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Deletion Mapping of 22q1 1 in CATCH22 Syndrome:
Identification of a Second Critical Region
To the Editor:
The deletion at 22ql 1.2 implicates a variety of congeni-
tal anomaly syndromes, for which the acronym
CATCH22 has been proposed (Wilson et al. 1993).
Most patients with these syndromes share the common
large deletion spanning 1-2 Mb, while the phenotypic
variability of the patients does not seem to correlate
with the extent of the deletions (Lindsay et al. 1995). On
the basis of the deletions of rare cases with unbalanced
translocation, the shortest region of overlap (SRO) had
been identified in the most-centromeric region of the
common large deletion (Halford et al. 1993a). One pa-
tient (ADU) has been reported to carry a balanced trans-
location with the breakpoint located in the SRO (Augus-
seau et al. 1986). Recently, three transcripts were
identified at or very close to the ADU breakpoint
(ADUBP), making them strong candidates for
CATCH22 syndrome (Budarf et al. 1995). Here, we
describe one patient with a unique deletion at 22q11.2
revealed by quantitative hybridization and/or FISH with
six DNA markers in the common large deletion. The
patient was dizygous at loci within the SRO and hemizy-
gous only at the most-telomeric locus in the common
large deletion. This finding suggests that there must be
another critical region in the common large deletion be-
sides the breakpoint of the ADU and that haploinsuffi-
ciency of genes in this deletion may also play a major
role in CATCH22 pathogenesis.
To construct a detailed deletion map of 22q1 1 in pa-

tients with CATCH22, six DNA markers locating
within the common large deletion were used to deter-
mine locus copy numbers. cHKAD26 is a cosmid clone
isolated from chromosome 22-specific cosmid library,
and cos77 a cosmid clone corresponding to mcS12 iso-
lated by 22q1 1 microdissection and microcloning
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Figure 1 Mapping of the probes in 22q11 common large deletion by FISH. A, FISH analysis on metaphase chromosomes of GM5878.
The signals of cos77 (red) were detected on der(22) (arrow, left), while those of cHKAD26 (green) were detected on der(10) (arrow, right),
indicating that cos77 is centromeric and cHKAD26 is telomeric to the breakpoint of GM5878. Both signals were also detected on normal
chromosome 22 of this line (arrowhead). B, High-resolution ordering on elongated prophase chromosomes. On the left, an arrow indicates
the rhodamine-labeled D0832, while an arrowhead indicates the FITC-labeled cHKAD26. The arrangement of the red and green signals indicates
that the order on 22q is centromere-D0832 (red)-cHKAD26 (green)-telomere. On the right, an arrow indicates the centromere of chromosome
22 in DAPI-stained prophase chromosome.

method (Kurahashi et al. 1994, 1995). D0832 was
kindly provided by Dr. S. Halford (Halford et al.
1993b). The N25 (D22S75) probe was purchased from
Oncor, Inc. The TUPLE1 cDNA probe was generated
by PCR amplification from a fetal brain cDNA library,
with primers generated by the TUPLE1 cDNA sequence
reported elsewhere (Halford et al. 1993a; Lamour et
al. 1995). The IDD probe was also generated by PCR
amplification from a fetal brain cDNA library, with
primers generated with a IDD cDNA sequence reported
elsewhere (Demczuk et al. 1995; Wadey et al. 1995).
Cosmids corresponding to the TUPLE1 and IDD loci
were isolated by screening of total human genomic cos-
mid library probed, with either one of the two PCR
products. Cosmid clones obtained with the IDD probe
were identified to contain the ADU breakpoint and were
confirmed by comparison with the EcoRI restriction
map in the original report (Demczuk et al. 1995).
The order of the six loci was at first determined by

FISH on metaphase chromosomes of two cell lines,
GM00980 and GM5878 (Human Genetic Mutant Cell
Repository, Coriell Institute for Medical Research).
Both contained reciprocal translocation with the
breakpoint in the common large deletion, and the
breakpoint of GM00980 demarcates the telomeric bor-
der of the SRO (Fu et al. 1976; Kelley et al. 1982).

FISH analyses on GM5878 revealed that four markers,
ADUBP, TUPLE1, N25 (D22S75), and cos77, were lo-
cated on der(22) and the remaining two, D0832 and
cHKAD26, were not, which implies that the former four
loci are centromeric from the GM5878 breakpoint (fig.
1A). Analyses on GM00980 identified three loci,
ADUBP, TUPLE1, and N25, as hemizygous because of
the unbalanced translocation with a deletion at 22pter-
22q1 1, which suggests that the order of these six loci
is centromere-(ADUBP, TUPLE1, N25)-GM00980
breakpoint- (cos77)-GM5878 breakpoint- (D0832,
cHKAD26)-telomere. The order of two loci, D0832
and cHKAD26, was determined by two-color FISH on
elongated prophase chromosomes (Inazawa et al. 1994).
A simultaneous delineation of two-color signals, with a
linear arrangement of centromere-D0832-cHKAD26-
telomere, was seen in almost all prophase chromosomes
examined (fig. 1B). Since the ADUBP is reported to be
proximal to both the TUPLE1 and N25 loci, the order
of the six loci on 22q was determined as centromere-
ADUBP-(TUPLE1, N25)-cos77-D0832-cHKAD26-
telomere.
The patients with CATCH22 phenotype were exam-

ined for 22q11 deletion by quantitative hybridization
and/or FISH methods for the six loci. Eighty patients
were included in this study because they had one or more
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Figure 2 FISH analysis for 22q11 deletion. Biotin-labeled test probes located in the common large deletion (arrows) and digoxigenin-
labeled control probes at 22q13 (arrowheads) were simultaneously hybridized on metaphase chromosomes of a patient with conotruncal
anomaly face syndrome and then were identified by avidin-FITC (green) and antidigoxigenin-rhodamine (red). During examination of ADUBP,
both green and red signals were detected on both chromosomes 22 of the patient, indicating that the locus had not been deleted (A). However,
one of the chromosomes 22 of the patient did not show a green signal during examination of cHKAD26, indicating that the cHKAD26 locus
had been deleted (B).

of the following features: congenital cardiac conotruncal
anomaly, evidence of thymic abnormalities, hypocal-
cemia, or dysmorphic facial appearances corresponding
to the characteristics of the syndromes that have been
reported to be implicated in 22ql1 deletion. Two loci
outside the common deletion were also examined:
proximal marker p22/34 (D22S9) and distal marker
pClambda3 (IGLC). As a result, a total of 37 patients
showed hemizygosity with at least one of the six probes
locating in the common deletion; the patients were dizy-
gous at D22S9 and IGLC loci, which indicates that all
of them had interstitial deletions. Thirty-three of these
patients were found to have large interstitial deletion
encompassing all of the six loci (type 1 deletion). Three
patients were found to be hemizygous at ADUBP,
TUPLE1, N25, cos77, and D0832 loci and dizygous
at cHKAD26 (type 2 deletion). Therefore, these three
patients were identified as having smaller deletions span-
ning the centromeric five loci and including the SRO.
Since type 1 and type 2 deletions comprise the ADU
breakpoint, the pathogenesis of these patients can be
reasonably explained by haploinsufficiency of the
gene(s) at the ADU breakpoint.

It is interesting to note that the remaining one patient
who was not found to be hemizygous at the five centro-
meric loci, including the ADUBP, TUPLE1, and N25
within the SRO, proved to be hemizygous only at the
most-telomeric locus, cHKAD26 (type 3 deletion). In
FISH analysis, the signals of cHKAD26 could be de-
tected on only one chromosome 22 of the patient in all
50 metaphase cells examined (fig. 2). The dosage analy-
sis probed by EcoRI subfragment of cHKAD26 also
showed that the patient was hemizygous at this locus.
Since Southern analysis, with several restriction en-
zymes, of this patient probed with ADUBP revealed no
rearranged bands, this patient apparently had no genetic
alterations at the ADU breakpoint (data not shown).
This patient has pulmonary atresia and tetralogy of Fal-
lot with typical conotruncal anomaly face (Burn et al.
1993). Thus, this patient constitutes the first reported
case of CATCH22 phenotype with a unique 22ql 1 dele-
tion not containing the ADU breakpoint.
The results are summarized as a deletion map in figure

3. This map indicates that there are at least two regions
critical for the development of CATCH22 syndrome.
One is the SRO containing the ADU breakpoint, and
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Figure 3 Deletion map of patients with CATCH22 syndrome.
The locus names and the breakpoints of the two translocations are
listed at the top. Open circles indicate dizygosity, and blackened cir-
cles, hemizygosity. Deletions have been subgrouped into three types
listed at the left. Note that the type 3 deletion does not contain ADUBP
or SRO.

the other, defined by the type 3 deletion, is the more
telomeric region in the common large deletion. The lat-
ter region was deleted in all but three patients with
22q11 deletion. Haploinsufficiency of genes located in
this region may also play crucial roles in the develop-
ment of the phenotype of the syndrome. Since the dele-
tion of each region seems to result in a similar pheno-
type, the genes in each region may function in the same
cascade of fetal development. As an alternative, a cis-
acting element may be located in either of the regions
and have a position effect on the gene(s) in another
region. On the other hand, the type 2 and type 3 dele-
tions apparently do not overlap, as far as could be deter-
mined with the six markers. However, when the chro-
mosomal region between D0832 and cHKAD26 is
analyzed in detail, overlapping deletion may be found.
Analysis of the YACs in this region is therefore in prog-
ress.
To conclude, there are at least two critical regions in

the common large deletion of patients with CATCH22
syndrome. Our present findings favor the possibility that
CATCH22 syndrome is not a single-gene disorder but
a contiguous-gene syndrome.
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Detection of Linkage to Affective Disorders in the
Catalogued Amish Pedigrees: A Reply to Pauls et al.

To the Editor:
We have reported evidence for linkage of a region of
chromosome 18 markers to affective illness in 22 bipolar
(BP) pedigrees (Berrettini et al. 1994). The pedigree se-
ries included 21 U.S. pedigrees collected by us (Berrettini
et al. 1991, 1994) and part of Amish pedigree 884
(NIGMS Human Genetic Mutant Cell Repository 1995)
referred to as panel 3 in the catalog and also known
as "the right extension." The rest of 884 was never
genotyped by us, because it did not fit the criteria for
inclusion, as described elsewhere (Berrettini et al. 1994).

Pauls et al. (1995) have recently studied whether this
linkage can be detected in the entire catalogued Amish
pedigrees (884 and 1075) (NIGMS Human Genetic Mu-
tant Cell Repository 1995) in four of the marker loci
reported by Berrettini et al. (1994). The authors con-
clude that the Amish data contain no significant suscep-
tibility locus for BP illness in this region of chromosome
18. We find that the data published by Pauls et al. are
not conclusive with regard to the presence or absence
of any susceptibility locus under the nonparametric
analyses presented, and, although the sample size is ex-

tremely small, it could also be interpreted as consistent
with our findings.

In Berrettini et al. (1994), evidence for linkage was
found with affected-sib-pair (ASP) and multilocus af-
fected-pedigree-member (APM) analyses (Weeks and
Lange 1988; Bailey-Wilson and Elston 1994). Affection
status models were affection status model 1 (ASM1),
which includes BPI and BP2 and schizoaffective (SA),
and ASM2, which included ASM1 and recurrent unipo-
lar disorder (UP); the quoted statistics that follow are
from ASM2. Multilocus APM analysis showed signifi-
cant sharing of marker alleles among affected persons,
for five contiguous markers (D18S40, D18S45, D18S44,
D18S66, and D18S56), with P values from <1 X 10-4
to 7 x 10' under weighting functions f(p) = 1 and f(p)
= 1/14. Since publication, we have performed multilocus
ASP analysis (Goldgar 1990). The P values for the
multilocus analyses ranged between .003 and .00008,
depending on the set of markers analyzed.

LOD Score Analyses with Specified Genetic Model
Under a dominant model, Pauls et al. (1995) found a

maximum LOD score of 1.31 for D18S53 in the right
extension under an affection status model that includes
BP disorder and major depression, which is about the
same as that found for this pedigree by Berrettini et al.
(1994) (LOD score = 1.25). When the rest of the pedi-
grees were included, the LOD score was >-2. Pauls et
al. (1995) imply that the observed LOD scores in the
right extension are a "false positive," finding them remi-
niscent of previous reports of linkage of this pedigree
on chromosome 11plS (which did not replicate). They
assert that the "right extension" of Amish pedigree is
more likely to have false-positive results than the other
Amish pedigrees. In a simulation study they perform,
where the marker was unlinked to the disease gene,
2.6% of the replicates gave a LOD score >1.0 for the
right-extension pedigree but only 0.6% of replicates of
the rest of the pedigrees had LOD scores >1.0. The
argument that the false-positive rate in the first pedigree
is too high is flawed, because, asymptotically, one would
expect a LOD score of 1.0 to occur 3.2% of the time
(assuming a two-tailed X2 test). Thus the finding that
2.6% of replicates have this value is consistent with
theory and does not suggest that this pedigree is prone
to false-positive results. Their further assertion that
"presumably, these observations also hold true for non-
parametric (ASP) linkage analyses" is a speculation
based on their incorrect interpretation (Pauls et al. 1995,
p. 641).
LOD scores of - 1 were reported by us in the 1994

paper only as illustrative results in single pedigrees, and
not as a positive linkage result in any one pedigree or
in the entire series. It does not appear appropriate to
use such a result, or the results of Pauls et al., in a


