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Abstract The 16p13.3 breakpoints of two de novo
translocations of chromosome 16, t(1;16) and t(14;16),
were shown by initial mapping studies to have physically
adjacent breakpoints. The translocations were ascer-
tained in patients with abnormal phenotypes character-
ized by predominant epilepsy in one patient and mental
retardation in the other. Distamycin/DAPI banding
showed that the chromosome 1 breakpoint of the t(1;16)
was in the pericentric heterochromatin therefore
restricting potential gene disruption to the 16p13.3
breakpoint. The breakpoints of the two translocations
were localized to a region of 3.5 and 115 kb respectively
and were approximately 900 kb apart. The mapping was
confirmed by fluorescence in situ hybridization (FISH)
of clones that spanned the breakpoints to metaphase
spreads derived from the patients. The mapping data
showed both translocations disrupted the ataxin-2-
binding protein 1 (A2BP1) gene that encompasses a
large genomic region of 1.7 Mb. A2BP1 encodes a
protein that is known to interact with the spinocerebellar
ataxia type 2 (SCA2) protein. It is proposed that dis-
ruption of the A2BP1 gene is a cause of the abnormal
phenotype of the two patients. Ninety-six patients with
sporadic epilepsy and 96 female patients with mental
retardation were screened by SSCP for potential muta-
tions of A2BP1. No mutations were found, suggesting

that disruption of the A2BP1 gene is not a common
cause of sporadic epilepsy or mental retardation.
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De novo chromosome rearrangements are associated
with an increased risk of congenital malformations
(Warburton 1991). Disruption of a critical gene at the
translocation breakpoint is thought to be the basis for
this increased risk. We report the finding of two patients
with de novo translocations that involve a breakpoint at
16p13.3, show that there is disruption of the ataxin-2-
binding protein 1 (A2BP1) gene by these 16p13.3
breakpoints, and propose that the disruption of A2BP1
is the basis for the patients’ clinical phenotypes.

The first of the de novo translocations was ascertained
in a boy with severe intellectual and developmental
retardation (developmental skills at 2–2.5 years when
examined at 4 years 11 months) but with no dysmorphic
features other than strabismus and down-turned angles
of the mouth. There was a single recorded episode of
fitting at 5 days old. Chromosome analysis showed
at(1;16)(q12;p13.3). Parental karyotypes were normal.
Both parents were considered to have mild intellectual
disability. Distamycin A/DAPI, which stains the peri-
centromeric heterochromatin of chromosomes 1 and 16,
was used to stain the chromosomes (Fig. 1a). The
der(1)t(1;16) showed a single band; the der(16) had two
bands, one representing the 16 heterochromatin and the
other at the 16p13.3 breakpoint derived from chromo-
some 1 heterochromatin (Fig. 1a). This observation is
consistent with the location of the chromosome 1
breakpoint within the 1q12 heterochromatin. If the boy’s
clinical anomalies result from disruption of a gene by the
translocation, this gene must be on chromosome 16, since
genes are absent in pericentromeric heterochromatin.

The second de novo translocation with a break-
point in the same vicinity of 16p13.3 was a complex
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three-break rearrangement, t(14;16)(q32; p13.3) inv
16(p13.3 p12.1) (Callen et al. 2002). Chromosome 16 is
visualized in this translocation in Fig. 1c by hybridizing
a chromosome 16 paint to metaphase spreads from the
patient. The boy with this translocation had mild dys-
morphism, klinodactyly of the fifth finger, and mild
cutaneous bilateral syndactyly of toes two and three.
Assessment at 14 years was of mild mental retardation
with a history of slow milestones and behavioral prob-
lems. A grand mal seizure at 5 years of age was followed
by another 2 years later. There were two additional
seizures and short absences before control with drug

treatment was successful. Parental chromosomes were
normal.

Physical mapping of the chromosome 16 breakpoints
in these two patients was facilitated by the construction
of mouse/human somatic-cell hybrids that retained the
der(16) of the translocation in the absence of any other
region of chromosome 16. The mouse/human somatic-
cell hybrid CY196 retained the der(16)t(1;16), and the
hybrid CY182 retained the der(16)t(14;16). These two
hybrids enabled rapid positioning of the breakpoints at
16p13.3 within the established physical map of chro-
mosome 16 that was based on an extensive somatic
hybrid mouse/human hybrid panel (Callen et al. 1995).
The available gene and DNA markers that were mapped
to this panel could not separate the chromosome 16
breakpoints of the two hybrids, and therefore, more
detailed mapping was undertaken.

DNAs from the somatic-cell hybrids CY182 and
CY196 were used to construct a physical map of
microsatellite and other PCR-based markers in the
immediate vicinity of the breakpoints at 16p13.3
(Fig. 2). FISH to metaphase chromosomes of the
translocations was used to detect genomic clones that
bridged the translocation breakpoints. The FISH tech-
niques and procedures used were as previously described

Fig. 1a–d Mapping of translocation breakpoints. a Distamycin/
DAPI banding of t(1;16) showing the chromosome 1 pericentro-
meric heterochromatin (indicated by arrows) and the chromosome
16 pericentromeric heterochromatin (indicated by asterisk). Both
the der(1) and the der(16) have a chromosome 1 heterochromatin
band and therefore the chromosome 1 breakpoint is in 1q12.
b Fluorescence in situ hybridization (FISH) of PAC 978I1 to
metaphase chromosomes of t(1;16). Signal on the intact chromo-
some 16 and both the der(1) and der(16) show that this clone spans
the chromosome 16 breakpoint. c Chromosome painting of
metaphase spread of t(14;16) with chromosome 16 paint. d FISH
of BAC 545E8 to metaphase chromosomes of t(14;16). Signal on
the intact chromosome 16 and both the der(14) and der(16) show
that this clone spans the chromosome 16 breakpoint
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(Callen et al. 1990). FISH of the YAC 761C2 showed
that it spanned the 16p13.3 breakpoint of the t(1;16).
This allowed the identification of the PAC clone 978I1
that also spanned the breakpoint, since a FISH signal
was seen on both the der(1) and der(16) of the translo-
cation (Fig. 1b). The DNA sequence of an overlapping
BAC 578P21 was used to design oligo primers that were
used to further localize the breakpoint by PCR analysis
of DNA from the corresponding somatic-cell hybrid
CY196. The breakpoint of CY196 was finally localized
to a 3.46-kb region between bases 70,910 and 74,366 of
BAC578P21.

Physical mapping of the 16p13.3 breakpoint of the
t(14;16) inv(16) required the construction of a contig of
large insert clones. Start points for this physical map
were previously mapped probes (cosmid c62F6, Callen
et al. 1995) and additional microsatellite markers
derived from public database (D16S3088, A008547 and
WI-6421). A combination of in silico screening of the nr
and htgs NCBI databases and screening of high-density
BAC filters (RPCI-11 library, PAC/BAC Resources,
Buffalo, NY) enabled identification of a contig that
encompassed the 16p13.3 breakpoint. The contig was
confirmed by restriction analysis using NotI and EagI
and using probes generated from the ends of clones or
from markers known to map in the region (data not
shown). FISH to metaphase chromosomes of the
t(14;16) translocation established that the breakpoint
was contained within the BAC 545E8 (Fig. 1d). Analysis
of the BAC 545E8 sequence showed that previously
mapped PCR-based markers were present in this
sequence, and this allowed the breakpoint to be
restricted to a 115-kb region of the BAC. The chromo-
some 16 breakpoint of the t(1;16) is approximately 6 Mb
from the telomere of the short arm of chromosome 16,

and the 16p13.3 breakpoint of the t(14;16) is approxi-
mately 900 kb further proximal.

An in silico search was undertaken to identify genes
in the vicinity of the two breakpoints at 16p13.3. Inter-
estingly, gene A2BP1, a 2.3-kb transcript of 16 exons
coding for a 377 amino acid protein, was found to
encompass a very large genomic region of 1.7 Mb that
included both chromosome 16 translocation breakpoints
of the two patients (Fig. 2). The t(1;16) translocation
removes the first large exon of A2BP1. Although the
start codon of the open reading frame is in exon 4, the
absence of the promoter and the majority of the 5¢
untranslated region would make transcription from this
truncated version of A2BP1 unlikely. It should also be
noted that this translocation results in fusion of 16p13.3
with the centric heterochromatin of chromosome 1, and
therefore it is unlikely that the translocation will gen-
erate any fortuitous juxtaposition of elements that could
result in expression of A2BP1. The t(14;16) removes the
first three exons of A2BP1 and also does not interrupt
the open reading frame. Removal of the promoter and 5¢
untranslated region would be expected to result in a lack
of expression of this gene, since the breakpoint is in the
third intron several hundred kb upstream of exon 4. It is
possible, but unlikely, that the juxtaposed region from
chromosome 14 may be compatible with transcription of
A2BP1. It should be noted that the der(16) of the
t(14;16) also possessed a small paracentric inversion of
the short arm (Callen et al. 2002). There is the possibility
that these additional breakpoints also disrupted genes
that contributed to the patients’ clinical phenotype.

The A2BP1 gene was originally identified from a
yeast two hybrid analysis, as the encoded protein inter-
acts with the spinocerebellar ataxia type 2 (SCA2) pro-
tein (Shibata et al. 2000). A2BP1 has a predicted role as
an RNA binding protein, and studies of the mouse
ortholog confirm expression in the adult nervous system
but also suggest a role in embryogenesis (Kiehl et al.
2001). The phenotypes of the two patients with disrup-
tion of A2BP1 are consistent with the gene’s expression
and possible functional role. We attempted to compare
the expression of A2BP1 by RT-PCR in the two patients

Fig. 2 Physical map of 16p13.3 in the vicinity of the t(1;16) and
t(14;16) showing the genomic structure of the A2BP1 gene. The
contig of overlapping BAC clones is shown, together with the
location of the YAC 761C1. Locations of the 16 exons of A2BP1
are shown as solid rectangles. Positions of the two de novo
translocation breakpoints contained in the somatic-cell hybrids
CY196 and CY182 are indicated by arrows
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with chromosome 16 translocations with the expression
in normal individuals. Unfortunately, this was not
possible, since there was no significant expression of
A2BP1 in fibroblasts, the only patient material that was
available for analysis. It is possible that mutations of
A2BP1 may be a cause of sporadic autosomal dominant
mental retardation or epilepsy. Accordingly, the exons
corresponding to the open reading frame of A2BP1 were
screened by single-strand polymorphism analysis in 96
female patients with mental retardation and 96 patients
with idiopathic generalized epilepsy. The sequences of
oligo primers for PCR amplification were homologous
to the intron sequence flanking the exons (sequence
available on request). Sequence variation was detected in
the flanking intronic sequences of exons 2, 6, 12, the
alternatively spliced 13A, and 15. The only variations
detected within an exon were in exon 6, and these did
not result in an amino acid change (see Table 1). These
data suggest that mutations of A2BP1 are unlikely to
contribute significantly to the etiology of sporadic
mental retardation or epilepsy. It should be noted that
heterozygous deletions of entire exons would not be
detected by the procedures used.

A total of six de novo translocations were represented
in the total of 60 balanced chromosome 16 transloca-
tions that had breakpoints mapped on the somatic cell
hybrid panel (Callen et al. 1995). Of the six, in two cases,
the subjects of this report were the only patients with
known abnormalities. The breakpoints of these two
translocations were within 300 kb, while the total length
of chromosome 16 is approximately 100 Mb. It is
unlikely that this is a chance finding. The association of
phenotypic abnormality with disruption of an autoso-
mal gene requires either a dominant-negative effect or
haplo insufficiency, and this would be expected to be
uncommon. We therefore speculate that the basis of the
abnormal phenotypes in these two patients is disruption
of the A2BP1 gene by the chromosome 16 breakpoints
of their de novo translocations.
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Table 1 Sequence variations of the ataxin-2-binding protein 1
A2BP1 gene detected by single-strand polymorphism analysis

Location of variation Sequence change Frequencya

5¢ flanking intron
to exon 2, base )8

Insertion of TTC 11/288

Exon 6, base 12 C changed to T,
no aa change

3/288

Exon 6, base 63 A changed to G,
no aa change

3/288

3¢ flanking intron
to exon 6, base +31

C changed to T 8/288

5¢ flanking intron
to exon 12 at bases +11–15

Variations in numbers
of (CT)n repeats

5¢ flanking intron
to exon 13A, base )46

Deletion of 5 bp 7/288

3¢ flanking intron
to exon 15, base +3

G changed to A 7/288

aFrequency of sequence variations in 96 patients with idiopathic
generalized epilepsy, 96 females with mental retardation, and 96
normal controls. All sequence variations except the exon 6, base 12
change were also detected in the normal control population
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