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ABSTRACT Chromosome investigations in 25,571 cases revealed 432 patients with structural changes in the
acrocentrics. These could be attributed to 8 cases of heterochromatin translocations with the Y-chromosome, 135
cases of rearrangements in heterochromatic regions of the short arms of the acrocentrics, and 289 cases with
different types of exchanges and breakpoints in the euchromatin. Altogether, breakpoints in 547 acrocentrics were
analysed. A specific intrachromosomal distribution of breakpoint maxima and minima was delineated for the 5
acrocentrics with individual characteristics regarding the 3 categories of rearrangements such as: Yq12 translocations,
Robertsonian translocations as well as heterochromatic marker chromosomes, and rearrangements in the euchromatin.
In addition, polymorphisms of the heterochromatin in the short regions of the acrocentrics were analysed. The

origin of the 13 different aberration types documented showed a chromosome-specific pattern.

INTRODUCTION

Rearrangements of acrocentric chromosomes
arerather frequent in humans. Theoretically, the
break-points should be distributed equally along
the chromosomes, but so-called “hot spots’ of
mutation with unequal inter- and intrachro-
mosomal distribution can be demonstrated (Miller
and Therman 2001).

There are balanced and unbalanced re-
arrangements, both of which can occur de novo
or familial. Not al rearrangements that appear
balanced will lead to a normal phenotype since
cryptic deletions or duplicationsin break points
may occur in afrequency of 3-7 %, concerning
de novo cases as well as familia ones (Fryns
etal.1992).

Additionally, meiotic rescue of aberrant
gametes and secondary selection against an
unbalanced karyotype may lead to a partia or
complete uniparental disomy (UPD) in patients
with rearrangements that appear balanced
(Gardner and Sutherland 2004).

The role of size variants in the heterochro-
matic short-arm regions of the acrocentrics, as
far as origin and inheritance of rearrangements
are concerned, has not been taken into account
up till now but should be considered inthefuture
(Kalz 2003).

Thus, more precise investigation of
chromosome rearrangementsis needed to enable
abetter characterization.

INVESTIGATION GROUP

Our investigation is based on 25,571
chromosome analyses after lymphocyte culture
performed for diagnostic purposes, and extends
toanalysesof additional cell systems (amniocytes
andfibroblasts) for family investigations. Of these,
432 cases showed various types of structural
aberrationsin the acrocentric chromosomes.

The investigation group was divided into 3
subunits: firstly, one with heterochromatin
translocationsinvolving the Y-chromosome (n =
8), secondly, one with rearrangements in
heterochromatic regions (Robertsonian
translocations and heterochromatic derivates)
with arisk of malsegregation of euchromatin (n=
135), and thirdly, one with rearrangements
involving euchromatic regions (n = 289). The
investigation was extended by the comparison
of polymorphisms of the constitutive hetero-
chromatic regionsin the acrocentrics 13 and 14
(p11.2 to p13) and their frequencies of size and
staining variations in families with 13/14
translocations (7 pedigrees).

Chromosome analyses were performed
following standard protocol s after having applied
different banding techniques (GTG QFQ, RBA)
(Wegner (Ed.) 1999). In cases of unclear
localization of break points, several methodswere
combined and additional techniques (CBG, DA/
DAPI, NOR) were used. For interphase analysis
of marker chromosomes and specific break point
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characterization, FI SH-techniques were chosen
(DNA-prabes: wcp, cen, single copy; M-FISH).

Supplementary analyses of the heterochro-
matic short arms of the acrocentrics were
performed concerning morphol ogy, position, and
staining conditions of the 3 different regions.
Thefrequency of the3 sizesvery small (vs), small
(s), and medium (m) was documented according
tothedefinition of the| SCN (2005) and aprevious
investigation (Kalz et al. 2004). Thisinvestigation
group consisted of 100 persons from Central
European origin, including 7 familiesand 43single
probands with 13/14 translocation.

RESULTS

Structural aberrations of the acrocentric
chromosomes were found in 432 out of 25,571
diagnostic cases (1.7 %). They fell into 3units(s.
investigation groups) with specific features in
each of them. They consisted of very different
numbers of probands and are described in detail
asfollows.

Subunit I: Trandocationsbetween Acrocentric
Chromosomesand Yq12

This subunit consisted of 8 cases of
heterochromatin translocations of Yql12 onto
short-arm regions of the chromosomes 15 and
22. The carriers’ phenotypes were normal.
Indication for chromosome analysis was the
increased maternal age at pregnancy followed
by parental investigation in 6 cases, as well as
infertility in 2 cases (patients of the 1CSI-
program). 6 cases (75 %) showed atrand ocation
between the Y chromosome and 15, and 2
revealed atrand ocation between Y and 22 (25%).
Theorigin of thetrang ocation chromosomeswas
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paternal in the majority of the known cases (83
%). The significance of this observation is
reduced considerably by therelatively small size
of thegroup (Table 1).

Table 1: Origins of translocation of Yql12 to short
arm regions of acrocentric chromosomes in 8
patients (Subunit I).

Translocation Chromosomes

N=8
Yqgl2 to 15 22
6 2
Origins of aberration
de novo 0
familial total 6
paternal 5
maternal 1
unknown 2

Subunit 11 : Rearrangementsin Heter ochromatic
Regionsof theAcrocentric Chromosomes

This subunit included 135 cases of
heterologous and homologous Robertsonian
translocations as well as chromosome derivates
that led to rearrangements in heterochromatic
regions. In all, 244 chromosomes were
characterized.

Raobertsonian trans ocations (rob) dominated
thisunitin 218 incidents (89.3 %). Among these,
heterologous rearrangements occurred
significantly more often (184 or 84.4 %) than
homologousones (34 or 15.6 %). Heterochromatin
derivates (heterochr. der) included 26 or 10.7 %
of the aberrations. Of the 5 acrocentrics,
chromosome 14 wasinvolved most frequently in
rearrangements with 36.9 %, followed by
chromosome 13 with 25.8 %, chromosome 21 with
20.1 %, chromosome 15 with 11.9 %, and
chromosome 22 with 5.3 % (Table2).

Of the 3 analysed aberration types in this

Table 2: Rearrangements of acrocentrics and break points in the constitutive heterochromatin (N, =
number of aberrations in the specific chromosome) (subunit I1).

Types of aberrations and their frequencies

Nchromosoms =244

13 14

N, % N,

Robertsonian hetero- 56 88.9 82

translocations logous

(rob) homo- 6 9.5 4
logous

heterochromatic derivates 1 1.6 4

(heterochr. der)

¥ of N, 63 90

NJ/N 25.8

4.4 15 51.7 2 41

15 21 22 s
% N % N % N % New %
91.2 12 414 27 551 7 53.8 184

89.3
44 2 69 20 408 2 154 34

4 30.8 26 10.7

29 49 13 244

36.9 11.9 20.1 5.3
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group, heterologous Robertsonian transloca-
tions, with the exception of chromosome 15,
represented most of these cases, with amaximum
in chromosome 14. Considering the individual
chromosome, they were dominant in the
chromosomes 14 and 13, with 91.2 and 88.9 %,
respectively, of the aberrations, followed by a
nearly equal amount of rob (55.1 and 53.8 %) in
the chromosomes 21 and 22, and 41.4 % in
chromosome 15. Fusions of homologous
chromosomes were frequent in chromosome 21
(40.8 %) and were represented in significantly
smaller numbersinthe chromosomes22 (15.4 %),
13(9.5%), 15(6.9%0), and 14 (4.4 %). Chromosome
15 showed the highest amount of heterochro-
matic derivates(51.7 %), followed by chromosome
22 with 30.8 %, and the chromosomes 14, 21, and
13 with 4.4, 4.1, and 1.6 %, respectively. The
investigation demonstrated a significantly
uneven interchromosomal distribution of the
various aberration types in acrocentrics with
break pointsin the constitutive heterochromatin
(Table2).

The analyses of origin showed significant
differencesin thedistribution of denovo, familial
and unknown origins, asfar as heterologous and
homologous translocations and derivates were
concerned (Table 3). A closer look at the
rearrangementsof caseswith denovo and familial
origins and their frequencies regarding the
chromosomes involved (Table 4) revealed that
the chromosomes 13, 14, and 15 showed a
preference for heterologous translocations with
familial origin, with amaximum of 83 % occurring
inchromosome 13, followed by 77 %in 14,57 %
in 15, the chromosomes 21 and 22 being half
familia and half denovo. All homologousfusions
weredenovo (100 %). Asfar as heterochromatic
derivates were concerned, chromosome 15 had
65 % casesof familial origin, chromosome 14 had
50 %, and chromosomes 13, 21, and 22 were 100
Y%familia.

Subunit I11: Rearrangementsincluding
Euchromatic Regions

This subunit consisted of 9 types of
rearrangements in euchromatic regions and
included interchromosomal abnormalities such
asreciprocal trand ocations (rcp) between various
acrocentrics, aswell as between acrocentricsand
other autosomes and the sex chromosomes,

Table 3: Types of aberration with break pointsin the
constitutive heterochromatin and their parental
origins in the different acrocentrics (subunit 1)

Frequencies of the different types of
rearrangements (%)
N=244 (without Y-translocations)

Chromo- Robertsonian Heterochromatic Origin
some translocations derivates
hetero- homo-
logous logous
13 13 100 - de novo
64 - 67 familial
23 - 33 unknown
14 17 100 17 de novo
57 - 17 familial
26 - 66 unknown
15 27 100 26 de novo
36 - 48 familial
37 - 26 unknown
21 35 50 - de novo
35 - 25 familial
30 50 75 unknown
22 29 100 - de novo
29 - 50 familial
42 - 50 unknown

intrachromosomal aberrations, such asdeletions
(del), duplications (dup), ring chromosomes (r),
euchromatic derivates (euchr. der), isochromo-
somes (i), and inversions (inv). A total of 289
cases with 295 acrocentric chromosomes with
rearrangementswere analysed, 36.3 % of which
wereinterchromosomal and 63.7 % intrachromo-
somal aberrations. Reciprocal translocations
occurred most frequently (91.6 %) within the
subunit of interchromosomal aberrationsand 8.4
% belonged to CCRs. Rearrangements between
acrocentrics and different other chromosomes
appeared 7 times more often than between
acrocentricsalone, with 87.8 % in comparison to
12.2 %. Of the 188intrachromosomal aberrations
with atotal of 63.7 % of the above aberrations,
48.4 % were del, 30.3 % euchr. der, 11.3 % dup,
5.8%r,3.7%i,and 0.5%inv (Table5).

Table 6 shows chromosome specific frequen-
cies of euchromatic aberration types for the 5
acrocentrics. Among the interchromosomal
exchanges, in relation to the total number of
chromosomes, the chromosomes 15 and 22
revealed the highest amount of reciprocal
trangl ocationswith 26 and 25 out of 295 (8.8 and
8.5 %), whereas chromosome 14 had the lowest
frequency with 15 or 5.1 %. Among thereciprocal
translocations, the rearrangements with other
chromosomes reached apeak in chromosome 22,
Al Q 04

h8 9%
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Table 4. Rearrangements in constitutive heterochromatic regions and their origins regarding the

different chromosomes involved (subunit I1).

Rearrangements of known origin and their frequencies (%)

Chromosome Robertsonian translocations Heterochromatic derivates Origin
heterologous homologous

13 17 100 - de novo
83 - 100 familial

14 23 100 50 de novo
77 - 50 familial

15 43 100 35 de novo
57 - 65 familial

21 50 100 - de novo
50 - 100 familial

22 50 100 - de novo
50 - 100 familial

Table 5: Frequencies of inter- and intrachromosomal aberration distribution with break points of the
acrocentric chromosomes localized in euchromatic regions (euchr. der = euchromatic derivate) (subunit

1.

Types and frequencies of euchromatic chromosome aberrations

N=295
% of N Type of % Exchange
aberration Of Nipger chromosome

Interchromosomal 36.3 rcp 91.6 acrocentric 12.2

N = 107 others 87.8
CCR 8.4
Intrachromosomal 63.7 del 48.4
N = 188 dup 11.3
r 5.8
euchr. der 30.3
i 3.7
inv 0.5

(4.0%), and 14 (3.7). The CCRsvaried between 0
and 1.4 %. As far as the intrachromosomal
aberrations were concerned, aberrations peaked
with deletionsin chromosome 22, with 17.6 % of
295, followed by euchromatic derivatesin 15with
8.5 %, thelowest in frequenciesbeing inversions
and isochromosomes (between 0 and 1.4 %)
When comparing theindividual acrocentrics,
thedistribution of interchro-mosomal rearrange-
ments revealed a peak for reciprocal trans-
locationsin the chromosomes 21 and 13 (40.0 %
each), closely followed by 14 (38.5 %), and 15
(34.2%), but withasignificantly lower percentage
for chromosome 22 (25.0 %) (Table 6). Withinthe
group of intrachromosomal aberrations, deletions
proved to be the most frequent mode of
aberrationinthechromosomes22, 14 and 13 (52.0,
41.0, 22.5%), whileeuchromatic derivates showed
the highest numbersin 15 and 21 (32.9 and 20.0
%). Ring chromosomes were found most
frequently in chromosome 13 (12.5 %) being rare

inthe remaining chromosomes, i sochromosomes
were diagnosed in a smaller percentage only in
15, 21, and 22 (1.3, 10.0, 2.0 %) with apeak in
chromosome 21, and inversionsoccurred only in
1 casein chromosome 14. Thus, our investigation
group showed a very unequal distribution of
inter- and intrachromosomal aberrations in
acrocentrics with break points in euchromatic
regions and of aberration tpesaswell (Fig. 1).

The analysis of the origins of aberrationsin
these regions revealed that they were predo-
minantly denovofor all acrocentrics in question
except chromosome 15, thus fulfilling the
expectation that deletions, duplications, ring
chromosomes, and isochromosomes lead to
phenotypical impair and prevent inheritance
(Table7).

I'V. Polymor phisms

The polymorphic regionsin p 11.2 and p13
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Table 6: Types of euchromatic chromosome aberrations and their specific frequencies in the 5
acrocentrics (subunit 111).
Euchromatic chromosome aberrations and their frequencies in the 5 acrocentrics
N=295
chromosome 13 14 15 21 22
Ne % N/ N % NJ N % N/ N, % N,/ N, % N/
Of Ntolal Of Ntolal Of N!olal Of Ntolal Of NIo!aJ
N N Ne Ne Ne
interchromosomal
rcp acrocen. 4 10.0 1.4 4 10.3 1.4 2 26 07 1 25 0.3 1 1.0 0.3
others 12 30.0 4 11 28.2 3.7 24 316 81 15 375 51 24 240 8.2
total 16 40.0 54 15 385 5.1 26 34.2 8.8 16 40.0 54 25 250 8.5
CCR 3 75 1 1 26 0.3 1 1.3 0.3 4 100 1.4 - - -
Zinter 19 475 6.4 16 41.1 54 27 355 9.1 20 500 6.8 25 25.0 8.5
intrachromosomal
del 9 225 3.1 16 41.0 55 10 132 3.4 4 100 1.4 52 52.0 17.6
euchr.der 4 10.0 1.4 5 12.8 1.7 25 329 8.5 8 20.0 2.7 15 15.0 5.1
dup 3 75 1 1 26 03 10 13.2 34 2 50 0.7 5 50 16
r 5 125 1.6 - - - 3 3.9 1 2 50 0.7 1 1.0 0.3
i - - - - - - 1 1.3 0.3 4 100 1.4 2 2.0 0.7
inv - - - 1 26 0.2 - - - - - - - - -
Siwa 21 525 7.1 23 59.0 7.8 49 645 16.6 20 50.0 6.8 75 75.0 25.3
Ziotal 40 13.5 39 13.2 76 25.7 40 13.6 100 33.8
Table 7: Origin of aberrations with at least one euchromatic breakpoint (subunit I11).
Origin of aberrations (%)
chromosomes
13 14 15 21 22
N % N % N % N % N %
de novo 55 77 37 65 36 48 38 62 31 52
familial 16 23 20 35 39 52 23 38 29 48
unknown 29 - 43 - 25 - 39 - 40 -

showed adominancefor sizevswith 70—95 % of
all acrocentrics, followed by thesizesin0—27 %
andmin0—5%. Larger polymorphismswere not
observed. The frequency of brilliant
fluorescenceintensity i(5) ranged from 10 to 65
%, thus showing asignificant differenceininter-
andintrachromosomal distributionin size, aswell
ashrilliant fluorescenceintensity i(5) (Kalz 2003).
In families with 13/14 translocations, the
frequency of polymorphisms of the chromo-
somes 13 and 14 was in accordance with their
distributioninthe general population. A selection
of specific polymorphisms could be excluded.
Size and fluorescence intensity in the
trand ocation chromosomes remained unchanged
after meiosis.

Comparison of the Distribution of Aberration
Frequencieswithin theAcrocentrics

Altogether, there were 13 different types of
aberrations, and their frequencies had to be
compared for the 5 acrocentrics. These are the

results with regard to the distribution of the
analysed typesof rearrangements (Fig. 1, Table8):

Translocations of Yql2 onto the short arm
regions of the acrocentrics happened in 1,5 %
and only in the chromosomes 15 (1.1 %) and 22
(04%).

Within the interchromosomal aberrations,
Robertsonian translocations occurred most
frequently (39.8 %), and the subunits
heterol ogous and homologousrob included 33.5
and 6.3 %, respectively.

Maximawere found in the chromosomes 14
(15.6 %) and 13 (11.3 %) for rob total . Reciprocal
translocations were second in frequency with
17.9%inall. 2.2 % showed an exchange between
acrocentrics only and 15.7 % between
acrocentrics and different other chromosomes.
These were most often the chromosomes 15 and
22 (4.8 and 4.6 %) (Fig. 2) . Heterochromatic
chromosome derivates occurred in 4.8 % of the
cases, whereby chromosome 15 was rearranged
most often (2.8 %). CCRs showed afrequency of
1.6 % with apeak in chromosome 21 (0.7 %).
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Table 8: Types of aberrations analysed for the 5 acrocentric chromosomes and their frequencies (all

subunits).
Frequencies of the different aberration types (%)
N = 547 13 14 15 21 22 % of all
acrocentrics
Y/A - - 1.1 - 0.4 1.5
rob heterologous 10.2 14.9 2.2 4.9 1.3 33.5
rob homologous 1.1 0.7 0.4 3.7 0.4 6.3
rob total 11.3 15.6 2.6 8.6 1.7 39.8
heterochr. der 0.2 0.7 2.8 0.4 0.7 4.8
rcp acrocentrics 0.7 0.7 0.4 0.2 0.2 2.2
rcp others 2.2 2.0 4.4 2.7 4.4 15.7
rcp total 2.9 2.7 4.8 2.9 4.6 17.9
del 1.6 2.9 1.9 0.7 9.5 16.6
dup 0.5 0.2 1.9 0.4 0.9 3.9
r 0.9 - 0.5 0.4 0.2 2.0
euchr. der 0.7 0.9 4.6 1.5 2.7 10.4
CCR 0.5 0.2 0.2 0.7 - 1.6
i - - 0.2 0.7 0.4 1.3
inv - 0.2 - - - 0.2

Among the intrachromosomal aberrations,
deletionswere the most frequent, with 16.6 %in
total, and the maximum was in chromosome 22
(9.5%). Euchromatic marker chromosomeswere
observed in 10.4 % of the aberrations, that
showed maximain the chromosomes 15 and 22 (
4.6 and 2.7 %). Duplicationsoccurred in 3.9 % of
the cases, and most of them in the chromosomes
15 and 22 (1.9 and 0.9 %). Ring chromosomes
happenedin 2.0 %, namely in 13 and 15 (0.9 and
0.5 %). Isochromosomes were found in 1.3 %
and only in 15, 21, and 22 (0.2, 0.7 and 0.4 %)).
Inversions occurred with a frequency of 0.2 %
and only in chromosome 14 (Table 8).

The relation of interchromosomal to
intrachromosomal aberrationswas 61:39 %.

Table 9 summarizes the overall distribution

of the analysed rearrangements within for
sulounits the 5 acrocentric chromosomes (see
the chapters for subunits Il and I11) with the
following results for the individual chromo-
SOmes:

Chromosome 13 is second in frequency of
Robertsonian transl ocations (rob) after chromo-
some 14. We observed 54.4 % of heterologous
and 5.8 % of homologous rob, making this the
largest group within the aberrations of
chromosome 13 (60.2 %). Heterochromatic
derivates caused by rearrangements of two
homologous chromosomes 13 or isochromo-
someswereonly foundin 1.0 %. Reciprocal trans-
locations represented the second largest group
(15.6 %) of aberrationsin chromosome 13, with
3.9 % within the acrocentrics and 11.7 % with

Table 9: Distribution of the analysed rearrangements regarding the 5 acrocentric chromosomes

(summarizing I, 11, and I11).
Chromosome
N = 539 13 % 14 % 15 % 21 % 22 %
Ne Ne Ne Ne Ne
rob heterologous 56 54.4 82 3.6 12 114 27 30.3 7 6.2
homologous 6 5.8 4 3.1 2 1.9 20 225 2 1.8
heterochr. der 1 1.0 4 3.1 15 14.3 2 2.3 4 3.5
rcp acroc. 4 3.9 4 3.1 2 1.9 1 1.1 1 0.9
others 12 117 11 8.2 24 229 15 16.6 24 21.2
del 9 8.7 16 2.4 10 9.5 4 4.5 52 46.0
dup 3 2.9 1 0.8 10 9.5 2 2.3 5 4.4
r 5 4.9 - - 3 2.6 2 2.3 1 0.9
euchr. der 4 3.9 5 3.9 25 238 8 8.9 15 133
CCR 3 2.9 1 0.8 1 1.0 4 4.5 - -
i - - - - 1 1.0 4 4.5 2 1.8
inv - - 1 0.8 - - - - - -
Total 103 129 105 89 113
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other chromosomes. The intrachromosomal
aberrations concerning deletions in the euchro-
matin followed with 8.7 %, occurring denovoin
all cases. In order of frequency, the remaining
aberrations were ring chromosomes in 4.9 %,
euchromatic derivatesin 3.9 %, duplicationsand
CCRs both in 2.9 %. No isochromosomes or
inversionswere found (Table 9).

Chromosome 14 had the highest share of
heterol ogous Rabertsonian translocations (rob)
with 63.6 % for the chromosome, thus accounting
for 44.6 % of all the rob in the acrocentrics.
Homologous rob only occurred in 3.1 %. The
pattern and order of frequency for aberrations
werevery similar to the ones of chromosome 13
(Table9). Therewere no ring chromosomes and
0.8 % of inversions, though.

Chromosome 15 showed aberrations with a
different distribution pattern as compared to 13
and 14. Reciprocal translocations were the most
frequent abnormality (24.8 %), and exchanges
with acrocentric rcps (1.9 %) werelow and those
with non-acrocentrics high (22.9 %). The
occurrence of reciprocal transocations proved
to be nearly double in comparison to the
frequency of Robertsonian translocations (13.3
%). Robsin 15 werefound alot lessthan thosein
13(60.2 %) and 14 (66.7 %). Heterologousrobsin
15weredominant (11.4 %) over homologousones
(1.9 %) but to a much smaller factor than in the
previous chromosomes. Heterochromatic
derivates (14.3 %) showed the highest frequency
of al the acrocentrics. Euchromatic derivates
occurred as the second most frequent aberration
type in chromosome 15 (23.8 %). With 9.5 %,
deletions were comparable to the previous
chromosomes. Duplications showed upin 9.5 %
as well, thus being more than three times the
amount of those of chromosome 13 and twelve
timesthe amount those of 14. Ring chromosomes
had afrequency of 2.6 %, the second highest of
all the acrocentrics. CCRs and i sochromosomes
played no particular role (1.0 % both), and
inversions were not found at all.

Chromosome 21 showed, similar to 13 and
14, adominance of Robertsonian translocations
among the structural aberrations (52.8 %), but in
contrast to theformer chromosomes, the numbers
of heterologous (30.3 %) and homologous (22.5
%) translocations were considerably close in
frequency. The pattern of distribution for
heterochromatic derivates (2.3 %), and both
reciprocal trand ocation types (1.1 % and 16.6 %)

L. KALZ AND G SCHWANITZ

was comparabl e to the chromosomes 13 and 14.
Deletionswith 4.5 % showed only about half the
frequency in comparison to the D-chromosomes.
Derivates containing euchromatic regions (8.9 %)
ranged 3“following 15 and 22, whilerare structura
aberrations such as rings, CCRs and
isochromosomes had frequencies between 2 and
5%. No inversions were found.

Chromosome 22 reveal ed aspecific aberration
pattern as well. Robertsonian translocations
comprised only 8.0 % of the abnormalities, and
the difference between heterologous (6.2 %) and
homologous (1.8 %) was small, thus being quite
different from the resultsin the chromosomes 13
to 15. Heterochromatic derivates (3.5 %) werein
the same order as 13, 14, and 21. Reciprocal
translocations (22.1 %) were the second-most
aberration type within the chromosome, and
translocations with non-acrocentrics (21.2 %)
dominated over those with acrocentrics (0.9 %,)
thus comprising 96 % of thisaberration type. The
most frequent classof structural abnormalitiesin
chromosome 22 was del etions (46.0 %). Thiswas
the highest rate within al of the acrocentrics.
Duplications (4.4 %) rated 10 % of thedeletionsbut
ranged till 2 highest rate after chromosome 15
within the acrocentrics. Ringchromosomes (0.9 %)
were rare and second to chromosome 14 in lowest
frequency. Theamount of euchromatic derivates(13.3
%) ranged 3“for chromosome 22 and 2™ for al the
acrocentricsfollowing 15. CCRsand inversonswere
not observed. The frequency of isochromosomes
(1.8%) was 2 efter 21 (Table9).

Comparison of Origin of Aberrationswithin
the5Acrocentric Chromosomes

The comparison of the frequency of familial
and de novo cases revealed nearly similar
distributionswith 51 and 49 % (Fig. 3). Likewise,
as far as the individual chromosomes were con-
cerned, 13, 15, and 22 showed comparableresults
for denovoandfamilia cases(10, 10, and 10 % for
de novo, and 11, 11 %, and 9 % for familial),
contrary to chromosome 14 with a majority of

Table 10: Analysis of origin of all known structural
aberration types and their distribution among the
5 acrocentric chromosomes (all subunits).

Frequency in cases of known origins (%)
chromosome 13 14 15 21 22

de novo 10 9 10 10 10
familial 12 15 11 5 9
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familial (15 %) over de novo cases ( 9 %) and
chromosome 21 with more de novo aberrations
(10%) thanfamilia ones (5 %) (Table 10).

DISCUSSION

The 3 regions of the short arms of the
acrocentric chromosomes (pl11.2, p12, and p13)
can be heteromorphous and/or different in their
staining features. The short arms of the
acrocentrics demonstrate the highest mutation
rate in the human genome. They can form
Robertsonian translocations and heterochro-
matic derivates, thuslosing satellites (p13), NOR-
regions (p12), and partially p11.2 and p11.1 as
well. The distribution of intrachromosomal
breakpoints in all types of abnormalitiesin the
acrocentricsand the participation of the different
chromosomes in chromosomal rearrangements
do not happen at random, according to the
present findings and to literature. Chromosome
14isinvolved most frequently in theinterchromo-
somal exchange, followed by chromosome 13
(Hechteta. 1972, Therman et al. 1989). The most
frequent combination is 13/14, then 14/21 and
13/21, caused by similar sequences of satellite-
DNA Il und Il in the short-arm regions, in
particularinpll.2 (Chooet a. 1988, 1991). Why
therearesignificant differencesin the occurrence
of short-arm polymorphisms remains to be
explained. The specific construction of p11.2in
15 and 22p11.2 of a subcomponent of satellite-
DNA 11 and theconformity with Yg12 canexplain
the selective translocation between these
chromosomes.

Our study analysed 8 cases of translocations
between the acrocentricsand Yg12. Complemen-
tary FISH-analyses could exclude any transfer
of euchromatin, thus omitting a genetic risk for
the carrier. In literature, the frequency of
trand ocations of Yg12 onto 15g11.2 and 22p11.2
is said to be 1:3-4000 in unselected studies of
newborn (Miller and Therman 2001). Patientswith
these translocations and gonadoblastoma,
prostate cancer, and/or infertility obviously did
not have pure heterochromatic translocations
(Wyandt and Tonk (Ed.) 2004).

Robertsonian translocations in our study
involved mostly chromosome 14, followed by
chromosome 13 (Fig. 1, 2). Thisisinaccordance
with observationsin literature stating that fusion
13/14 includes 75 % of all Robersonian trans-
locations (Nielsen et al. 1976, Gardner and

Sutherland 2004). This type of aberration isthe
most frequent in chromosome 14 (60 of 78 cases),
with 13 being the partner of that fusion (49 of 55
cases). Homologous fusions are rare (5 %).
Gardner and Sutherland (2004) indicate a
frequency of 2 % for 13/13 fusions, based on
literature. Homologous Robertsonian trans-
locations in our study were de novo in 100 %,
and heterologous ones were familia in 67 %.
These findings are in agreement with literature.
A Danish study revealed 63 % of familial
translocations (Nielsen et a. 1976).

An exemplary comparison of frequenciesfor
different types of aberrationswas performed for
chromosome 13 regarding our study group and
the data used in the catalogue of Borgaonkar
(1997). We compared 11 different structural
aberrations. The results of Borgaonkar showed
Robertsonian and reciprocal translocationsto be
the most abundant aberrations, just like in our
study. Their frequency of occurrence was
reverse, though, with 20.0 % (rob) and 50.9 %
(rcp) in Borgaonkar’sto 60.2 % (rob) and 15.6 %
(rep) in our study. The reason for this possibly
was the fact that studies of families with
Raobertsonian translocations are not published
as much asthose with reciprocal translocations.
Themorerarestructural aberrations showed very
similar frequencies in Borgaonkar’s and our
studies with the exception of deletions (14.0 %
for Borgaonkar and 8.7 for us).

Chromosome 15 revealed a very special
pattern of rearrangements in the present study,
which was especially different from aberrations
in the chromosome 13 and 14. Reciprocal
translocations had about twice the amount of
Robertsonian ones, whereby exchanges with
acrocentrics were less frequent than with non-
acrocentrics. The most frequent aberration type
in 15 was chromosome derivates containing
euchromatin of 15q proximal regions. Dicentric
and monocentric derivates are a peculiarity of
chromosome 15 (Eggermann et al. 2002).

Deletions in chromosome 21 showed only
half the frequency in comparison to the other
chromosomes, so we compared and confirmed
the amounts of these abnormalities with the
documentation of Borgaonkar aswell (4.5 % to
4.0 %). Thus we can say that this low deletion
rate seemsto be special to chromosome 21.

The characterization of the heterochromatic
regions in acrocentric chromosomes underwent
asignificant expansion within the last few years
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because of the inclusion of different FISH-
analyses and molecul argenetic analyses as well
(Wyandt and Tonk (Ed.) 2004).

SUMMARY

The investigation group presented here was
comprised of 432 cases of structural chromosome
aberrations in the acrocentrics. On the whole,
547 aberrant chromosomes were analysed. 218
interchromosomal rearrangements consisted of
109 Robertsonian translocations, 92
heterologous and 17 homologous. Of these,
chromosomes 14 and 13 showed a maximum of
involvement. For all 5 acrocentrics, heterologous
Robertsonian trans ocations were more frequent
than homol ogous ones. Reciprocal translocation
involved 98 chromosomes, 6 cases of pure
acrocentric exchanges, and 86 with the
involvement of other chromosomes.

The maximaof intrachromosomal aberrations
werefound in the chromosomes 15 and 22 while
peaksfor interchromosomal aberrationscould be
documented in 14, 13 and 21. Translocations
between Y12 and the acrocentricswererareand
involved only chromosome 15 and 22. With 9
cases altogether, CCRswere mainly observedin
chromosome21.

Pure intrachromosomal aberrations were
foundin 214 cases. The main types of aberration
were deletions (maximum chromosome 22),
euchromatic chromosome derivates (maximum
chromosome 15), and duplications (maximum
chromosome 15). Ringchromosomes, isochromo-
somes, and inversions had frequencies of less
than 5 %.

The relation of de novo and familial cases
was about even in regard to the whole investi-
gation group but showed significant differences
for theindividual aberration.

Theanalysisof polymorphicregionsinpll.2
and p13intheacrocentrics 13 and 14 revealed no
particular peculiaritiesin fluorescence intensity
i(5) and size vs for Robertsonian translocation
carriers. A selection of specific polymorphisms
could be excluded in families with 13/14 trans-
location with frequencies being in accordance
with their distribution in the general population.

L. KALZ AND G SCHWANITZ
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