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Partial paternal uniparental disomy (UPD) of chromosome 1in a
patient with Stargardt disease

R.Riveiro-Alvarez, D. Valverde, | . Lorda-Sanchez, MJ Trujillo-Tiebas, D. Cantalapiedra, E. Vallespin, J. Aguirre-
Lamban, C. Ramos, C. Ayuso

Fundacion Jimenez Diaz, Genetics, Reyes Catolicos 2, Madrid, Madrid, Spain

Purpose: Stargardt disease (STGD) is the most common juvenile macular dystrophy, characterized by central visual
impairment. All recessively inherited cases are thought to be due to mutation&\BC#w gene, mapped to 1p21-p13.
Methods: To describe a form of nhon-mendelian inheritance in a patient with STGD identified through the course of a
conventional mutational screening performed on 77 STGD families. DNA from the patient and relatives was analyzed for
variants in all 50 exons of tiBCA4 gene by screening on the ABCR400 microarray; results were confirmed by direct
sequencing. Haplotype analyses, standard and high-resolution (HR) karyotypes, and multiplex ligation-dependent probe
amplification (MLPA) were also performed.

Results: A patient with STGD caused by the homozygous p.Arg1129L eu mutationABEr4 gene was found to be the
daughter of a noncarrier mother and a father who was heterozygous for this change. Haplotype analysis suggested that no
maternalABCA4 allele was transmitted to the patient. Microsatellite markers spanning the entire chromosome 1 identified

a homozygous region of at least 4.4 Mb, involving ABCA4 gene. The cytogenetic study revealed normal female
karyotype. Further evaluation with MLPA showed the patient had a normal dosage for both copid3eirhgene,

thus suggesting partial paternal isodisomy but not a maternal microdeletion.

Conclusions: We report that recessive STGD can rarely be inherited from only one unaffected carrier parent in a non-
mendelian manner. This study also demonstrates that genomic alterations contribute to only a small fraction of disease-
associated alleles f&BCA4.

Stargardt disease (STGD1, MIM number 248200) is thaingle parent (uniparental heterodisomy) or two copies of a
most common hereditary macular dystrophy affecting chilsingle parental chromosome (uniparental isodisomy) [11].
dren, with a prevalence of approximately 1:10000 [1]. It isPossible mechanisms of UPD include gamete complementa-
characterized by central visual loss, atrophy of the retinal pigion, trisomic zygote rescue (reduction to trisomy), postzygotic
ment epithelium (RPE) resembling a “beaten-bronze appeamonosomy duplication, and somatic crossing-over [12,13].
ance” and the distribution of orange yellow flecks around the  The aim of this study is to describe, for the first time, a
macula as well as midperiphery of the retina [2]. partial uniparental isodisomy in chromosome 1 including the

STGD is predominantly inherited as an autosomal recesABCA4 gene region, resulting in a STGD phenotype in the
sive trait, although an autosomal dominant form has been algatient.
described [3].

The first genetic locus for recessive STGD was mapped METHODS
to the short arm of chromosome 1 (1p21-p13) [4]. Mutationg\scertainment of patients: This molecular study was reviewed
in ABCA4 have been associated with autosomal recessivend approved by the Ethics Committee of the Hospital
STGD (arSTGD) [5], autosomal recessive retinitis pigmentosé-undacion Jimenez Diaz). The recruitment of patients and
(arRP) [6], autosomal recessive cone-rod dystrophy (arCRD}latives was carried out through six research groups that work
[7] and age-related macular degeneration (AMD) [8]. in the retinal dystrophy Spanish network (EsRetNet). This

Up to now, more than 400 disease-causing mutations hawtudy was performed according to the tenets of the Declara-
been identified iMBCA4. The mutation spectrum ranges from tion of Helsinki and further reviews (Edinburgh, 2000).
single base substitutions to deletions of several exons, although Mutation detection: Peripheral blood samples were taken,
the majority of reported changes are missense mutatiorad genomic DNA was extracted using an automated DNA
(ABCAA4). As it has been described, mutation&BCA4 ac-  extractor (BioRobot EZ1, Qiagen, Hilden, Germany).
count for 66-80% of STGD-associated chromosomes [9,10].  All exons of theABCA4 gene were analyzed for variants

Uniparental disomy (UPD) arises when a diploid indi-on the ABCR400 microarray, following a procedure described
vidual carries both homologs of a chromosomal pair from &y Jaakson et al. [14]. The 50 exons of the ABCA4 gene, in-
cluding the intron-exon junctions, were amplified by PCR
Correspondence to: R. Riveiro-Alvarez, Fundacion Jimenez Diaffimers as previously described [15], in order to confirm the
Genetics, Reyes Catolicos 2, Madrid, 28040 Madrid, Spain Phoné&esults obtained from the microarray. These fragments were
+34915504872; FAX: +34915448735; email: rriveiro@fjd.es electrophoresed in a 3% agarose gel and purified using a DNA
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extraction kit (QIA-quick Gel Extraction Kit, Qiagen). Multiplex ligation-dependent probe amplification: The
Sequencing reactions were performed using the 4-dye teiarget sample was analyzed by Multiplex Ligation-dependent
minator cycle sequencing ready reaction kit (dRhodamin®robe Amplification (MLPA) and compared to five control
DNA Sequencing Kit, Applied Biosystems, Foster City, CA). DNAs selected from control population. MLPA reagents were
Sequence products were purified through fine columnsbtained from MRC-Holland B.V. (SALSA MLPAKIT P151
(Sephadex G-501, Princetown Separations, Adelphia, NJ) arathd 152 ABCA4, Amsterdam, The Netherlands), and the re-

resolved in an ABI Prism 3100 (Applied Biosystems). actions were performed according to the manufacturer’s in-
Haplotype analysis. Haplotypes were constructed using structions (MRC-Holland).

five microsatellite markers flanking t/BCA4 gene (TEL- Cytogenetic analyses. From the STGD patient, we ex-

D1435-D1S2804-D1S2868-ABCA4-D1S236-D1S2664 -  tracted a second blood sample for chromosome analysis, which

CEN). was conducted using both standard and high resolution (HR)

For this case an extended haplotype was necessary; thekaryotyping methods (800-900 bands).
fore 32 highly polymorphic markers spanning all chromosome
1 were selected from both of the NCBI-UniSTS website and
the Linkage Mapping Set v2.5 Kit (Applied Byosistems). Lew Gly Asp g Do Ala De
Microsatellite markers on chromosomes 13, 18, 21, X, and Y 4

. . ; . . Lew
were also analyzed to confirm the biological relationship be- /e
tween the different members. After their amplification by PCR, CTTGG GG ACCGCATTGCCATC
fluorescently labeled products were mixed and electrophore-
sed on the ABI Prism 3100 (Applied Biosystems). T
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Figure 1. Ophthalmological findingsA: Fundus photograph of the Figure 2. The DNA sequence ABCA4 codons 1126 to 1132, in the
patient’s left eye shows macular yellow flecks characteristic ofndex patient and both parents. The patient (02/725) shows a ho-
Stargardt macular dystrophB.: Angiofluoresceingraphy (AFG) mozygous pattern for the missense p.Arg1129L eu mutation. Her fa-
shows silent choroid and atrophic retinal pigment epithelium at théher (02/724) presents a heterozygous pattern, while her mother (02/
macular area. 726) shows a homozygous wild-type sequence.
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RESULTS confirmed that botABCA4 dleles were present in our patient
Clinical findings: The patient was a Caucasian female born(Figure 4).
to nonconsanguineous, healthy parents. Her mother was 34
years old at the time of delivery. Ophthalmic evaluation docu- DISCUSSION
mented the characteristic findings of STGD: onset of her retidn this work, we describe a patient presenting typical STGD
nal disease occurred at the age of 2-3 years, with mild visictlue to mutations in thABCA4 gene. This gene encodes the
loss and strabismus. For a long time, photophobia and dya&BCA4 protein, a member of the ATP-binding cassette trans-
chromatopsia were the only presented symptoms. At the agerters superfamily. It is involved in the transport of vitamin
of 35, her visual acuity was 100/200, biomicroscopy was norA derivatives across the membrane of the outer segment discs
mal and funduscopy revealed yellowish flecks at the maculaf photoreceptors [18,19].
(Figure 1A). Angiofluoresceingraphy (AFG) showed silent In this affected woman, the homozygous p.Arg1129Leu
choroid areas and hyperfluorescent dots at the perifoveal retimautation was identified. The inheritance pattern of the dis-
resembling little defects at the RPE (Figure 1B). The patient
did not show any physical abnormalities, and she has a four-

year-old asymptomatic daughter. ® O
Molecular and cytogenetics analyses. In this molecular .
study, we identified a 40-year-old woman diagnosed witt | 4.
STGD in childhood, who had an apparently homozygous pa — \—\Siﬁ'é- s vzirs
tern for the missense p.Arg1129Leu (c.3386G>T) mutatior "' N s : ! o ik
No other pathogenic mutation aside from two homozygou ® 55 : : H ik
polymorphisms (p.His423Arg (c.1268A>G), IVS33+48 C>T) [ I N — : f 1K
[16,17], were found in the screening of the gene using th BN v 3 1 H 1B
ABCR400 microarray. Her brother and her sister, who wer. ~ +== = \____ s : : H IIE
not affected, also carried this mutation heterozygously. Th - \\jﬂiﬁ.‘? ; 2 d "R
R1129L mutation was present in a heterozygous pattern in h - \k._.,r:Ef:,’;E, : : H | B
unaffected father, but interestingly her mother did not harbc - %%’J—m i ; H | K
this change (Figure 2). B \EEEE § ; q LE
Closely linked microsatellite markers were analyzec 2 prstin i . Al
(TEL-D1435-D152804-D152868-ABCA4-D1236-D12664 §§ J— ) ; 1 IE
-CEN). As expected, the patient was homozygous at all mark: , ”/—j’;j';,; 2 - H IE
loci of one region of the short arm of chromosome 1, with th : e : i 4 Ik
allele present at each locus identical to one of the alleles pres: o - : i o Ik
in her father. The homozygous (isodisomic) region spanned el duea; 1 ] H It
physical distance of 4.4 Mb, which included tRBCA4 lo- o g 3 : H Ik
cus. R — : ! il
To elucidate the possibility that the homozygous S —— J ; H IE
p.Argl129Leu variant was due to a deletion spanning th . - = | — f - H 11K
maternalABCA4 gene, we obtained standard and HR karyo- anl ] [ L L L
types from the patient. Both cytogenetic analyses showed nc o T

mal female karyotype, 46, XX.

Further analyses of 32 informative microsatellite mark- _ _ _
ers scattered along both arms of chromosome 1 were also pElgure 3. Pedigree showing the pattern of the 32 genetic markers
formed. The patient presented biparental heterozygous mar‘lged for chromosome 1 in the proband and in her parents. Patient’s
ers near the centromerBiS2726) and on the distal short haplotype demonstrates that 5 markers for 1p, fI8435 to

D1S2664 (black bar), were homozygous and derived from one pater-
(D1450, D1S2667), and long P1S2785) arms. For the re- nal chromosomal homolog. We concluded that paternal partial

maining markers spanning both arms of chromosome 1, Wgqgisomy was present, with breakpoints between 1pEAS167-
could not distinguish between normal biparental segregation1s3s) and 1p22.1H152664-D12793). MarkersD152793 and
or maternal uniparental heterodisomy (Figure 3). D1S206 could also be involved in the isodisomy, but were not infor-
The assumed biological relationship of the patient to hemative (striped bar). Markers located on the short arm (excluding
parents was confirmed by analyses of a number othe isodisomic region), on the centromeric region, and on the distal
microsatellite markers on chromosomes 13, 18, 21, X, and %dion from the long arm (shown in brackets) clearly indicate nor-
(data not shown). mal maternal and paternal segregation. For the remaining markers
Finally, we assessed dosage for AREA4 locus by us- along 1q, we could not distinguish between normal segregation or
. ' . . artial) maternal heterodisomy. The location of the genetic mark-
ing the novel MLPA technique. The index case was Compareﬁs, placed on the physical and cytogenetic maps of chromosome 1

to five control samples and no deletion or duplication Wagyas established according to the information contained in the NCBI
detected for any of the 48 amplified probes. This result firmlyyatabase.
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ease-associated alleles was not autosomal recessive as udoakeduplication of paternal chromosome 1p. Postzygotic re-
Heterozygosity for the mutation was only detected in her facombination in a diploid cell can result in mosaicism with
ther. Assumed paternity was confirmed by different STR markpartial isodisomy; this mechanism could not be assessed be-
ers [20]; therefore the proband either had (partial) paterna@lause we were not able to test other tissues than peripheral
isodisomy for chromosome 1 or an unbalanced karyotype dugmphocytes, as any possible contact with this family was lost.
to maternal microdeletion involving chromosome 1p, leading  Itis less likely that trisomy rescue occurs, since trisomies
to hemizygosity for théBCA4 locus. Both standard and HR for chromosome 1 are extremely rare and these fetuses are
karyotypes were normal, which excluded major structural chrahought to die before implantation [22]. If trisomy rescue was
mosomal abnormalities. Dosage analysis performed by MLP#e mechanism, it must have occurred almost during the first
confirmed the presence of two copies of ABCA4 gene, cell division of the zygote, resulting in complete loss of tri-
pointing to partial paternal isodisomy. somic cells.

The course and severity of the proband’s visual disorder Wehave also identified one particular region at 1q, where
fit well within the range of clinical phenotypes exhibited by we could not distinguish between normal (biparental) segre-
other reported STGD patients carrying the homozygougation or maternal heterodisomy (Figure 2). We suggest that
p.Arg1129Leu mutation. This, in turn, supports that this disthis latter mechanism is less likely to happen. Therefore this
ease-associated allele conveys a moderate severity in the patbibuation may be due to both parents sharing one of the two
genesis of STGD. This is the most frequently occurring mutaalleles at these markers. Maybe these are the most frequent
tion in this gene among Spanish population, comprising abouwatleles for these microsatellite markers among Spanish popu-
24% of all reported\BCA4 alleles [21]. lation, although heterozygosity for these markers may be higher

The molecular genetics findings in the patient indicateamong other populations.
that she inherited both copies of chromosome 1, one from each Other examples of uniparental disomy of chromosome 1
progenitor, except for the paternal isodisomic region foundhave been reported, being of either paternal [23-26] or mater-
on the short arm of the maternal homolog. Therefore, in thisal origin [27-29]. Of these, two previously reported cases
patient the recombination has to be postzygotic (mitotic). Thikad retinal degeneration; one patient presented complete uni-
could be due to recombination in a trisomic cell, followed byparental isodisomy leading to homozygosity for a splice-site
trisomy rescue or loss of maternal chromosome 1p followethutation in the RPE6G5 gene [24] while an other patient had
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) ) o Figure 4. Multiplex ligation-
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dependent probe amplification
(MLPA) of ABCA4 exons.
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