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Inherited Structural Cytogenetic Abnormalities Detected
Incidentally in Fetuses Diagnosed Prenatally: Frequency,

Parental-Age Associations, Sex-Ratio Trends,
and Comparisons with Rates of Mutants

ERNEST B. HOOK,"2 DINA M. SCHREINEMACHERS,1 ANN M. WILLEY,2,3
AND PHILIP K. CROSS1

SUMMARY

Rates of structural chromosome abnormalities were analyzed in 24,951
fetuses studied prenatally in which there were no grounds to suspect an
inherited abnormality. In about one in 200 prenatal cytogenetic diagnoses,
an unexpected structural abnormality was found. The observed rate was
5.3 per 1,000, of which 1.7 per 1,000 were unbalanced and 3.6 per
1,000 balanced. The rate of inherited abnormalities was 3.1-3.7 per
1,000 (0.4-0.9 per 1,000 for unbalanced abnormalities and 2.6-2.8
per 1,000 for balanced abnormalities). The rate of mutants in this series
was, by contrast, 1.6-2.2 per 1,000 (0.8-1.2 per 1,000 for unbalanced
abnormalities and 0.8-1.0 per 1,000 for balanced abnormalities). The
rate of balanced Robertsonian translocation carriers was 0.6 per 1,000
(about 0.25 per 1,000 for mutants and 0.35 per 1,000 for inherited
abnormalities), and for other balanced abnormalities, 3.0 per 1,000
(about 0.6 per 1,000 for mutants and 2.4 per 1,000 for inherited ab-
normalities). The rates of unbalanced Robertsonian translocations was
about 0.1 per 1,000, almost all of which were mutants. For supernumerary
rearrangements, the rate was 0.9 per 1,000 (about 0.4 per 1,000 inherited
and 0.5 per 1,000 mutant). The rates of all unbalanced (nonmosaic)
inherited abnormalities (4.0-5.2 per 10,000) were intermediate between
higher rates estimated in all conceptuses (9.1-15.8 per 10,000) and
rates observed in newborns (1.5-2.5 per 10,000). This trend is probably
attributable to fetal mortality associated with unbalanced rearrangements.
The rates of balanced (nonmosaic) inherited abnormalities (26.0-28.0
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per 10,000), however, were considerably higher than the rates in all
conceptuses (13-16.7 per 10,000) or in all live births (12.2-16.0 per
10,000). The major difference was in the rate of inversions. The use of
"banding" methods in the studies of amniocentesis but not in most of
the live births or abortus studies probably contributes to at least some
of these differences. One trend in parental age among the inherited
abnormalities was noteworthy. Paternal age was elevated for inherited
balanced reciprocal structural abnormalities of paternal origin but not
of maternal origin. With regard to sex ratio, there was a greater proportion
of females than males among the unbalanced rearrangements both in-
herited and mutant. There was no obvious sex difference among the
balanced rearrangements.

INTRODUCTION

Occasionally, prenatal cytogenetic study reveals an unsuspected structural chro-
mosomal abnormality. These may be the result of a new mutation or a segregating
familial abnormality of which there was no previous knowledge.

In an earlier paper, we reported on mutant structural abnormalities detected at
prenatal cytogenetic diagnosis in about 27,000 fetuses [1]. In this paper, we
report on inherited structural rearrangements detected in this series. We analyze
specifically the rates detected in the subgroup of about 25,000 studied in whom
there was no known or suspected risk of an inherited abnormality. These rates
are compared with rates of mutants in the same subgroup. In addition, we examine
trends in parental age and sex ratio of the inherited cases.

MATERIALS AND METHODS

The sources of data were 22,190 reports to the New York State Chromosome Registry
[2] of prenatal cytogenetic diagnoses reported between January 1, 1977, and April 5,
1981, comprising essentially the experience of participating laboratories for 1977 to 1980,
and 5,352 reports to the U.S. Interregional Chromosome Register System (I.C.R.S.) [3]
received by August, 1980. There were a total of 27,542 prenatal studies reported from
the centers included in this analysis. Extensive analyses of the mutant rearrangements
detected in this group have been reported [1]. (See below for explanations of slight dis-
crepancies between the totals used in the two analyses.)
To avoid possible ascertainment bias resulting from selective study of translocation

carriers, we exclude results on 142 fetuses whose mothers were investigated because of
a previously known parental translocation. We also exclude from this analysis results on
2,449 fetuses for which, although there was no known parental translocation, the history
might suggest a greater likelihood of such a pattern. In this category are fetuses whose
mothers were studied because they had a previous offspring or other relative with mal-
formation (other than neural tube defect), usually multiple malformations. We also excluded
fetuses whose parents had a history of offspring with previous chromosome abnormality,
usually a trisomy. The latter were excluded because of the conjectured increase of trisomy
births to balanced translocation carriers. (Our own data provide no evidence for such an
association but are insufficient to exclude a modest effect.)
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The primary analysis was done upon the remaining subgroup of 24,951 fetuses of which
20,305 were reported to the New York State Chromosome Registry, and 4,646 to the
I.C.R.S. Studied because of advanced parental age were 21,672 (17,852 in the New York
Registry and 3,820 in the I.C.R.S.), and 3,279 were studied following amniocentesis for
other reasons such as diagnosis of inborn errors of metabolism (2,453 in the Registry and
826 in the I.C.R.S.). (A tabulation of specific reasons for study in this group appears
below.)

In analysis of associations with maternal age, comparisons were made with the maternal
age in the 24,143 of 24,951 fetuses with normal genotype diagnosed at amniocentesis in
which maternal age was both known and under 50. Parental ages of fetuses with abnormalities
were compared with those of normal genotype. In investigation of paternal-age effect, we
did not have data readily available from the I.C.R.S., so analysis of this variable was
restricted to cases reported to the New York State Registry. Those with chromosomal
polymorphisms were classified as having normal chromosomal genotype in the analysis.

RESULTS

In table 1 is a list of reasons for study of the subgroup of 24,951 fetuses.
In table 2, we present a brief summary of the results on the 142 excluded

because of a known parental translocation and on the 2,449 excluded because of
putative high risk of an inherited translocation.

In table 3, the number of inherited abnormalities in each major cytogenetic
category are noted, and these are compared with the results of de novo abnormalities
and those of uncertain origin in the subgroup of 24,951 fetuses analyzed.

In table 4 appear the rates of inherited structural rearrangements detected in
fetuses and the rate of structural abnormalities in parents ascertained through
fetuses with abnormalities. The latter is a minimum estimate of parents with
unsuspected structural abnormalities. Those with fetuses with normal chromo-
somes, of course, would not be detected in this survey.

In table 5 appear data on parental age and inherited abnormalities. There were
no strong trends with regard to maternal age. Paternal-age analysis could be done
only on data from the New York State Registry, and then, of course, only for
cases in which paternal-age data had been reported. Reference data were available
on 12,038 controls. Balanced reciprocal rearrangements of paternal origin were

TABLE 1

REASONS FOR AMNIOCENTESIS OF 24,951 FETUSES WITHOUT KNOWN RISK FACTOR
FOR STRUCTURAL REARRANGEMENT

Proportion of fetuses
diagnosed with inherited

Reason No. structural rearrangements

Anxiety .............. .................... 783 0.3%
Previous child with neural tube defect ........ 725 0.1%
xt-Feto protein determination ....... ......... 614 0.2%
Diagnosis of inborn error of metabolism ...... 250 0.0%
Radiation or chemical mutagen exposure ..... 142 0.0%
Other or unstated ............ .............. 765 0.5%

Subtotal ................................ 3,279 0.2%
Advanced maternal age ........ ............ 21,672 0.3%

Total ................................ 24,951 0.3%
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TABLE 2

OUTCOMES IN FETUSES OF PARENTS WHO WERE KNOWN TRANSLOCATION CARRIERS OR AT PUTATIVE
HIGH RISK TO BE CARRIERS

No.

Parent is a known translocation carrier .... ...... 142
Previous offspring with Down syndrome ........ 497
Family history of Down syndrome ..... ......... 524
Previous offspring with other or unspecified
chromosome abnormality ..... .............. 771

Previous spontaneous abortions ..... ........... 104
Previous offspring with multiple malformation .. 113
Family history of birth defects ..... ............ 162
Other ....................................... 278

Total ...................................... 2,591
Total excluding translocation carriers ....... 2,449

Proportion of fetuses
diagnosed with inherited
structural rearrangement

51.4%
0.2%
0.2%

0.4%
1.0%
1.8%
0.6%
0.4%
3.2%
0.4%

associated with significantly greater paternal age than were controls (P < .05).
There was no such association with maternal age nor was there any elevation in
maternal age in balanced abnormalities of maternal origin. Data on parental-age
associations with mutations appear in [1].

In table 6, we compare the rates (and their 95% confidence intervals) of mutants
and inherited abnormalities in the subgroup of 24,951 fetuses. The ranges in
rates reflect the uncertainties in assignment of cases of unknown origin.

TABLE 3

COMPARISON OF FAMILIAL AND MUTANT CASES DETECTED

ORIGIN

INHERITED

De novo* Not known* Maternal Paternal

PROPORTION
INHERITED

AMONG THOSE
OF KNOWN
ORIGIN

Unbalanced:
Robertsonian ............
Rings ...................
Supernumerary:

Markers ..............
Fragments .............

Deletions ...............
Unbalanced:

Derived aberration.
Other ...................

All .................
Balanced:

Robertsonian ............
Reciprocal ..............
Inversions ...............

All ...................

2(1)t
0

9
2
5(2)

3(1)
21(4)

5(2)
12(1)
2

19(3)

4(2)
1(1)
2

l

10(3)

2
2(1)

5(1)

0 0
0 0

6 l
0 0
1(1) 0

1 1
1 13(1)

9(1) 3(1)

5(2)
13(3)
10(4)
28(9)

3
18(5)
16(7)
37(12)

* De novo cases and those of unknown origin are as reported in [1] except for one case of unknown origin
[46.XX.del(5)(pter-q31:), mat. age 37] that was found after a hand file review.

T Nos. in parentheses are of those reported to the ICRS. The others indicate the numbers reported to both
data sources.

Reason for study

0
0

0.44
0
0.17

0.40
0.36

0.62
0.72
0.93
0.77
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TABLE 4

RATES OF INHERITED STRUCTURAL ABNORMALITIES IN FETUSES AND ESTIMATED RATES IN PARENTS

Rates per 10,000 Rate per 10,000 of
of structural abnormalities inherited

in parents ascertained abnormalities in
Abnormality through affected fetuses* fetusest

Robertsonian (all are "balanced probands"
born to a "balanced parent"):
45, -13, -14, +t(13; 14) ...... .......... 1.0 2.0

(45, -13, -22, +t(13;22)) ............. (0.2) (0.4)
(45, -13, -21, +t(13;21)) ............. (0.2) (0.4)
(45, -14, -22, +t(14;22)) ............. (0.2) (0.4)

All 45, -D, -G, +t(D;G) ...... ......... 0.6 1.2

All above ...... .a ................. 1.6 3.2
Reciprocal (all born to "balanced parents"):

Balanced proband ....... .............. 6.2 12.4
Unbalanced probands ...... ............ 0.0 0.0
Both ................. ................ 6.2 12.4

Inversions ............. ................. 5.2 10.4
Supernumerary ........... ............... 1.4 2.8
Deletion ............... ................. 0.2 0.4

Total ............................... 16.8 33.6

* These rates are by definition half of the rates of affected fetuses.
t In parents with no reproductive history that might have been related to presence of familial translocation.
t 6/7 are of maternal origin.

In table 7, data are presented on the ratio of males to females among all
structural abnormalities detected in the entire series. There was no evidence for
any major difference in sex ratio among the inherited abnormalities according to
the reason for study. Moreover, there appears no reason to expect any such
variation. Therefore, data are presented on all inherited cases whether derived
from a known translocation carrier or detected incidentally. Data are also presented
on mutant cases and those of unknown origin. (The sex ratio of all fetuses studied
prenatally including normals was 1.055 in the New York State Chromosome
Registry data. We use this as a reference ratio. We do not have similar data on
all fetuses in the I.C.R.S. data.)

In table 8, we compare the crude rates (and their standard errors) derived from
data summarized by Jacobs on all (recognized) conceptuses and in live births
[4]. Most of the live births and abortuses included in the series summarized were
derived from unbanded studies. (See DISCUSSION.) We present results on those
with inherited abnormalities and all those not known mutant. The latter include
the known inherited rearrangements and instances in which both parents have
not been studied, so that an inherited abnormality cannot be excluded. As Jacobs
presented data only on nonmosaics and excluded sex-chromosome abnormalities,
we do the same here. (A similar comparison of data on mutations detected at
amniocentesis appears in table 3 of [1].)
Appendix table 1 presents data on each fetus with an inherited abnormality in

the main group of 24,951 analyzed concerning the reason for study, maternal
age, paternal age, parental origin of the inherited abnormality, and cytogenetic
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diagnosis. (A similar list has been published of the mutant abnormalities and of
those of uncertain origin detected in the entire series of fetuses diagnosed prenatally
[1].) Since that publication, further editing and data review have revealed a total
of 27,231 cases of known maternal age (and under 50 years), six more than stated
in the paper and 311 of unknown maternal age (or stated age 50 years or greater),
three less than stated in the paper. In addition, after a review by hand of all
entries, one additional case of unknown origin was detected, the details of which
are noted in the footnote * to table 3.

Appendix tables 2 and 3 present data on fetuses with an inherited rearrangement
in those studied because a parent was a known translocation carrier or at presumptive
high risk of being a carrier.

DISCUSSION

In every 10,000 fetuses there were about 53 structural abnormalities detected
that were not previously suspected. Of these, about 31-37 were inherited from
previously unknown carriers and about 16-22 were the result of a recent mutation.
(Most of the latter category, at least 75%, appear to have resulted from a germinal
event [ 1].)
The rates of mutants observed may be a slight overestimate of the rates in all

fetuses because of the apparent association of maternal age with some types of
mutations [1] and the elevated maternal age of the population studied. The rates
of inherited abnormalities are probably not overestimated for this reason, however,
at least not by as much, because of lesser evidence for parental-age effects.
As data on fetuses of parents known to be translocation carriers or of parents

with a history that might suggest a translocation were excluded, the proportions
of those affected by inherited rearrangements are probably slight underestimates
of the proportion of all affected fetuses. The underestimate is not likely to be
large, however, because the number of individuals with structural cytogenetic
abnormalities in the general population is known to be quite small, less than 1%.
The data on balanced rearrangements may be compared with the results of Van

Dyke et al. [5], who reported on a series of about 8,200 fetuses detected prenatally
in women studied for advanced maternal age. Their rate of 40 per 10,000 is quite
close to the rate of 35.6 per 10,000 in this study. The rates of specific abnormalities
in their series were 11 per 10,000 for balanced Robertsonian rearrangements, 17
per 10,000 for balanced reciprocal rearrangements, and 12 per 10,000 for in-
versions. By contrast, the results in this series were, respectively, six per 10,000,
18 per 10,000, and 12 per 10,000, almost identical except for Robertsonian
translocations. The difference with regard to this category may well be attributable
to sampling fluctuation. The proportions of balanced mutant rearrangements in
the series of Van Dyke et al. may be estimated from their table 1 as between 8.6
per 10,000 and 9.8 per 10,000 in contrast to the very similar range of 7.6 per
10,000 to 9.6 per 10,000 in this series. Similarly, we estimate the range of
balanced inherited abnormalities in their series as 30.6-31.9 per 10,000, close
to the range of 26.0-28.0 per 10,000 in our data. The confidence intervals about
the observed rates are considerably narrower in our series because of the larger
numbers studied.

432
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There are, to our knowledge, no other data sets on unbalanced rearrangements
detected at amniocentesis (in which results are distinguished by inherited or
mutant status) which may be compared with our data.
The data comparing rates of (nonmosaic) inherited structural abnormalities in

recognized conceptuses, at amniocentesis, and in live births must be interpreted
cautiously. As suggested by Van Dyke et al., there may be greater effort to detect
subtle abnormalities at amniocentesis because of the prognostic implications.
Moreover, unlike the data from amniocentesis reports, many of the studies of
live births and abortuses did not use banding methods. Thus, the latter studies
may havetmissed inversions and reciprocal abnormalities in particular.
Some data summarized by Van Dyke et al. are pertinent to the possible difference

made by banding. The rate of balanced structural abnormalities was about 50%
higher in the relatively small numbers of newborns studied with banding methods
than in the much larger number of newborns studied with conventional staining
[5]. Inversions, in particular, were significantly more frequent in the "banded"
than "unbanded" studies of live births, six per 10,000 vs. one per 10,000. (Both
mutant and inherited abnormalities were pooled in this comparison.) Thus, dif-
ferential use of banding may well account for at least some of the differences in
balanced rearrangements in many conceptuses, amniocentesis results, and live
births (table 8).
With regard to comparisons among the inherited unbalanced rearrangements,

it is more difficult to determine the extent to which the factors cited above have
introduced distortions. The observed rates were 9.1-15.8 per 10,000 in all con-
ceptuses, 4.0-5.2 per 10,000 at amniocentesis, and 1.5-2.5 per 10,000 in live
births. The trend in rates is in the direction predicted if, as expected, there was
fetal loss of (inherited) unbalanced rearrangements from the time of recognition
of conception to the time of amniocentesis, and from the time of amniocentesis
to live birth [6]. (Parental age does not appear to be associated with unbalanced
inherited abnormalities. Therefore, higher mean ages of the inherited cases studied
at amniocentesis should not affect comparisons with live births and all recognized
conceptuses.)

With regard to supernumerary markers (or fragments), a previous analysis of
(nonmosaic) mutants found a much higher rate at amniocentesis (2.6 per 10,000)
than in live births (0.3-0.8 per 10,000) or in all conceptuses (0.3-0.7 per 10,000).
It was conjectured that such aberrations may be less likely to survive in tissues
from aborted embryos and fetuses studied cytogenetically or in blood of newborns
than in tissues that shed cells into amniotic fluid. In the nonmosaic inherited
abnormalities analyzed here, there is the same trend but it is much weaker and
not significant. The rates were 0.9-1.3 per 10,000 in all conceptuses, 2.0 per
10,000 at amniocentesis, and 1.0-1.5 per 10,000 in live births. Further data are
needed to determine if this reflects a true difference.
The trend to increased paternal age (about +6 years) of inherited reciprocal

balanced translocations of paternal origin is significant although the numbers are
quite small. It is of interest that there was evidence also for a similar trend in
fetuses studied because of the presence of a known parental translocation. Data
were available on maternal and paternal age of 22 balanced translocations of



maternal origin (plus four unbalanced rearrangements) and eight balanced trans-
locations of paternal origin (plus two unbalanced rearrangements). The maternal
ages for these cases were: balanced-maternal origin, 27.7 + 4.6; balanced-paternal
origin, 27.6 + 5.7. The mean paternal-age-maternal-age differences for these
two groups were, respectively, +0.4 (±+3.6) and +3.1 (±+2.9). (The results are
essentially the same if the few unbalanced rearrangements are pooled with the
balanced abnormalities.) Because of selection biases, there is no obvious com-
parison group in the general population with regard to the absolute value of
maternal age or paternal age. While maternal ages are about the same for each
origin, paternal age is almost 3 years greater for cases of paternal origin than of
maternal origin. This is the same trend seen in table 5, at least for balanced
reciprocal translocations. Thus, the evidence on this point is consistent within
these data. It will be of interest to determine if the trend is confirmed in other
data sources.
The data on those born to translocation carriers or those at putative high risk

of being carriers are of interest. Among the fetuses born to 142 translocation
carriers, about 50% had an abnormality, either balanced or unbalanced. Among
the 2,449 fetuses born to parents at ostensible high risk of being carriers, the
rate of abnormality was four per 1,000. This is actually lower than the rate of
5.2 per 1,000 in the main subgroup of 24,951 studied. Yet, in some specific
subcategories, the rates were considerably higher than this (see table 2). But in
view of the small numbers, this variation may well be attributable to sampling
fluctuation. Appendix table 2 indicates the specific abnormalities detected in this
group of individuals. Unfortunately, data are not available on karyotypes of those
chromosome abnormalities which may have led to the original study. These may
have been numerical abnormalities. Detection of an inherited structural abnormality
may thus have been only coincidental.
With regard to sex ratio, in analysis of results in live births, the rate of all

structural rearrangements, both balanced and unbalanced, was increased in females
although none of the trends was significant [7]. In the data on fetuses reported
here, the male-female ratio is decreased. The difference in comparison with the
reference ratio of 1.055 is statistically significant only for unbalanced rearrange-
ments. (The trend is present for both inherited and mutant unbalanced abnormalities,
although not significant at the .05 level for either subcategory.) There is also a
suggestive but not significant female preponderance for mutant balanced re-
arrangements but no such trend for inherited balanced rearrangements. The dif-
ferences in sex may be attributable to statistical fluctuation and must still be
confirmed in future series. If not due to chance, then either sex differentials in
fetal mortality or some aspects of meiotic segregation may contribute to the
difference.
One noteworthy observation is the 46,X del(X)(q25) genotype inherited by

one individual. The affected mother had no obviously abnormal phenotype. She
did have menstrual irregularities that might have been attributable to the genotype
or else to anorexia (P. Martens and R. L. Summitt, personal communication,
1983). We are not aware of previous reports of inherited X deletions.
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ADDENDUM

Since this manuscript was accepted for publication, we became aware of another paper
providing comparable data on the same topic [8]. A total of 29 "unexpected" structural
rearrangements were reported. This series, however, included "pathologic pregnancies."
Fetuses of such pregnancies are likely to have a significantly higher risk of structural
chromosomal abnormality than those studied for such reasons as maternal age or sexing
of the fetus. Excluding the abnormalities in such fetuses (one mutant deletion and one
mutant ring), there were 12 reported mutants (six balanced and one unbalanced Robertsonian
rearrangements, two balanced reciprocals, one deletion, one mosaic deletion and iso-
chromosome, and one other unbalanced) and 15 inherited rearrangements (four balanced
Robertsonian translocations, seven inversions, and four other balanced rearrangements).
Supernumerary markers were, however, excluded from this report, but there were two
detected in the same series, one in a male, the other in a female fetus (A. Boue, personal
communication). Thus, there were 29 abnormalities comparable with those summarized
in our report. These were found in a total of 5,315 fetuses, including 3%-4% studied
because of pathologic pregnancies (A. Boue, personal communication). Excluding these,



the overall rate of abnormality is about 29/5130 = 5.7 per 1,000. The rate of unbalanced
abnormalities is 1.2 per 1,000; of balanced abnormalities, 4.5 per 1,000. The rate of
mutants is 2.7 per 1,000; of inherited arrangements, 2.9 per 1,000. Considering the
smaller number of cases studied, the rates are quite close to those in our larger series.
Boue et al. cite suggestive evidence in their population that the women seeking amnio-

centesis ostensibly only because of advanced maternal age include, selectively, many
with reproductive problems. Such problems could result, of course, from inherited trans-
locations. This would raise spuriously-probably only slightly-the rate of observed
inherited rearrangements over that in the entire population of fetuses (with the same
maternal- and gestational-age distribution as those studied at amniocentesis). Such an
artifactual increase could also be present in our results on inherited rearrangements. This
would occur if in our study, as in that of Boue et al., the women on whom ostensibly
unbiased rates are presented selectively include those with cryptic reproductive difficulties.
We cannot exclude such a possibility in our data.

REFERENCES

1. HOOK EB, SCHREINEMACHERS DM, WILLEY AM, CROSS PK: Rates of mutant structural
chromosome rearrangements in human fetuses: data from prenatal cytogenetic studies
and associations with maternal age and parental mutagen exposure. Am J Hum Genet
35:96-109, 1983

2. HOOK EB, CROSS PK, SCHREINEMACHERS D: The evolution of the New York State
Chromosome Registry, in Population and Biological Aspects of Human Mutation,
edited by HOOK EB, PORTER IH, New York, Academic Press, 1981, pp 389-428

3. PRESCOTT GH, RIvAS ML, SHANBECK L, ET AL.: The U.S. Interregional Chromosome
Register System. Birth Defects: Orig Art Ser 14(6C):269-279, 1978

4. JACOBS PA: Correlation between euploid structural chromosome rearrangements and
mental subnormality in humans. Nature 249:164-165, 1974

5. VAN DYKE DL, WEISS L, ROBERSON JR, RAMESH BABU V: The frequency and mutation
rate of balanced autosomal rearrangements in man estimated from prenatal genetic
studies for advanced maternal age. Am J Hum Genet 35:301-308, 1983

6. HOOK EB: Chromosome abnormalities and spontaneous fetal death following amnio-
centesis: further data and association with maternal age. Am J Hum Genet 35:110-
116, 1983

7. HOOK EB, HAMERTON JL: The frequency of chromosome abnormalities detected in
consecutive newborn studies-differences between studies-results by sex and by
severity of phenotypic involvement, in Population Cytogenetics-Studies in Humans,
edited by HOOK EB, PORTER IH, New York, Academic Press, 1977, pp 63-79

8. Bout J, GIRARD S, THEPOT F, CLOISET A, Bout A: Unexpected structural chromosome
rearrangements in prenatal diagnosis. Prenatal Diag 2:163-168, 1982

436 HOOK ET AL.



INHERITED STRUCTURAL CYTOGENETIC ABNORMALITIES 437

CZ CZ

+ +

+ :- :tN_

XC Cux C

+++ + +zX

0000
>oj r-: RRK0-0-

- 03

Cl

00

C-) ^ - C- N
x _X V

t It It It CN

.- .- . ci - Cl

Cl Cl Cl

.

Cl - Cl .

>0.xxzx>0.
000000<

0m0mm + - -N

f
M

c-, cn oo £, w)- ,c r o . oo cq- oo - 1£ . . a,
C1.f .1 cne t e n ' C.I tc

cn M umunn m Cu CO-

CZ *n CZ CZ CZ CZ CZ CZ CM CZ _

o0 r0 tn t
0N 00 'I N 00 00

t M _ M I0 M -
0000000

,I_ _t _lt t"I I I

OaO ..404 " Pa4 -

mmmmmmm)C C C

cq o
00 t

o Co
It

C)n
mmg

r-

0

Cu
0

Cu

Cu

Cu
0.

I.>
0

Q

la

-.

CZ

tn
00 0.

Nt cn

=

0

a.

m

- N- t Nr

N Un 00 m e 00 0
"o 0 m
Cl4 IC - tn IC W Cl4
000000-m
It I' Tt lt It It CA V)

0- 0-

Q.0
C 0

z
0
z

z

ZL;

ZHX

0

0

H

z

.4
0
00

C;

r_

04

o

cx

04

r_

71

'A
.0j



HOOK ET AL.

rl

C ^ecs,t N _^ _ Cr^ c, __ _Vs
a' atcq _l cr cM __

ca- 0Vo "
- - cr^--~~~~~~~~~~~~~~~~~ ---- c

N~~~~~a_ cr - -- - cr" C'IM___.eCmC-<(Cl -; U U
0.

0 0
0.

^,̂q _ _- __(1 on _ ^- cq- o- 0

E 2. ;E E 10M ;E c> E ;E ;Ep mm cu ccn crc m" 11 E >ER. R>E E od. >
0(7 ,O " O O OO 20o0 w0 0 OM M£o£ cOrOw O t0

CIP)M M ct0 MlI M M M M M M M M M M M M-t W-tY eso W) *- - csr- Yc r- Cs - 00 r- Cd a,, et,

CC

1 M04 C1 CZ M M M MMo M 0 M M MMo 0 co M M M co M McM

c o n M r-(Nr-W e 0 ,t t 00'(N .0kt

Z ~I:ta:t 't It ItuY t It It 3 W3 VD VD w U) U) U) U)U)CWCu

c~~~~~~~~~-o-o 0- P- wn Ixcs 04 cg1-4 CZ0 04 C400as.Nou;U U U U U U U U U U U

0

0 ONNNtm td-

438



INHERITED STRUCTURAL CYTOGENETIC ABNORMALITIES 439

C

cr

6- MM-
-

O."t ~ ~ ._,Cv _~

_O~Q~C~ e~ - ~1Coaa- I-ro) _ -)- ^ - > t1 c*̂̂̂N-.--"-_D

_
- C1- crenCV n;

M M U.

_ U_ <rc>,l a X A~~~~~~~~r ar,- 4U cr OCN p_ac
----N-*^0o N00 0 C~0_ N - -( OC _a (-

ON _C; C; o_)tn _ - __ ~ rN _ ___

X X XXXXX X X X X XX X XX X X X XXXX X>1 x X
D

0 0

*CC)

C's 0 M co~~~~~~~~~~~~~~~~~~C)0
C& O.0.in.col. IOU. O" OM. 00. O~~~~~~~~~~~~C~.

.0 0

OC.
en t00--C 0N0o N .0N or oo N 0t r- ( o-oNt ooo-- C 0

C0

cu 11

00

Cu

0= C

tn 00 00 0 )t o0 )M0t n M W)b 00 ^ o t C) 000 om o M C- ) 00 r-000

Mtt T M M M M M 't M M M M M M M It M M# M) M) M) It It M M M_ C_

0.

OC)

0-.

:uuuuuuuuuu.Cuuuuu~~~~..uuuuuu.C~~ X 3

0CZ

.0 °

N~~~~~~~~~~g, '~ ooo

O OO0X~u~ -C CL.

[I- C14 00 M ItCu

c:-s o cn"a -wa )m oo 4t )a~c,

O| "OXo M tr t"I 010W )W t~ ~

tI tMI tMW ) e

0 C

C's
00C.
0C

0

0

0

Mco

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~1
c0.



-

:.
0

Cu

C)

0
C:

r.

0

U

C;
._

0
LU

0
m

Cu

C-

+

x
SSt

_

- C
++

7
- Cl

X
Il

CrC s
v' u'

0'4

cr
0' - O

Cl--

x _ X. e _ IC;
- It I
r- O- U

^0 0_ O

" - en "Cfc

_ C M) t00 - . o
MM - cqeen Cle"c

cl,

08

Cu

._

W

r-
CO

CO.

m

m

0

UB

CO

O o

mC

ci
0

..(A-0

o0
Cu

m

OON " "t'
en (ON eCn

O4 ON- N0C C4 Cl)
It It V) CVq
O" 0- 0 000

m) m t) t

Cu

C.)
0

0.
0.

440 HOOK ET AL.

C.I--,

tN .N

- -

+ +. ene

00 00

- -.C

I-I -

/-0< >

\0000
-1'1
I. I..
a)u cq

zzl llc
"t ^t '

C)
H

z

00

z
O

0
00
z

H
0
z
0

00

0:
H:
H
X0

z

0
00

ICu

z

z

H

zL

'A

0C
CQ
._

C
00

0.U 00
Cu

m

06

CO

*

s ..

u o

C;
._

08
a.

to
._

Cu
._

CM
ri

0

0.0

00

0.

CZ

0Cu;
E -

o.

0.
0C

- C

._.C

Cuu

E

G

0

to

,C u

.0 0

WI >

.0

In._
oCu

0 0

0.

11 on

10.0

00

cn

0.0_

'0 0
O0 0

'0 0

00.U

er0
_

11 C
0.0

- 2.0
L 0

~._ o

0 ON

0 N

o-
0

C u'

Im 0-

Cu .
r-

0'-'

U'.:
0C

C,3

0 =

la..; Cf
CuQmCZ1- -



INHERITED STRUCTURAL CYTOGENETIC ABNORMALITIES 441

_ _

.e_ N

+ +
_2 kr)-

+c +l 16lcr-~
I "t It It

_ _

_ _

_ _

,lI

c)
--

+ _

-00 ~
-

_l 0X^
E_o

- -W - _ _
- - m et CZ cCZ m CZ CZ CZ CIz m~ ~ ~ ~ ~ ~
in.0.E E E E E

CIS 00 cli - > O

kk k -C 00
Cl Cl4 cM C cr) ;: C

OO00 N Cl

000-
QtU

00asC
mmmm

0
0

CO

0o

..0
C0
C0>.
_.

)

D0

,t C, "t

m- m4

U u

C4 0

- Cl

00 'I
_
rn-
O O

m

z
z

U
o

z
H '

z

Zm

CJJOz C-4
o: 2

H *.

z
L

H .

< *j

0z~

H

z

C:

C.._
VI'

.E



442 HOOK ET AL.

- C1~~~~~~~~~~e.,I.i4o_ _ _ _ _ _ _ _ _ _ _ .- ---___________^_

0~~~~~~~~
-.tt t st t m t t _-_ - - - -. .--.-.------

',T IsItIt Nt It It t It It I I It I T It It

cn n -, m r- w - + FF

w W) O W) "o OP "tr- _-__n_-t0 ----a,-st-4t

- O) C t d tn st

U m "UN U) -UCU) UomcU) r- tn ..N.N ..) .U) C m M U) mU

C - CU CU C C CU C C C C C C C C C CU CU C CU CU CU C CU C C C -C CU - - - - - -

s~~~~~~~~~~~g

z~~~~

o~~~~~~~~~~~~~~

cis

0

CU

cg CU
u



INHERITED STRUCTURAL CYTOGENETIC ABNORMALITIES 443

cqCl~~~~~~~l_r c cl_ _ *^ V_

£ _s, <, _ _ _ _
cr _r_r_ _

c~.
_ _Cl _oC_---^-_ _-

cr

_

r a,

t _ OFC,,
Q4 en C1 m rr-

UN

Cl crSrO C ( UC U crlC cr 4

_uCu CuU u~u~u~u~Cu~CU CuucUUCuaC u uC_uUC u-uC_

C* 4_ It *t ._ *t-*\*tO_t 4t-- - _*O*

4-- 4- 4- - , 4- 4- 4- 4-- 4- 4. *. *. .- .- .- .I .I l, l.- .- 4- 4-

0t sX I'l cq3 Cdeasmsmvcos¢q _ cos -1 Cd co cgs - Cl*ce cgsC , cdc CC d co
EEIEEE E EiEi00 E c.i & E E E c,,' .E E E 21E E E E E Ei

m Cs oCoo xn ..-, r
l .., C. cto .

t-
C

.
en " C1 en " " m cn " _ C1 " cr -_

t_ Rt C' (O - C'"o O_N W) "tn W) ON - 'ON wo O 11 1% 1t O)
wo "t- -- -so x -M C) ds"t - x,w1 W)- Cs W) W)%0

-0 0 C Cl 0C 0 00 0 00 0 Cl0 0 00 0 000t - - - -

CZmmmm~mmcmmmmmOammmma mmmm_____mmma
~~~~~~~~~~~~~~~~~~~~~~~-

0

I)
C)

M
-C

0

CL
1-
1-

00

-

x
x

U)

0-

*E

.2
ew

C's

D
0

c

co

t:

. F

3

r.

ut

I.

*1

(n (A (A (A (4 'A (A 'A (A (A (A Cn CIO C6 cn Ln C6 to) Ln cn w (A (A w w CA w rA w


