










present in all affected male individuals and 14 female carriers
of the family but was not present in other normal family
members. In addition, population frequency analysis showed
the ORF15+577_578delAG mutation was absent in 80
healthy controls. ORF15+577_578delAG mutation causes an
open reading frameshift, which is predicted to result in a stop
codon at position 248 leading to a premature termination and
to a truncation of 319 amino acids from the protein. Our results
showed that the ORF15+577_578delAG mutation was
involved in the RP pathogenesis in this Chinese family. We
confirmed that our approach to amplify the complete exon
ORF15 in a single PCR reduces costs and labor.

To date, more than 100 different mutations in exon
ORF15 have been reported [23,29]; however, the precise role
of ORF15 is still unclear. Studying the genotype–phenotype
correlation can elucidate the expressivity and penetration of
the phenotype in a patient with a specific mutation in RPGR
[20].

Earlier reports have suggested that there is significant
interfamilial variability in the XLRP phenotype [30] and
different RPGR mutations can cause divergent retinitis
pigmentosa phenotypes [22,30]. However, within a given
family the phenotype is usually homogeneous [31,32], but
intrafamilial phenotypic heterogeneity has also been reported
[19,21,33]. In this study we further described this intrafamilial
phenotypic heterogeneity. We showed that a frameshift
mutation in ORF15 of RPGR causes a severe XLRP
phenotype; however, the male phenotype is distinctly
different. The finding of a single mutation causing different
phenotypes suggests the presence of modifiers, which may be
either genetic, environmental, or both [23].

Historically, most RPGR mutations were considered to
be recessive with clinically normal female carriers or mild
phenotypes [34–38]. However, severely affected carriers have
been reported [34,39]. For RPGR, the high penetrance in
females seems to be most common with truncating mutations
particularly in exon ORF15 [15,16]. Neidhardt and coworkers
identified three pathogenic sequence alterations in the
mutational hot spot exon ORF15 that also lead to disease
expression in female carriers [14]. The mutation c.2548delG
is found in a family in which the mother, in addition to three
of her sons, is affected [14]. The same mutation occurs in a
second family with reduced disease expression in female
carriers [14].

ORF15+577_578delAG mutation was not segregated with

high myopia because high myopia was also observed in two
female family members without the mutation. Therefore, the
findings of  our  study do  necessarily  signify  that  moderate

Figure 3. Results of nucleotide sequencing analysis. A: Family has
a ORF15+577_578delAG mutation. The upper sequences (A) are the
normal alleles. The middle sequences (B) are homozygous mutation
identified in affected male and the lower sequences (C) are
heterozygous mutation identified in obligate female. The black
rectangles indicate the deleted two nucleotides. The filled squares
indicate homozygous condition of the base. The partially filled
squares indicate heterogeneous condition of the base.
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What is intriguing is the fact that the truncating mutation
in the exon ORF15 identified here causes a serious RP
phenotype in males and no RP phenotype in heterozygote
female carriers. All affected males exhibited RP but all female
carriers were recessive with RP in the same family with the
same mutation. The state associated with the carrier was
moderate to high myopia with a refractive error ranging from
�í5.00 D to 22.00 D in 14 female carriers. However, the



to high myopia is more prevalent in females in this family with
an ORF15+577_578delAG mutation, and it is conceivable
that high myopia is also a variable expression of this RPGR
mutation. Other studies have found high myopia in patients
with XLRP, particularly in females with RPGR mutations.
Yang and coworkers identified a GA deletion at
ORF15+483_484delGA of RPGR in a family with XLRP in
which all female patients had a refractive error of −6 D or more
[23]. Koenekoop and coworkers identified two RPGR
mutations in two families with XLRP [19]. A Glu 414 (2-bp
deletion) frameshift mutation was found in nine affected
males and six affected females in family I in which all affected
females had myopia with a refractive error ranging from −2
D to −9 D and all affected males were emmetropic. An
intervening sequence (IVS) 2–1 (G to A) splice site mutation
occurred in one affected male and two affected females in
family II in which all affected individuals had high myopia
with a refractive error ranging from −7 D to −10 D. Jin and
coworkers identified a mutation, ORF15+1232_ 1233delGG,
in a family with XLRP. Among six recruited individuals, two
affected females had high myopia with a refractive error
ranging from −14.50 D to 18.50 D, two affected males had
low to moderate myopia with a refractive error ranging from
−1.000 D to 5.00 D, and two unaffected individuals were
emmetropic [20].

Among the RPGR ORF15 sequence variants detected in
our Chinese subjects, the two previously reported
(rs12687163 and rs12688514) SNPs were found not only in
patients but also in normal family members and control
individuals and could be excluded as disease-causing
mutations.

In conclusion, we identified a novel mutation,
ORF15+577_578delAG, in the RPGR gene in a large Chinese
family with X-linked recessive retinitis pigmentosa and
documented the clinical manifestations. Our review of the
phenotypes by genotype analysis showed that there is
significant intrafamilial variability in the XLRP phenotype.
Moderate to high myopia is a particular feature for female
carriers in this pedigree. This feature may be the most reliable
guide to the female carrier status in XLRP, its presence
implying a mutation in the RPGR gene. Our finding expands
the spectrum of RPGR mutations causing XLRP and the
phenotypic spectrum of the disease in a Chinese family, and
will be useful for additional genetic consultation and genetic
diagnosis. Further investigations will identify and
characterize the possible genetic modifiers that determine the
clinical outcome of RPGR mutations in female carriers.
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