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Small marker chromosomes in man: origin from
pericentric heterochromatin of chromosomes 1, 9,
and 16

D F Callen, M L Ringenbergs, J C S Fowler, C J Freemantle, E A Haan

Abstract
Three patients with different marker chromosomes
were screened by in situ hybridisation using bio-
tinylated probes to chromosome specific pericentric
repeats to determine the chromosomal origin of the
marker. Each marker had a different origin, with
one from each of chromosomes 1, 9, and 16. This is
the first time that autosomal marker chromosomes
consisting of a small ring have been shown to be
derived from the pericentric heterochromatin of
metacentric and submetacentric chromosomes.
Evidence suggests that such markers are not
associated with any significant risk of phenotypic
abnormalities, but additional cases need to be
studied.

Marker chromosomes occur in humans with a
frequency of approximately 15 per 1000 with 40%
being familial. ' These markers vary in both size and
structure. A de novo marker that is small, has an
absence of obvious euchromatin, and has distamycin/
DAPI positive material seems to be associated with a
low risk of fetal anomalies.' However, studies using
conventional cytogenetic staining procedures generally
cannot identify the chromosomal origin of marker
chromosomes. Among the smaller marker chromo-
somes an exception is the inv dup(15) where the
presence of distamycin/DAPI positive and NOR
staining material confirms the origin.2 3
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DNA probes derived from the pericentric repeat
sequences, either of satellite II, satellite III, or from
alphoid repeats, can be chromosome specific and thus
provide a means to determine the chromosomal origin
of marker chromosomes.4 5 This report presents the
identification by in situ hybridisation with biotinylated
pericentromeric repeat probes of three different small
marker chromosomes ascertained in patients during
routine cytogenetic investigations.

Materials and methods
PROBES
All the probes used were derived from pericentric
repeats which were classified as either alphoid (probes
p308,6 RR38,7 PaIORP8,8 L1.26,9 TR17,'0 and
L1.849), satellite II (probes RR67 and pHuRl955), or
satellite III (probe 228S") (table).

IN SITU HYBRIDISATION
Each probe was labelled with biotin-11-dUTP or
biotin-7-dATP using a nick translation kit (BRL,
USA). Metaphase spreads were prepared from short
term PHA stimulated lymphocyte cultures using
standard methods. Chromosomal DNA was denatured
in 70% deionised formamide at 70°C for two minutes
followed by dehydration in an ice cold alcohol series.

Results of in situ hvbridisation of biotinvlated specific centric
repeat probes with high stringencv wash conditions to
metaphase chromosomes from three patients with marker
chromosomes.

Patient
Chromosome

Probe detected 1 2 3

RR6 1 + - -
p308 6 - - -
RR38 7 - - -
228S 9 - + -
p(tlORP8 10 - - -
L1.26 13, 21 - - -
pHuR195 16 - - +
TR17 17 - - -
L1.84 18 - - -

+indicates that there was label on the marker chromosome.
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Probes were diluted at optimal concentrations in
hybridisation buffer (2 x SSC (300 mmol/1 NaCl, 30
mmol/l NaCitrate), 50% (v/v) deionised formamide,
5% (w/v) dextran sulphate, 0-1 mmol/l disodium
EDTA, 0-05 mmol/l Tris HCI, pH 7-3, and 50 tg/ml
sheared salmon sperm DNA). After denaturation by
heating to 100°C for five minutes and snap chilling
on ice for five minutes, 25 1t of the probe was
pipetted onto the slide, coverslipped, and sealed with
rubber cement. Hybridisation was carried out at 37°C
in a humidified chamber for 17 hours. After hybri-
disation, slides were washed in 2 x SSC for 30
minutes at 25°C, 0 1 x SSC for 30 minutes at 65°C, 2
x SSC for 15 minutes at 25°C, and finally in PBT
(0-001 mol/l phosphate buffered saline, pH 7A4 (PBS),
3% BSA (Sigma), and 0-1% Triton X-100) for 15
minutes at 25°C.
The hybridised probe was detected by first in-

cubating with rabbit anti-biotin IgG (Enzo, USA) for
60 minutes at 37°C. Slides were washed 3 x five
minutes in PBS-Triton X (PBS and 0-1% Triton
X-100) followed by further incubation with peroxidase
conjugated sheep anti-rabbit Ig (Silenus, Australia)
for 60 minutes at 37°C. After washing 3 x five
minutes in PBS-Triton X and five minutes in PBS,
the slides were incubated with 0-5 mg/ml DAB (3,3'-
diaminobenzidine tetrahydrochloride) (BRL, USA) in
PBS containing 0-012% (v/v) hydrogen peroxide for
five minutes. Slides were washed in distilled water for
five minutes and air dried. The final amplification of
the DAB/hydrogen peroxide signal was by silver
deposition using the procedure as detailed by Burns et
al.12
Banded metaphase preparations were used initially

to determine the localisation of probe signal. Specific
hybridisation for each probe could be assessed by a
clear signal on the expected normal pair of homo-
logues (or in the case of probe L1.26 on two pairs of
homologues, namely chromosomes 13 and 21) with an
absence of signal on other chromosomes. The marker
was considered negative if there was an absence of
signal in 10 such metaphases.

Case reports
Patient 1 was a girl born at term weighing 2600 g after
a normal pregnancy, labour, and delivery. She was
reviewed at 13 years of age. Clinical features included
microcephaly (head circumference 46 5 cm), short
stature (height 141-5 cm), moderately severe mental
retardation, myopia, and dysmorphic facial features
comprising a low anterior hairline, synophrys, short
palpebral fissures, narrow nose, high nasal bridge,
short philtrum, thin upper lip, and anomalies of ear
folding. In the past there had been congenital
nystagmus, bilateral vesicoureteric reflux, and
chronic serous otitis media. X rays showed spina
bifida occulta of S1.

Patient 2 was a girl diagnosed as having a marker
chromosome after amniocentesis was performed on
her 38 year old mother. Her parents were counselled
about the possibility of clinical effects in their
daughter as a result of the extra chromosome, but
decided to continue the pregnancy. The mother
developed unilateral hydronephrosis during the preg-
nancy as a result of pelviureteric obstruction, which
was treated surgically.
The child was born after a normal labour and

delivery with Apgar scores of 8 at one minute and 9 at
five minutes. Birth weight was 3200 g, length was
49 cm, and head circumference was 32 5 cm. Gastro-
oesophageal reflux needed treatment until 8 months
of age. Subsequently, general health has been good.
When reviewed at 41/2 years, her growth and develop-
ment were normal and she had no dysmorphic
features.

Patient 3 was a male born at term, birth weight
3325 g, after a normal pregnancy, labour, and
delivery. Significant resuscitation was needed at
birth. The first week of life was marked by vomiting
and mild jaundice but subsequently he fed satis-
factorily and thrived, although being described as
irritable for 12 months. There was concern about his
development from 3 months of age.
At 33 years of age, the clinical features included

microcephaly (head circumference 52 3 cm), severe
mental retardation, severe spastic quadriparesis,
scoliosis, pectus excavatum, and dysmorphic facial
features comprising a long face with a long nose and
prominent chin, smooth philtrum, thin upper lip, and
strabismus.

Results
The karyotype of patient 1 is 46,XX,del(18)(q22)/
47,XX,del(18)(q22),+mar (fig 1). The proportion
of cells with the marker was 25%. The mental
retardation and malformations are consistent with the
presence of a del(18)(q22). Parental chromosome
studies were normal.
The karyotype of patient 2 is 46,XX/47,XX,+mar

(fig 1). This marker was present in 40% of cultured
amniocytes. After birth, short term lymphocyte
cultures showed the marker in a similar proportion of
cells. Parental chromosome studies were normal.
The karyotype of patient 3 is 46,XY/47,XY,+mar

(fig 1). Approximately 75% of cells scored possessed
the marker chromosome. Family studies showed the
marker chromosome was present in short term
lymphocyte cultures in both the mother and sister in
73% and 37% of cells, respectively. Both the mother
and sister were normal.
The appearance of each marker was similar (fig 1),

being approximately the size of the short arm of
chromosome 18 with an appearance suggestive of a
ring. The marker of patient 1 was slightly larger than
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Figure 1 G banded metaphase or partial metaphase showing marker chromosome (arrowed). Left: patient 1. Centre: patient 2.
Right: patient 3.
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Figure 2 In situ hybridisation ofbiotinylated pericentric repeat probes showing signal on marker chromosome. The signal of
the marker chromosome is indicated by the solid arrow and the signal on the two normal homologues is indicated by the open arrow.
Left: patient 1, probe RR6 specificfor chromosome 1.
Centre: patient 2, probe 228S specificfor chromosome 9.
Right: patient 3, probepHuR19S specificfor chromosome 16.

in the other two patients. All three markers were C
band positive and showed bright blue fluorescence
with distamycin/DAPI banding. This would suggest
that they are predominantly of heterochromatin,
which could have originated from chromosomes 1, 9,
15, 16, or Y.
For each biotinylated probe, preliminary in situ

hybridisation experiments established the optimum
concentration of probe in the hybridisation mix,
which allowed development of a clear signal on the
target chromosomes with negligible background
signal on the remainder of the chromosome comple-
ment. For each probe, high stringency of wash
conditions restricted the hybridisation signal to a

single chromosome, except for probe L1.26 which
detected signal on chromosomes 13 and 21 (table).
The chromosomes detected by each probe were the
same as previously described.5'0
The results of in situ hybridisation are presented

in the table and fig 2. For patient 1, in situ
hybridisation studies showed that, of the probes used,
only RR6 was positive. This showed that the marker
chromosome in this patient contained the satellite II
repeat ofchromosome 1 and therefore was presumably
derived from the centromere and a portion of the
pericentric satellite II repeatDNA ofthis chromosome.
Similarly, it was determined that the marker in
patient 2 was derived from the centromere and
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associated pericentric satellite III repeat of chromo-
some 9, and the marker in patient 3 was derived from
the centromere and associated pericentric satellite II
repeat of chromosome 16.

Discussion
No phenotypic abnormalities could be attributed to
two of the three marker chromosomes. In patient 2
the marker was de novo and the phenotype was
normal. For patient 3 the marker was also present in
two other family members who were normal and the
abnormal phenotype in the proband could be attri-
buted to cerebral injury at birth. In patient 1 the
contribution of the marker chromosome to the
abnormal phenotype could not be unequivocably
ascertained because a deletion was also present. The
clinical phenotype was consistent with the presence of
the del(18)(q22).13
Each of the marker chromosomes was positive with

a different pericentric probe, each probe being a
chromosome specific example of the diverse satellite
III-like family of repeat sequences. It is likely that
each marker consists of a small ring chromosome
consisting of centromere and adjacent hetero-
chromatin derived from the same chromosome. Thus
for patients 1, 2, and 3 the markers are derived from
the centromeres and adjacent heterochromatin of
chromosomes 1, 9, and 16 respectively. The deter-
mination of chromosomal origin of such autosomal
marker chromosomes has not been previously
reported.
The nucleotide sequence and sequence variation

within highly repeated DNAs strongly supports
unequal crossing over as the mechanism whereby
tandemly repeated regions are both maintained and
varied during evolution.'4 Added support for this
concept comes from studies of variation in human
ribosomal DNA.'5 However, while unequal crossing
over can generate the interchromosomal variation in
centric heterochromatin that is commonly observed,
it cannot classically generate an intrachromosomal
rearrangement, such as the ring chromosomes
described in this report. To generate these ring
chromosomes a possible mechanism is two 'U' type
chromatid exchanges that involve the same pair of
chromatids and are on opposite sides ofthe centromere.
Alternatively, breakage of the same chromatid on
either side of the centromere and subsequent reunion
of the ends adjacent to the centromere would also
generate a ring chromosome. Breakage and reunion
events involving the same chromatid have also been
suggested for the origin of an unusual apparent i(Xq)
chromosome that contains a small segment of Xp.'6
This may be a significant mechanism for the generation
of pericentric rearrangements.
The risk for phenotvpic abnormalities caused by a

marker chromosome is generallv unclear. Therefore,

when such marker chromosomes are prenatally
diagnosed, parents cannot be provided with accurate
prognostic information that would allow informed
choices to be made regarding the fate of the pregnancy.
Sachs et all have suggested that the finding of a
familial marker or a de novo distamycin/DAPI positive
marker indicates that there is probably a low risk of
fetal anomalies. Two of the three patients presented in
this report would support this conclusion. In patient 1
the presence ofan additional chromosome abnormality,
a del (18q), confounds interpretation. The technique
of in situ hybridisation using biotinylated chromo-
some specific centric repeat probes provides a rapid
procedure for the identification of the chromosomal
origin of marker chromosomes. It is probable that
marker chromosomes that are small rings derived
from the centromere and heterochromatin of
chromosomes 1, 9, and 16 do not have any increased
risk of phenotypic abnormalities. However, to
confirm this, additional patients will need to be
studied.
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