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presentn all affectedmaleindividualsand14femalecarriers
of the family but was not presentin other normal family
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high myopiabecauséigh myopiawasalsoobservedn two
femalefamily memberswithoutthe mutation.Thereforethe

members. In addition, population frequency analysis showefihdingsof our studydo necessarilysignify that moderate

the ORF15+577_578delAGmutation was absentin 80
healthycontrols.ORF15+577_578delAGutationcausesn
openreadingframeshiftwhichis predictedo resultin astop
codonat position248leadingto a prematurgerminationand
toatruncatiorof 319aminoacidsfromtheprotein.Ourresults
showed that the ORF15+577_578delAGmutation was
involvedin the RP pathogenesi this Chinesefamily. We
confirmedthat our approachto amplify the completeexon
ORF15 in a single PCR reduces costs and labor.

To date, more than 100 different mutationsin exon
ORF15havebeenreported23,29];howeverthepreciserole
of ORF15is still unclear.Studyingthe genotype—phenotype
correlationcanelucidatethe expressivityand penetratiorof
the phenotypén a patientwith a specificmutationin RPGR
[20].

Earlier reportshave suggestedhat thereis significant
interfamilial variability in the XLRP phenotype[30] and
different RPGR mutations can cause divergent retinitis
pigmentosaphenotypeq22,30]. However, within a given
family the phenotypeis usually homogeneou$31,32], but
intrafamilial phenotypicheterogeneithasalsobeenreported
[19,21,33]In thisstudywefurtherdescribedhisintrafamilial
phenotypic heterogeneity.We showed that a frameshift
mutation in ORF15 of RPGR causesa severe XLRP
phenotype; however, the male phenotypeis distinctly
different. The finding of a singlemutationcausingdifferent
phenotypesuggestthepresencef modifiers,which maybe
either genetic, environmental, or b§&8].

Historically, most RPGRmutationswere consideredo
be recessivewith clinically normalfemale carriersor mild
phenotype§34—-38].However severelaffectedcarriershave
beenreported[34,39]. For RPGR,the high penetrancan
femalesseemgo be mostcommonwith truncatingmutations
particularlyin exonORF15[15,16].Neidhardtandcoworkers
identified three pathogenic sequencealterations in the
mutationalhot spot exon ORF15that also lead to disease
expressionn femalecarriers[14]. The mutationc.2548delG
is foundin afamily in which the mother,in additionto three
of hersons,is affected[14]. The samemutationoccursin a
secondfamily with reduceddiseaseexpressionin female
carriers [14].

Whatis intriguing is thefactthatthetruncatingmutation
in the exon ORF15 identified here causesa serious RP
phenotypein malesand no RP phenotypein heterozygote
femalecarriers All affectedmnalesexhibitedRPbutall female
carrierswererecessivevith RP in the samefamily with the
samemutation. The state associatedwvith the carrier was
moderateo highmyopiawith arefractiveerrorrangingfrom
i5.00 D to 22.00D in 14 female carriers.However, the
ORF15+577_578delAGnutation was not segregatedvith

Figure3. Resultsof nucleotidesequencinginalysis A: Family has
aORF15+577_578delAGwutation.Theuppersequencegh) arethe
normalalleles.ThemiddlesequencefB) arehomozygousnutation
identified in affected male and the lower sequencegC) are
heterozygouamutation identified in obligate female. The black
rectangledndicatethe deletedtwo nucleotidesThe filled squares
indicate homozygouscondition of the base.The partially filled
squares indicate heterogeneous condition of the base.
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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, inthe 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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