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Purpose: Toreport a large deletion that encompasses more than 9BRPEB1 gene and two other neighboring genes in

their entirety in an adRP pedigree that appears to show only the typical clinical features of retinitis pigmentosa.
Methods: To identify PRPF31 mutation in a dominant RP family (ADRP2) previously linked to the RP11 locus, the 14
exons ofPRPF31 were screened for mutations by direct sequencing. To investigate the possibility of a large deletion,
microsatellite markers neBRPF31 gene were analyzed by non-denaturing PAGE.

Results: Initial screening oPRPF31 gene in the ADRP2 family did not reveal an obvious mutation. A large deletion was
however suspected due to lack of heterozygosity for neaRRBF31 intragenic single nucleotide polymorphysm (SNPs).

In order to estimate the size of the deletion, SNPs and microsatellite markers spanning andiRPik8igvere ana-

lyzed in the entire ADRP2 family. Haplotype analysis with the above markers suggested a deletion of approximately 30 kb
that included the putative promoter region of a novel @8@AR, the entire genomic content of geMNBUFA3, TFPT

and more than 90% d?RPF31 gene. Sequence analysis of the region flanking the potential deletion showed a high
presence oflu elements implicatindlu mediated recombination as the mechanism responsible for this event.
Conclusions: This mutation provides evidence that haploinsufficiency rather than aberrant function of mutated proteins is
the cause of disease in these adRP patients with mutatiBRPH81 gene.

Retinitis pigmentosa (RP) is a heterogeneous group off large patient cohorts [2]. Over 30 different mutations have
retinal dystrophies, characterized by photoreceptor cell degebeen reported that include missense, deletion, insertion and
eration leading to night blindness and visual field loss. Clinisplice site alterations. It has been speculated that
cal manifestations include pigment deposition in the retina anldaploinsufficiency may be the cause of disease [2] but to date
attenuation of retinal blood vessels, with later de-pigmentahere has been no evidence to prove that this mechanism rather
tion or atrophy of the retinal pigment epithelium. Electroret-than aberrant function of mutated protein is responsible for
inogram (ERG) changes are present with abnormalities of bottisease. In this study we report the largest deletion identified
rod and cone ERGs but with the rod ERGs more affected than the PRPF31 gene thus providing evidence that
the cone ERGs (rod-cone dystrophy). In advanced RP bottaploinsufficiency is the cause of disease in adRP patients with
rod and cone ERG responses are undetectable [1]. With amutations in thé?’RPF31 gene.
incidence of around 1 in 3500, RP can be inherited as an X-
linked, autosomal dominant or autosomal recessive condition. METHODS
Autosomal dominant RP (adRP) can be caused by mutatiofatients: We previously mapped the adRP locus on chromo-
in at least 13 genes (RetNet; Retina Disease Database), onesofme 19q13.4 and identified several adRP families linked to
which is the genBRPF31 localized on chromosome 19g13.4 this locus [3,4]. After subsequent cloning of BRPF31 gene
(RP11) [2]. The gene is comprised of 14 exons spaning apmutations were identified in all but one family referred to as
proximately 16 kb of genomic DNA and encodes a ubiquiADRP2. Patients from this family were the subjects of this
tously expressed 61K splicing factor protein PRPF31, alsstudy. The study protocol was approved by the hospital ethics
referred to as splicing factor 61K. committee and was in accordance with the tenets of the Dec-

In order to determine the mutation spectrunPBPF31  laration of Helsinki (June 1964); informed consent was ob-
in adRP we and others have screened the coding exons aaded from all members after explanation of the nature and
their flanking splice sites in families linked to this locus andpossible consequences of the study. Although DNA of more
than 17 members (disease status known) of this three-genera-
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onset. All patients had electrophysiological testing performedegree of disease penetrance. Four out of the seven members
with gold foil recording electrodes and Ganzfeld stimulationexamined are shown in the pedigree (111.3, 111.9, IV.1, and IV.2
according to the ISCEV Standard responses, including thie Figure 1A); younger affected members for whom genotype
higher intensity flash “suggested” in the recent version of theata are not available are not shown. The onset of night blind-
ISCEV Standard for ERG [5]. ness was reported between the age of 3 and 16 years. Visual

Mutation analysis and genotyping: The 14 exons of field loss was first noticed between the age of 6 and 30 years.
PRPF31 were screened for mutations by systematic sequen&hotoaversion and visual loss if present-was noticed in most
ing of PCR products as described previously [2]. cases about 15 years after the onset of visual field loss. By the

To assess the possibility of a large intragenic deletionage of 40 most patients had severely reduced visual fields with
nine PRPF31 intragenic single nucleotide polymorphisms a central island of 2°5However, visual acuity (VA) was rela-
(SNPs) were typed in ADRP2 (420+81T >C, 420+82G >Cfively well preserved (6/9-6/18) with one exception (l11.9)
528-31C >T, 564G >A, 735C >T, 855+40G >A, 946-70T >C,whose VA was counting fingers. The more advanced cases alll
1148-9T >C, and 1468C >T). In addition several SNPs antlad a small posterior subcapsular opacity or had been oper-
microsatellite markers flankingRPF31 were also analyzed ated for cataract.
in the family. The location of the analyzed markers, sequence Fundus examination revealed advanced disease with
of each set of primers and conditions are described in Table Aeavy bone spicule pigmentation and severe atrophy by the
PCR products harboring SNPs were analyzed by direct sage of 30 to 40 years. The youngest patient examined, despite
guencing using an ABI 3100 (Applied Biosystems, Foster citybeing asymptomatic at that stage showed at age 11 some mild
CA) while PCR products of microsatellite markers were sepaatrophy in the midperiphery associated with some inferior bone
rated by non-denaturing PAGE (Protogel; National Diagnosspicule pigmentation. The most severely affected patient (111.9)
tics USA, Atlanta, GA) and visualized under UV illumination had severe maculopathy with a bull's eye appearance in addi-
after being stained with ethidium bromide. tion to the peripheral retinopathy.

The majority of patients had undetectable full-field ERGs
RESULTS under all standard stimulus and recording conditions. Only

Patient clinical data: All examined members of this three- one patient, aged 19 years showed some residual ERG activ-
generation British family were affected thus displaying a highty but was severely abnormal.

TABLE 1. MARKERS AND PRIMERS USED FOR DELETION ANALYSIS

Mar ker / SNPs Location of marker/SNP  Sense priner (5 -3") Antisense priner (5 -3") Tm

JST060265 Proxi mal to OSCAR TGGGGTAGAAAGAGTATG TCTATTTTCTCCAAAGACGG 56

JST060264

JST114222 5' UTR of OSCAR GAAAGGGGTGACTCACAGAG  TTCCACAGTGCCATAGGGECT 60

(GATA) n about 1.5 kb 5' of TTTGCACCTATTATGTGCCA  TCACAGCAAGGGCCTGGCAC 58
NDUFA3 start ATG

420+81T>C

420+82GC PRPF31 | VS5 GAGTCTCCTTCCATCTCACC  CAGAGCAGACCACTGAGCC 59

528-31CT PRPF31 |VS6 GGAGATCCAGGAGGCTGG GGTCACAGIGTCAGCAGACC 61

564G>A

735CT PRPF31 exon8 CTCTCTGCTTTCTTCTGACC ~ TGAGTGCTACCGTCAGCT 60

855+40GA PRPF31 | VS8

946- 70T>C PRPF31 | VS9 TAAGGCACGTGGATACTCG CATCTTGCGGTACCTGGG 61

1148-9T>C PRPF31 |VS11 CTGGTCGCTGAACTGCAG CCTTGCCAAGGTCTCAGG 64

1468CT PRPF31 exon 14 CTCACCTAACCCATCATCC GCTCTGATTCTTCTAGITGCC 55

(TGTT)n about 1.4 kb 3' GGATGATCCTGGCTCATG GAGAATCACTTCAACCTGG 57
of PRPF31 STOP

(CA)N 0.5 kb 5 of CNOT3 CCCCCAATCTTTCTTCTCCT  AGCTGATGACTGGGATGGAG 59

Markers, listed in descending order from centromere, and primers used for deletion analysis. Sequence information isCGiBisedmn N
sapiens chromosome 19 genomic sequence NT_011109. The nucleotide positions of single nucleotide polymorphysm (SNPs)3tithin PRPF

start ATG

gene are based on the start codon in the PRPF31 gene (NM_015629).
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All the affected members of this family that were exam-of any obvious systemic association linked with the gene de-
ined therefore showed the typical features of retinitidect.
pigmentosa. The ocular phenotype was severe. General his- Mutation analysis: Initial screening ofPRPF3L1 in the
tory revealed some chronic asthma or chronic bronchitis iADRP2 family did not reveal any obvious mutation. How-
two of the patients (IV.2 and younger sister). One patient (IV.1¢ver, close scrutiny of the data revealed that all affected indi-
had some facial dysmorphia with telecanthus. However, thigiduals are “homozygous” for several SNPs witRRPF31.
was not seen in other patients and there was no clear eviderMdereover, the homozygous alleles differed among the affected
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Figure 1. The ADRP2 pedigree with a deletioRPRPF31. Subjects were genotyped for 15 markers within and surroundifRiRIPIE31 gene

and haplotypes assembléd.Filled symbols denote affecteds, open symbols unaffecteds and grey symbols asymptomatic disease haplotype
carriers. The extent of the deletion is indicated as a solid bar within the boxed affected haplotype. N denotes untypedwvharkersarkers

failed to amplify.B: The schematic diagram showing the location of markers and the genes involved in the deletion. Distances between
markers are not drawn to scale. For clarity genomic organization ofR&tiF31 is shown to indicate positions of single nucleotide
polymorphysms. The transcriptional direction for each gene is shown by a horizontal arrow.
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subjects suggesting that affected individuals were in factFPT andOSCARis sufficient for normality. Although, a subtle
monoallelic at these loci. An intragenic deletion was suspectegktra ocular phenotype may have been missed that could be
for this apparent “homozygosity” rather than non-paternity asevealed in a more thorough clinical assessment.

several microsatellite markers within the 19913.4 region  The precise mechanism behind the potential deletion could
showed perfect segregation within the family [4]. In order tanot be determined. Attempts made at amplifying across the
estimate the size of the deletion, SNPs and microsatellite maréeletion were hindered by mis-priming of primers. However,
ers spanning and flankirRRPF31 were analyzed in the en- it is noteworthy that th®RPF31 gene has a high density of
tire ADRP2 family. This showed that a GATA repeat markerAlu repeats. The presence of SIKE/repeats at both 5' and
located 1.5 kb upstream of tN®UFA3 gene and majority of  3' ends of the deleted region suggests thailarmediated
PRPF31intragenic SNP markers except the ones within exofmomologous recombination is responsible for this deletion. In
14 were monoallelic in all affected family members (FigurehumansAlu sequences have repeatedly been found to be asso-
1). Close analysis of the relevant genomic sequence suggestadted with genomic deletions, such as those identifiedn

a deletion of approximately 30 kb that included the putativendBRCAL genes that cause Fanconi Anemia and breast/ova-
promoter region of a novel ge@SCAR, the entire genomic rian cancer, respectively [11-14].

content of geneBIDUFA3, TFPT and most of thé®’RPF31 In conclusion we have provided strong evidence for the
gene except for its terminal exon (exon 14). presence of a large deletion mutatiorPRPF31 that effec-

tively results in the loss of one copy of the gene, and provide

DISCUSSION further evidence that haploinsufficiency rather than aberrant

The deletion of several genes adjaceRRBF31in this fam-  function of mutated proteins may be the cause of disease in
ily raised the possibility of a contiguous gene syndrome; howadRP patients with mutations in tRBPF31 gene.
ever examination of the family members showed no obvious
indication for any other disorder besides RP. ACKNOWLEDGEMENTS
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