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Individuals with the 18q- syndrome have
variable deletions from the long arm of chro-
mosome 18. They also exhibit a highly vari-
able phenotype. To correlate genotype with
phenotype accurately, extensive molecular
and phenotypic analyses are needed on each
affected individual. As a part of this analysis,
we have determined the parental origin of the
deleted chromosome in 34 individuals with
the 18q- syndrome. We have found that 85% of
the de novo deletions are paternal in origin.
The percentage of fathers of individuals with
paternally derived deletions who were >30
years old was (not significantly) greater than
that of the general population. The mothers of
individuals with maternally derived dele-
tions were near an average age for childbear-
ing compared to the general population. Indi-
viduals with maternally derived terminal de-
letions had breakpoints as varied as those
with paternally derived deletions. These re-
sults are consistent with the hypothesis that
the reduced incidence of maternally derived
deletions is not due to reduced viability, since
individuals with large maternally derived de-
letions of chromosome 18q were found. We
hypothesize that the prevalence of paternally
derived deletions is due to an increased fre-
quency of chromosome breakage in male
germ cells. These results are consistent with
results observed in other segmental aneuso-
mies in which there is a high incidence of pa-
ternally derived deletions. Am. J. Med. Genet.
69:280–286, 1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION

The 18q- syndrome is one of the commoner deletion
syndromes, with an estimated frequency of 1/40,000
births. This syndrome is most often caused by a termi-
nal deletion of the long arm of chromosome 18. How-
ever, individuals with interstitial deletions have also
been identified [Krasikov et al., 1992; Chudley et al.,
1992]. Individuals with the 18q- syndrome have a vari-
able phenotype. Intelligence can range from average to
profound retardation [Mahr et al., 1996]. Short stature,
possibly due to growth hormone insufficiency [Ghidoni
et al., 1997], incomplete myelination of the central ner-
vous system [Miller et al., 1990], and hearing impair-
ment are among the more common manifestations
[Strathdee et al., 1995]. A list of the physical findings
in these individuals shows that many other anomalies
are found in fewer that 50% of subjects with the syn-
drome [Strathdee et al., 1995]. This wide variability in
phenotypic presentation can, in part, be attributed to
the fact that each subject presents with a unique dele-
tion [Silverman et al., 1995]. Parental origin of the de-
leted chromosome also may influence phenotype; such
biases in parental origin have been observed in chro-
mosomal abnormalities and neoplastic disease [Peter-
son and Sapienza, 1993].

Parental origin differences may be the result of two
factors. First, there can be differences in the rate of
formation of the mutation, dependent on the sex of the
parent. Parental origin biases in the formation of mu-
tations were reviewed by Chandley [1991]. Chromo-
some abnormalities in particular have exhibited parent
of origin biases. Abnormalities resulting from nondis-
junction, such as trisomies 18 and 21, have a maternal
parent of origin tendency [Bricarelli et al., 1990; Anto-
narakis et al., 1993; Fisher et al., 1993; Nothen et al.,
1993; Ya-gang et al., 1993]; whereas structural rear-
rangements such as terminal deletions have an in-
creased paternal origin bias. Mechanistic differences
between oogenesis and spermatogenesis may give rise
to a parent of origin bias in individuals with chromo-
somal abnormalities. The paternal bias in structural
rearrangements is thought to be due to the greater
number of cell divisions during male meiosis, as well as
minimal repair capacity in sperm [Chandley, 1991].

A second factor that may account for parental origin
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differences is genomic imprinting, in which expression
differences are observed between genes of maternal
versus paternal origin. If differences in the severity of
the phenotype are significant enough to influence vi-
ability, then surviving affected individuals may dem-
onstrate a parental origin bias. Reports of such gene
expression differences are numerous. For example, in-
dividuals with Albright hereditary osteodystrophy all
have identical mutations in the G protein (Gsa) gene
[Wilson et al., 1994]. However, affected individuals
with a maternally transmitted mutation exhibit pseu-
dohypoparathyroidism type I (hormone resistance),
whereas those with a paternally inherited mutation
have pseudopseudohypoparathyroidism (a normal re-
sponse to exogenous parathyroid hormone) [Wilson et
al., 1994].

Using molecular techniques, we have determined the
extent and parental origin of the deletion in 34 indi-
viduals with the 18q- syndrome. Our results demon-
strate a strong paternal origin, as has been observed
with other deletion syndromes. This is in contrast to
the findings of Strathdee et al. [1995], who were unable
to demonstrate a parental origin bias in 15 patients
with the 18q- syndrome.

MATERIALS AND METHODS

Patient Population

Patients with deletions of 18q were referred by their
individual physicians or from the Chromosome 18 Reg-
istry and Research Society, a support group for families
of individuals with chromosome 18 abnormalities. The
study was approved by the Institutional Review Board
and informed consent was obtained from all subjects.

Cytogenetic Analysis

Cytogenetic studies were performed elsewhere on all
patients referred to this study.

Genotypic Analysis

Molecular analysis confirming the loss of material
from the long arm of chromosome 18 was performed
using polymerase chain reaction (PCR)-based micro-
satellite markers [Weber and May, 1989]. To obtain
DNA for this analysis, blood samples were obtained in
ACD (acid citrate dextrose) tubes from the patient and
both parents (when available). High molecular weight
genomic DNA was extracted from the peripheral blood
leukocytes using the methods of Bell et al. [1981]. The
DNA from each family was then analyzed using 21
PCR-based markers. All but one of these markers were
originally identified by Généthon and have been placed
in a linear order on the Généthon Linkage Map [Gya-
pay et al., 1994]. A highly polymorphic marker for the
myelin basic protein (MBP) gene was also utilized in
the analysis [Polymeropoulos et al., 1992]. This gene
has been mapped to 18q23 [LeBeau et al., 1993].

PCR was performed in a total reaction volume of 10
ml, using 50 ng of genomic DNA, 50 ng of each primer,
200 mM dNTPs, and 0.5 U Taq polymerase (Perkin
Elmer-Cetus, Norwalk, CT). Magnesium levels and an-
nealing temperatures were optimized for each set of

primers. One primer of each pair was end labeled at the
58 end with g32P-dATP. PCR amplification consisted of
30 cycles of 1 min at 95°C, followed by 1 min at the
appropriate annealing temperature, and 1 min elonga-
tion at 72°C. PCR products were separated on a 7%
polyacrylamide gel run at 65 W for 4–6 hr and visual-
ized using Kodak XAR-5 film and intensifying screens,

Lymphoblastoid Cell Lines and Somatic
Cell Hybrids

Peripheral blood leucocytes were isolated using Leu-
coPREP brand cell separation tubes (Becton Dickinson
Labware, Lincoln Park, NJ) and were transformed us-
ing Epstein-Barr virus (EBV) as described by Anderson
and Gusella [1984]. Somatic cell hybrids were con-
structed in order to separate the deleted chromosome
18 from the nondeleted chromosome. The EBV trans-
formed lymphoblast cells from the affected individual
were fused in suspension with Chinese hamster lung
(PHL73) cells, a gift from Dr. Robert Nussbaum. The
PHL73 cells are deficient for the enzyme thymidylate
synthase [Nussbaum et al., 1985], which can be
complemented by the human gene on the short arm of
chromosome 18. Four × 106 PHL73 cells were mixed
with 2 × 107 transformed patient lymphoblasts in the
presence of 50% (w/v) of polyethylene glycol 1500 (PEG)
(Boehringer Mannheim Biochemical, Indianapolis, IN).
The cell mixture remained in PEG for 1 min and was
then diluted slowly over 3 min with 5 ml of serum-free
media. The cells were then placed in fresh serum-free
media and incubated for 90 min at 37°C. One-tenth of
the cells were placed in each of ten 75 cm2 flasks in
Dulbecco’s Modified Eagle Medium (DMEM) contain-
ing 10% fetal calf serum and FACT (2 × 10−8 M folinic
acid, 10−6 M aminopterin, 1.5 × 10−7 M cyanocobala-
mine (B12), and 10−5 M thymidine). After 48 hr, the
cells were washed and refed with minimal media con-
taining DMEM and 10% dialyzed fetal calf serum. Hy-
brid clones were picked after 2–3 weeks, expanded, and
DNA was isolated as described above. Hybrids were
then screened with markers found to be informative for
that patient’s genomic DNA, which allowed us to de-
termine whether the human chromosome 18 present in
the hybrid cell line was the deleted or non-deleted chro-
mosome.

Cytogenetic Analysis of Somatic Cell Hybrids

Each hybrid cell line found to carry the deleted hu-
man chromosome 18 was also analyzed by fluorescence
in situ hybridization (FISH). Metaphase spreads were
prepared by treating cells with 0.06 mg/ml of colcemid
for 4 hr, and cells were isolated by mitotic shakeoff (the
removal of loosely adherent cells that are in mitosis).
The human chromosome 18 was visualized using fluo-
rescently labeled whole chromosome 18 paints (Cam-
bio, Vector Laboratories, Burlingame, CA). This analy-
sis demonstrated that each hybrid carried an intact
human chromosome 18 (data not shown) as opposed to
small fragments generated by the cell fusion process.

Statistical Analysis

Biostatistical analysis of data were performed with
the statistical software packages, BMDP (BMDP Sta-
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tistical Software, Los Angeles, CA) and SPSS (Chicago,
IL) We tested whether the excess of paternally derived
deletions was significant using a one-tailed binomial
test by assuming that the proportion of chromosomes
with the maternal and paternal deletions was equal
(50/50).

The parental age at the time of birth of the affected
child was determined and compared to that of the gen-
eral population [Dept. of Commerce, 1994]. A two tailed
t-test was used to compare the percentage of fathers
from this study who were >30 years of age with the
percentage of new fathers in the population >30 years
of age for the years 1987 and 1989.

RESULTS

Paternally and maternally derived deletions were
found in 34 individuals with de novo deletions of chro-
mosome 18q. Verification of paternity in each case was
established using markers in the nondeleted region, in
which multiple markers demonstrated inheritance of
both maternal and paternal alleles.

The genomic DNA from 34 families was analyzed
using the highly polymorphic PCR-based markers de-
veloped by Généthon [Gyapay et al., 1994] and one
PCR-based marker for the myelin basic protein (MBP)
gene [Polymeropoulos et al., 1992]. Figure 1 gives an
example of the type of analysis performed. This method
was sufficient to establish parental origin in 29 of 30
families in which both parents were available and 2 of
4 families in which only one parent was available. The
results from a subset of the markers utilized to deter-
mine parental origin are shown in Table I. Parental

origin was confirmed in each case with at least three
informative markers (all data not shown).

In four cases (families numbered 8, 12, 31, and 38),
one parent was not available. However, in two of these
families (numbers 8 and 31) specific chromosome 18q
alleles from the available parent were shown to be ab-
sent in the child. These parent-specific alleles were ab-
sent in only a portion of the long arm of chromosome 18
and were present in other areas of the chromosome.
These data indicate that the available parent was the
biological parent and the deleted chromosome arose
from that parent. The results of this analysis are pre-
sented in Table I.

In the other two cases in which DNA from only one
parent was available (numbers 12 and 38), the avail-
able parent’s allele was always present in the child’s
DNA. This would imply that the unavailable parent
donated the deleted chromosome. Homozygosity cannot
be easily distinguished from hemizygosity using PCR-
based markers; therefore, the two chromosomes 18
were separated from each other by constructing so-
matic cell hybrids from the patient’s lymphoblastoid
cell line. The results of this analysis are shown in Table
II. In family 12, one hybrid contained a copy of human
chromosome 18, which is consistent with the mother’s
alleles. Another hybrid contained a unique chromo-
some 18, which carried paternally derived alleles and
demonstrated the absence of certain markers, indicat-
ing that the deleted chromosome was of paternal ori-
gin. In family 38, one hybrid contained alleles consis-
tent with the mother and another hybrid contained the
paternal alleles, which were deleted at the more distal
markers. Therefore, subject 38 had a paternally de-
rived deletion.

Both parents were available in the analysis of pa-
tient 24; however, this individual had a small deletion
with only one informative locus by the standard analy-
sis. To confirm parental origin, somatic cell hybrids
were constructed and analyzed (Table II). One hybrid
from this patient demonstrated the paternal allele at
one locus, whereas the other loci were deleted. Another
hybrid carried the maternal alleles at all loci. There-
fore, we concluded that this patient had a deletion of
the paternally derived chromosome.

Our results indicate that 29 of the 34 individuals
with de novo deletions had deletions that were pater-
nally derived (P 4 0.00002, one tailed binomial test).
The fathers of individuals with deletions that were pa-
ternal in origin had a mean age of 32.1 yr at the time of
birth of the affected child. This is older than the mean
age of fathers of newborn infants in the general popu-
lation, which was 29.7 yr in 1987 (the mean birth year
of our population) [Dept. of Commerce, 1994]. In our
study, 60.8% of the fathers were >30, whereas that per-
centage for the general population changed over the
years but never exceeded that of our study population.
However, the difference was not statistically signifi-
cant. Our patients were born between 1971 and 1995,
with a mean year of 1987 and a median year of 1989. A
one-tailed t-test was used to compare our data with
data for the general population for the years 1987 and
1989.

In the families in which the deletions were mater-

Fig. 1. Example of results of analysis of genomic DNA with polymor-
phic markers. Lane M, maternal alleles; lane C, child’s alleles, and lane
P, paternal alleles. Family 2 illustrates a case in which the child has failed
to inherit a paternal allele, and family 3 illustrates a case in which the
child has failed to inherit a maternal allele.
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nally derived, the mean maternal age was 26.5 yr, and
all of these mothers were under 30 yr of age. The mean
maternal age in the general population in 1987 was
26.6 yr. Because this represents only five families, the
number was too small to draw any meaningful statis-
tical conclusions about an increased or decreased ma-
ternal age.

To determine whether the maternally derived dele-
tions were clustered at a specific breakpoint, or if only

deletions of a certain size are viable when they are of
maternal origin, we estimated the extent of the dele-
tion from those children with maternally derived dele-
tions. For this analysis we utilized the highly polymor-
phic PCR-based markers from Généthon [Gyapay et al.,
1994]. Figure 2 summarizes the results of this
analysis and clearly demonstrates that there are no
breakpoint clusters in patients with maternally de-
rived deletions; these breakpoints appear to be as

TABLE II. Analysis of Somatic Cell Hybrids From Three 18q- Patients

D18S65 D18S487 D18S477 D18S488
Parental

origin

Family 12 Mother 1,3 1,3 1,1 1,2
Child 2,3 1,2 1,? 1,?
Hybrid 1 2 1 1 1
Hybrid 5 3 2 − − Paternal

D18S477 D18S469 D18S554 D18S497
Family 24 Mother 2,2 2,2 1,2 2,3

Child 1,2 2,? 2,? 2
Father 1,1 1,2 2,3 1,4
Hybrid 1 1 − − − Paternal
Hybrid 3 2 2 2 2

D18S69 D18S487 D18S477 D18S554
Family 38 Mother 2,2 2,2 1,2 1,2

Child 1,2 1,2 1,? 1,?
Hybrid 2 1 1 − − Paternal
Hybrid 9 2 2 1 1

TABLE I. Genotype Analysis of Genomic DNA From 31 Families With De Novo Deletions of 18q*

Family

D18S477 D18S488 D18S554 D18S461 MBP Parental
originM C P M C P M C P M C P M C P

1 2,2 1,2 1,1 1,2 1,? 1,1 1,3 1,2,3 1,3 3 2,2 1,2 2 1,1 Paternal
2 1,3 3 1,2 1,1 1 2,2 1,1 1,? 1,1 2,2 2 1,1 1,2 1,? 1,1 Paternal
3 1,2 3 1,3 1,1 2 1,2 2,2 1 1,1 1,1 2 2,2 1,2 3 3,3 Maternal
4 1,1 1,? 1,1 1,1 1,? 1,2 2,3 3 1,2 2,2 2,? 1,2 1,2 2 3,3 Paternal
5 1,3 3,? 1,2 3,3 3 1,2 2,2 2 1,1 2,2 2,? 2,2 1,1 1,? 1,1 Paternal
6 1,2 2 3,3 2,4 4 1,3 1,1 2,? 1,2 1,1 1,? 1,1 1,2 1,? 1,2 Paternal
7 2,2 2,? 1,2 1,2 1,2 2,2 1,2 1 2,2 1,2 2 1,1 1,2 1 3,3 Paternal
8 − 1,? 1,2 − 2,? 1,2 − 1,? 1,2 − 3 1,2 − 1,? 1,2 Paternal
9 1,1 1 2,3 2,2 2 1,3 2,2 2,? 1,2 1,1 1 2,2 2,3 3 1,2 Paternal

10 1,2 1,? 1,2 1,2 1 3,3 1,2 2 3,3 2,2 2 1,3 1,2 2 1,3 Paternal
13 1,2 2,? 2,2 1,1 1 2,2 1,2 2,? 1,2 2,3 1,3 1,2 1,2 2,? 2,2 Paternal
14 1,2 1 3,3 1,2 1,? 1,3 2,3 2 1,3 2,2 2,? 1,2 1,2 1 2,2 Paternal
16 1,3 3,? 2,3 1,3 1,? 1,2 1,2 1,? 1,2 2,2 2 1,1 1,1 1 2,3 Paternal
17 1,3 2 1,2 1,1 1,? 1,2 1,2 1,? 1,3 2,2 1 1,1 1,1 1,? 1,2 Maternal
18 1,2 1 2,2 2,2 2 1,1 1,2 2,? 2,2 1,2 2 1,1 1,2 1,? 1,2 Paternal
19 1,1 1,? 1,1 13 1,? 1,2 1,3 2 2,2 1,1 1,? 1,1 2,2 1 1,2 Maternal
20 1,3 1 2,2 1,2 2 1,3 1,4 1 2,3 1,1 1,? 1,1 2,3 2,? 1,2 Paternal
21 1,1 1,? 1,1 1,2 1,? 1,1 1,2 2,? 1,2 1,2 2,? 1,2 1,2 1 2,2 Paternal
25 1,3 2 2,3 2,2 2,? 1,2 1,2 2,? 2,3 1,3 3,? 2,3 1,2 2,? 1,2 Maternal
26 1,1 1,? 1,2 1,1 1,? 1,2 1,2 2,? 2,3 2,2 2 1,3 1,1 1,? 1,1 Paternal
27 1,2 1,2 1,1 1,1 1,2 2,2 1,3 3 1,2 2,2 2,? 1,2 1,2 1,? 1,2 Paternal
28 1,3 3 2,2 1,2 1,? 1,1 2,3 2,? 1,2 1,2 2,? 2,2 1,1 1 2,3 Paternal
29 1,2 1,? 1,2 1,1 1 1,1 1,2 1,? 1,2 1,2 2,? 2,3 1,1 1,? 1,1 Paternal
31 2,2 1,2 − 1,1 2 − 1,2 1,? − 1,3 2 − 1,3 2 − Maternal
33 3,3 1,3 1,2 1,1 1,? 1,1 1,2 2 3,3 1,2 1 2,3 1,3 1 2,3 Paternal
34 2,3 3 1,2 1,2 2,? 1,2 2,3 2,? 1,2 1,2 2,? 2,2 1,1 1 2,2 Paternal
35 1,3 3 1,2 2,2 2 1,3 1,3 3 1,2 1,1 1,? 1,2 3,3 3 1,2 Paternal
36 2,2 2 1,1 2,2 2 1,3 2,3 3 1,2 2,2 2,? 1,2 3,3 3 1,2 Paternal
37 2,2 2 1,1 1,3 3 2,4 1,2 2,? 2,2 2,2 2 1,1 2,3 3,? 1,3 Paternal
39 1,1 1 2,2 2,3 1,2 1,4 1,3 3 2,4 1,2 2,? 2,3 1,2 2 1,1 Paternal
40 1,2 1 2,2 1,2 2,? 2,2 2,2 2,? 1,3 2,2 2 1,1 1,2 1,? 1,3 Paternal

*M 4 maternal alleles; C 4 child’s alleles; P 4 paternal alleles; ? 4 uninformative; − 4 individual not available. D18S markers are in proximal to distal
order.
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widely variable as those seen in individuals with pa-
ternally derived deletions.

DISCUSSION

We have shown a parent of origin bias of the chro-
mosome with the deletion in individuals with the 18q-
syndrome. These findings are in contrast to the work of
Strathdee et al. [1995], who found no parent of origin
bias in their study of 15 individuals with 18q-. The
apparent contradiction with our data could be due to
the smaller number of subjects evaluated by Strathdee
et al. If the subjects are combined from all studies, a
significant paternal origin bias remains (P 4 0.00015),
as shown in Table III. This analysis is valid if there is
no overlap in patient populations in the two studies.
However, we are uncertain of the degree of overlap in
our patient populations.

Such a parental origin bias can be explained if indi-
viduals with maternal deletions are less viable than
those with paternal deletions. This differential viabil-
ity might be caused by imprinting of certain genes in
the 18q- region. If imprinting were a factor, the surviv-
ing individuals with maternal deletions might have de-
letions that are restricted to a smaller region because
maternal inheritance of imprinted genes would be le-
thal. To test this possibility, the extent of the deletion
was determined in patients with maternally derived
deletions (Fig. 2). Individuals with maternally derived
deletions have variable deletion sizes, and these dele-
tions are not consistently smaller than deletions of pa-
ternal origin. These data do not rule out the possibility
of an imprinted gene with influence on viability in the
distal 18q- region, which is absent in virtually all sub-

jects with the 18q- syndrome. These results also indi-
cate that there is not a cluster of breakpoints as was
seen in the 11q- syndrome [Penny et al., 1995; see dis-
cussion below]. Although there is a fragile site at
18q21.3, this fragile site does not appear to be the site
of frequent breakage in the 18q- syndrome.

If imprinting is a factor in the phenotype of this con-
dition, then surviving individuals with maternally de-
rived deletions might be expected to be more severely
affected than individuals with paternally derived dele-
tions. To date, we have observed no major phenotypic
differences related to parental origin of the deleted
chromosome; however, our sample of five maternally
derived deletions is too small to draw any conclusions.

TABLE III. Parental Origin of Terminal De Novo
Chromosomal Deletions

Syndrome
Maternal:
paternal P value* Reference

4p- 0:5 0.03 Tupler et al., 1992
2:5 0.22 Dallapiccola et al., 1993
0:7 0.0078 Quarell et al., 1991

5p- 5:20 0.002 Overhauser et al., 1990
9p- 0:1 — Kleczkowska et al., 1992

0:1 — Deroover et al., 1978
11q- 6:8 0.39 Penny et al., 1995
16p- 1:3 0.31 Wilke et al., 1990
18p- 0:2 — J.M. Fisher, pers. comm.
18q- 0:4 0.06 J.M. Fisher, pers. comm.

7:6** 0.5 Strathdee et al., 1995
5:29 0.00002 Present study

18q- 12:39 0.00015 Combined data

*P values were determined using a one-tailed binomial test. Values <0.05
are considered significant.
**Only includes data from individuals with de novo deletions.

Fig. 2. Molecular analysis of subjects with chromosome 18 deletions using polymorphic markers. Closed circles indicate that the subject had two
alleles for that marker. Open circles indicate that the subject had a single allele, and a dash indicates that the markers were uninformative.
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There is a single report of imprinting involving genes
on chromosome 18. Stine et al. [1995] observed linkage
between paternal markers on 18q and bipolar disease,
a trait not evaluated in our investigations. Future
studies will determine if this or other features in indi-
viduals with the 18q- syndrome can be correlated with
the parental origin of the deletion, reflecting an im-
printing effect. To explore these questions fully, more
individuals with maternally derived deletions will need
to be identified.

In addition to genomic imprinting, parent of origin
biases might be explained by differences in the process
of germ cell formation between males and females. Oo-
cytes undergo a limited number of divisions that are
completed during fetal development. In contrast, sper-
matogenesis continues from puberty throughout the
life of the individual. This means that the number of
cell divisions that must occur prior to the formation of
a mature sperm cell increases with age. According to
Vogel and Rathenberg [1995], by the age of 25 yr, sper-
matocytes have undergone 310 cell divisions, whereas
oocytes have undergone only 23 cell divisions. The au-
thors speculate that mutations and structural abnor-
malities occur during cell divisions at a constant fre-
quency. Therefore, the increased number of cell divi-
sions of spermatocytes makes them more vulnerable to
structural abnormalities, a vulnerability that increases
with age. This increased frequency of structural abnor-
malities during spermatogenesis may be of particular
clinical significance if DNA repair mechanisms are de-
ficient in spermatozoa. In Drosophila melanogaster, it
has been observed that spermatozoa have little repair
capacity, which leads to an increased prevalence of mu-
tations in males [Chandley, 1991]. If spermatocytes are
indeed more likely to harbor structural chromosome
abnormalities and if DNA repair mechanisms are defi-
cient in human spermatozoa, then most deletions
should be paternally derived and older fathers should
have a higher frequency of children with deletions. If
the number of germ cell divisions is indeed important
in increasing the occurrence of chromosome abnormali-
ties, then the frequency of children with maternally
derived deletions is independent of the age of the
mother, since the number of cell divisions would not
change over time and would not increase with age for
females. In the present investigation, the percentage of
fathers of affected children >age 30 was not signifi-
cantly different from the general population. However,
the paternal bias observed in this study might be ac-
counted for by the increased number of cell divisions
during spermatogenesis alone, independent of age.

Our data on parent of origin bias in the 18q- syn-
drome are consistent with other terminal chromosomal
deletion syndromes (Table III). With the exception of
the 11q- syndrome (Jacobsen syndrome) [Penny et al.,
1995], all terminal deletion syndromes studied to date
demonstrate increased frequency of paternal origin of
the deleted chromosomes. Patients with the 11q- syn-
drome may be divided into those with breakpoints near
a folate sensitive fragile site, and those with more dis-
tal deletions. Of eight 11q- patients with breakpoints
near the fragile site, five were maternally derived and
three were paternally derived. However, in patients

with more distal breakpoints, one was maternally de-
rived and five were paternally derived. These data sug-
gest that the mechanism at the fragile site of 11q- may
differ from that of other breakage events. The 11q- syn-
drome, like other terminal deletion syndromes, ap-
pears to have a paternal parent of origin bias when
breakage is unrelated to a fragile site.

The rare fragile site at 11q23.3 has been shown to
map to the same region as a (CCG)n trinucleotide re-
peat [Jones et al., 1995]. Other cytogeneticaly detect-
able rare fragile sites, (FRAXA, FRAXE, and FRA16A)
also have been shown to be the result of (CCG)n expan-
sions [Verkerk et al., 1991; Knight et al., 1993; Nan-
carrow et al., 1994]. The 18q- region contains one com-
mon aphidicolin-sensitive fragile site at 18q21.3 [Hecht
et al., 1990]. This fragile site is not known to be caused
by a trinucleotide repeat, but a (CTG)n expansion has
been found to be at 18q21 [Sirugo et al., 1995]. Future
investigations will determine if this fragile site is a site
of breakage. However, Figure 2 demonstrates that this
region of the chromosome is not a common site for
breakage.
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