© Kamla-Raj 2004
PRINT: ISSN 0972-3757 ONLINE: 2456-6360

Int J Hum Genet, 4(1): 1-10 (2004)
DOI: 10.31901/24566330.2004/04.01.01

Characterization of Constitutive Heter ochromatin, in Particular
of Fluorescence Polymorphisms, in a Central European Population

LiesdlotteK alzand Gesa Schwanitz

I nstitutefor Human Genetics, Rheinische Friedrich-Wilhelms-University,
Wilhelmstrasse 31, 53111 Bonn, Germany

KEYWORDS Central European population; constitutive heterochromatine; fluorescence polymorphisms; QFQ-

banding; twin research

ABSTRACT Polymorphisms of constitutive hetrochomatin, in particular fluorescence polymorphisms after QFQ-
staining, show variations in size and staining character with unequal intra- and interchromosomal distribution in the
chromosomes 1, 3, 4, 9, 13, 14, 15, 16, 21, 22 and Y, revealing significant patterns. In some cases, significant
differences are found in size as well as in fluorescence, according to the type of cell culture analysed (amniocytes or
lymphocytes). Within the individual sizes, the findings for flurescence are aimost equivalent in both groups. Complete
pericentric inversions show a maximum in chromosomes 4. The majority of polymorphisms in the acrocentrics 13
and 22 for p11.2 and in 15 and 22 for p13. Fields of application show analyses of polymorphisms of constitutive
heterochromatin in twins and triplets demonstrating discrepancies in dizygotics and trizygotics but identical polymor-
phisms in monozygotic twins. Case presentations deal with proof or exclusion of percentage on the basis of compari-
son of polymorphisms of the constitutive heterochromatin.

INTRODUCTION

Cytogenetic and molecular cytogenetic
analyses of human chromosomes deal almost
exclusively with the euchromatic regions,
disregarding the constitutive heterochromatin.
We performed a qualitative and quantitative
study of the congtitutive heterochromatin on a
large scale. Polymorphisms of the human
chromosomes were analysed according to
different banding techniques, in particular
following fluorescence banding (QFQ). Their
frequency, localization, and the occurrence of
mutations were determined for an investigation
group consisting of Central Europeans. Fields of
application were investigated.

CHARACTERIZATION OF
POLYMORPHISM S

Polymorphisms of human chromosomes are
regions of constitutive heterochromatin in
preferential intrachromosomal positions. The
term “constitutive heterochromatin” defines
segments that do not decondense in the
telophase of mitosis but stay condensed during
the interphase and remain transcriptionally
inactive on a permanent basis. They consist of
different typesof highly repetitive DNA, namely:

satellite-DNA type -1V and a- and - DNA.
Constitutive heterochromatin partially stains
bright with QFQ, defined asi(5) accordingto | SCN
1995, but does not distinguish between different
DNA-types.

Each centromer is surrounded by
pericentromeric heterochromatin with adifferent
structure and size in each single chromosome.
Four human chromosomes(1, 9, 16, Y) show large
blocks of heterochromatin of chromosome-
specific tandem repeats of a pentanucleotide.
They are located proximally in the long arm of
theautosomes 1, 9, and 16 and distally inthe Y -
chromosome. These regions used to be
considered to be without any function. They
react less to DNAase-digestion as compared to
euchromatin. Replicating late, constitutive
heterochromatin prolongsthe S-phase of the cell
cycle and tends to cluster in the interphase.
These chromosomes with a large block of
heterochromatin are known to separate late in
the anaphase together with the acrocentric
chromosomes. In pachytene of meiosis I,
heterochromatin maintains a specia behaviour
without any crossing-over. Recent investigations
reveal ed thefact that congtitutive heterochroma:
tin is important for gene regulation, thereby
modifying geneinactivity in various ontogenetic
phases and specific tissues (Brown et a. 1997).
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Theindividual blocks of heterochromatin show
specific reactions to staining and have different
frequencies of mutation (Verma 1988).
Duplications, deletions, and inversions in these
regions are caused by pairing abnormalities of
homologous chromosomes in prophase of
melosisl.

Special heterochromatic structures are the
short arms of the acrocentric chromosomes 13-
15, 21, and 22, without any euchromatic regions
and built of various DNA-types. The pericentro-
meric heterochromatinin p11.1 consisting of a-
satdllite-DNA isfollowed by theregion p11.2 with
repeats (68 base pairs) of (-satellite-DNA
proximally and satellite-DNA typel —1V digaly.
P11.2ischaracterized by ahighvariationinsize
and a specific staining pattern in each of the
chromosomes. 13p11.2 for example shows a
preference for bright fluorescence after QFQ-
banding, 15p11.2 showsaspecific staining after
DA-DAPI. The satellite stalks (p12) contain the
nucleol us organi zing regionswith multiple copies
of 68 base pair sequences of ribosomal RNA-
genes. These regions are narrower than pl1.2;
therefore they are easily identified and they can
specifically be stained by silver nitrate. The
satellites (p13) form the distal part of the short
arms, which vary considerably in size and
staining behaviour, just like p11.2. Proximally,
they consist of [3-satellite-DNA and distally of
the telomeric sequences. Satellite stalks and
satellites can be duplicated or deleted. A detailed
description of theindividual polymorphicregions
follows:

1912 islocated between the pericentromeric
heterochromatin g11.1 and the euchromatic GC-
rich band g21.1. Partial and complete pericentric
inversions occur. The band consists of two parts.
Further sub-bands can be displayed using special
methods. BrdU-incorporation demonstrates a
characteristic lateral asymmetry that is usually
inherited. The region consists of satellite-DNA
I-1V, preferably type Il and I11. Homogenous
staining (Orcein, Giemsa) will show a higher
condensation of the region than the euchromatin.
1912 doesnot stain with QFQ, isdark with CBG,
and shows bright fluorescence with DA-DAPI.

3q11.2 islocated between the pericentromeric
heterochromatin in gq11.1 and the euchromatic
GC-rich band g12.1. Partial and complete
pericentric inversions occur. The band consists
of a-satellite-DNA and will resist any Alu |-
digestion. Theregion doesnot stainwith CBG or
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DA-DAPI. A bright fluorescence (i5) ispossible
with QFQ.

40g11.2 is located between the pericentro-
meric heterochromatin in g11.1 and the euchro-
matic GC-rich band gq12. Partial and complete
pericentric inversions are frequently observed.
The band consists of a-satellite-DNA and will
resist any Alu I-digestion. The region does not
stain with CBG or DA-DAPI, and may show a
bright fluorescence (i5) with QFQ.

9q12 is a block of heterochromatin located
between the pericentromeric heterochromatin g11
and the euchromatic GC-rich band q13. Deletions
of theband arelessusual, duplicationsand partial
or complete inversions are frequent. The band
consists of satellite-DNA 1-1V in equal amounts
and possesses two parts, comparable to 1912,
with the proximal segment usually being smaller
than the distal one. The size of both units can
vary independently. Homogenous staining shows
amoreintense condensation of the band than of
the adjacent euchromatin. The region is QFQ-
negativeand CBG-and DA-DAPI- positive. DAPI
added to the cell culture will decondensate the
band.

16g11.2 is located between the pericentro-
meric heterochromatin in g11.1 and the euchro-
matic GC-richband g12.1. Deletions, duplications
and partial or complete pericentric inversions
occur. The region consists mainly of satellite-
DNA Il. Homogenous staining shows a more
intense condensation of the band (see 1912 and
9g12). It is QFQ-negative and CBG- and DA-
DAPI-positive. Treatment of cell cultures with
DAPI results in decondensation of the block of
heterochromatin inthefollowing mitosis.

Yg12 islocated between the euchromatic GC-
rich band g11.23 proximally and a PAR and the
telomeric region distally. Thelength of thisband
canvary totheextremeseither missing completely
or amplifying to double the length of the Y-
chromosome. Partial and complete pericentric
inversions occur. Translocations of this region
favour the short arms of the chromosomes 15
and 22, exchanging the whole block of
heterochromatin, not partsthereof. Theband g12
consists of two main subunits of different highly
repetitive DNA-sequences (satellite-DNA type
I-1V with asubunit of typel that is characteristic
for the Y-chromosome), proximal and distal
componentsof which vary in sizeindependently.
Up to 5 subunits can be differentiated in pro-
and prometaphase. Pretreatment of the cell
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cultures(BrdU, e.g.) revealsalateral asymmetry.
Homogenous staining resultsin atighter pairing
of thechromatidsin Yq12 thanintheeuchromatin.
Theregionis CBG-, QFQ (i5)-, and DA-DAPI-
positive. The DA-DAPI-stained brightly
fluorescent segment reachesfurther proximal than
the QFQ-one, which might be explained by the
various subunits of the region.

13: Theshort arm (p11.2, p12, p13) consists
of heterochromatin in these three regionswith a
different DNA-structure in each of them, that is
located between the pericentromeric heterochro-
matin (p11.1) proximally and thetelomericregion
distally. Duplications have been observed for al
three of the segmentsaswell as deletionsfor the
entireshort arm or individual regions, especially
for p12 and p13. Trandocations are frequent to
the short arms of the chromosomes 15, 21, and
22.13p11.2 consists of satellite-DNA typel-1V,
p12 of rRNA-genesand p13 of 3-satellite-DNA,
as well as the telomeric region. P11.2 is CBG-
positive, DA-DAPI-negative and brightly
fluorescent (i5) with QFQ to some extent. P12 is
silver nitrate-positive. P13 isCBG-positive, DA-
DAPI-negative and QFQ-positive (i5) inanumber
of cases.

14: Morphology and structure of subunits
of the short arm are comparable to chromosome
13. Duplicationsaswell asdeletionsoccur inall
three of the regions. Trans ocations to the other
acrocentrics show a somewhat different
distribution than in chromosome 13. 14p11.2
consistsof all four typesof satellite-DNA. Their
distribution is different, though, in comparison
to chromosome 13. 14p11.2 isCBG-positiveand
DA-DAPI-negative. P12 issilver-nitrate-positive.
In some cases, QFQ-staining canresultin abright
fluorescence (i5) inp11.2 and p13.

15: Morphology and structure are
comparable to the chromosomes 13 and 14.
Different types of deletions, duplications and
translocations occur. In particular, formation of
derivative marker-chromosomes and trans-
locations with the other acrocentric chromo-
somes and the Y -chromosome take place (see
above). P11.2 consistsmainly of satellite-DNA 11
and I11. P12 and p13 match the other acrocentric
chromosomes. P11.2ispositivefor DA-DAPI and
CBG. QFQ-staining can cause bright fluorescense
(i5) inpl1l.2 and p13in somecases. P12issilver
nitrate-positive.

21: Morphology, structure, and forms of

mutation are comparabl e to the other acrocentric
chromosomes. P11.2isCBG-positive, DA-DAPI-
negative and with QFQ bright fluorescence (i5)
canoccur inpll.2 and p13.

22: Morphology , structure, and staining
properties match the other acrocentrics.

INVESTIGATION GROUP

600 unrelated persons of Central European
originwereinvestigated, 310 of whichhadamale,
290 afemalekaryotype. 582 were shown to have
aconstitutive normal karyotype, and 18 carried
various aneuploidies. 500 analyses derived from
prenatal chromosomediagnostics (amniotic fluid
cultures) of normal pregnancies. Any association
to diseases and correlation to specific chromo-
some polymorphisms could be excluded. Further-
more, 100 chromosome investigations were
performed postnatally using lymphocyte
cultures.

During the course of the documentation, it
became obvious that regions of size very small
(vs, ISCN 1995) and brilliant fluorescence (i5)
were discovered less frequently in lymphocytes
than in amniocytes. This observation corres-
pondswith findings of Verma (1988) stating that
preparations of different cell systems may lead
to dissimilar results. This fact was taken into
consideration regarding the evaluation of these
polymorhisms.

In addition to the main investigation group, 2
smaller groups were analysed for specific
questions, one of which dealt with poly-
morphismsamong 20twinsand 7 tripletsand the
other onewith proof or exclusion of parentagein
3 cases.

METHODS OF INVESTIGATION

The analyses of polymorphisms were
performed on metaphases between prometa-
phase and late metaphase. At least 10 mitoses
per casewere evaluated in afluorescence micro-
scope. In cases of problems of determining poly-
morphic regions, the amount of mitoses was
increased to 20. All metaphases were primarily
stained with QFQ, since the analysis of fluore-
scence polymorphisms (i5) was prevalent. In
addition, this technique enabled the representa
tion of eu- and heterochromatin while at the same
time ensuring the safe classification of each single
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polmorphism to the respective autosome or Y -
chromosome. Photos were taken of the mitoses,
and the final analyses were performed on
negatives, using a specia apparatus enlarging
the negatives 10-fold with no loss of information
through the prints. CBG- and DA-DAPI
techniques were added as needed.

The polymorphic regionsof 7 autosomes, the
chromosomes 3, 4, 13, 14, 15, 21, and 22 were
analysed, as well as the Y-chromosome. The
polymorphic regionsin the acrocentricsincluded
theshortarminitsentirety (p11.2, p12, and p13).
The other chromosomes analysed each showed
one polymorphic region only. The blocks of
heterochromatin of the chromosomes 1, 9, and
16 wereinvestigated for specific questioning. All
together, 30 polymorphic regionswere analysed,
24 (80 %) of which show fluorescence
polymorphisms. Since all autosomes are present
ashomologous their polymorphisms per person
were evaluated twice.

Documented for each region were
fluorescence intensity i(5), size, and mutations
such as amplifications or deletions as well as
complete inversions. The polymorphic regions
wereclassifiedvs, s, m, and| (very small, small,
medium and large) accordingto size, using 17p12
as measure for vs, twice vsfor sand so on. The
heterochromatic regionsof 1, 9, 16, and Y were
defined in relation to the entire length of the
specific chromosome. Duplicationsrespectively
amplifications of the polymorphic regions
increasing as well as deletions reducing their
length to more than 50% were considered
mutations of the polymorphisms. In analysing
the change of position of polymorphic regions
in chromosomes 1, 3, 4, 9, 16, and Y, complete
pericentric inversions only were taken into
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account since partial pericentricinversionscould
not be measured precisely. Mutations such as
duplications occurred in the short arms regions
of theacrocentricsdistal of p11.2, including either
one or both segments (p12 and p13). Deletions
were not observed.

STATISTICS

The program SPSS 10.0 of SPSSInc. wasused
to check the significance of differencesinresults
favouring the Chi-square distribution in
nonparametric tests.

RESULTS

Polymorphisms of the chromosomes 1, 3, 4,
9,13,14,15,16, 21, 22,and Y were characterized
in agroup of Central Europeans with emphasis
on fluorescence intensity i(5) following QFQ-
staining. 14400 regions in 600 persons were
analysed separately according to the type of the
cell culture (amniocytes and lymphocytes).
Polymorphisms of size were found in 89.2 % of
theinvestigation group A (amniocytes) and 87.0
% of the group Ly (lymphocytes), polymorphisms
of fluorescencei(5) ingroup A in25.8 % and in
groupLyin18.5% (Tablel). Differencesbetween
groupsA andLy insize, aswell asinfluorescence
i(5) proved to be dtatistically significant, as was
the comparisonfor vs(96.1%in A and 96.3%in
Ly). Thesizess(3.6and 3.5%) andm (0.3and 0.2
%) showed no significant differencesin frequency,
and the findings for fluorescence i(5) within the
individual sizes were amost equivalent in both
groups (A and Ly) withvs(89.3and 89.4 %), s(9.9
and 9.7 %), andm (0.8and 0.9 %) (Table 1).

Tablel: Polymorphisms vs, s and m and fluorescence polymorphisms i(5) (analysis of 24 chromosome
regions on 7 pairs of autosomes). A=amniocytes; Ly=lymphocytes; vs=very small; s=small;

m=medium; i=intensity.
Polymor phisms Group
A (N=500) Ly (N=100)
Number of chromosomes analysed 12000 2400
Frequency of observed polymorphisms (%) 89.2 87.0
In size classes VS 96.1 96.3
s 36 3.5
m 0.3 0.2
Frequency of fluorescence polymorphisms i(5) (%)
Related to number of chromosomes analysed 25.8 18.5
Related to chromosomes with defined polymorphisms 28.9 21.2
In size classes Vs 89.3 89.4
S 9.9 9.7

m 0.8 0.9
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Theamount of fluorescence polymorphisms
per casereached from 0to 15, showing amaximum
of 6 for group A and 4 for group Ly (Table 2).

The size of the average length of Ygl2
showed a maximum at 30 % in both groups
(Table3).

Duplications of the size of the constitutive
heterochromatin of the chromosomes 1, 9, and
16 werefoundin 10.5% of chromosome 1, 20.6 %
of 9,and4.5%of 16ingroup A andin4.5% (1),
14.0%(9), and 1.0% (16) ingroup Ly. Duplications
of the satellites (p13) of the acrocentric
chromosomes had afrequency of 0.8 % in group
A andof 0.3%ingroupLy (Kaz, 2003). Complete
pericentricinversionsoccurredingroup A in0.1
% (chromosome 1), 1.8%(3), 10.0%(4), 1.1%(9)
and0% (16),ingroupLyin0%(1),0%(3),2.5%
(4), 1.5%(9), and 0% (16) (Table4), determined
in relation to the number of chromosomes
analysed. The frequency of inversions becomes
even more significant related to the number of
polymorphisms per chromosome (in %), especial-
ly for the maximum at chromosome 4 (37,6 % for
A and 38,5 % for Ly) (Table 4). Differing

frequencies of polymorphismsin theindividual
chromosomes could be demonstrated for the
short arm regions of the acrocentrics. The size
vs showed afrequency between 90.6 and 100 %
ingroup A and Ly. Duplications of satellites (ss)
were observed in afrequency of 0to 3.2 % (A,
Ly; Table 5). The size s of polymorphisms was
observedin0-7.0% (A, Ly), revedling the highest
valuesin pl1.2 in the chromosomes 13 and 22,
andthelowestin21 (A, Ly). Inpl3, maximafor s
were found in the chromosomes 15 and 22 (A,
Ly), andin 14 only ingroup A. Theminimumwas
found in chromosome 13 (A, Ly). Sizem showed
frequenciesbetween 0 and 1.0 %, with amaximum
in22p13 (A, Ly; Table5).

Thefrequency of chromosomeswith intense
fluorescence i(5) ranged from 0.5 % (chromo-
somes 15p11.2; Ly and 21 p11.2; Ly) to 69.6 %
(chromosome 13p11.2; A). Fluorescence
polymorphismsi(5) and sizevsdominated with a
frequency of 68.0t0 100% (A, Ly). Duplications
of satellites(ss) were observed in afrequency of
010 0,5%. Sizesi(5) wasobserved in 0-27.7 %.
Thereexisted significant differencesbetween the

Table 2: Distribution of all fluorescence polymorphisms i(5) per case (analysis of 24 chromosome
regions on 7 pairs of autosomes) (abbreviations Table 1).

Group Frequency of the occurrence of fluorescence polymorphisms/case (%)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A (N=500) 0.4 1.0 3.4 70 11.0 158 18.217.8 94 84 38 18 16 0.2 O 0.2

Ly (N=100) 3.0 1.0 5.0 22.0 25.0 18.0 12.0 10.0 3.0 O 1.0 O 0 0 0 0

Table 3: Frequency of the different sizes and structural aberrations of Yql12 with regard to the 2 cell
types investigated. (inv.=inversion; del.=deletion; other abbreviations Table 1).

Aberrations (%)

Size of Yq12 compared to the total length of the Y-chromosome (%)

Group <2 20 30 40 50 60 >60 inv. del.
A (N=267) Frequency 0 5.2 56.6 28.5 8.6 0.8 0 0.4 0
Ly (N=44) 4.6 2.3 50.0 25.0 9.1 23 46 0 2.3

Table 4: Amount of inversions among all chromosomes and polymorphisms diagnosed (inv.= inversions;
polym.=polymor phisms; chr.=chomosome; other abbreviations Table 1).

Chromo- Group Number of Number of poly- Number of Frequency of inv. Frequency of
some chromosome  mor phisms/ inversions/ related to number  inv. observed (%)
analysed cromosomes chromosome  of polym./chr. (%)
1 A 1000 105 1 1.0 0.1
Ly 200 9 0 0 0
3 A 1000 472 18 38 18
Ly 200 79 0 0 0
4 A 1000 266 100 37.6 10.0
Ly 200 13 5 385 25
9 A 1000 206 11 53 11
Ly 200 28 1 3.6 05
16 A 1000 45 0 0 0

Ly 200 2 0 0 0
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Table 5: Frequency of the polymorphisms of size vs, s und m and of the polymorphisms of fluorescence
i (5) of the chromosomes 3, 4, 13, 14, 15, 21, and 22 of the investigation groups A and Ly.
(ss=duplicated satellites; other abbreviations Table 1). Statistically significant differences are

marked cursive and bold.

Chromosome  Group Frequency of the polymor Freguency of the polymorphisms of
N(A)=500 phisms of size in regard to fluorescence i(5) in regard to number
N(Ly)=100 number of polymorpisms of chromosomes with polymor phisms
analysed (%) (%)
Vs Vs S m in all of those
s Vs VS SS s m
3 gl1.2 A - - - 47.2 97.2 - 238 0
Ly - - - 395 100 - 0 0
4 gl1.2 A - - - 26.6 100 - 0 0
Ly - - - - 6.5 92.2 - 7.8 0
13 p11.2 A 94.1 - 58 0.1 69.6 91.7 - 8.3 0
Ly 95.0 - 50 O 63.5 93.7 - 6.3 0
p13 A 97.6 0.1 21 0.2 232 90.5 0 8.6 0.9
Ly 96.5 0.5 30 O 115 77.0 0 23.0 0
14 pl1.2 A 97.9 - 21 0 10 90.0 - 10.0 0
Ly 97.0 - 30 O 10 100 - 0 0
p13 A 94.0 0.2 54 04 30.1 81.1 0 17.6 1.3
Ly 98.0 0.5 15 0 21.0 92.9 0 71 0
15 p11.2 A 97.5 - 2.4 1 12 91.7 - 8.3 0
Ly 96.5 - 35 0 0.5 100 - 0 0
p13 A 90.6 3.2 56 0.6 320 80.7 05 16.9 1.9
Ly 95.5 0.5 3.5 05 235 83.0 0 14.9 2.1
21 p11.2 A 99.9 - 01 O 2.6 96.2 - 38 0
Ly 100 - 0 0 0.5 100 - 0 0
p13 A 95.4 0.2 41 0.3 305 85.4 0.1 13.5 1.0
Ly 97.5 0 25 0 20.5 90.2 0 9.8 0
22 pl1.2 A 95.5 - 45 0 8.7 86.2 - 13.8 0
Ly 92.5 - 7.0 0.5 9.0 88.8 - 5.6 5.6
p13 A 93.7 0.1 52 1.0 36.8 83.2 0 14.1 2.7
Ly 92.0 0 7.0 1.0 235 68.0 0 27.7 4.3

two investigation groups (Table 5). Polymor-
phismsof thesizesi(5) showed different frequen-
cies in the two investigation groups for all the
chromosomes, but maxima could be delineated
for 14p13 (A), 15p13 (A, Ly) and 22p13 (A, Ly).
Sizemi(5) ranged from 0to 5.6 % with maximafor
15and 22 (Table5).

In the chromosomes 3 and 4, only the
polymorphic regionswith abrilliant fluorescence
could be detected, therefore only this group is
included for the analysis of size variations. Size
vs also dominated with a frequency of 92.2 to
100 %, followed by sin0to 7.8 %. Sizemwasnot
observed. Thetwo investigation groupsreveaed
significant differences, too, asto thefrequencies
of the size vsand sin both of them (Table5).

CASE PRESENTATIONS

Case 1, exclusion of a gonosome mosaic
respectively formation of a chimera: Prenatal
chromosome analysis from amniocytes of a 35
year old woman showed cells with male and

femaekaryotypein4 cultures(46,XY:46,XX=1:1).
Therewere 3 possibilities of explanation: first, a
complex gonosome mosai ¢ starting with azygote
with the karyotype 47,XXY and different post-
zygotic nondigjunction steps, second, achimera
andthird, acontamination of thefetal cell cultures
with maternal cells. A comparison of thefemale
cellsof theamniotic cell culturewith alymphocyte
cell culture of the mother revealed identical
polymorphisms (30/30) thus proving amaternal
contamination.

Case 2, analysisof apregnancy after amixed
homologous and heterologous insemination:
Previous homologous insemination because of
severe oligospermiaof the husband s had led to
abortion twice. The first miscarriage revealed a
trisomy 20. The second one revealed a trisomy
21. A combined homologous and heterologous
insemination showed the structural aberrationin
15pinthefemalefetuswith brilliant fluorescence
in the additional segment. A transocation Y/15
could bedelineated by FISH. WCPY excluded a
transfer of euchromatin which would lead to
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virilisation of the female fetus [Karyotype:46,
XX,t(Y:15)(g12:p11.2)]. Additional analyses of
the previous miscarriages revealed the trisomy
20to be of paternal, whereasthetrisomy 21 was
of maternal origin. Comparisons of the
polymorphismsof thetrisomy 21 (21p11.2, p12,
p13) demonstrated the non-disjunction originat-
ing from ameiosis | error, since both maternal
differently structured chromosomes 21 were
present. The blood of the semen-donor showed
the translocation Y/15 and a length of Ygl12
comprising 30 % of the entire length of the Y -
chromosome, thus|eading to the conclusion that
the trandocation did not occur de novo in the
donor or his father but at the earliest in his
maternal grandfather.

Case 3, questionable formation of a mosaic
of atrandlocation de novo and determination of
its genetic significance: Pregnancy wasinduced
in acouple with reduced fertility after hormone
stimulation. Ultrasound revealed dichorial femae
twins. Fetus| showed acompletely normal female
karyotype, and fetus|| exhibited anormal female
karyotype in one of two cell cultures and a
reciprocal translocation 6/8 [karyotype: 46,X Xt
(6:8)(g11:g12)] in more than 60 % of mitosesin
the second one. The discrepancy of polymor-
phisms in 3 regions indicated dizygotic twins.
Theidentity of 100 % of the polymorphismsin
fetus!l (normal and trand ocation cells) excluded
a chimera. Because of the isolated presence of
the translocation in one of the 2 cell cultures
therewasreason to believe the rearrangement to
beapseudo-mosaic originatingin-vitro. 2 hedthy
girlswereborn at term.

POLYMORPHISMS IN TWINS AND
TRIPLETS

20 sets of twins and 7 of triplets were
analysed. All of them showed a normal male or
female karyotype and resulted from prenatal
analyses of amniocytes. 14 of the 22 setsof twins
were of the same sex, and 8 were of a different
one. Of those fetuses of equal sex, 8 were
monozygotic, and 6 were dizygotic. Of the5 sets
of triplets, 3were of different sex, and 2 were of
equal sex and female. Of the 3 sets of triplets of
different sex, 2 consisted of aset of monozygotic
twinsand the third child of different sex. The 3
set was trizygotic. All sets of twins and triplets
with different sexes (n = 11) showed differences

in polymorphisms, in 4 features each on an
average. Of the sets of twinsand tripletswith the
same sex, 12 appeared to be monozygotic,
whereby 8 of thoseweretwinsand 4 triplets. The
mean number of identical polymorphismswas 7
inthem. Inall these cases, theresults of polymor-
phism analysis coincided with findings of
prenatal ultrasound-diagnostics. Thus, the
polymorphisms were identical in 100 % of the
monozygotic twins and triplets but showed
discrepanciesinall thedizygoticsand trizygotics.

DISCUSSION

The discussion about the significance of the
constitutive heterochromatin has been
controversial for along time. It was considered
»JUnk DNA* (Verma1988).

The ,selfish DNA hypothesis* (Orgel and
Crick 1980) stated that the frequently repeated
DNA-sequences associated with heterochro-
matin were of no valueto the organism. Hilliker
and Sharp (1988) and Marchant (1986) inves-
tigated the centromeric heterochromatin of
Drosophila melanogaster and discovered 18
genes within the heterochromatin of the second
chromosome, 11 within the third, 1 within the
fourth, 12 within the heterochromatin of Y-
chromosome, and 3in Xh.

The well known “position effect variation”
(PEV) of the heterochromatin (Lewis 1950;
Spofford 1976) states that the expression of a
gene is strongly influenced by the neighbour-
hood to congtitutive heterochromatin. Euchro-
matin-loci adjacent to heterochromatin do not
function perfectly. Translocations of an
euchromatin locus into the neighbourhood of
constitutive heterochromatin in Drosophila
melanogaster were observed to partially suppress
the euchromatic gene.

Research on Drosophila and Sacharomyces
pombe revealed the importance of pericentro-
meric heterochromatin for the function of the
chromosome (Steiner and Clark 1994). Henikoff
et a. (2001) tried to find the cause of the steady
evolutionary increase of the pericentromeric areas
intheasymmetry inthefemale meiosiswith just
one of possible4 genomesto becomethe nucleus
of the oocyte. This competition of the chromo-
somes in order to gain a favourable orientation
inmeiosis | can be won by a centromer with an
advantage by an increased centromeric region



8

to which more microtubuli can be attached.

Increase and reduction of sizein heterochro-
matic regions on a cytogenetic level can be
explained by partial or complete deletions or
duplications or by unequal crossing-over in
meiosis being demonstrated by Jackson et al.
(1999), who found out that aminimum of 50 Mb
of chromosome 10 in pericentromeric regions
are unstable and subject to an elevated level of
rearrangements. Analyses of the human consti-
tutive heterochromatin show avariety of methods
indifferent studies, most of which were conduct-
edfor thechromosomes 1, 9, 16, andy, following
CBG-banding (Craig-Holmeset d. 1973, 1975; Ptil
and Lubs1977; Mikelsaar et al. 1978; Balicek et
al. 1977; Erdtmann et a. 1981; Cavalli et al. 1985;
Starkeet a. 2002). The standards of comparison
of the heterochromatic regions varied: Regions
were compared with each other, with the length
of the short arm of chromsome 16, with the area
of fluorescence intensity of the distal part of
chromosome 13 or measured densitrometrically.
The Y-chromosome was related in length to
chromosome 18 or a G-chromosome. Studies
ranged from a small number of families (Craig-
Holmes et al. 1975) to thousands of cases (Hsu
et al. 1987; Rosser et al. 2000). Each of these
publicationstook into account only afraction of
the polymorphisms following different staining
methods and standards, thus complicating a
comparison of the results.

A high variability of the constitutive hetero-
chromatin of the chromosomes 1, 9, and 16
following C-banding of 20 blood donors was
observed and compared in a qualitative
evauationby Craig-Holmeset d. (1973). Familia
C-band patterns in five pedigrees reveaed the
stable inheritance of variants (Craig-Holmes et
al. 1975). Duplications of theregions 1912, 9912,
and 16q11.2 werefound in chromosome-specific
frequencies in our investigation group, with
valuesfor amniocytes being significantly higher
than for lymphocytes: 1g12: 10.5% (A) and 4.5
% (Ly); 9912: 20.6% (A) and 14.0% (Ly); 16q11.2:
4.5% (A) and 1.0% (Ly). The same sequence of
frequency was stated by Hsu et al. (1987) in a
large series of prenatal cases. The findings of
Hsu et al. and our study (Table 4) arecomparable
regarding the correlation of theinversionsinthe
different chromosomes, but the percentage of
inversions per chromosome in both studies
shows different values.

LIESELOTTE KALZ AND GESA SCHWANITZ

Barker et al. (1977) investigated 108 Q-banded
karyotypes derived from amniocytes in the
chromosomes 3, 4, and 13, 14, 15, 21, and 22
(proximal arms and satellites). The bright
fluorescencei(5) wascompared to thedistd region
of thelong arm of 13, but no attempt was madeto
document differencesin size. The frequency of
the fluorescence polymorphismi(5) per caselay
in the range of 0 to 11, with the modal of 4 thus
matching our results in group Ly (see Table 2)
but being lower than the average value of 6 in
group A inthe present investigation. Their most
frequent polymorphisms were the bright short
arm of chomosome 13 (13p) followed by 3cen
and 21p13. Our results for group A and Ly
(amniocytes and lymphocytes) showed similar
resultsfor thefirst two regionswith 69.6 (63.5) %
for 13p11.2and 47.2(39.5) % for 3g11.2, but 22p13
took third placein the present investigation with
36.8(23.5) %, followed by 21p13(30.5/20.5%) in
fourth place. Barker et al. compared their results
with those of a group of 221 persons from
Geraedts and Pearson (1974) and found similar
frequencies even though Geraedts and Pearson
did not analyse the proximal short arms (p11.2,
called short arms) and the satellites (p13)
separately on the D and G chromosomes. An
additional comparisontoastudy (N =90) of Hauge
et al. (1975) reved ed significant discrepanciesto
the results of Barker et a. and of Geraedts and
Pearson. The authors explained these differences
with various techniques applied and differences
in criteriafor scoring the variants.

In57 Caucasians, Olson et al. (1986) investi-
gated QFQ-polymorphisms of the chromosomes
3,4,13,14,15,21, 22, and Y. Of these, 39 were
unrelated and findings were compared to 12
families (father, mother, child) with a paternal
trandl ocation. The authors delineated from their
investigation that 2 persons can be distinguished
best by the polymorphic regions of the chromo-
somes 15 and 22 and that the chromosomes 3, 4,
and Y were the least informative. These results
are in accordance with our observations. In the
present investigation, the analyses of inter- and
intrachromosomal distribution of the polymor-
phism sizessand mrevealed that for sizes1.8 %
of the probands showed a bright fluorescencein
theregion22pl3and 1.7 %for 15p13. Sizemwas
found most often in chromosome 22p13 (0.3 %)
followed by 15p13 (0.2 %) (Kaz 2003).

A pericentricinversion wasobservedin 33.3
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% of metaphasesin chromosome4andin7,7 %
in 3 in the study of Olson et al. (1986) these
findings being in accordance with our results.
Based on the observed fluorescence polymor-
phisms, 37.6 % (A) and 38.5 % (Ly) werefoundin
chromosome4 and 3.8 % (A) and 0% (Ly) in 3.
Whiletheresults of sizeand fluore-scence (Table
5) for the chromosome regions 3g11.2, 4g11.2,
13p11.2,14p11.2,15p11.2, 21p11.2 and 22p11.2
lay within the range of the other postnatal
studies, the frequencies of size and fluorescence
intensity of theregions 13p13, 14p13, 15p13and
21p13 were higher than those of other studies.
Cell type A showed a higher amount of
fluorescencei(5) intheregions 13p11.2, 13p13,
14p13, 15p13, and 22pl3. Differences in
frequencies of polymorphisms were published
for defined ethnic groups (Verma 1988; Kaz 2003).

The analyses presented here were gained
from negatives instead of prints thus rendering
higher accuracy in our research. Bright fluore-
scence polymorphismsi(5) were more frequently
found in amniocytes than in lymphocytes. An
aging effect could not be detected, but additional
treatment resulting in abetter comprehension of
vsi(5) led to the conclusion that differencesin
frequency of thefluorescence polymorphismi(5)
can bemodified by exogen factors. A comparison
of chromosome polymorphisms cannot be valid
unless it is based on the same evaluation- and
cell system.

In addition to the popul ation genetic studies,
it was our intention in this investigation to
demonstrate the significance of the constitutive
heterochromatin for diagnostic purposes. The
analysis of the polymorphisms may reveal
evidence of contamination of fetal cell cultures
with maternal cells, and proof of parentage can
be performed, aswell asdetermination of zygocity
in sets of twins and triplets.

Studies on the clinical importance of
congtitutive heterochromatin show controversial
results. Mikelsaar et al. (1978) compared Q- and
C-bands of 102 normal children with those of 45
metally retarded ones. In each of these cases,
one of the parents had an inversion of the
congtitutive heterochromatin of chromosomes 3.
The authors could not prove arelation between
an inversion of chromosome 3 and mental
retardation. Their results showed afrequency of
2-6 % forinv 3 (1,5 % in our study, Table 4), in
mentally retarded children 11,1 %, judging this

differenceto beinsignificant.

Reddy and Sulcova (1998) analysed 3
polymorphic regions in acrocentrics that had
been translocated to different chromosomes.
These mutations were explained with the exis-
tence of homologous sequences in the break-
points. Two children showed malformations, and
thethird patient was sterile. In each of the cases,
clinical importance was derived from the
heterochromatin by the authors.

Genesareonly asmall part of the genome of
themammal. New epigenetic researchislooking
for correlations between coding and non-coding
DNA and adjacent proteins. There is mounting
evidence that histones and their covalent
maodifications can change chromatin structure.
A model introduced by Jenuwein and Allis (2001)
claimsthat the morphology of eu- or heterochro-
matin is subject to local concentra-tions and
combinations of differently modified nucleic
acids.

Recent investigations on the role of
constitutive heterochromatin in the human
genome are concentrating on function studiesin
different ontogenetic stages and might give us
new perspectives to the possible importance of
itsmutationsin clinical cytogenetics.

SUMMARY

Regionsof constitutive heterochromatin were
characterized as to qualitative and quantitative
peculiaritiesin agroup of 600 Central Europeans.
Predominantly fluorescence polymorphismsi(5)
after QFQ-banding were analysed. In 2 different
cell systems, amniocytes and lymphocytes, 500
and 100 non-related persons were investigated.
The most frequent class of polymorphisms was
the size very small (vs) with or without brilliant
fluorescence i(5) in 96.1 and 96.3 %. The size
small (s) comprised 3.5-3.6 % and size medium
(m) less than 1 %. The amount of fluorescence
polymorphismsof sizei(5) wassignificantly lower
inlymphocytesthan in amniocytes. Thisaltered
detection rate was influenced by exogenous
factors like mode of preparation. In the
acrocentricsthere were significant chromosome-
and region-specific differencesin size of bands
and frequency of fluorescenceintensity i(5) with
maximain thechromosomes 13, 15, and 22.

The region Yg12 showed a length variation
from lessthan 2 % to more than 60 % of thetotal
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length of the Y -chromosome, with amaximum at
30 % in more than 50 % of the cases.

The number of fluorescence polymorphisms
per proband reached from 0to 15, withamaximum
of 6 inamniocytes and 4 in lymphocytes.

Duplications of the heterochromatin blocks
were most frequent in chromosomes 9 and least
in16.

Complete pericentric inversions occurred in
1, 3,4, 9, and not in 16, with a maximum in 4,
followed by 3, 9, and 1, thus stating new maxima
of heterochromatin inversions in the human
karyotype.

Examplesof applying polymorphism analyses
to clinical cytogenetics and to twin research
demonstrated the relevance of thisinvestigation
system.

REFERENCES

Balicek P, Kikka J, Skalskd H 1977. Length of human
constitutive heterochromatin in relation to
chromosomal contraction. Hum Genet, 38: 189-
193.

Barker PE, Mohandas T, Kaback MM 1977.
Chromosome polymorphisms in karyotypes from
amniotic fluid cell cultures. Clin Genet, 11: 243-
248.

Brown KE, Guest SS, Smale ST et a. 1997. Association
of transcriptionally silent genes with lkaros-
complexes at centromeric heterochromatin. Cell,
91: 845-854.

Cavalli 1J, Mattevi MS, Erdtmann B et al. 1985.
Equivalence of the total constitutive heterochro-
matin content by an interchromosomal compen-
sation in the C band sizes of chromosomes 1, 9, 16,
and Y in Caucasian and Japanese individuals. Hum
Hered, 35: 379-387.

Craig-Holmes AP, Moore FB, Shaw MW 1973.
Polymorphism of human C-band heterochromatin.
I. Frequency of variants. Am J Hum Genet, 25:
181-192.

Craig-Holmes AP, Moore FB, Shaw MW 1975. Poly-
morphism of human C-band heterochromatin. II.
Family studies with suggestive evidence for somatic
crossing over. Am J Hum Genet, 27: 178-189.

Erdtmann B, Salzano FM, Mattevi MS et al. 1981.
Quantitative analysis of C bands in chromosomes
1, 9 and 16 of Brazilian Indians and Caucasoids.
Hum Genet, 57: 58-63.

Geraedts JPM, Pearson PL 1974. Fluorescent chromo-
some polymorphisms: frequencies and segregations
in a Dutch population. Clin Genet, 6: 247-257.

Hauge M, Poulsen H, Halberg A et al. 1975. The value
of fluorescence markers in the distinction between
maternal and fetal chromosomes. Humangenetik,
26: 187-191.

Henikoff S, Ahmad K, Malik HS 2001. The centromere
paradox: Stable inheritance with rapidly evolving

LIESELOTTE KALZ AND GESA SCHWANITZ

DNA. Science, 293: 1098- 1102.

Hilliker AJ, Sharp CB 1988. New perspectives on the
genetic and molecular biology of constitutive
heterochromatin. In: Chromosome Structure and
Function, 18" Sadler Genet Symp., J.P. Gustafson
(Ed.). New York: Plenum Press.

Hsu LYF, Benn, PA, Tannenbaum HL et al. 1987.
Chromosomal polymorphisms of 1, 9, 16, and Y in
4 magjor ethnic groups. A large prenatal study. Am J
Med Genet, 26: 95-101.

Jackson M'S, Rocchi M, Thompson et al. 1999. Sequences
flanking the centromere of human chromosome
10 are a complex patchwork of arm-specific
sequences, stable duplications and unstable sequences
with homologies to telomeric and other centromeric
locations. Hum Mol Genet, 8: 205-215.

Jenuwein T, Allis CD 2001. Trandating the histone code.
Science, 293: 1074-1080.

Kalz, L 2003. Chromosomenpolymorphismen des
konstitutiven Heterochromatins im Karyotyp des
Menschen. Untersuchungen zu ihrer Haufigkeit und
zur Mutationsfrequenz der verschiede-nen Regionen
unter Berlicksichtigung der ethnischen Herkunft.
Shaker, Aachen.

Lewis EB 1950. The phenomenon of position effect.
Adv Genet, 3: 73-115.

Marchant GE 1986. The Genetic Analysis of the
Heterochromatin of Chromosome 3 of Drosophila
melanogaster. Ph.D. thesis, Vancouver, British
Columbia: University of British Columbia.

Mikelsaar A-V, llus T, Kivi S 1978. Variant chromosome
3 (inv3) in norma newborns and their parents, and
in children with mental retardation. Hum Genet,
41: 105-115.

Olson SB, Magenis RE, Lovrien EW 1986. Human
chromosome variation: The discriminatory power
of Q-band heteromorphism (variant) analysis in
distinguishing between individuals, with specific
application to cases of questionable paternity. Am
J Hum Genet, 235-252.

Orgel LE, Crick FH 1980. Selfish DNA: the ultimate
parasite. Nature, 288: 604-7.

Patil SR, Lubs HA 1977. Classification of gh regions in
human chromosomes 1, 9, and 16 by C-banding.
Hum Genet, 38: 35-38.

Reddy KS, Sulkova V 1998. The mobile nature of
acrocentric elements illustrated by three unusual
chromosome variants. Hum Genet, 102: 653-662.

Rosser ZH, Zerjal T, Hurles ME et al. 2000. Y-
chromosomal diversity in Europe is clinal and
influenced primarily by geography, rather than by
language. Am J Hum Genet, 67: 1526-1543.

Starke H, Seidel J, Henn W et al. 2002. Homologous
seguences of human chromosome 9 bands p12 and
q13-21.1 are involved in different patterns of
pericentric rearrangements. Eur J Hum Genet, 10:
790-800.

Steiner NC, Clarke L 1994. A novel epigenic effect can
ater centromere function in fission yeast. Cell, 79:
865.

Verma RS 1988. Heteromorphisms of Heterochromatin.
In: Heterochromatin Molecular and Structural
Aspects. New York: Cambridge University Press.





