
Abstract. The Moloney murine leukemia virus-transformed
suspension cell line WMP2 is derived from wild mice (Mus
musculus) of the WMP/WMP strain. These mice carry nine
pairs of metacentric Robertsonian translocation chromosomes.
As the chromosomes of the wild-type mouse are all acro-
centric, metaphase spreads of the WMP2 cells seam to be
highly suited for physical gene mapping. Here we studied
the WMP2 line using spectral karyotyping (SKY) combined
with new established mouse specific multicolor banding (mcb)
probes for the chromosomes X, 3, 4, 6 and 18. SKY revealed
that the WMP2 cell line developed further four derivative
chromosomes. After application of mcb five previously un-
recognizable intrachromosomal rearrangements with 9 break-
points were detected for the studied chromosomes.

Introduction

Even though Rangarajan and Weinberg in a recent study
question the reliability of murine model systems in general
and especially in tumor genetics, the mouse is still ‘the most
accessible mammalian model’ (1). For cytogenetic studies the
chromosomes of Mus musculus are not very popular as the
20 murine chromosome-pairs are all acrocentric and not easy
to distinguish after GTG-banding. Thus, murine chromo-
somal rearrangements can only be characterized in detail
using molecular cytogenetic approaches (see below).

Especially for physical gene mapping by fluorescence
in situ hybridization (FISH) the Moloney murine leukemia
virus-transformed suspension cell lines WMP1 and WMP2
turned out to be highly suited (2-9). Those two cell lines carry

9 pairs of metacentric Robertsonian translocation chromo-
somes, including chromosomes 1-18, while the two chromo-
somes 19 and the sex chromosomes are the only acrocentric
chromosomes (10).

The introduction of FISH using murine whole chromo-
some painting (wcp) probes (11,12) enabled a more detailed
analysis of chromosomal rearrangements in a variety of cell
lines (for overview see http://mti-n.mti.uni-jena.de/~huwww/
MOL_ZYTO/mFISHlit.htm). Also the cell line WMP2 was
studied by this approach previously and the present derivative
chromosomes called T1 and T2 were characterized in more
detail (13). However, FISH methods using wcp probes (like
spectral kayotyping = SKY) reach their limits, when exact
localization of a chromosomal breakpoints are required or
in case of intrachromosomal rearrangements such as small
interstitial deletions or duplications and inversions. Thus, like
previously in human cytogenetics, a FISH banding method
(for review of available FISH-banding approaches see ref. 14)
was developed to overcome that limitations. Here, we present
a re-examination of the WMP2 cell line using spectral karyo-
typing (SKY) combined with mouse specific multicolor
banding (mcb) probes for the chromosomes X, 3, 4, 6 and 18.

Materials and methods

Cell line WMP2 and normal mouse chromosomes. The
WMP2 cell line was kindly provided by Dr H. Hameister
(Ulm, Germany) and obtained via Dr M. Rocchi (Bari, Italy;
http://www.biologia.uniba.it/rmc/). It was cultured as
previously described at 37˚C in RPMI medium containing
10% FCS (13). Cell harvesting and chromosome preparation
were done as previously described (10). Cell suspensions
of normal male and female mice were kindly provided by
Dr H. Hameister (Ulm, Germany).

Generation of murine multicolor banding (mcb) probes. The
multicolor banding technique is based on overlapping region
specific partial chromosome paints generated by glass-needle
based microdissection (15-17). Each of the probes is based
on 15-20 chromosomal fragments and the isolated DNA is
amplified by DOP-PCR (18). To distinguish the human from
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Figures 1-3. Figure 1: The five mcb libraries for the murine chromosomes X, 3, 4, 6, and 18 are presented here. In the column ‘SCHEME’ the distribution and
mode of labeling of the microdissection derived partial chromosome painting probes is depicted together with a fluorescence profile; in the column
‘NORMAL’ the mcb pattern on normal murine chromosome and in the column ‘WMP2’ the mcb pattern achieved on the WMP2 cell line are presented. The
chromosomal regions pseudocolored in gray were not stained by the applied chromosome-specific mcb-probes - the information which chromosomal material
was present here was obtained by comparison with the SKY results (Table I). (A) Two X chromosomes showed a normal mcb pattern, a derivative X
chromosome could be described as der(9)t(9;X)(?;C). (B) No additional changes could be detected for the already known dic(3;12). (C) mcb 4 characterized a
duplication, a deletion and an inversion in both two dic(4;6) chromosomes: dic(4;6)(6G3➝6A1::4A1➝4E2::4B2~B3➝4E2) and dic(4;6)(6G3➝6A1::
4A1➝4A3~A4::4C2➝4D3::4E2-4E1:). (D) mcb 6 did not reveal any intrachromosomal changes in the two dic(4;6) chromosomes. (E) mcb 18 the confirmed
the presence of two dic(7;18) and a dic(8;8)t(8;8;18). The dic(8;8)t(8;8;18) contains only material derived from 18D to 18E4. Additionally, two different
variants of the dic(7;18) were detected: a dic(7;18) with a normal 18 and a dic(7;18)(7?F4➝7A1::18A1➝18D::18D➝18A2:). Figure 2: Hybridization results of
the mcb probe for the X chromosome on a normal male metaphase spread. Note that chromosomes X and Y are labeled. The cross-hybridization of
centromeric regions is not shown. As mentioned in ref. 16 different pseudocolors can be used to illustrate the same fluorochrome profile. In this figure a
different pseudocolor was applied for depiction of mcb X than in Fig 1A. Figure 3: A whole chromosome painting probe for murine chromosome 19 was
created by microdissection. After application of this probe on a normal male metaphase both chromosomes 19 plus all murine centromeres are stained.
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the murine probe sets capitals are used in the abbreviation
‘MCB’ in the first and lower case letters ‘mcb’ in the second
case.

Five probe sets were created for this mcb-pilot study. For
the creation of the partial chromosome paints for the chromo-
somes X and 4, microdissection was done on metaphase
spreads of the cell line WMP2. The probes were derived from
the easily recognizable largest derivative chromosome and of
the X chromosomes. Probe sets for the murine chromosomes
3, 6 and 18 were established from the cell lines SN11C5-3
sc1.3, N12C1 and SN19C8, respectively. These three mouse/
human somatic cell hybrids contain one murine chromosome
each, exclusively (19). This facilitated the unambiguous
recognition of the wanted murine chromosome (20).

Between 4 and 8 microdissection libraries were created
per chromosome. The chromosomal location as shown in
Fig. 1 is assessed by reverse painting to normal murine
chromosomes. Four to five different fluorochromes are used
to label the partial chromosome painting probes: Spectrum-
Orange, FITC, TexasRed, Cyanine 5 (= Cy5 coupled to
avidin; detection of biotinylated probes) and diethylamino-
coumarine (DEAC). Labeling was done by DOP-PCR, as
well. All technical details of MCB/mcb are described in
Liehr et al (14). Prior to use in this study the mcb probe sets
were hybridized on chromosomes of a normal male and
female Mus musculus (Fig. 1).

Fluorescence in situ hybridization (FISH). Spectral karyo-
typing (SKY) hybridization and detection as well as the spectral
analysis were done according to manufacturer's instructions.
Thirty-five metaphase plates were acquired and analyzed.

Hybridization, detection and evaluation of multicolor
banding (mcb) was done as previously described for human
MCB (16). Ten to twenty metaphase plates were acquired
and analyzed per probe set.

Results and Discussion

Here we present the first study establishing and applying
murine multicolor banding (mcb) probe sets. The problem,
that mouse chromosomes are hard to characterize by GTG-
banding and SKY was recognized and tackled previously; i.e.
at least two groups developed some kind of YAC/BAC-based
chromosome bar code for mouse chromosomes (21-24).
However, no further applications of these approaches were
published subsequently. Thus, the easily applicable and
meanwhile well-established multicolor banding technique
using human probes called MCB or m-band(ing) (for over-

view see http://mti-n.mti.uni-jena.de/~huwww/MOL_ZYTO/
mFISHlit.htm) was adapted for a second species the mouse
(Mus musculus). Up to present the five murine chromosome
specific mcb probe sets X, 3, 4, 6 and 18 were established.
The establishing of the murine mcb probe sets could be done
as previously described for the human ones (16,20). But as
the identification of the murine GTG-banded chromosomes is
less reliable than in human the microdissection was
performed on WMP2 (for the X chromosome and chromo-
some 4) and on three different mouse/human somatic cell
hybrids containing exclusively the murine chromosomes 3, 6,
or 18. A problem not solvable in this manner was the fact
that microdissection derived probes located near or at the
centromere lead, when used in FISH, to strong signals on all
murine centromeres, as depicted in Fig. 3. Thus, as all mcb
probe sets contain centromeric sequences, which cannot be
completely blocked during the FISH procedure, all
centromeres are stained automatically in parallel. Thus, both
centromeres derived from chromosome 8 on the dic(8;8;18)
shown in Fig. 1E are stained even though no #8 specific
probe has been applied.

All mcb probes were tested for their specify on normal
male and female murine chromosomes. All probes behaved
as expected apart from the mcb X: when applied to male
chromosomes mcb X stained the X chromosome as expected
but completely stained the Y chromosome, as well. Even a
specific banding pattern was produced (Fig. 2). This is different
from humans in which only the pseudoautosomal regions
on the X and the Y are homologous to each other, probably
because of similarity of heterochromatic composition of murine
X and Y.

The five presently available murine chromosome specific
mcb probe sets X, 3, 4, 6 and 18 were established and used
for the further characterization of the cell line WMP2. The
cell line was first tested by SKY for its integrity which led to
the following (Table I). Apart from the known chromosomal
aberrations (13), i.e. 10 Robertsonian translocation chromo-
somes, including the marker chromosome T1 plus T2 four
additional clonal karyotypic changes were detected: a
dic(8;8) t(8;8;18), a der(8 or 19)t(8;19), a der(9)t(9;X) and a
dic(12;12) t(12;12;19). Besides cells with derivatives of
chromosome 19, still cells with two free chromosomes 19
were present. In general, a slight tendency towards polysomy
of chromosomes t(1;11), t(5;14) and t(4;6) could be observed
(Table I).

Thus, the WMP2 cell line had the known karyotype (13),
but made a further karyotypic evolution leading to four
additional derivative chromosomes. Such slight karyotypic
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Table I. Summary of SKY results of the present and of a previous study (13) on the WMP2 cell line.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Cell X dic dic dic dic dic dic dic dic der der dic dic dic T1 = der T2 = der 19 Total
line (1;11) (2;16) (3;12) (4;6) (5;14) (7;18) (8;8;18) (6;9) (8/19) (X;9) (10;17) (12;12;19) (13;15) (13;17;10) (15;17)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
WMP2 2 2 2 2 2 2 2 n.a. 2 n.a. n.a. 1 n.a. 1 1 2 2 23

(13)

Present 2 3 1 1-2 2-3 2-3 1-2 1 1-3 0-2 1 1 0-1 1-2 1 1 0-2 21-24

study

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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changes are well-known and previously described for the cell
line WMP (13) and also other cell lines (25).

Generally speaking the SKY results could be confirmed
and/or refined by application of the mcb approach: a) the two X
chromosomes showed a normal mcb pattern, the translocation-
chromosome including parts of the X chromosome could now
be described as der(9)t(9;X)(?;C) (Fig. 1A); b) while mcb 6
did not reveal any intrachromosomal changes in the dic(4;6)
(Fig. 1D) application of mcb 4 characterized a duplication, a
deletion and an inversion in those two chromosomes (Fig. 1C).
They can be described as dic(4;6)(6G3➝6A1::4A1➝4E2::
4B2~B3➝4E2) and dic(4;6)(6G3➝6A1::4A1➝4A3~A4::
4C2➝4D3::4E2-4E1:); c) applying the mcb probe set for
chromosome 18 the presence of two dic(7;18) and a dic(8;8)
t(8;8;18) was confirmed. However, there were two different
variants of the dic(7;18). One variant contained a chromo-
some 18 with a normal mcb pattern, while the second variant
was a dic(7;18)(7?F4➝7A1::18A1➝18D::18D➝18A2:). The
dic(8;8)t(8;8;18) contains only material derived from 18D to
18E4 (Fig. 1E); d) no additional changes could be detected
for the dic(3;12) (Fig. 1B).

In summary, for the X chromosome one translocation
breakpoint (bp), for chromosome 4 one small terminal
inversion (2 bp), one proximal deletion (2 bp), and a large
duplication (2 bp) were detected and characterized. Further-
more, a partial inverted duplication in the dic(7;18) (1 bp) and
1 bp of a dic(8;8)t(8;8;18) were determined. Thus, 5 cryptic
rearrangements and 9 bp were detected by the application of
mcb.

The mouse specific mcb has similar capacities as the
human MCB technique. Recently we used some of the mcb
libraries described here for FISH on chromosomes of golden
hamster (Mesocricetus auratus), that belongs to Cricetidae
family. The mcb probes labeled homology regions on hamster
chromosomes, even though families Muridae and Cricetidae
have diverged 20 MYA and now they comprise about 1,000
extant species. Thus, these probes can also be applied in
ZOO-FISH studies as well, like the human MCB probes
(26,27).

In conclusion, the present study demonstrated that
cryptic aberrations are easily detectable by mcb. Thus, it is
likely that other, frequently used (tumor) mouse cell line
also carry as yet undetected aberrations, which should be
characterized in future by this very straightforward approach.
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