degenerative 

disorders of the retina characterized by night blindness, progressive 
loss of peripheral vision and pigment deposits predominant in the 
peripheral retina. To date, 54 disease causing genes have been identified 
in nonsyndromic RP and 7 loci have been mapped, including 22 in 
autosomal dominant (ad) RP, 36 in autosomal recessive (ar) RP, 2 in 
X-linked RP, 1 in digenic RP and 1 in mitochondrially inherited RP 
(http://www.sph.uth.tmc.edu/retnet/sum-dis.htm). In recent years, 
several of these genes have been found both in ad and arRPs, indicating 
that genetics of RP is more complex than previously anticipated. The 
transcription factor NRL first described in adRP was later found also 
involved in arRPs [1-3]. Similarly, the transcription factor NR2E3 
initially described in the recessive enhanced S-cone syndrome and in 
arRP was also reported in dominant forms of RP [4-8]. PROM1, which 
could play a role in nascent photoreceptor outer segment discs, was 
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first reported in severe arRP and later in dominant macular dystrophy 
or cone rod dystrophy [9,10]. SEMA4A was also described in dominant 
and recessive RP and cone rod dystrophies [11]. More recently, RDH12 
and RPE65, whose mutations lead to Leber congenital amaurosis and 

Abstract
Study background: RP1 is a major gene for autosomal dominant retinitis pigmentosa and was reported in a few 

recessive families. Taken together, patients with RP1 mutations of both types of inheritance show a large spectrum 
in the severity of the disease. To get better insight in these clinical variations, patients with dominant and recessive 
retinitis pigmentosa due to RP1 mutations were investigated and their clinical features were compared.

Methods: RP1 exons 2 and 3 were sequenced in 324 unrelated patients with presumed recessive retinitis 
pigmentosa (213 simplex, 68 multiplex) or cone rod dystrophy (27 simplex, 16 multiplex) and RP1 exon 4 hot spot (nt 
1500-3216) was sequenced in 174 probands with dominant retinitis pigmentosa. Visual acuity and visual field were 
correlated with age using Pearson’s linear coefficient and compared with a non parametric Wilcoxon test.

Results: Two novel recessive null mutations (p.His31GlnfsX47, p.Val157TrpfsX16) were found in exon 2. Five 
novel dominant mutations (p.Lys673ArgfsX9, p.Tyr685X, p.Ile725TyrfsX13, p.Asn748IlefsX15, p.Ser862X) and the 
recurrent p.Gln679X and p.Ser911X mutations were found in exon 4. In recessive cases, decrease in visual acuity 
was at 21.8±5.8 years with visual acuity of 0.32±0.28. In dominant cases, decrease in visual acuity occurred later at 
45.2±10.4 years in one group (0.54±0.28) and at 61.0±5.2 years in a second group (0.71±0.14). Visual field decrease 
was noticed earlier in recessive than in dominant cases (20.9±7.2 vs 49.0±16.3) but decrease level was similar 
(41.8±33.3% vs 34.5±31.7%). The rate of decrease was similar for visual acuity while for visual field it was higher in 
recessive than in dominant cases (3.93% per year vs 1.65% per year).

Conclusions: The recessive patients had much more severe disease than dominant patients, with higher decrease 
rate in visual field and earlier onset in visual acuity decrease.
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rarely to arRP cases, were each found to be the causal gene in one adRP 
family [12,13]. Finally, mutations of the RP1 gene, responsible for 3-6 
% of the adRPs [14-21] were repeatedly observed in several arRP cases 
[20] [22-25].

RP1 is a photoreceptor-specific protein expressed in both rod and 
cone photoreceptors [26].  This 2156 amino acid-long protein belongs 
to the axoneme of the photoreceptor outer segment, and hence plays 
an important role in the organization of the outer segments [27,28]. It 
interacts, through two doublecortin domains located in tandem in its 
N-terminal part (amino acids 33-228), with the axonemal microtubules 
[28]. Downstream doublecortin domains, another domain homologous 
to drosophila bifocal (amino acids 486-635) is known to be important 
for the development of rhabdomeres in drosophila eyes [18]. Recently, 
RP1 was also shown to interact with the ciliary male germ cell-
associated kinase MAK, a regulator of the ciliary length [29] and to 
share, in the photoreceptor connecting cilium, overlapping expression 
with the photoreceptor-specific RP1L1, the paralog of RP1 [30].

Patients with RP1 mutations of both types of inheritance show a 
large spectrum in the severity of the disease, spanning intrafamilial 
variations of penetrance to severe, early onset RP cases [14-25]. To 
get better insight in these clinical variations, RP1 was screened in both 
recessive and dominant families. We found arRP families with novel, 
presumably null RP1 mutations and compared them to adRP families 
with novel, presumably dominant negative mutations. We show that 
the disease course is much more severe in autosomal recessive than in 
autosomal dominant cases and that decrease in visual acuity shows a 
progression that is different from that in visual field.

Materials and Methods
Patients

Autosomal dominant RP families were recruited at outpatient 
clinics from Western (Clinique Sourdille, Nantes), Eastern (CARGO, 
Strasbourg), and Southern (MAOLYA, Montpellier) parts of France. 
Autosomal recessive RP families were all recruited in the Montpellier 
centre. The study (# 2008-A01238-47) had received the authorization 
from the Sud méditerranée IV ethical board committee (# 08 10 05 
from 04/11/2008), was approved by the French regulation agency 
for medication (AFSSAPS # B81319-70) and is registered at http://
clinicaltrials.gov (# NCT01235624). The investigators followed the 
tenets of the Declaration of Helsinki.

Clinical investigations

Patients had standard ophthalmologic examination (refractometry, 
visual acuity, slit-lamp examination, applanation tonometry, 
funduscopy). Kinetic visual fields were determined with a Goldman 
perimeter with targets V4e, III4e and I4e. OCT measurement of 
the macula was performed using an OCT-3 system (STRATUS 
model 3000, Carl Zeiss Meditec, CA) with the software version 3.0. 
Autofluorescence measurements were obtained with the HRA2 
Heidelberg retinal confocal angiograph (HEIDELBERG Engineering, 
Dossenheim, Germany) and fundus pictures were taken. Full-fields 
ERG was recorded using a ganzfeld apparatus (METROVISION, 
Pérenchies, France) with a bipolar contact lens electrode on maximally 
dilated pupils according to the ISCEV protocol [31].

For numerical values, visual acuity was measured with snellen 
charts in decimal numbers. Goldman visual field was quantified by 
counting the number of subdivisions of the Goldman grid within the 

areas of the V4e isopter and expressed as a percentage of the normal 
visual field. Correlations between visual ability (acuity or field) and 
age were investigated with the Pearson’s linear coefficient. In case of 
significant correlation, the slope of the linear fit was calculated. Two 
given samples were compared with a non parametric Wilcoxon test. 
Means were expressed ± s.d.

Molecular investigations

DNA extraction and genotyping: Informed consent and 
blood samples were obtained from the patients. Genomic DNA was 
extracted from 10-ml peripheral blood samples by a standard salting 
out procedure [32] and stored at -20°C before use. Members of one 
family were genotyped for 262,270 SNPs (GeneChip Mapping 250K 
Nsp Array, AFFYMETRIX, Santa Clara, CA) at the Centre National de 
Génotypage (www.cng.fr, Evry, France) and homozygous regions were 
searched using the TASE software [33].

Screening and sequencing: RP1 exons 2 and 3 (Genbank # NT-
008183) were amplified in a single 1534-nt fragment using primers 
(available upon request) flancking the 5’ splice site junction of exon 
2 and 3’ splice site junction of exon 3. Each PCR was performed in 
a 10-µl reaction mix containing 50 ng genomic DNA, 10 % 360 GC 
Enhancer (APPLIED BIOSYSTEMS, Foster City, CA) 0.16 µM of 
each primer and 1U of AmpliTaq Gold DNA Polymerase (APPLIED 
BIOSYSTEMS, Foster City, CA) in its appropriate buffer. Following the 
first denaturation at 95°C for 10 min, amplification was carried out in 
35 cycles at 95°C for 30 s, 58°C for 30 s and 72 °C for 1 min, ending 
with a final extension step for 7 min. PCR products were purified with 
ExoSap-it cleen up (AMERSHAM BIOSCIENCES, Piscataway, NJ).

Part of RP1 exon 4 was amplified in 4 overlapping fragments 
(primer sets available upon request) covering 1863 nt, encompassing 
codons 500 to 1072. Each PCR was performed in a 25-µl reaction 
mix containing 50 ng genomic DNA, 20 µM of each primers, 1.5 mM 
(fragments 1 and 3) or 2.5 mM (fragment 2 and 4) MgCl2, 20 µM 
dNTPs and 0.25 U of Taq Polymerase (INVITROGEN, Carlsbad, CA) 
in its appropriate buffer. Following the first denaturation at 94°C for 3 
min, amplification was carried out in 35 cycles at 94°C for 30 s, 58°C 
for 40 s and 72 °C for 45 s, ending with a final extension step for 7 min. 
Excess primers and dNTPs were removed using 0.5 unit of Shrimp 
Alkaline Phosphatase (AMERSHAM PHARMACIA) and 2 units of 
Exonuclease I (AMERSHAM PHARMACIA).

Sequencing of all amplified fragments was performed using 
the BigDye Terminator Cycle Sequencing Ready Reaction kit V3.1 
(APPLIED BIOSYSTEMS) on an ABI PRISM 3130 capillary sequencer 
(APPLIED BIOSYSTEMS). Sequencing results were analyzed using 
SeqScape Software Version 2.5 (APPLIED BIOSYSTEMS).

Results
Null RP1 mutations in autosomal recessive retinitis 
pigmentosa

Parents and 5/6 children of the Moroccan consanguineous family 
RP94 (Figure 1) were genotyped for 262,270 SNPs. Two homozygous 
chromosomal segments shared only by the 3 affected siblings were 
identified; one in chromosome 3 (region 3p12) between SNPs rs1007414 
and rs7631290 defining a 1.3-Mb region and one in chromosome 8 
(region 8q11-q13) between SNPs rs11984645 and rs2726551 defining a 
4.6-Mb region. This latter region contained RP1 which was consequently 
sequenced. Four amino acid changes were found including c.2833G>T 
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Figure 1: Pedigrees of 11 families with retinitis pigmentosa and RP1 mutations. Squares indicate male, circles indicate female. Blackened symbols are 
individuals affected with RP. A double horizontal line between the mating pair indicates consanguinity. M means mutated allele (refers to Table 1 for mutation 
description), + means wild type allele. Patient numbers indicate generation in roman typeset and order in generation in arabic typeset. RP94 and RP494 are 
consanguineous families with autosomal recessive retinitis pigmentosa; the 9 other retinitis pigmentosa families show autosomal dominant inheritance.

(p.Val945Leu), c.2953A>T (p.Asn985Tyr), c.6098G>A (p.Cys2033Tyr) 
which are referenced as rs16920621, rs2293869 and rs61739567 
polymorphisms, respectively and c.1769C>G (p.Thr590Ser) which 
was unlikely to be pathogenic as it was conservatory. In exon 2, a 13-
nt deletion (TCCTGTTGTGGCC) with a 3-nt insertion (AAA) at 
position 92 was also found at the homozygous state in the 3 affected 
individuals, II:2, II:4 and II:5 (Figure 1). This c.93_105del13insAAA 
leads to a premature stop codon at position 77, resulting in a severely 
truncated protein of 76 instead of 2156 amino acids (p.His31GlnfsX47). 
This mutation was present at the heterozygous state in the obligate 
carrier parents and in the 3 unaffected siblings. None of 54 normal 
chromosomes carried this change.

Since RP1 could potentially carry null mutations in RP, we then 
screened 324 unrelated patients from presumed autosomal recessive 
RP (213 simplex, 68 multiplex) or CRD (27 simplex, 16 multiplex) 
families in exons 2 and 3. In exon 2, we found a c.469delG variant at the 
homozygous state in the simplex case from the Moroccan family RP494 
(Figure 1). This deletion causes a premature stop codon at position 
172, resulting in a severely truncated protein of 171 instead of 2156 
amino acids (p.Val157TrpfsX16). This mutation was present at the 
heterozygous state in the unaffected mother and was absent from 54 
normal chromosomes. We also found among the 324 probands several 
non pathogenic rare variants at the heterozygous state, including 
c.228C>T  (p.Leu76Leu) in 1 patient, c.466C>T  (p.Leu156Leu) in 2 
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patients, c.615+16G>T in 1 patient, c.616-6T>C in 8 patients and 
c.764A>G (p.Asn255Ser) in 1 patient.

Truncating RP1 mutations in autosomal dominant retinitis 
pigmentosa

As virtually all dominant RP1 mutations described so far are 
clustered in the first half of exon 4, we screened the probands from 
174 adRP families in this region of the gene. Seven mutations (4 
nonsenses, 3 frameshifts) were found in 9 families, among which 
5 were novel (Table 1). All of them were truncating mutations, and 
therefore likely to be pathogenic. When additional family members 
were available, they were found to segregate with the RP phenotype 
(Figure 1), although a few asymptomatic carriers were encountered. 
Thus, the prevalence of families with RP1 mutations in this adRP 
cohort was 5.2 %. Three additional non pathogenic variants were 
also found. Two were frequent, c.2615G>A leading to p.Arg872His 
(rs444772) in 29.9 % of the chromosomes and c.2953A>T leading 
to p.Asn985Tyr (rs2293869) in 42.3 % of the chromosomes. A third 
one, c.3101A>T (p.His1034Leu), was found in only one case and was 
probably non pathogenic as it was poorly conserved among species 
(human, chimpanzee, dog, cow, mouse, rat).

Clinical finding in autosomal recessive retinitis pigmentosa

Apparent onset of symptoms occurred variably, from early infancy 
to 17 (Table 2). All 4 patients were myopic, with a mean spherical 
equivalent of -6.26 dioptries ± 5.41 (range -1.00 to -13.75). At 20 years of 
age they had visual acuity < 0.5 in average and had < 50 % of remaining 

visual field in average (Table 2). Both the scotopic and photopic ERGs 
were unrecordable for 3 of them and showed only traces for the fourth 
patient. Follow up was available from age 10 to 20 for II:1, 20 to 31 for 
II:2, 14 to 29 for II:4 and 9 to 20 for II:5. They had moderate decrease in 
visual acuity during the second decade (from 1 to 0.18) but underwent 
dramatic decrease in the third decade (from 0.75 to light perception) 
(Figure 2A). Similarly, the peripheral visual field decreased to a tubular 
vision in the third decade (Figure 2B). At 20 years of age, the fundus 
of all 4 patients showed typical bone spicule-shaped pigment deposits 
covering more or less densely the entire periphery (Figure 3). There 
was a variable degree of narrowing of retinal vessels. Moderate macular 
involvement was present at ages 20 and 29 in II:1 and II:4, respectively, 
while the atrophy spread out to the entire macula in patient II:5. A 
bilateral epiretinal membrane was present in patients II:4 and II:5. 
The photoreceptor IS/OS layer was observable only in the fovea in the 
second decade and disappeared with a severe thinning of the macula in 
the third decade.

Since RP1 mutations are usually encountered heterozygously in 
dominant RP, we paid a particular attention to the available parents 
and siblings who were heterozygote for the causal mutation. All six 
available heterozygote family members (parents and the 3 unaffected 
children from RP94 and mother from RP494) had normal visual acuity, 
funduscopy, fundus autofluorescence and macular thickness. ERG 
responses were within normal limits.

Clinical finding in autosomal dominant retinitis pigmentosa

Among 23 patients carrying a dominant RP1 mutation for whom 
clinical data were obtained, 4 were asymptomatic. The apparent age of 
onset, based on night blindness, peripheral visual field restriction or 

Figure 2: Evolution of visual acuity (A) and visual field (B) in function 
of age for each patient with autosomal recessive retinitis pigmentosa. 
II:1 refers to the simplex patient in family RP494; II:2, II:4 and II:5 refer to 
the patients of the multiplex family RP94 (see Figure 1). A: visual acuity 
measured in decimal values with Snellen chart was plotted with age; B: 
percentage of the remaining visual field compared to normal was determined 
with the Goldman perimeter V4e stimulus and plotted with age.

Figure 3: Fundus images of RP1 patients with recessive (A-C) or 
dominant (D-I) retinitis pigmentosa (see Figure 1 for pedigrees). A: 
family RP94, left eye of 31 year-old patient II:2, VA (visual acuity) = light 
perception; B: family RP94, left eye of 29 year-old patient II:4, VA = 0.05; 
C: family RP494, left eye of 20 year-old patient II:1, VA = 0.30; D: family 
PHRC115, left eye of 63 year-old patient III:1, VA = no light perception; 
E: family RP785, left eye of 58 year-old patient II:3, VA = 0.50; F: family 
PHRC116, left eye of 36 year-old patient III:2, VA = 0.80; G: family RP263, 
right eye of 58 year-old patient V:1, VA = 0.62; H: family RP785, right eye of 
44 year-old patient III:6, VA = 0.62; I: family RP785, left eye of 15 year-old 
patient IV:2, VA = 1.00.
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% per year) than for adRP cases (1.65 % per year), indicating that arRP 
cases had a faster decrease in visual field than adRP cases, even though 
the onset in visual field decrease was at the same age.

Discussion
Genotyping and systematic sequencing of autosomal recessive 

RP families revealed new RP1 mutations. Novel mutations were also 
found by screening exon 4 RP1 in autosomal dominant RP families. 
Comparison of clinical data from autosomal recessive and autosomal 
dominant RP cases showed that the presence of two mutated RP1 alleles 
leads to a more severe disease than if only one RP1 allele is mutated.

Today, 37 RP1 mutations (including the 6 reported herein) have 
been described in ad RP [14-16], [18], [34-42], accounting for 3.3 to 6 
% of adRPs [17-21]. As such, RP1 belongs to the second most frequent 
group of genes causing adRP (with PRPF31), following RHO which has 
the highest mutation rate [43,44]. Among the 37 dominant mutations, 
only 6 are missense. Except for D984G found in one patient and her 
presumably affected son [40], validation of these missense variants 
as pathogenic mutations is still awaited since there were no family 
history and familial segregation available [23,34,45]. The remaining 31 
dominant mutations, i.e. the majority, are frameshift or nonsense and 
are all localized in the first part of exon 4, most of them clustering just 
downstream the sequence homologous to bifocal, from codons 635 to 
900 (Figure 5). Since they are localized in the last exon, mRNA decay is 
not activated, and therefore mutants should encode truncated proteins 
containing the doublecortin and bifocal domains (Figure 5). They are 
thus hypothesized to be dominant negative mutations. Only 9 recessive 
mutations (including those reported herein) have been identified so 
far [22-25]. Like for dominant mutations, they are mostly frameshift 
or nonsense, only one amino acid change being reported whose 
pathogenicity remains uncertain since it was found in the control 
population [23]. By contrast with dominant mutations however, they 
are distributed throughout the coding RP1 sequence and none of them 
is found in the dominant cluster (Figure 5). Five are located in exon 4 
and possibly lead, as dominant mutations, to expression of C-terminal 
truncated proteins. The reason why these 5 mutations are recessive 
remains unclear. One possibility would be that they have a milder 
dominant effect than the currently reported dominant mutations. This 
hypothesis could be supported by the finding of a mild atrophy in the 
peripheral retina in some heterozygote parents [22]. The 3 remaining 
recessive mutations (among which two are described in this study) 
are located in exon 2, leading probably to the absence of the mutated 
protein by mRNA decay, and as such can be considered as loss-of-
function (null) mutation. None of the heterozygote members of these 
three arRP families had signs of retinal degeneration, indicating that 
a 50 % content of normal RP1 protein is indeed not deleterious to 
photoreceptors as was reported from studies on heterozygous Rp1+/- 
mice [27].

In adRP caused by RP1 mutations, wide variations in severity 
of the disease were previously reported [34]. In fact, the presence of 
asymptomatic mutation carriers in a family is a clinical feature that 
should lead to RP1 screening. In the study presented here, we also 
found asymptomatic carriers and significant variations in disease 
severity. Yet, in general, adRP patients from our series had a relatively 
moderate form of RP, with average age at first presentation of 43, 
visual acuity decrease between 40 and 70 years of age, and visual field 
loss slowly progressing from 20 to 70 years of age. These results are 
comparable to those reported in a large scale study of adRP patients 
with RP1 mutations [35] in which most patients retained a visual acuity 

Figure 4: Visual acuity and visual field in function of age. Visual 
acuity Snellen chart decimal values (A) and percentage of normal visual 
field (B) were plotted in function of age for autosomal recessive (circles) 
and autosomal dominant (triangles or squares) retinitis pigmentosa cases. 
Linear fit lines are shown. For autosomal recessive cases, the mean visual 
acuity and mean percentage of the remaining visual field, and mean age for 
each of both values are indicated as large circles on the fit line. Standard 
deviations are shown. For autosomal dominant cases, the same data are 
indicated as a large square for visual field (B), or as a left-oriented (moderate 
disease) or a right-oriented (mild disease) triangle for visual acuity (A). Ligth 
grey upper-oriented triangles in A correspond to normal visual acuity values 
(>1) which have not been considered in the calculations.

photophobia occurred in average at 35 and age at first examination was 
at 43 in average (Table 2), later than in arRP cases. At this age, almost 
half the visual field remained and ERG responses were still recordable 
(Table 2). Some patients had no pigment deposits in fundus (Figure 
3). Some others had densely distributed deposits, but they generally 
retained enough visual acuity for reading.

RP1 autosomal recessive cases are more severe than autosomal 
dominant cases

Values of visual acuity and visual field (defined as a percentage 
of normal visual field) were plotted in function of age for arRP and 
adRP cases. For both forms of inheritance, visual acuity decreased 
significantly with age (Pearson’s linear coefficient test, p<0.05) (Figure 
4A). Patients with decreasing visual acuity (defined as less than 1) 
could be separated in 3 different groups depending on the age of visual 
acuity decrease (non parametric Wilcoxon test, p<0.001). The arRP 
patients (# 1) showed the earliest decrease occurring at mean age 20.9 
± 7.2, while the first group of adRP patients (# 2) underwent decrease 
at mean age 45.2 ± 10.4, followed by the second group of adRP patients 
(# 3) showing decrease at mean age 61.0 ± 5.2. Moreover, the mean 
visual acuity in group # 1 was low (0.32 ± 0.28), while it was better 
preserved in group # 2 (0.54 ± 0.28) and even better in group # 3 (0.71 
± 0.14). By contrast with the differences observed in mean visual acuity 
and age of decrease, the rate (linear fit slope) at which visual acuity 
decreased was similar in the 3 groups, i.e. 0.027 per year for group # 
1, 0.025 per year for group # 2 and 0.018 per year for group # 3. The 
visual field also decreased significantly with age in both arRP and adRP 
cases (Pearson’s linear coefficient test, p<0.01) (Figure 4B). However, 
the distribution of percentage of remaining visual field with age and 
the rate of visual field decrease were different from what was found 
for visual acuity. Indeed, for visual field, all adRP cases fitted in only 
one group and, in average, underwent a decrease later than arRP cases 
(non parametric Wilcoxon test, p<0.001), the mean age of decreasing 
visual field being 20.9 ± 7.2 for recessive cases while it was 49.0 ± 16.3 
for dominant cases. However, the mean percentage of decreasing visual 
field at mean age was not different between recessive and dominant 
cases, being 41.8 ± 33.3 vs 34.5 ± 31.7, respectively. Yet, the rate (linear 
fit slope) of visual field decrease was much higher for arRP cases (3.93 
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higher that 20/30 between 27 to 64 years and more than 40 % of their 
visual field. However, closer examination of the distribution of visual 
acuity loss in function of age in our patient series suggested two groups 
of patients; one undergoing visual acuity decrease between 40 to 60 
and another, milder disease group, experiencing visual acuity decrease 
between 55 to 70. Although not detailed, the presence of some RP1 adRP 
patients with late onset and slow progression whereas others had onset 
at teen age followed by rapid progression, was previously suggested 
[34]. Interestingly, examination of the visual field loss in function of 
age did not show such a dichotomy. One explanation could be that, 
while peripheral visual field restriction is observable as soon as cones 

start to die, that is relatively early in the disease course, the decrease 
in visual acuity is observable only when cone degeneration reach the 
macula, that is relatively late in the course of the disease. Therefore, it is 
conceivable that patients with a severe condition have an earlier onset 
in visual acuity decrease that those with a milder condition.

By contrast, arRP patients with RP1 mutations had a much more 
severe disease than adRP patients. arRP patients underwent a dramatic 
decrease in the visual acuity during their third decade and had tubular 
vision with less than 15 % of the remaining visual field by the end the 
third decade. Also, the ERG responses were virtually absent by the age 

Figure 5: Schematic diagram of the RP1 gene showing the location of published dominant (above) and recessive (below) mutations. Exon numbers are 
in italics and grayscale denotes coding sequence. Mutations found in this study are underlined and in bold type. Amino acid changes are in italic, and in light grey if 
pathogenicity is uncertain. Homologous regions to doublecortin and bifocal are indicated.

Night Blindness Visual field defect Photophobia Cataract Pigment deposits in fundus
autosomal recessive retinitis pigmentosa

Positive patients/total
4/4 4/4 4/4 2/4 4/4
autosomal dominant retinitis pigmentosa

Positive patients/total 14/22 15/22 14/22 12/22 17/23

Age at first exam Age at onset Visual acuity Percentage of 
remaining visual field

Dim blue 
scotopic ERG

White 
photopic ERG

30-Hz flickers 
photopic ERG

Mean Standard deviation 
Range

autosomal recessive retinitis pigmentosa
10
+1
8-10
n=4

5
+8
1-17
n=4

0.43*
+0.27
0.18-0.75
n=4

45*
+26
16-78
n=4

0

n=4

0

n=4

1
+3
0-5
n=4

Mean Standard deviation
Range

autosomal dominant retinitis pigmentosa
43
+16
7-64
n=23

35
+12
13-51
n=13

0.79**
+0.26
0.2-1.25
n=23

44**
+28
9-87
n=15

91
+88
0-313
n=16

47
+39
0-131
n=16

38
+31
0-96
n=16

*determined for each arRP patient at 20 years of age; ** determined for each adRP at first examination age; ERG values are b wave amplitude in µV; “n” means the number 
of analyzed patients

Table 2: Summary of clinical data for RP1 patients.
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of 20 in patients with arRP, while many dominant patients retained 
recordable ERGs. Previous reported cases showed onset in childhood 

[15,24], flat ERG by 18 [15], macular involvement before 20 [22, 23], or 
even total blindness before 20 [23]. Although arRP patients from our 
series underwent loss in visual acuity much earlier than adRP patients, 
the speed at which visual acuity decreased was not different than that 
of adRP, indicating that the progression of macular cone degeneration 
was similar in both series, albeit earlier in arRP. As observed in the Rp1-

/- mice or homozygote mice with a truncation after the bifocal domain, 
the absence of a normal RP1 protein leads to rapid photoreceptor 
degeneration [28,46]. Interestingly, the 4 arRP patients described herein 
and the only arRP patient previously reported in whom refraction was 
mentioned [25] were myopic. Myopia is known to be associated with 
RP2 and RPGR, the two X-linked retinitis pigmentosa causing genes 
[47]. Both RPGR and RP2 are ciliairy proteins, as is RP1. Thus, it is 
tempting to speculate that mechanisms common to RP1 and X-linked 
RP genes may cause myopia. Further reports of arRP patients due to 
RP1 mutations are necessary to confirm the association of myopia to 
this gene-specific form of RP.
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