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Abstract
Microsatellite analysis with 13 microsatellites spread over 18p was performed 
to determine the origin of the marker chromosome in 9 patients with addition
al metacentric marker chromosomes. Phenotypes and banding patterns sug
gested that the markers were isochromosomes 18p. Maternal origin was deter
mined in all 8 cases where both parents were available for study. Six cases 
showed 3 alleles (one paternal, one maternal each in single and double dose) of 
informative markers located close to the telomere while markers close to the 
centromere on 18p were reduced to homozygosity (one paternal allele in single 
dosage and one maternal allele presumably in triple dosage). A similar result 
was obtained in the patient with no parents available for examination. The 
other 2 patients were uninformative for maternal hetero- versus homozygosi
ty, but at some loci the maternal band was clearly stronger than the paternal 
one whereas the opposite was never observed. Trisomy 18 differs from triso
my 21, XXX and XXY of maternal origin through a preponderance of meiosis 
II versus meiosis I nondisjunction. Thus, the results of our study and the 
advanced mean maternal age at delivery of patients with additional i(18p) 
indicate that in most if not all cases the marker chromosome originates from 
maternal meiosis II nondisjunction immediately followed by isochromosome 
formation in one of the 2 maternal chromosomes 18. Possible explanations of 
these results include a maternally imprinted gene on 18q with a lethal effect if 
the paternal homologue is lost and a mechanism through which nondisjunc
tion in some cases could be connected with isochromosome formation.
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are instances of familial isochromosomes of short arms of 
acrocentrics containing only heterochromatic material. 
Supernumerary isodicentric chromosomes containing eu- 
chromatic material from the long arm were reported for 
14(q 11 and ql2), 15(ql2/13), 21(qll) and 22(qll) [1],

Introduction

Supernumerary isochromosomes with one centromere 
or two centromeres in close proximity have so far been 
reported for 8p, 9p, 12p, 18p and Xq; in addition, there
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peratures). 0.5-3 pi of reaction was mixed with an equal volume of 
urea loading buffer (42% urea, 0.1 % xylene cyanol, 0.1 % bromophe- 
nol blue and 0.1% of 0.5 M EDTA) and directly loaded onto a 0.4- 
mm-thick 6% polyacrylamide/50 % urea gel. Bands were visualized 
by silver staining of the gels. A complete description of the allele fre
quencies and primers used to detect the loci is available from the 
Genome Database.

The most frequently observed autosomal isochromo
somes appear to be i(12p), inv dup(15)(ql2/13) and 
i(l 8p). The latter was first described in the prebanding era 
by Frol and et al. [2]. In this and subsequently reported 
cases, the additional marker was assumed to be an iso
chromosome 18p due to its size and (in later reports) 
banding pattern and due to the obvious consistency of the 
associated phenotype. Mattei et al. [3] were the first to 
demonstrate derivation from a chromosome 18 by in situ 
hybridization with the 18-specific probe D18S3. So far, 
clinical and/or cytogenetic data were reported on some 50 
patients. The overwhelming majority of the cases oc
curred sporadically. Familial occurrences include 1 in
stance of maternal mosaicism [4] and 3 instances of a 
mother with trisomy 18p due to 18p deletion and isochro
mosome formation having given birth to a child with 
additional isochromosome 18p due to unbalanced trans
mission [5-7]. Several authors have observed an in
creased mean maternal age at delivery in patients with 
an additional isochromosome of the short arm of 18, 
i(18p) [8].

Here, we report the results of molecular studies on the 
origin and the mechanism of formation of an additional 
i(18p) chromosome in a single case and in 8 families with 
an affected child.

Results

Cytogenetic Findings
Chromosome examinations from lymphocyte cultures 

revealed a metacentric marker chromosome in addition 
to a normal karyotype in all investigated metaphases of 
cases 1-6 and 8-9. In case 7, the extra chromosome was 
present in one third (16/50) of lymphocyte metaphases. 
Banding patterns of the extra chromosomes confirmed 
that they were isochromosomes of the short arm of chro
mosome 18. All markers appeared monocentric in GTG- 
and CBG-banded preparations.

Metaphase chromosome FISH studies with the probe 
D18Z1 confirmed the origin of the additional chromo
some from chromosome 18. In case 1-6,8 and 9, all inves
tigated metaphases from lymphocytes showed one addi
tional signal.

Molecular Findings
The molecular findings are listed on table 2. No paren

tal DNA was available for study from patient 8. Six cases 
including case 8 showed 3 alleles at at least one locus map
ping to distal 18p. For cases 1, 3, 4, 5, 7 and 9, 1 maternal 
allele of stronger intensity probably representing the 
isochromosome, 1 maternal allele of normal intensity and 
1 paternal allele of normal intensity were observed 
(fig. la). In the remaining 2 cases (cases 2 and 6), 3 alleles 
were not observed for any marker, but when informative, 
the maternal allele always showed the stronger signal 
(fig. lb). In addition, the results of examinations of 18q 
markers excluded maternal uniparental disomy 18q in all 
7 cases examined, thus indirectly confirming the maternal 
origin of the marker chromosome. Thus, in the 8 families 
where both parents were investigated, the isochromosome 
of the proband originated from the mother. Markers on 
proximal 18p without exception showed reduction of ma
ternal heterozygosity to homozygosity in the proband 
(fig. lc). There was no marker constellation incompatible 
with paternity.

Patients and Methods

The Patients
All 9 patients disclosed clinical findings characteristic for tetraso- 

my 18p [1, 8]. Patients 1 and 6 have been reported previously [9,10], 
Data on age, sex, parental ages and clinical findings are presented in 
table 1.

Chromosome Examination and Fluorescence in situ 
Hybridization
Chromosomal analysis from preparations from lymphocyte cul

tures was performed in all patients and their parents by standard pro
cedures (G bands using trypsin and Giemsa, GTG, and C bands 
using barium and Giemsa, CBG) at the level of 400 bands. A mini
mum of 50 metaphases were evaluated in each case. Fluorescence in 
situ hybridization (FISH) studies with a commercially available 
probe mapping to 18cen (D18Z1 from ONCOR) were performed on 
at least 20 metaphases in all 9 patients according to the protocols 
provided by the manufacturer.

Molecular Investigations
DNA was extracted from nucleated blood cells of all 9 cases and 

of the parents of cases 1 -7 and 9 as previously described [11], Micro
satellite loci as listed in table 2 were analyzed using the polymerase 
chain reaction (PCR). PCR amplification was done on an Perkin- 
Elmer thermocycler (32 cycles of 1 min at 94 °C for dénaturation, 
1 min at 52-63°C for annealing, and 2 min at 72°C extension tem-
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mitosis [12,13]. A U-type exchange is more likely to result 
in a dicentric than in a monocentric isochromosome; 
however, all i(18p) chromosomes investigated by CBG 
banding appeared monocentric and thus are more likely 
to originate via misdivision at the centromere.

Discussion

Most authors have explained the formation of an 
isochromosome as a consequence of either misdivision at 
the centromere or a U-type exchange during meiosis or

Table 1. Clinical features in 9 patients with tetrasomy 18p as compared to their frequencies in 59 patients reported in the literature [1]

Literature Patients of this report 
(n = 59)

Feature

1 2 3 4 5 6 7 8 9

f f f fSex (M/F)
Parental age at birth 

(mother/father) 
Birthweight, g/gestational 

week
Length at birth, cm 
OFC at birth, cm 
Age at last examination
Weight at last examination 

<3%
Height at last examination 

<3%
OFC at last examination 

<3%
Long/asymmetric face 
Low-set/malformed ears
Nonhorizontal palpebral 

fissures
Strabismus 
Small nose 
Small mouth 
High-arched palate 
Small, pointed mandible 
Scoliosis
Joint contractures/

clubfeet/camptodactyly
Narrow hands/feet 
Simian creases 
Spasticity 
Heart defect 
Urogenital anomalies 
Motor/mental retardation 
Seizures

32/27 m m m m m

35/29 31/32 36/34 36/36 42/47 28/31 24/28 39/3431.5/32.4 37/40

2,700/42 2,900/36 2,900/37 2,900/40 1,600/40 3,000/40 2,980/38 2,900/40 3,050/392,789
49 49 9 53 4950.1 48 53 51.5 49

33.3 ? 34 33.5 9 9 33 33 34.5 33
20 3/7 2/8 2/4 0/1 6/23 5 4

? + + +

19 + + +

31 + + ++ +

915 + + + + + + +

36 + + + + + + +

17 + + + +

019 ++ + +

14 9 + + + + + +

24 + + + + + + + +

32 ? 9+ ++ + + +
18 + + + + + + + + +
18 9 ++ + + + +

17 + + + + +

? 9 9+ + + + + +

13 + + + +

29 + + + +

5 +

14 9+ +

53 + + + + + + + + +

12 0++

Features in the previously reported patients 1 and 3 are included in the 59 literature cases and updated in the table. 
Note that the incidences in the literature cases are minimum estimates as some features were not mentioned and others 
(e.g. mental retardation and seizures in newborns) could not be evaluated.

EurJHum Genet 1996;4:168-174 Kotzot et al.170



b ca

o o
— a— a — bD18S170 D18S71D18S59 * —b

'“fH

m ***

Fig. 1. a Results for D18S59 in family 5. The patient has inherited the maternal allele a in single copy, the 
maternal allele c in double and the paternal allele d in single copy while he has not inherited the paternal allele b. 
b Results for D18S170 in family 9. The patient has inherited the maternal allele b, presumably in triple copy and the 
paternal allele a in single copy, c Results for D18S71 in family 9. The patient has inherited the maternal allele a, 
presumably in triple copy, and the paternal allele d in single copy while she has not inherited the maternal copy c and 
the paternal copy b; this indicates reduction of maternal heterozygosity to homozygosity at this locus close to the 
centromere of chromosome 18.

Table 2. Results of microsatellite examinations

Family 1 Family 2 Family 3 Family 4 Family 5 Family 6 Family 7 Patient 8 Family 9Locus

ab,ab,aa
ab, ab,ab
ac, aa,bc 
ab,bb,ab 
cc.ac.bc 
ab,bb,ab 
bb,bb,ab
aa, ab,aa 
bb,ab,bc
ab, ab,ab
ac, ab, ac 
bb.bc.ab 
ab.bd.ac

ab,aa,ab
abc.ac.bd
ab,ab,bc
ab,aa,bb
aa, aa,ab 
abc,ac,bb
ab, aa,bb 
bc,ab,cc 
ab,ab,aa

abcab,ab,bb 
ab,bb,ab 
ab,ab,bb 
abc,ac,ab 
ab,ab,aa
ab, ab,ab 
acd,ad,bc
ac. bc.ad 
bb.ab.bb

bb,bb,ab abd,bd,ac
abc,bc,ab
bcd,bc,ad
abc,ac,bb
ab, bb,ac
ac, ac,bc 
ab,ab,bc 
ab,ab,aa 
bb,ab,bb

abc,bc,ad
ab, bb,ab 
bb,ab,bc
ac, cc,ab 
ab,ab,ac 
ab,bb,aa
ab, ac,bc
ac, ac,bc 
aa.ab.ab

abc.ac.bb ab,bb,aa
ab,ab,bb

D18S170
D18S498
D18S59
D18S481
D18S54
D18S63
D18S52
D18S62
D18S452
D18S391
D18S71
D18S453
D18S40

abaa,aa,aa
aa,ab,aa acd.ac.bd
aa,ac,ab
bb.ab.bb

abc abc,bc,ad
ab,aa,bc ab

ab ab,ab,bbaa,aa,ab
ab

ab.bc.aa
ab, bb,aa 

aa,aa,aa 
bc,bc,ac
ac, bc,ac 
bc,bb,ac

ac,ac,bc abc ab,bb,ab
bb, bb,ab
bc, bb,ac 
ad.ac.bd 
bc,ac,bc 
ab,bb,aa

ab

cc,ac,bc
ab, ab,ac
ac, ab, ac

ac,ac,bc
bc,bb,ac
cc.bc.ac

ac,ac,bc abcab, ab,bb 
bc.ab.cd
ac. ab.bc

bb,ab,bb
cd.ac.bd aa,aa,ab ab

bc,ac,bc
bc,bb,ac
bc,bd,ac
bb,ab,bb

ac.bc.ad
cc,bc,ac
aa,ab,aa
ac,bc,ac

bb.bc.ab
ab,aa,bb

ab,ab,aa bc.ab.cc ab, aa,bc
ac. bc.ad

D18S57
D18S34
D18S61
D18S70

ac.bc.aa
aa,ab,aa

ad.bd.ac bd.ab.cd ad,cd,abaa,aa,aa

The alleles are given in the order patient, mother, father. The order of loci is for 18p from telomere (top) to 
centromere (bottom) and for 18q from centromere (top) to telomere (bottom). Markers showing reduction to 
homozygosity are given in italics, markers with two different maternal alleles in bold, and markers on 18q showing 
one paternal allele are underlined.
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included microsatellite analysis of the parental origin of 
the marker. However, in all families in whom the isochro
mosome 18p in 1 or several probands was the result of 
either a familial rearrangement [5-7] or of parental mo
saicism [4], the origin was maternal. Indirect confirma
tion of the maternal origin of the marker in the 2 cases 
with no marker showing 3 alleles in the proband was 
obtained by exclusion of maternal uniparental disomy 
18q through loss of the paternal 18q in these 2 and 5 other 
cases (table 1). Maternal meiotic nondisjunction is in 
agreement with the observed advanced mean maternal 
age both on the average of all cases (31.76 years, n = 47) 
and in the cases of this investigation in which a maternal 
origin of the i(l 8p) could be demonstrated (35.5 years, n = 
8). This is significantly higher (p = 0.0043, t test) than the 
mean maternal age of 28 years in a Swiss control popula
tion [16],

At first it may seem surprising that all 6 informative 
isochromosomes should result from maternal meiosis II 
error. Maternal meiosis I is far more frequent than meio- 
sisi II nondisjunction [for trisomy 21: Antonarakis et al., 
17]. However, as recently demonstrated by Fisher et al. 
[18], the situation is different for trisomy 18. In their 
series of 51 cases of trisomy 18 due to maternal meiotic 
nondisjunction, they determined meiosis I error in only 
16 and meiosis II error in 35. It seems that the special 
situation in trisomy 18 also accounts for those instances in 
whom one of the maternal chromosomes 18 is trans
formed to an isochromosome.

It is interesting to note that in none of the 8 cases in 
which both parents were available for study, the isochro
mosome was paternal and that in all cases there was bipar- 
ental inheritance of the normal chromosomes No. 18. 
There are two possible explanations for this observation. 
One is that isochromosome formation occurs immediate
ly after, and in connection (in an yet unknown way) with, 
(maternal) meiosis II nondisjunction and thus always 
affects one of the chromosomes involved in nondisjunc
tion. The second is that there is a maternally imprinted 
gene on 18q which would not allow survival of the cell if 
the active paternal allele was lost. If the paternal chromo
some 18 forms an isochromosome, with consecutive loss 
of the long arm, the cell would become maternally di
somie for the entire 18q in addition to tetrasomy 18p. As 
deletions of 18q21.3->qter are not infrequent and, as evi
denced from instances of unbalanced segregation of pater
nal balanced translocations, may be paternal in origin 
with no difference in clinical findings from the usual 18q 
phenotype [1, 8], and as interstitial deletions of 18q are 
extremely rare and their origin has not yet been studied,

Theoretically, the isochromosome could be formed by 
the following mechanisms: (1) Trisomy 18 through non
disjunction first, centromeric misdivision second. In case 
of initial meiotic nondisjunction for chromosome 18, it 
should be possible to distinguish between errors occurring 
during meiosis I versus meiosis II through the study of 
molecular markers on proximal as compared to distal 
18p. In case of meiosis I nondisjunction following recom
bination, heterozygosity of proximal and hetero- or homo
zygosity of distal markers should be observed while in 
case of meiosis II error following meiosis I recombination, 
the marker constellation should be reversed: homozygosi
ty of informative markers at proximal and homo- or hete
rozygosity at distal 18p. The latter was demonstrated in 
all 7 patients in whom markers were informative for such 
a distinction. As no markers in the remaining 2 families 
were informative to show inheritance of both maternal 
alleles, these cases could also have resulted from an initial 
meiosis II segregational error. In addition, there was no 
case with 3 alleles at the loci very close to the centromere 
nor was there a case in which reduction of maternal het
erozygosity to homozygosity in the proband was observed 
in a locus mapping distal to a locus with 3 alleles (table 2). 
If nondisjunction and misdivision at the centromere with 
loss of the long arm occurs postmeiotically, molecular 
analysis should reveal no more than 2 alleles, 1 in single 
copy and the other in triple copy, at any marker on 18p. 
This is excluded in 7 of the 9 cases of this report, the oth
ers being uninformative for this distinction.

(2) Misdivision first, nondisjunction second. This 
chronology of events appears unlikely as it would require 
two steps of abnormal cell division independent of each 
other yet closely following one another as monosomy for 
the entire 18q is most likely lethal for the cell. In the 7 
cases with 3 alleles including 2 maternal ones at some dis
tal loci, this mechanism of formation seems highly unlike
ly while in the 2 remaining cases it remains a remote pos
sibility.

In summary, the results in the 7 informative families 
indicate that the isochromosome 18p is likely to common
ly form through meiosis II nondisjunction immediately 
followed by meiotic or early postmeiotic mitotic misdivi
sion at the centromere.

Furthermore, the results of molecular marker analysis 
in 8 families (proven origin of alleles in 6 and band inten
sity in the remaining 2) showed that all 8 isochromosomes 
are maternal in origin. Previous investigations of the ori
gin of additional i(18p) chromosomes had been restricted 
to the demonstration of origin from a chromosome 18 
through in situ hybridization [3, 14, 15] and had not
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with mosaicism for an additional isochromosome 8p. The 
result of the molecular investigation was exactly the same 
as in the 6 fully investigated and informative i( 18p) cases 
of this report: maternal origin of the marker, reduction of 
maternal heterozygosity to homozygosity in the proband 
for a marker closer to the centromere while a more distal 
marker showed one paternal and the two different mater
nal alleles, one in single and the other in double dosage. It 
will be interesting to examine other families with a pro
band mosaic for an additional isochromosome including 
i(12p) (the Pallister-Killian syndrome), i(8p) and i(9p) for 
the parent of origin and mechanism of formation in order 
to find out whether other mechanisms of origin for such 
markers exist.

such an imprinted gene should map to the long arm proxi
mal to 18q21.3. In contrast to many other human chro
mosomes including 13 and 21, uniparental disomy 18, 
either maternal or paternal, has so far not been demon
strated [19]. The results of examinations of 18q markers 
exclude maternal uniparental disomy 18q in 7 of the 9 
patients and thus are compatible with this assumption.

The genetic map distance of the short arm of chromo
some 18 is 5 4.1 cM for females [18]. This implies that one 
would expect on the average one recombination in the 
short arm of the maternal 18 in every meiosis. The obser
vation of one recombination in 18p in all informative 6 (7 
including the case without available parents and thus 
uncertainty about the origin of the marker) cases is thus in 
agreement with expectation and does not point towards 
the possibility of increased recombination causing meiot- 
ic nondisjunction and/or a possible mechanism by which 
recombination would be the basis for the nondisjunction 
combined with or immediately followed by centromeric 
misdivision.

In the available literature, we found only 1 case of an 
additional autosomal isochromosome in whom a similar 
study was performed. Fisher et al. [20] reported a case
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Note Added in Proof

In the same issue of this journal, Bugge et ah, pp. 160-167 
reported a similar study on 9 complete families. With respect to the 
mechanism(s) of formation of the i( 18p), their results were similar in 
6/9 cases to those in 7/9 cases from our series. However, they found 
reduction to homozygosity of all informative markers on 18p in 1 
family and nonreduction, again for all informative markers, in 2 fam
ilies. In contrast, the 2 remaining cases of our series were noninfor
mative for such a conclusion: there was reduction to homozygosity 
for proximal markers, but no informative markers on distal loci. 
Bugge et al. concluded from their results that one of their cases was 
most likely due to postmeiotic mitotic nondisjunction while the 2 
others followed meiotic I misdivision. Although this is a likely inter

pretation, one cannot neglect that crossover might have occurred 
during meiosis distal to the most distal informative marker in the one 
and centromeric to the most proximal informative marker in the 2 
cases, respectively. Furthermore, the genetic map distance of 54.1 
cM of 18p for females would imply one crossover in the majority of, 
but not necessarily in all cases. Again, we are left with the possibility 
of meiosis II nondisjunction. It will be interesting to see the results in 
further cases with reduction of maternal hetero- to homozygosity at 
all 18p loci. If in all of these the isochromosome turns out to be of 
maternal origin, with biparental inheritance of the normal 18s, this 
would be a further argument in favor of the lethality of maternal uni
parental disomy I8q.
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