
Am. J. Hum. Genet. 67:601–609, 2000

601

Meiotic Studies of a Human Male Carrier of the Common Translocation,
t(11;22), Suggests Postzygotic Selection rather than Preferential 3:1 MI
Segregation as the Cause of Liveborn Offspring with an Unbalanced
Translocation
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The t(11;22)(q23;q11) translocation is the only non-Robertsonian rearrangement for which there are a large number
of unrelated families, apparently with the same breakpoints. These families most often have been ascertained through
an abnormal child with the karyotype 47,XX or XY, +der(22) t(11;22)(q23;q11). To explain the high incidence
of 3:1 segregants, rarely seen in offspring of carriers of other reciprocal translocations, a number of theoretical
models have been suggested. We have used both electron microscope analysis of the synaptonemal complex (SC)
and dual-color FISH to investigate the meiotic chromosome behavior in a male carrier of the translocation who
has the karyotype 46,XY, t(11;22)(q23;q11). Chromosome synapsis, first-meiotic chiasma configuration, and seg-
regation behavior of this translocation have been analyzed directly. Examination of SCs by electron microscopy
showed pachytene-cross formation in 49/50 nuclei. Approximately 50% (26/50) revealed a classical fully synapsed
quadrivalent. A proportion of these (10/26), however, showed some central asymmetry, suggesting heterologous
synapsis. The remaining cells appeared to have incomplete synapsis. FISH analysis showed only quadrivalents in
all 100 metaphase I nuclei. The chiasma frequency was increased within the interstitial segments, in comparison
with the same region in normal bivalents. All types of segregation category were found in metaphase II nuclei.
There was no indication of preferential 3:1 anaphase I segregation. We conclude that the +der(22) constitution in
offspring of carriers of t(11;22)(q23;q11) is not likely to be due to meiotic 3:1 segregation being especially common.
Rather, the +der(22) constitution is more likely to be the result of postzygotic selection against other unbalanced
karyotypes.

Introduction

Most constitutional reciprocal translocations in humans
are unique with respect both to chromosomes and to
the breakpoints involved. The only outstanding excep-
tion concerns the translocation t(11;22)(q23; q11); 1100
unrelated families that have this translocation have been
identified (Fraccaro et al. 1980; Iselius et al. 1983). As-
certainment has usually been through children with the
karyotype 47,XX or XY, �der(22) t(11;22)(q23;q11),
interpreted to result from parental first-meiotic 3:1
segregation.

It has become generally accepted that carriers of this
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balanced translocation may show preferential 3:1 first-
meiotic segregation, and a number of hypotheses have
been put forward to explain why this should be the
case. Zackai and Emanuel (1980) suggested that the
asymmetry of the pachytene-cross configuration would
result in discordant orientation of the quadrivalent at
first metaphase, predisposing it to 3:1 anaphase segre-
gation. Koduru and Chaganti (1989) proposed that
there would be a failure of chiasma formation within
the short 22q segment, producing a der(22) univalent
segregating randomly at first-meiotic anaphase. To our
knowledge, no direct meiotic analysis has been per-
formed on any carrier of t(11;22) to confirm or refute
these hypotheses.

Here, we report the results of electron microscopic
analysis of synaptonemal complex (SC) formation and
the use of dual-color FISH to investigate the meiotic chro-
mosome behavior in a male carrier of a translocation
who has the karyotype 46,XY, t(11;22)(q23;q11). Con-
trary to the accepted expectations, there was no pref-
erential 3:1 first-meiotic segregation. Neither was there
any evidence of failure of chiasma formation and uni-
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Figure 1 a, Ideogram showing the balanced translocation in J.B.
b, Expected pairing configuration at pachytene. The chromosome seg-
ments have been designated I–VI, and they are defined as follows: I,
11p-11cen; II, 11 cen-11q23 (11q interstitial segment); III, 11q23-
11qter (11q translocated segment); IV, 22qter-22q11 (22q translocated
segment); V, 22q11-22cen (22q interstitial segment); and VI, 22cen-
22pter.

valence of the der(22). In fact, there is no substantial
difference in meiotic segregation patterns in this carrier
of t(11;22), in comparison with other carriers of trans-
locations, in whom meiotic segregation analysis has
been made possible by use of FISH on first-metaphase
(MI) and second-metaphase (MII) spermatocytes (Gold-
man and Hultén 1992, 1993a, 1993b; Armstrong et al.
1995; Armstrong and Hultén 1998).

We conclude that the common occurrence of children
with the extra der(22) in families with t(11;22) is likely
to be due to postzygotic selection against other unbal-
anced-translocation derivatives, rather than to a pref-
erential first-meiotic 3:1 segregation.

Subjects, Material, and Methods

Subjects

The subject (J.B.) was ascertained through his dys-
morphic, handicapped brother with the unbalanced
karyotype 47,XY, �der(22) t(11;22)(q23;q11) and
was found to be a carrier with the karyotype 46,XY,
t(11;22)(q23; q11) (fig. 1a). J.B. volunteered to pro-
vide testicular material for research purposes. The
procedures were in agreement with the Ethics Com-
mittee of Birmingham Heartlands Hospital. Testicular
material, of size ∼1 mm3, was obtained by open in-
cision under local anesthesia when the patient was 29
years old. The tissue was collected in isotonic solution
(1% sodium citrate) and was split into two samples,
one for electron microscopic (EM) analysis and one
for light microscopic (LM) work. The former sample
was sent to Edinburgh and was used the following
day.

EM

Spreads for EM analysis were prepared according to
the method of Speed and Chandley (1990) and were used
immediately. SCs were stained with silver nitrate (How-
ell and Black 1980) and were examined on G200HS
copper grids (Gilder), in a Phillips CM10 electron mi-
croscope, at 100 KV.

LM

Meiotic spreads for LM analysis were prepared ac-
cording to the method of Hultén et al. (1992) and were
stored in air at �70�C for up to 18 mo before exami-
nation. Prior to hybridization, slides were stained with
Leishman’s stain by a standard technique. They were
screened, and both MI and MII cells were photographed.
The position of the metaphases was recorded with an
England Finder Grid (Graticules). Slides were subse-
quently destained in 3:1 methanol:glacial acetic acid
prior to FISH. Photographs were produced for each
metaphase, as an aid to classification and analysis, after

FISH. After FISH, a Nikon Labophot Fluorescence mi-
croscope was used with a UV2A filter set for location
of DAPI-stained metaphases and with a triple-band by-
pass filter (DAPI, Texas Red, FITC), to visualize the
chromosome paints. Photographs were taken using Fu-
jichrome 400 ASA film.

FISH Analysis

Dual-color FISH was carried out with commercially
produced chromosome paints (Cambio). The combina-
tions used were FITC directly labeled chromosome 11
paint (green) and biotinylated chromosome 22 paint de-
tected by the fluorochrome Texas Red. Hybridization,
posthybridization, and signal detection were according
to the manufacturer’s instructions. Slides were coun-
terstained with DAPI (10 mg/ml) and briefly were de-
hydrated through an ethanol series and were mounted
in Vectorshield (Vectastain).

Results

SC Formation

SC spreads of 50 nuclei were examined. Almost all
(49/50) nuclei contained a quadrivalent. Approximately
50% (26/50) had a classical pachytene cross (fig. 1b).
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Figure 2 Electron micrograph of a surface-spread and silver-stained pachytene nuclei. a, Quadrivalent fully synapsed but with some
asymmetry in the region of the breakpoints. b, Incomplete synapsis, with an asynaptic region around the breakpoints. c–e, FISH and diagram
representing quadrivalents of metaphase I nuclei. Chromosome 11 hybridized with directly labeled (with FITC) chromosome 11 paint, and
chromosome 22 hybridized with biotinylated paint detected with Texas Red. Panels c–e show quadrivalents. c, Complete ring with five chiasmata.
d, “Branched” ring with four chiasmata. e, Chain with three chiasmata. f, FISH of a metaphase II cell (probes and detection as for c–e): alternate/
adjacent I segregant, containing asymmetric 11/der(11) (denoted by a star) and der(22).

Within this group, (16/26) were fully synapsed. Some
(10/26), however, showed central asymmetry, suggesting
heterologous synapsis (fig. 2a). Incomplete synapsis of
the quadrivalent was seen in 42% (21/50) of cells with
an asynaptic region around the breakpoints (fig. 2b). In
a few cells (4% [2/50]), an asynaptic arm was in contact
with the XY bivalent. One nucleus (1/50) appeared to
contain 23 SCs, without any indication of quadrivalent
formation.

FISH

Hybridization using dual-color fluorescence allowed
unequivocal identification of all the chromosome seg-
ments involved in the reciprocal translocation. Chro-
mosome 11 material was labeled green, with FITC, and
chromosome 22 was labeled with Texas Red.

MI

A total of 106 MI cells were initially recorded from
Leishman’s stained slides, 100 of which were subse-
quently found, by FISH, to show adequate signals. Only
quadrivalents involving chromosome 11 and chromo-
some 22 and the translocation chromosomes t(11;22)
were seen (table 1). There was no evidence of any other
arrangement (e.g., univalent � trivalent or bivalent �
bivalent). Figure 1b illustrates the expected pairing con-
figuration at pachytene and defines the pairing segments
involved.

Nearly two-thirds of quadrivalents (64% [64/100])
formed rings with five chiasmata, as illustrated in figures
1b and 2c. Chiasmata then occurred in regions 11p (I),
the 11q interstitial segment (II), the 11q23-qter segment
(III), the 22q-qter segment (IV), and the 22q interstitial
segment (V). Two further rings (2% [2/100]) were sim-
ilar but lacked a chiasma in 11p (i.e., no chiasma in
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Table 1

Distribution of Different Configurations for the
Translocation Chromosomes at MI

Configuration

Segments
Containing
Chiasmata % of Quadrivalents

Ring I–V 62
“Branched” ring II–V 2

I–IV 33
Chains I–III 3

a For definition of chromosome segments I–V, see fig.
1b.

Table 2

Chiasma Frequencies within the Translocated Chromosomes and Comparison with
Control Bivalents

REGION SEGMENT

TRANSLOCATED

CHROMOSOMES CONTROL BIVALENTS

Mean Range
No. of
Cells Mean Range

No. of
Cells

11p I .98 0–1 100 1.0 1 24
11cen-11q23 II .98 0–1 100 .21 0–1 24
11q23-11qter III 1.0 1 100 1.0 1 24
22q11-22qter IV 1.0 1 100 1.0 1 41
22cen-22q11 V .64 0–1 100 .22 0–1 41

SOURCE.—Hultén (1974).

segment I of fig. 1b). None of the quadrivalents had a
chiasma in 22p (region VI).

One-third of quadrivalents (33% [33/100]) formed
“branched” rings with four chiasmata (fig. 2d), in
regions I–IV and lack a chiasma in the interstitial seg-
ment of chromosome 22 segment V. Only a small pro-
portion of quadrivalents (3% [3/100]) were in the form
of chains with chiasma formation in regions 11p (I), 11q
(III), and 22q (IV) (fig. 2e).

The chiasma frequency distribution for the translo-
cation chromosomes, compared with data for men with
a normal 46,XY karyotype that have been published
elsewhere (Hultén 1974), is given in table 2. There is an
increased chiasma frequency in the interstitial segments
II and V in this translocation.

MII

A total of 100 Leishman’s stained MII cells were iden-
tified by LM and were photographed. After FISH, 87 of
these cells were found to be suitable for the detailed
analysis. The distribution of MII cells found within each
segregation category is summarized in table 3.

Chiasmata in interstitial segments produces asym-
metric dyads, in which one sister chromatid is normal
and one is translocated. In this situation, it is not possible
to tell whether the underlying MI segregation is alternate
or adjacent I because they are morphologically identical
(see Armstrong and Hultén 1998). Altogether, 72% (63/

87) of MII cells belonged to this category. Asymmetric
dyads for both chromosomes [11/der(11) and 22/
der(22)], found in 48% (42/87) of MII cells, are inter-
preted to be products of MI rings containing chiasmata
in both interstitial segments. An additional 24% (21/87)
of MII cells, containing one asymmetric and one sym-
metric dyad (fig. 2f), are likely products of the
“branched” MI rings,” in which chiasma formation is
lacking in one of the interstitial segments.

In only a minority of 2:2 segregants was it possible
to determine whether they were the products of alternate
or adjacent I segregation. Thus, only 2/87 (2.3%) of MII
cells contained two normal or two derived chromo-
somes, representing alternate MI segregation of chains
without chiasma formation in either interstitial segment.
A further 4/87 (4.6%) of MII nuclei had one normal
and one derivative chromosome, representing adjacent
I segregation and likely to be products of chains without
interstitial chiasmata. An additional 8/87 (9.2%) of MII
cells were products of adjacent II segregation, repre-
sented by either a normal chromosome plus one (der)
chromosome or two asymmetric dyads.

Finally, 3:1 segregation was seen in only 10 (11.5%)
of 87 cells (table 4). Nine of these contained asymmetric
dyads of chromosome 11, likely being MII products of
MI rings (or “branched” rings) with an interstitial chi-
asma in chromosome 11. It is noteworthy that the com-
mon unbalanced karyotype 24,XorY, �der(22) could be
produced by only 3.4% (3/87) of these MII cells and
are likely to be the products of segregation from the
“branched” ring or chain. The rare segregation product
24,XorY, t(11;22)(q24;q11) �der(22) can be produced
only from a complete ring and was not seen in this sam-
ple (see the Discussion section below).

Gametic Output

The proportions of gametes expected to be normal,
balanced, and unbalanced within each segregation type
have been used to predict the overall gametic output
(table 5). Under the assumption that all types of MII
cells are equally likely to develop into mature spermato-
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Table 3

Distribution of MII Cells Found within Each Category

SEGREGATION CATEGORY

NO.
OF

CELLS

PROPORTION (%) OF

Total Segregation

Alternate/Adjacent I:
11�22/der(22) 2 2.30 3.17
der(11)�22/der(22) 1 1.15 1.59
11/der(11)�22 8 9.20 12.70
11/der(11)�der(22) 10 11.49 15.87
11/der(11)�22/der(22) 42 48.28 66.67

Subtotal 63 72.42 100.00
Alternate:

11�22 1 1.15 50.00
der(11)�der(22) 1 1.15 50.00

Subtotal 2 2.30 100.00
Adjacent I:

11�der(22) 2 2.30 50.00
der(11)�22 2 2.30 50.00

Subtotal 4 4.60 100.00
Adjacent II:

11�der(11) 1 1.15 12.50
22�der(22) 1 1.15 12.50
11/der(11)�11/der(11) 3 3.45 37.50
22/der(22)�22/der(22) 3 3.45 37.50

Subtotal 8 9.20 100.00
3:1 10 11.49 100.00

Table 4

Different 3:1 Segregation Types Found and Proportion of +der(22)
Expected

Chromosomes
No.

(% of All MII)

Proportion of
All Gametes
That Could

Lead to �der(22)

11/der(11) 3 (3.4) .0
22 1 (1.1) .0
11/der(11), 22,der(22) 3 (3.4) 3.4
11/der(11),11/der(11),der(22) 2 (2.3) .0
11/der(11),11/der(11),22/

der(22) 1 (1.1) .0
10 (11.5) 3.4

zoa, the predicted gametic output is 19% normal, 19%
balanced, and 62% unbalanced. For the unbalanced
gametes, we predict that 40.8% will be products of the
alternate/adjacent I category, 9.2% will be products of
adjacent II segregation, and 11.5% will be products of
3:1 segregation.

Discussion

The translocation t(11;22)(q23; q11) is unusual among
autosomal reciprocal chromosome rearrangements be-
cause it is recurrent in the population, with the same
cytological breakpoints in carriers in many biologically
unrelated families (Fraccaro et al. 1980; Iselius et al.
1983). Furthermore, Shaikh et al. (1999) have demon-
strated that, in 23 unrelated carriers of balanced trans-
locations, the breakpoint was localized within a 400-kb
interval on chromosome 22, and that, in 13 of these,
the breakpoint was localized within a region of !185
kb on chromosome 11. The breakpoint has now been
cloned (B. Emanuel, personal communication).

The translocation is also unusual because the majority
of index cases have the same chromosome abnormality,
an extra chromosome, der(22). The extra chromosome
has long been presumed to be the result of a 3:1 parental
meiotic segregation. This interpretation has recently
been confirmed by the study by Shaikh et al. (1999),
who used short-tandem-repeat polymorphism markers
on both chromosome 11 and chromosome 22. From a
comparison of markers of parents and offspring, they

concluded that 3:1 meiosis I malsegregation in the par-
ent carrying a balanced t(11;22) translocation was the
mechanism in all 16 families that they investigated.

The outstanding question is whether this is due to
preferential segregation at MI. Our meiotic study of a
male carrier (J.B.) of the t(11;22) translocation by FISH
clearly demonstrates that 3:1 segregation is not pref-
erential. Rather, direct analysis of meiotic divisions re-
vealed that the predominant mode of segregation is 2:
2, with only 11.5% of spermatocytes demonstrating 3:
1 segregation. We suggest that our results from this
particular case may be extrapolated and that regular 2:
2 segregation is the rule in carriers of the t(11;22)
translocation.

It has been suggested that the 3:1 segregant progeny
are the result of low chiasma numbers leading to uni-
valents plus trivalents at MI (Koduru and Chaganti
1989). In contrast, in our meiotic analysis of a male
carrier (J.B.) with the translocation t(11;22)(q23; q11),
we found that there is regular quadrivalent formation
during pachytene, which is retained through MI. This
is likely to be a general phenomenon rather than a pe-
culiarity of our case (see further below).

Under the assumption of no selection during sper-
matogenesis, extrapolation of all of the chromosome
combinations observed leads to the expectation that the
spermatozoa in J.B. would be 19% normal, 19% bal-
anced, and 62% unbalanced, of which 50% are due to
2:2 segregation comprising 40.8% from the alternate/
adjacent I categories and 9.2% from the adjacent II
category. These values are not inconsistent with the ob-
servation by Martin (1984), which found, in a small
study of 13 sperm nuclei, that only 1 was normal, 2
were balanced, and the remainder (77%) were unbal-
anced. Of these, only two had a 3:1 meiotic segregation.
More recently, Van Assche et al. (1999) studied 1,012
sperm of a carrier of t(11;22), by FISH. They report
nearly 34.6% 3:1 segregants. The frequency of 34.6%
was derived from 314 nuclei being apparently mono-
somic and only 36 containing an extra chromosome.
On the basis of our own experience (Goldman et al.
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Table 5

Proportion of Normal, Balanced, and Unbalanced Gametes Expected To Be Produced by Each Segregation Category

SEGREGATION CATEGORY

FOUND AT MII
( n p 87)

(%)

GAMETES EXPECTED FROM (%)

Theoretical Segregation Products Expected Proportions

Normal Balanced Unbalanced Normal Balanced Unbalanced

Alternate/Adjacent I:
11�22/der(22) 2.30 50 0 50 1.15 0 1.15
der(11)�22/der(22) 1.15 0 50 50 0 .58 .58
11/der(11)�22 9.20 50 0 50 4.60 0 4.60
11/der(11)�der(22) 11.49 0 50 50 0 5.75 5.75
11/der(11)22/der(22) 48.28 25 25 50 12.07 12.07 24.14

Alternate:
11�22 1.15 100 0 0 1.15 0 0
der(11)�der(22) 1.15 0 100 0 0 1.15 0

Adjacent I:
11�der(22) 2.30 0 0 100 0 0 2.30
der(11)�22 2.30 0 0 100 0 0 2.30

Adjacent II:
11�der(11) 1.15 0 0 100 0 0 1.15
22�der(22) 1.15 0 0 100 0 0 1.15
11/der(11)�11/der(11) 3.45 0 0 100 0 0 3.45
22/der(22)�22/der(22) 3.45 0 0 100 0 0 3.45

3:1 11.49 0 0 100 0 0 11.49
Total 100.00 18.97 19.55 61.51

NOTE.—Cols. (3–5) show theoretical outcomes of gametes from each segregation category. Cols. (6–8) use information
from cols. (2–5) to extrapolate proportion of sperm expected.

1993), it may be that the vast majority of the mono-
somic sperm nuclei resulted from failed hybridizations.
The 36 sperm nuclei with an extra chromosome could
represent a total of 7.2% of 3:1 segregation products
in their carrier of t(11;22). This latter value is entirely
consistent with our direct meiotic analysis at 11.5%.

The finding that translocation carrier J.B. regularly
forms quadrivalents during meiosis is consistent with
the behavior normally seen for reciprocal translocations
in human males. It has been known for several decades
that quadrivalents are regularly formed and that uni-
valents plus trivalents or bivalents plus bivalents are
hardly ever seen. Thus, even small translocated chro-
mosome segments are able to sustain adequate homo-
logous synapsis and chiasma formation (Hultén and
Lindsten 1970, 1973; Chandley et al. 1976; Laurie et
al. 1984; Goldman and Hultén 1993a, 1993b; Arms-
trong et al. 1995). Furthermore, it has been clearly dem-
onstrated that there is a general tendency for an increase
in chiasma formation within the interstitial segment of
reciprocal translocations. This phenomenon is also ob-
vious in J.B., the carrier of the t(11;22) translocation.
The interstitial segment of chromosome 22 is small in
this translocation, representing !1% of the autosomal
genome, yet there is still an increase of crossovers in
the region. In our case, only 32% of SCs, by EM anal-
ysis, revealed complete synapsis around the center of
the pachytene cross. It is possible that crossovers were
suppressed in the quadrivalents within heterologously
synapsed or asynaptic regions.

The 47,XX or XY,�der(22) karyotype is by far the
most common abnormal outcome found in liveborn off-
spring of any carriers of t(11;22). The few exceptions
to this general rule have attracted special atten-
tion—Lockwood et al. (1989), Abeliovitch and Carmi
(1990), Lurie and Podleschuk (1992), Simi et al. (1992),
and Petovic et al. (1996) have each reported a
47,t(11;22)(q23;q11), �der(22) karyotype in abnormal
offspring. The first four groups postulated that this
could only be the result of a second meiosis or post-
zygotic nondisjunction following a 2:2 alternate seg-
regation. Lindenbaum (1990) pointed out that a cross-
over within the chromosome 22 interstitial segment,
followed by 3:1 segregation, would have the same out-
come. Petkovic et al. (1996), using evidence of poly-
morphism for inheritance of the paternal chromosome
22 in their case, supported Lindenbaum’s suggestion.
Our study clearly supports this view. The rare outcome
47,t(11;22)(q23;q11), �der(22) can be produced only
by a 3:1 segregation from a complete ring, a configu-
ration that has interstitial chiasmata in both chromo-
some 11 and chromosome 22. Our data show why this
is a rare outcome. Although complete rings make up
64% of our sample—first, to obtain this karyotype, the
anaphase I segregants need to be A, B, and B′ (fig. 3g)
and will include both the translocation chromosome
t(11;22) and the der(22). Second, there is only a 1/12
likelihood, at anaphase II, for the outcome of 24,
t(11;22) �der(22) under the assumption of random co-
segregation. In contrast, there is a greater probability
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Figure 3 a, c, and e, Outcome of first-meiotic segregation from the complete ring configuration with five chiasmata (black crosses), two
of which are interstitial in both chromosome 11 (green) and chromosome 22 (red) 2:2 segregation. Note that interstitial chiasmata render
alternate (a) and adjacent I (b) identical outcomes. g, 3:1 segregation—only segregants A, B, and B′ have potential to produce either 24,t(11;22)
�der(22) or 24,�der(22). b, d, f, and h, Outcome of first-meiotic segregation from the “branched” ring configuration with four chiasmata
(no interstital chiasma in chromosome 22). In panel h, only segregants A, B, and B′ have the potential to produce 24,�der(22) but not
24,t(11;22)�der(22) segregants.

for occurrence of the chromosome constitution 24,
�der(22) from the “branched” ring (35%; fig. 3h) and
chain configurations (3%), neither of which can pro-
duce a 24,t(11;22) �der(22) product. It is important to
note that neither of these MI quadrivalents can give rise
to the translocation �der(22) product.

Fetal karyotyping in pregnancies of 45 parental car-

riers of the t(11;22)(q23;q11) revealed 73.3% to be bal-
anced, 20% to be normal, and only 6.6% to be un-
balanced with the extra der(22) chromosome (Daniel et
al. 1989). For 3:1 segregants, the analysis that we have
carried out predicts that 3.4% of fetuses would have
the extra der(22) (table 4), which is comparable with
the results of the fetal karyotyping study (Daniel et al.
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1989). Considering the relatively late time at which am-
niocentesis is carried out (∼16-wk gestation), we suggest
that fetuses with unbalanced 2:2 translocation would
have terminated spontaneously. There is a single case
of an unbalanced 2:2 segregation product for this trans-
location, detected after chronic villus sampling. Soler et
al. (1993) reported an empty sac with the karyotype
46,XX,�22,�der(22), in a triplet pregnancy; of the two
remaining fetuses, one had the karyotype 46,XX and
the other had 46,XY,t(11;22). This demonstrates that
3:1 products containing der(22) are not the only gam-
etes to be fertilized and progress to embryonic devel-
opment and implantation. It seems reasonable to con-
clude that, during early pregnancy, there is a strong
selection against other unbalanced segregants, com-
pared with the �der(22), representing the smallest ge-
netic balance. Finally, it should be mentioned that Frac-
caro et al. (1980), Daniel et al. (1989), and Shaikh et
al. (1999) showed that more of the carriers with progeny
who had unbalanced translocations in their studies were
female (76 female carriers, compared with 9 male car-
riers). It seems likely that this could be due to ascer-
tainment bias, because of reduced fertility in males.
However, the proportion of progeny in the Daniel et al.
(1989) study who had unbalanced 3:1 translocations
was 6.6%, and this is comparable with the proportion
of relevant unbalanced gametes (3.4%) in our study.
Meiotic behavior in both male and female carriers is
likely to share common characteristics.

In conclusion, we believe that a direct analysis of
meiosis in a carrier of the balanced translocation
t(11;22) has provided detailed information on pat-
terns of chromosome synapsis, chiasma formation,
and segregation, which is entirely in line with what
we expect from our previous experience with recip-
rocal carriers of other translocations. In particular,
we demonstrate that the �der(22) constitution in off-
spring is not due to meiotic 3:1 segregation being
especially common; rather, the �der(22) constitution
is likely to be the result of postzygotic selection
against other unbalanced karyotypes.
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