
Introduction

Alpha satellite DNA is present at the centromere
of all human chromosomes and, among other
functions, plays an important role in homologue
recognition. The alphoid DNA consists of
tandemly repeated monomers of 171 bp, whose
number, type and nucleotide sequence vary among
chromosomes. In spite of these variations, it has
been suggested that human alpha satellite DNAs
arose from 2–3 ancestral monomers, which in turn
diverged into 12 types, whose organization pro-
duces different “suprachromosomal families”.

Accordingly, the 24 human chromosomes are
grouped in 5 suprachromosomal families with
most chromosomes belonging to a single family;
yet, some autosomes (mainly acrocentrics) belong
to 2 or even 3 families (for a review, see
Romanova et al. 1996; Lee et al. 1997).

Whole-arm translocations (WATs) result from
centric fission of 2 chromosomes (usually
nonhomologous), followed by a reciprocal ex-
change with fusion of entire arms in 2 derivatives,
each with a hybrid centromere. Nevertheless, there
are at least 2 alternatives: that both points of inter-
change will be juxtacentromeric and then each de-
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Case Translocation Alphoid
families Originb

1 (1;2)(1p2p;1q2q) 1,3/2 N

2-3 (1;5)(1p5q;1q5p) 1,3/1,5 1F, 1N

4 (1;5)(1p5p;1q5q) 1,3/1,5 N

5-6 (1;5) 1,3/1,5 2F

7 (1;7)(1p7q;1q7p) 1,3/1,5 F

8 (1;7) 1,3/1,5 F

9 (1;8) 1,3/2 U

10 (1;9)(1p9p;1q9q) 1,3/2 F

11 (1;11)(1p11q;1q11p) 1,3/3 F

12 (1;11) 1,3/3 F

13-14 (1;16)(1p16p;1q16q) 1,3/1 2F

15 (1;16)(1p16q;1q16p) 1,3/1 F

16-20 (1;19)(1p19q;1q19p)c 1,3/1,5 3F, 2U

21-23 (1;19) 1,3/1,5 1F, 2U

24 (1;21)(1p21q;1q21p) 1,3/2,4,5 F

25-26 (1;21) 1,3/2,4,5 2U

27 (2;2)(2p2p;2q2q) 2/2 N

28 (2;6)(2p6q;2q6p) 2/1 U

29 (2;7)(2p7q;2q7p) 2/1,5 U

30 (2;9) 2/2 N

31 (2;12)(2p12p;2q12q) 2/1 N

32 (2;19)(2p19q;2q19p) 2/1,5 U

33 (3;9)(3p9p;3q9q) 1 U

34 (3;15)(3p15p;3q15q) 1/2,4 F

35 (4;12)(4p12q;4q12p) 2/1 U

36 (4;13) 2/2,4,5 F

37 (4;21)(4p21p;4q21q) 2/2,4,5 F

38 (4;22)(4p22p;4q22q) 2/2,4 F

39 (5;7)(5p7p;5q7q) 1,5/1,5 U

40 (5;9)(5p9p;5q9q) 1,5/2 F

41 (5;10)(5p10p;5q10q) 1,5/1 U

42 (5;10)(5p10q;5q10p) 1,5/1 U

43 (5;15) 1,5/2,4 F

44-45 (5;19)(5p19q;5q19p) 1,5/1,5 2F

46 (5;21)(5p21q;5q21p) 1,5/2,4,5 F

47 (6;8)(6p8p;6q8q) 1/2 N

48 (6;9) 1/2 F

49 (6;10)(6p10q;6q10p) 1/1 F

50 (6;10) 1/1 F

51 (6;14)(6p14p;6q14q) 1/2,4 F

52 (7;7)(7p7p;7q7q) 1,5/1,5 F

53 (7;8) 1,5/2 N

54 (7;9) 1,5/2 U

Case Translocation Alphoid
families Originb

55 (7;16)(7p16q;7q16p) 1,5/1 U

56 (9;10)(9p10p;9q10q) 2/1 F

57 (9;12)(9p12p;9q12q) 2/1 U

58 (9;13)(9p13p;9q13q)c 2/2,4,5 F

59 (9;14) 2/2,4,5 F

60 (9;15) 2/2,4 F

61 (9;19)(9p19p;9q19q) 2/1,5 N

62 (9;21) 2/2,4,5 F

63 (10;12)(10p12p;10q12q) 1/1 F

64-65 (10;14)(10p14q;10q14p) 1/2,4,5 1F,1U

66 (10;15) 1/2,4 F

67 (10;16) 1/1 F

68 (10;18)(10p18p;10q18q) 1/2 F

69 (10;22) 1/2,4 F

70 (11;14) 3/2,4,5 F

71 (11;17)(11p17q;11q17p) 3/3 F

72 (12;13) 1/2,4,5 U

73 (12;15)(12p15q;12q15p) 1/2,4 N

74 (12;17)(12p17p;12q17q) 1/3 U

75 (12;20)(12p20q;12q20p) 1/2 U

76 (12;21)(12p21q;12q21p)c 1/2,4,5 F

77 (13;16)(13p16p;13q16q) 2,4,5/1 F

78 (13;18)(13p18p;13q18q) 2,4,5/2 F

79 (14;17)(14p17q;14q17p) 2,4/3 F

80 (14;18)(14p18p;14q18q) 2,4,5/2 U

81 (14,18) 2,4,5/2 F

82 (14;20) 2,4,5/2 N

83 (15;16)(15p16p;15q16q) 2,4/1 F

84 (15;17)(15p17p;15q17q) 2,4/3 N

85 (15;18)(15p18p;15q18q) 2,4/2 U

86 (16;19)(16p19q;16q19p) 1/1,5 U

87 (18;19)(18p19q;18q19p) 2/1,5 U

88-90 (18;20)(18p20q;18q20p) 2/2 3F

91 (18;20)(18p20p,18q20q) 2/2 F

92-93 (18;21)(18p21p;18q21q) 2/2,4,5 2F

94 (X;10)(Xp10p;Xq10q) 3/1 F

95 (X;13)(Xp13q;Xq13p) 3/2,4,5 N

96-97 (X;17)(Xp17q;Xq17p) 3/3 2N

98 (X;20)(Xp20q;Xq20p) 3/2 U

99 (X;20)(Xp20p;Xq20q) 3/2 F

100 (Y;1)(Yp1q; Yq1p) 4/1,3 F

101 (Y;6)(Yp6p;Yq6q) 4/1 U

Table 1. Constitutional balanced whole-arm translocationsa

a Based on Borgaonkar’s online database; Crolla et al. 1989; Daniel et al. 1989; Diaz-Castaños et al. 1997; Farrell and Fan 1995; Gardner and
Sutherland 2004; Koiffmann et al. 1993; Lawce et al. 2006; Scheres et al. 1978; Velagaleti et al. 2000; Warburton 1991; Wolstenholme et al.
1983; Youings et al. 2004.
b F = familial; N= de novo; U= unknown
c This report



rivative will conserve its own whole centromere,
or that one point will be centromeric and the other
juxtacentromeric, so that one derivative will have
a hybrid centromere and the other will conserve its
original but reduced centromere. Although the un-
derlying mechanisms are still unknown, detailed
molecular analyses have provided evidence that
centromere duplication may prelude constitutional
centric fission and consequently favour the occur-
rence of WATs (Perry et al. 2004).

Constitutional WATs are rather rare and can be
identified in either a balanced or unbalanced sta-
tus. Although most of the balanced ones are found
in phenotypically normal subjects, some are de-
tected due to the carrier’s reproductive failure or
other clinical findings (Cooper et al. 1993). In con-
trast, unbalanced WATs are associated with an ab-
normal phenotype, as it is well illustrated by some
patients with monosomy 18p (Cantú et al. 1992;
Tümer et al. 1995; Czakó et al. 2002) even if sub-
jects with this unbalance and an apparent WAT of-
ten have a dicentric derivative with intercentric
18p remains (e.g., Wang et al. 1997; McGhee et al.
2001).

In this study, in Table 1 we compiled 98 bona

fide balanced WATs, either familial or de novo
and with or without secondary unbalances; unbal-
anced de novo WATs were excluded from this re-
view (Farrell and Fan 1995), as were other
presumptive instances not properly identified as
WATs. We report here 3 further familial WATs,
including the 8th instance of a t(1;19) and 2 novel
exchanges: t(9;13) and t(12;21).

Patients

Family 1. A 9-year-old girl was referred because
of craniosynostosis. She was the first child of
healthy unrelated parents and had a single
phenotypically normal sister.

Family 2. A 13-year-old boy was karyotyped
because of a 9p trisomy phenotype including
microcephaly, wide nasal bridge, bulbous nose,
long philtrum, high-arched palate, low-set promi-
nent ears, and psychomotor and growth retarda-
tion; noticeably, he also had bilateral
anophthalmia and multiple pilomatrixomas (be-
nign neoplasms of hair follicles) located on the
neck and posterior region of the thorax. He was
the third child of healthy unrelated parents and had
2 healthy sibs and an affected brother with similar
clinical features, including bilateral
microphthalmia; there were also 2 spontaneous
miscarriages.

Family 3. This family was a couple with habit-
ual abortion, who in addition have recently had
a liveborn child with multiple congenital anoma-
lies.

Methods

The karyotypes of the probands, their parents, and
some relatives were established on metaphases
from 72-h lymphocyte cultures stained for
G-bands (16 metaphases routinely analysed)
and in some cases complemented with C-banding
and silver-staining.

Fluorescence in situ hybridisation (FISH) anal-
yses with the appropriate (mostly alphoid) probes
were carried out in each family as follows.

Family 1. Metaphases from the proband were
hybridised with D1Z7/ D5Z2/D19Z3 (Qbiogene,
UK) and D1Z5 (Vysis, Downers Grove, IL)
rhodamine-labelled probes according to the re-
spective manufacturer’s protocol; the signals were
visualised on DAPI-counterstained chromosomes.
Note that a chromosome-19-specific alphoid
probe was unavailable.

Family 2. FISH with classical satellite D9Z1
(Oncor, Gaithersburg, MD), and D13Z1/D21Z1
(Oncor, Gaithersburg, MD) probes labelled with
digoxigenin were initially performed in the
proband and his carrier brother (see below); wash-
ing, detection with rhodamine-labelled anti-
digoxigenin, and counterstaining with DAPI were
carried out as recommended by the manufacturer.
In addition, FISH with a centromere-9 alphoid re-
peat was done under standard and low stringency
conditions (washing with 40% formamide, 1.0 ×
SSC at 37oC) in the carrier brother.

Family 3. The proband’s chromosomes were
hybridised with alphoid D12Z3 and D13Z1/
D21Z1 (Oncor, Gaithersburg, MD) probes accord-
ing to the supplier’s recommendations; both
probes were labelled with digoxigenin, detected
with rhodamine-labelled anti-digoxigenin, and
visualised on DAPI-counterstained chromosomes.

In all families, hybridisation patterns were as-
sessed on >10 metaphases per assay with an
epifluorescence Olympus AX70 microscope fitted
with the appropriate filters and a CoolSNAP-Pro
digital camera (Media Cybernetics); only for FISH
with the centromere-9 alphoid repeat in the t(9;13)
carrier, images were recorded by using a Leica
DMRXA2 microscope equipped with a cooled
CCD camera (Princeton Instruments).
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Results

Family 1. The proband had a balanced WAT be-
tween chromosomes 1 and 19, with the derivatives
being 1p19q and 1q19p (Figure 1a,b), so her
karyotype was 46,XX,t(1;19)(p10;q10). Family
studies showed that her mother and 5 other mater-
nal relatives (2 uncles, 2 cousins, and the grandfa-
ther) carried the same translocation. The father
and sister had normal chromosomes. In the
proband, FISH with the D1Z7/D5Z2/D19Z3
probe gave the expected signal on the normal
chromosome 1, both derivatives, both normal
chromosomes 5, and the normal chromosome 19
(images not shown). In contrast, the centromere-1-
specific repeat strongly labelled the normal chro-
mosome 1 and the der(1q19p) but also hybridised
weakly on the der(1p19q) and chromosomes 11,
17 and X as visualised with the triple-band filter;
i.e. the 9 signals observed were located on all chro-
mosomes with a complete or reduced centromere
of alphoid family 3 (Figure 1c,d). Noticeably nei-
ther the normal homologue 19 nor other chromo-
somes were labelled.

Family 2. The proband had a male karyotype
with 47 chromosomes, the extra one being a small
acrocentric with the banding pattern of 9p (images
not shown). Family studies revealed that the
mother and a healthy brother had a balanced WAT
between chromosomes 9 and 13, with a small
(9p13p) acrocentric and a large (9q13q)
metacentric: t(9;13)(p10;q10) (Figure 2a). Like
the proband, the affected brother also had an extra
(9p13p) acrocentric. The father had a normal
karyotype. In the proband, FISH with the D9Z1

probe gave a strong hybridisation on the 9qh re-
gion of both normal chromosomes 9, but no signal
on the extra der(9p13p) was observed; likewise,
hybridisation with the D13Z1/D21Z1 probe gave
the expected signal on both normal chromosomes
13 and 21 but again no signal was visible on the
der(9p13p) (images not shown). The correspond-
ing hybridisations in the carrier brother revealed
the D9Z1 signal on the normal chromosome 9 and
on the der(9q13q) but not on the small derivative
(Figure 2a), whereas the 13/21 probe showed
a signal on each chromosome 21 and the normal
chromosome 13 but not on the der(9p13p) nor on
the large derivative (Figure 2d). After hybridisa-
tion with the centromere-9 alphoid probe under
low stringency conditions in the carrier brother,
there were distinct red signals in many chromo-
somes of suprachromosomal family 2, including
the der(9p13p) that exhibited a residual amount of
alphoid DNA (Figure 2c).

Family 3. The male partner had a balanced WAT
between chromosomes 12 and 21, in which the de-
rivatives were (12p21q) and (12q21p) (Figure 3a);
thus his karyotype was 46,XY,t(12;21)(p10;q10).
His spouse had a 46,XX karyotype, whereas the

malformed child had an unbalanced
46,XY,+12,der(12;21) (p10;q10)pat karyotype.
The proband’s mother was also a carrier of the
translocation. FISH with the D12Z3 and
D13Z1/D21Z1 probes on the proband’s chromo-
somes revealed that the centromere-12 probe gave
a signal on both the normal chromosome 12 and
the der(12p21q), whereas the alpha satellite 13/21
probe labelled the centromere of the der(12q21p),
the normal chromosome 21 and both chromo-
somes 13 (Figure 3b,c).

264 A. Vázquez-Cárdenas et al.

Figure 1. A-B. Proband’s GTG- and CBG-banded partial karyotypes showing the normal chromosomes 1 and 19 and
derivatives (1p19q) and (1q19p). C-D: Fluorescence in situ hybridisation with the D1Z5 probe (DAPI counterstaining).
Note a strong signal on both the normal chromosome 1 (arrowhead) and the der(1q19p) (short arrow) as well as a weak

signal on the der(1p19q) (long arrow) and chromosomes 11, 17 and X.



Discussion

The presented compilation (Table 1) reveals 73
chromosomal combinations and at least 78 differ-
ent WATs, including 5 instances in which both
possible derivative sets have been documented:
t(1;5), t(1;16), t(5;10), t(18;20), and t(X;20).
Moreover, there are 8 confirmed recurrent rear-
rangements: t(1;19)(1p19q;1q19p), 5 times;
t(18;20)(18p20q;18q20p), 3 times; t(1;5)
(1p5q;1q5p), t(1;16)(1p16p;1q16q), t(5;19)

(5p19q;5q19p), t(10;14)(10p14q;10q14p), t(18;21)
(18p21p;18q21q), and t(X;17) (Xp17q;Xq17p),
2 times each. A further recurring WAT involves
chromosomes 1 and 21, even if the composition of
derivatives is unknown in 2/3 instances. This re-
currence ratio appears to be higher than the corre-
sponding value in other reciprocal translocations,
among which, besides the t(11;22)(q23;q11) and
t(4;8)(p16;q23), there are hardly any recurrent ex-
changes (see Warburton 1991; Youings et al.
2004).

Although less than half (32/73) of distinct
chromosomal combinations involve chromo-
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Figure 3. A. Proband’s GTG-banded partial karyotype showing the normal chromosomes 12 and 21 and derivatives
(12p21q) and (12q21p). B-C: FISH with D12Z3 and D13Z1/D21Z1 probes. The former repeat gave one strong signal on
the normal chromosome 12 (arrowhead) and the der(12p21q) (arrow), whereas the latter probe labelled the centromere

of the der(12q21p) (arrow) as well as the normal chromosome 21 and both chromosomes 13 (arrowheads).

Figure 2. A. GTG-banded partial karyotype of proband’s mother showing the normal chromosomes 9 and 13 and
derivatives (9p13p) and (9q13q). B-D: FISH results in the carrier brother. B: The D9Z1 probe gave a strong signal on
both the normal chromosome 9 (arrowhead) and the der(9q13q) (arrow). C: Under low stringency, the centromere-9
alphoid repeat labelled many chromosomes of suprachromosomal family 2, including the der(9p13p) that exhibited
a residual amount of alphoid DNA (long arrow). D: The D13Z1/D21Z1 probe showed a signal on each chromosome 21

and the normal chromosome 13 (arrowhead) but no signal was detected in both derivatives (arrows).



somes that share identical alphoid sequences
(i.e. they belong at least to a common
suprachromosomal family), 7/9 of recurrent
WATs occurred between chromosomes with com-
mon alphoid domains. Altogether, these data point
to alphoid DNA recombination as a major factor
underlying WATs, which – in sharp contrast with
reciprocal translocations as a whole (Youings
et al. 2004) – appear to recur as independent
events rather than being identical by descent. Nev-
ertheless, the occurrence of WATs between chro-
mosomes of different alphoid families indicates
that other factors, such as the specific domains of
each chromosome in interphase and large-scale
genomic polymorphisms including submicro-
scopic inversions and low-copy repeats or seg-
mental duplications (Stankiewicz and Lupski
2002), are also important.

Among the 73 WATs whose occurrence mode
has been ascertained, 58 were familial and 15 de
novo; moreover, a vertical transmission has been
documented for all but one recurrent WATs.
The exception concerns both t(X;17) instances
(Hodgson et al. 1985; Rivera et al. 1986), whose
de novo origin may be related to an unexpected
ovarian failure.

Of the 3 translocations reported here, only the
t(1;19)(1p19q;1q19p) had already been described,
including an instance ascertained at Guadalajara,
Mexico (Diaz-Castaños et al. 1997). Moreover,
the present family appears similar to the previous
ones (Diaz-Castaños et al. 1997; Gravholt et al.
1994; Schober and Fonatsch 1978) in that neither
unbalanced individuals nor excessive abortions
have been documented. In this translocation,
the involved chromosomes belong to alphoid fam-
ily 1 and the derivatives have been the same in
at least 5 instances. Otherwise, the present (1;19)
exchange apparently conforms to the classical re-
quirement of a predisposing centric fission inas-
much as the breakage in chromosome 1 splits the
chromosome-1 alphoid DNA into 2 unequal por-
tions. Thus, this finding diverges from the rather
equitable splitting of the chromosome-1 alphoid
block documented in 2 previous instances
(Gravholt et al. 1994; Diaz-Castaños et al. 1997).
Actually, this discrepancy indicates that both
Mexican families do not appertain to the same ge-
nealogy and suggests that similar (1;19) WATs are
widespread in our region. Because the present
t(1;19) was not tested with a centromere-19 spe-
cific probe, we could not verify whether the
centromere-19 alphoid cluster was retained on
the der(1p19q) or split into both derivatives. These

data compare with the findings in another recur-
rent WAT, namely t(18;20) observed in 3 different
families, in which splitting of the chromosome-18
alphoid block has been demonstrated in 2 in-
stances (Cantú et al. 1992; Tümer et al. 1995) and
probably also occurred in a third family (Czakó
et al. 2002).

In the t(9;13), the affected chromosomes be-
long to alphoid family 2. Since the der(9q13q) had
only chromosome 9 alphoid DNA, it was pre-
sumed that the centromere of the der(9p13p) was
from chromosome 13. Although hybridisations
under standard stringency with both chromosome
9 and 13/21 alphoid probes gave no signal on this
derivative, a further FISH analysis with the probe
for chromosome 9 under low stringency showed
a faint but distinct signal on such a der(9p13p).
Yet, the origin of these alphoid sequences is un-
clear as they may still come from chromosome 13.
Then it is tempting to speculate that the involved
chromosome 13 had a reduced amount of alphoid
repeats that may have favoured the translocation
in meiosis of an unidentified ancestor. Although
the phenotype of both affected sibs was rather typ-
ical of 9p trisomy, the bilateral anophthalmos/
microphthalmos observed in them and the multi-
ple pilomatrixomas found in the proband have not
been previously reported in this chromosomal syn-
drome (Milot et al. 1987; van Ravenswaaij-Arts
et al. 1999). Neither anophthalmos-nor pilo-
matrixoma-related mutations have been mapped
on 9p. Regarding the inherent reproductive risks,
the recurrence of the same tertiary trisomy in
2 brothers clearly confers a sizeable risk of unbal-
anced liveborn offspring to any female carrier of
this translocation, but perhaps a negligible one to
male carriers (Gardner and Sutherland 2004;
Youings et al. 2004). Moreover, the miscarriages
recorded in this family may be related to another
unbalanced segregation.

As for the t(12;21), it was clear from the FISH
results that both derivatives seemingly had simple
or no compound centromeres and therefore the re-
spective breakpoints had to be juxtacentromeric,
namely on proximal 12q and on proximal 21q.
That translocation did not result from centric fis-
sions, so this agrees with the provenance of these
chromosomes from different alphoid families and
may indicate that also other factors operate, such
as specific genomic polymorphisms and nuclear
domains of each chromosome – an observation
consistent with the proposed heterogeneity of
WATs. Otherwise, this family should be consid-
ered as characterized by a high reproductive risk.
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This illustrates that the viability inherent to certain
unbalances, such as the trisomy 12p, overwhelms
the ascertainment mode as the crucial risk factor.

Acquired WATs often appear in diverse
neoplasms as unbalanced secondary changes, in
which the observed derivative is remarkably con-
stant. With the conspicuous exception of the (1;7)
unbalanced translocation, the involved chromo-
somes usually belong to different supra-
chromosomal families. These WATs have been
related, at least in myeloproliferative disorders, to
exposure to alkylating agents and/or radiotherapy
that seemingly induce illegitimate centromeric re-
combination between nonho- mologues, probably
mediated by errors in DNA repair (Wang et al.
2003; Wong 2003).

Although WATs have not occurred during the
evolution of humans and great apes, they are
rather common in other animal families and ac-
count for some speciation processes, including for
instance the distinction between 2 gibbon subspe-
cies (Hirai et al. 2005). In this respect, the apparent
excess of carriers in some human pedigrees with
a WAT (Schober and Fonatsch 1978; Gravholt
et al. 1994; Tümer et al. 1995; family 1 in this re-
port) is remarkable and should be looked for when
a large enough number of families allows a proper
segregation analysis.

In brief, constitutional WATs appear to recur
more frequently than other reciprocal exchanges,
often involve chromosomes with common alphoid
repeats, and can mostly be accounted for the great
homology in alphoid DNA that favours mispairing
and illegitimate nonhomologous recombination.

Acknowledgements. This work was partially
funded by the National Council for Science and
Technology of Mexico (CONACYT grant
39024-M). AVC is also supported by a CONACYT
scholarship (193404). We are indebted to the re-
viewer for valuable comments.

REFERENCES

Borgaonkar DS, 2004. Chromosomal Variation in Man
Online Database. Jonh Wiley & Sons, Inc.
Http://www.wiley.com//legacy/products/subject/ life/
Borgaonkar/access.html (accessed in November
2006).

Cantú ES, Khan TA, Pai GS, 1992. Fluorescence in situ
hybridisation (FISH) of a whole-arm translocation
involving chromosomes 18 and 20 with al-
pha-satelliteDNAprobes:detectionofacentromeric
DNA break? Am J Med Genet 44: 340–344.

Cooper PJ, Towe C, Crolla JA, 1993. A balanced whole
arm reciprocal translocation resulting in three dif-

ferent adverse pregnancy outcomes. J Med Genet
30: 417–418.

Crolla JA, Gilgenkrantz S, de Grouchy J, Kajii T,
Bobrow M, 1989. Incontinentia pigmenti and
X-autosome translocations. Non-isotopic in situ hy-
bridisation with an X-centromere-specific probe
(pSV2X5) reveals a possible X-centromeric break-
point in one of five published cases. Hum Genet 81:
269–272.

Czakó M, Riegel M, Morava É, Schinzel A,
Kosztolányi G, 2002. Patient with rheumatoid ar-
thritis and MCA/MR syndrome due to unbalanced
der(18) transmission of a paternal translocation
t(18;20)(p11.1;p11.1). Am J Med Genet 108:
226–228.

Daniel A, Hook EB, Wulf G, 1989. Risks of unbalanced
progeny at amniocentesis to carriers of chromo-
some rearrangements: data from United States and
Canadian laboratories. Am J Med Genet 33: 14–53.

Diaz-Castaños L, Rivera H, Perez-Garcia G, Dos
Santos E, Malet P, 1997. A further whole arm 1;19
translocation with alpha-satellite DNA breakage.
8: 33–38.

Farrell SA, Fan YS, 1995. Balanced nonacrocentric
whole-arm reciprocal translocations: a de novo case
and literature review. Am J Med Genet 55:
423–426.

Gardner RJM, Sutherland GR, 2004. Chromosome ab-
normalities and genetic counseling, 3rd edn. Oxford
University Press, New York: 417–418.

Gravholt CH, Caprani M, Friedrich U, 1994. Fluores-
cence in situ hybridisation reveals a break in the al-
pha-satellite DNA of chromosome 1 in a family
with a balanced whole-arm translocation. Hum
Genet 94: 504–508.

Hirai H, Wijayanto H, Tanaka H, Mootnick AR,
Hayano A, Perwitasari-Farajallah D, et al. 2005.
A whole-arm translocation (WAT8/9) separating
Sumatran and Bornean agile gibbons, and its evolu-
tionary features. Chromosome Res 13: 123–133.

HodgsonSV,NevilleB,JonesRWA,FearC,BobrowM,
1985. Two cases of X/autosome translocation in fe-
males with incontinentia pigmenti. Hum Genet 71:
231–234.

Koiffmann CP, de Souza DH, Diament A, Ventura HB,
Alves RS, Kihara S, Wajntal A, 1993. Incontinentia
pigmenti achromians (hypomelanosis of Ito, MIM
146150): further evidence of localization at Xp11.
Am J Med Genet 46: 529–533.

Lawce H, Buckmaster D, Magenis E, Olson S, 2006.
Split centromeric alpha-satellite FISH signals in
a whole arm translocation 5p;10p: consequences and
implications for interphase FISH studies. J Assoc
Genet Technol 32: 5–7.

Lee C, Wevrick R, Fisher RB, Ferguson-Smith MA,
Lin CC, 1997. Human centromeric DNAs. Hum
Genet 100: 291–304.

McGhee EM, Qu Y, Wohlferd MM, Goldberg JD,
Norton ME, Cotter PD, 2001. Prenatal diagnosis and
characterization of an unbalanced whole arm
translocation resulting in monosomy for 18p. Clin
Genet 59: 274–278.

Whole-arm translocations: review of 101 cases 267



Milot JA, Noel LP, Lemieux N, Richer CL, 1987. Ocu-
lar and cytogenetic findings in three new cases of
trisomy 9p. Metab Pediatr Syst Ophthalmol 10:
89–94.

Perry J, Slater HR, Choo KH, 2004. Centric fission –
simple and complex mechanisms. Chromosome
Res 12: 627–640.

Rivera H, Enriquez-Guerra MA, Rolon A, Jimenez-
Sainz ME, Nunez-Gonzalez L, Cantu JM, 1986.
Whole-arm t(X;17) (Xp17q;Xq17p) and gonadal
dysgenesis. A further exception to the critical re-
gion hypothesis. 29: 425–428.

Romanova LY, Deriagin GV, Mashkova TD,
Tumeneva IG, Mushegian AR, Kisselev LL,
Alexandrov IA, 1996. Evidence for selection in
evolution of alpha satellite DNA: the central role of
CENP-B/pJ alpha binding region. J Mol Biol 261:
334–340.

Scheres JM, Hustinx WJ, Ter Haar BG, Rutten van der
Mee-Wienen HH, 1978. 2:2 and 3:1 meiotic
disjunctions in a carrier of a reciprocal 10/14
translocation. 13: 481–485.

Schober AM, Fonatsch C, 1978. Balanced reciprocal
whole-arm translocation t(1;19) in three genera-
tions. Hum Genet 42: 349–352.

Stankiewicz P, Lupski JR, 2002. Genome architecture,
rearrangements and genomic disorders. Trends
Genet 18: 74–82.

Tümer Z, Berg A, Mikkelsen M, 1995. Analysis of
a whole arm translocation between chromosomes
18 and 20 using fluorescence in situ hybridisation:
detection of a break in the centromeric al-
pha-satellite sequences. Hum Genet 95: 299–302.

Van Ravenswaaij-Arts C, van der Looij E, Smeets D,
1999. Trisomy 9p: a clinical picture and the impor-

tance of examining the family. Ned Tijdschr
Geneeskd 143: 682–686.

Velagaleti GV, Morgan DL, Tonk VS, 2000. Trisomy
5p. A case report and review. Ann Genet 43:
143–145.

Wang J-CC, Nemana L, Kou SY, Habibian R,
Hajianpour MJ, 1997. Molecular cytogenetic char-
acterization of 18;21 whole arm translocation asso-
ciated with monosomy 18p. Am J Med Genet 71:
463–466.

Wang L, Ogawa S, Hangaishi A, Qiao Y, Hosoya N,
Nanya Y, et al. 2003. Molecular characterization of
the recurrent unbalanced translocation der(1;7)
(q10;p10). Blood 102: 2597–2604.

Warburton D, 1991. De novo balanced chromosome re-
arrangements and extra marker chromosomes iden-
tified at prenatal diagnosis: clinical significance and
distribution of breakpoints. Am J Hum Genet 49:
995–1013.

Wolstenholme J, Faed MJ, Robertson J, Lamont MA,
1983. Chromosome abnormality in couples with
histories of multiple abortions. The outcome of
pregnancies subsequent to ascertainment and
a study of familial translocation carriers. Hum
Genet 63: 45–47.

Wong KF, 2003. Waldenstrom macroglobulinemia
with a novel der(8;17)(q10;q10). Cancer Genet
Cytogenet 141: 83–85.

Youings S, Ellis K, Ennis S, Barber J, Jacobs P, 2004.
A study of reciprocal translocations and inversions
detected by light microscopy with special reference
to origin, segregation, and recurrent abnormalities.
Am J Med Genet A 126: 46–60.

268 A. Vázquez-Cárdenas et al.


