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When Does Maternal Age-Dependent Trisomy 21
Arise Relative to Meiosis?

To the Editor:
Polymorphic DNA markers have recently been used to
estimate the fraction of trisomy 21 (Down syndrome)
cases that may be attributable to postzygotic nondis-
junction-indicative of a loss in the fidelity of the first
few cell divisions after fertilization (Antonarakis et al.
1993; Sherman et al. 1994). In these studies, a postzy-
gotic nondisjunction is defined as a case in which two
chromosomes of the trisomic set are homozygous for all
informative markers (i.e., for those markers that were
heterozygous in their parent of origin). These studies
estimate that the postzygotic mutation mechanism ac-
counts for 4.5% (11/238) and 3.5% (9/255) of their

cases, respectively, but their estimates may actually be
conservative, since all noninformative haplotypes (fre-
quency not reported) are arbitrarily attributed to meiosis
II-type nondisjunction. Nevertheless, even the conser-
vative estimates would, if confirmed, constitute a new
and nonnegligible source of chromosomal segregation
errors leading to trisomy. These studies' conclusions are
supported by the observation that the 20 reported "post-
zygotic" cases (5 paternal and 15 maternal) appear to
be less dependent on maternal age (mean maternal age
28.4 years) than maternal meiosis I-type failures (mean
maternal age 31.2 years). However, given the limited
sample size involved, one should be cautious in positing
the absence of a maternal age effect.

In the absence of evidence for somatic mosaicism (An-
tonarakis et al. 1993; Sherman et al. 1994), it seems
prudent to use linkage analysis to test for the proposed
postzygotic origin of the extra chromosomes, because
a truly postzygotic origin for homozygous segregants
should result in their being recombined in approxi-
mately half of the cases. For the sake of simplicity, we
assume (fig. 1) that only a single crossover has occurred
between the relevant pair of chromosomes in each germ
cell, yielding two recombined chromatids and two non-
recombined ones. If the nondisjunction were postzygotic
in origin, the probability that a recombined chromatid
would be transmitted to the zygote should be the same
(50%) as the probability that a nonrecombined one
would be transmitted from the same meiosis. Subse-
quently, both recombined and nonrecombined chromo-
somes should be subject to postzygotic nondisjunction
to the same extent. If the observed proportion of recom-
bined chromosomes were close to 50%, the postzygotic-
nondisjunction hypothesis would be upheld. If, on the
other hand, the observed proportion were to differ sig-
nificantly from the expectation (i.e., if the majority of
cases showed duplication of a nonrecombinant chromo-
some), then alternative mechanisms should be consid-
ered more plausible.

Specifically, it may be the case that nondisjunction
occurred before meiosis in the parental germ lines, rather
than postmeiotically (Vig 1984; Zheng and Byers 1992;
Sensi and Ricci 1993). Chromosomes that had suffered
nondisjunction prior to meiosis would proceed into mei-
osis in the manner typical of trisomies, forming either a
trivalent or a bivalent-plus-univalent configuration dur-
ing meiotic prophase. In either case, two identical chro-
mosomes that had arisen within the premeiotic cellular
lineage and had then undergone recombination with one
another in meiosis would remain identical in their
marker configurations. They would then falsely appear
to represent the products of meiosis II-type nondisjunc-
tion with no recombination ("postzygotic-type nondis-
junction"; see fig. 1). On the other hand, if either dupli-
cated chromosome had exchanged marker alleles with
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Figure 1 Left, Diagram indicating how nondisjunction in meio-
sis I leads to heterozygosity (a/b) for a centromere marker and meiosis
II nondisjunction results in homozygosity (b/b) for the marker,
whereas true postzygotic nondisjunction would create homozygosity
for all markers on the extra chromosome. Complete reduction to
homozygosity for well-spaced markers should not arise by true meiosis
II nondisjunction (Antonarakis et al. 1993; Sherman et al. 1994). True
postzygotic nondisjunction should often result in the duplication of a
recombined chromosome. The proposed linkage analysis would iden-
tify the expected recombination events and distinguish postzygotic
nondisjunction from the premeiotic errors that are diagrammed in the
right-hand panel. Right, Results if nondisjunction had occurred before
meiosis. The type of segregation designated "postzygotic-type nondis-
junction" and characterized by homozygosity for maternal markers
should appear among the trisomic offspring. Diagnostically, these
wholly homozygous segregations should display an unrecombined pa-
rental haplotype, as opposed to the recombined haplotype expected
in approximately half of the cases if true postzygotic nondisjunction
were occurring.

the third homologue (present singly), then the likely out-
come is that all three chromosomes would bear distinct
sets of markers. This is seen as a meiosis II-type nondis-
junction with recombination (i.e., the "meiosis II errors"
defined by Antonarakis et al. [1993] and Sherman et al.
[1994]). Therefore, trisomic progeny who are homozy-
gous for markers on both chromosomes of maternal
origin could represent either a maternal haplotype or a
recombination of the two maternal haplotypes. Duplica-
tion of a maternal haplotype could have its origin in
premeiotic nondisjunction, whereas the complete dupli-
cation of a recombined haplotype should be diagnostic
for a duplication that arose postmeiotically. Similarly,
paternal premeiotic nondisjunction leading to trisomy
would often be signaled by duplication of a paternal
haplotype.
The proposed genetic-linkage study would require in-

clusion of additional siblings or other close relatives
from each affected family, to monitor recombination
between polymorphic DNA markers spanning the length

of the affected chromosomes. One hopes that the au-
thors of the studies that we have cited will perform this
analysis, which should be capable of unequivocally de-
termining whether homozygous segregations could have
their origin in postzygotic nondisjunction.
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A Rational Approach to Cystic Fibrosis Mutation
Analysis in Hispanics: Reply to Arzimanoglou et al.

To the Editor:
This is in response to a letter by Arzimanoglou et al.
(1995), who challenge our use of "Hispanic" for indi-
viduals in the cystic fibrosis (CF) mutation analysis by
Grebe et al. (1994). These authors contend that the term


