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SUMMARY

The chromosomes of five chemical carcinogen-trans
formed strain 2 guinea pig fetal cell lines were identified by
G and C banding techniques and were compared with the
normal karyotype from secondary untreated cultures. One
line transformed by benzo(a)pyrene had a diploid constitu
tion with no G and C band alterations. Three lines were near
diploid, one was near tetraploid, and each contained abnor
mal chromosomes. A 3-methylcholanthrene line had an ab
normal metacentric chromosome formed by centric fusion
of two nonhomologous autosomes. The three N-methyl-N'-
nitrosoguanidine or diethylnitrosamine cell lines exhibited
submetacentric or subtelocentric abnormal chromosomes
originating from translocations between two No. 1 or a No. 1
and another autosome. The involvement of Chromosome 1
may be due to its association with nucleolar organization.
The greater frequency of contact between such chromo
somes, compared to other autosomes, creates an increased
risk of chromatid exchange possibly explaining their fre
quent participation in abnormal chromosome formation or
nondisjunction.

INTRODUCTION

Visualization of mammalian chromosomes by banding
methods has permitted identification of individual chromo
somes and the origin of components of abnormal chromo
somes present in neoplastic cells. Despite these develop
ments, the role of individual chromosomes in the establish
ment or maintenance of the neoplastic state remains un
clear. Several theories relating chromosomal abnormalities
identifiable with the light microscope to neoplasia are: (a)
each etiological agent induces an abnormality specific for
the agent; (b) different agents induce a common distinctive
abnormality; and (C)detectable chromosomal abnormalities
are the result of secondary events in the neoplastic process
and are not essential for malignancy. The 1st theory is
based primarily on the observations that rat leukemia, sar
coma, and carcinoma induced in vivo by DMBA showed a
high frequency of trisomy A2 (1, 15, 17) and a single B(a)P
sarcoma (16) although possessing no such trisomy had
â€œlargeparts of Al and A2 as trisomicâ€•; different changes

I The abbreviations used are: DMBA, 7,1 2-dimethylbenz(a)anthracene;

B(a)P, benzo(a)pyrene; 3-MCA, 3-methylcholanthrene; MNNG, N-methyl-N'-
nltro-N-nitrosoguanidine; DENA, diethylnitrosamine.
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were reported for sarcoma induced by Rous virus (21). In
contrast and in support of the 2nd theory are the reports
that a complete or partial trisomy of the chromosome desig
nated as the carrier of the gene for expression of malig
nancy is present in Syrian hamster cells transformed in vitro
following exposure to dimethylnitrosamine (35) or l-/3-D-
arabinofuranosylcytosine (3).

Our experience has been that detectable chromosomal
abnormalities are neither specific for the carcinogenic
agent nor necessary for neoplastic growth. Neither a partial
nor a complete A2 trisomy was observed in cells from sarco
mas induced in vivo by DMBA in specific virus-free rats or in
rat fetal cells transformed in vitro by DMBA, although there
was frequent involvement of the 1st 3 larger pairs of chro
mosomes in marker formation (25). There was in addition no
specific alteration in chromosome number or gross specific
chromosome rearrangement associated with cancer. In Syr
ian hamster cells derived from different animals, the same
marker chromosome may occur in some cultures trans
formed by different chemical carcinogens, but not all trans
formed lines contain the same marker chromosome even in
those transformed by the same chemical carcinogen (8).
Furthermore, a variety of still different chromosomes were
involved in marker formation in Syrian hamster cells trans
formed with SA7 virus or with a combination of chemical
carcinogen and SA7 demonstrating that multiple and non
specific chromosomal alterations may accompany estab
lishment of the neoplastic state (26). Analysis of conven
tional Giemsa-stained chromosomes of guinea pig cells
transformed by chemical carcinogens showed no specific
changes associated with the type of chemical carcinogen
used or with the neoplastic state (10).

This report presents the G-band karyotype of the guinea
pig and the detailed chromosome analysis of transformed
and tumor-derived cells using G and C banding techniques.
Additional evidence is provided that is relevant to the role of
chromosomes in the acquisition of the neoplastic state.

MATERIALS AND METHODS

Cell culture procedures, the transformation assays, and
the derivation of transformed cloned cell lines (Cl , C2, etc.)
from cultures originally treated with a chemical carcinogen
have been described in detail (10). Five neoplastic cell lines
(74C3, 104C1, 107C3, HM2C1, and HM4C1) derived from
fetal cells initially treated with 3-MCA, B(a)P, MNNG, DENA,
or MNNG, respectively, were analyzed. A non-tumor-pro

1404 CANCERRESEARCHVOL. 36

Chromosome Patterns (G and C Bands) of in Vitro Chemical
Carcinogen-transformed Guinea Pig Cells

N. C. Popescu, C. H. Evans, and J. A. DIPaolo

Cytogenetics and Cytology Section, Biology Branch, Carcinogenesis Program, Division of Cancer Cause and Prevention, National Cancer Institute, Bethesda,
Maryland 20014

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396962/cr0360041404.pdf by guest on 19 M

ay 2023



Chromosomes of Guinea Pig Cells

ducing acetone-treated cell line, 118, and 2 early passage
tumor-derived cultures (74C3T and HM2C1T) were also
studied and the chromosome patterns were compared with
that of untreated fetal cells during the 2nd subculture.
Chemically treated cells had been exposed to a chemical for
5 days during the 2nd subpassage (cultures 74C3, 104C1,
and l07C3) or by the host-mediated in vivo-in vitro method
for 2 days prior to establishment in culture (cultures HM2C1
and HM4C1). Morphologically transformed cloned cell lines
were subsequently isolated during serial subculture, and
the neoplastic properties of the cells were verified by their
ability to produce progressively growing tumors in irradi
ated syngeneic guinea pigs as described elsewhere (10).
Each culture originated with a different strain 2 guinea pig
fetus except for cultures 104C1 and 107C3, which were from
the same fetus. Tumor-derived cultures originated from fi
brosarcomas developing from the cloned transformed cells
after inoculation into male syngeneic guinea pigs.

Cultures for chromosome analysis were grown in 100-mm
diameter plastic tissue culture dishes in Roswell Park Me
morial Institute Medium 1640 supplemented with 10% fetal
bovine serum in a water-saturated 5% CO2in air atmosphere
at 38.5Â°.Exponentially growing cultures were treated with
0.01 to 0.04 @gColcemid per ml medium for 2 to 3 hr. Cells
were detached with a rubber policeman, centrifuged at 800
x g, resuspended in a hypotonic solution of me
dium:distilled water (1:2) for 15 mm, and fixed 3 times in
methanol:glacial acetic acid (3:1).

Metaphase spreads were prepared on glass slides by the
air-dry chromosome technique, and a portion of the slides
was stained with 5% Giemsa (9). For each cell line and
tumor-derived culture, 50 conventionally Giemsa-stained
metaphases were counted for chromosome distribution
number, and 1000 metaphases were scanned to determine
the ploidy level. Two- to 7-day-old unstained slides were
processed for trypsin G bands (11, 28, 34). Heterochromatic
regions of the chromosomes were visualized after C-band
staining (33). Karyotypes were arranged in order of decreas
ing chromosome size in a manner similar to that recom
mended for rat chromosomes (7). Fifteen to 25 karyotypes
were analyzed for each cell culture.

RESULTS

The 2nd subpassage of cultured strain 2 guinea pig fetal
cells has a diploid number of 64 chromosomes as reported
for other guinea pig strains (2, 6, 18, 19). The chromosome
distribution of a typical secondary culture (E52) is illustrated
in Table 1. Although up to 12% of the cells were polyploid,
no hyperdiploid cells were observed. The 64 chromosomes
in the G-band karyotype were arranged in 31 autosome
pairs according to the banding pattern and chromosome
arm length. The sex chromosomes were placed separately
(Fig. 1). Constitutive heterochromatin visualized in C-band
stained metaphases (Fig. 2) was located at or in juxtaposi
tion to the centromere of the autosomes. The Y-chromo
some that is uniformly stained by G-band preparation (Fig.
1) is entirely heterochromatic on its long arm (Fig. 2a),
whereas the X-chromosomes have a large block of hetero
chromatin near the centromere (Fig. 2, a and b). Similar

results have been reported for other guinea pig strains (22,
36) except for 1 report (4) that states that heterochromatin
polymorphism occurs for 1 autosome pair.

Chromosome alterations may occur during extensive
subculture of cells not treated with a chemical carcinogen.
For example, a morphologically nontransformed and nontu
mor-producing cell line (culture 118) initially treated with
acetone after 90 subpassages retained the normal modal
number of 64 in 88% of the cells. Only 2% of the cells in this
cell line, however, were diploid; 98% possessed a pseudodi
ploid complement with random numerical deviations of dif
ferent chromosome pairs or hypodiploid and tetraploid cells
containing 1 or 2 abnormal metacentric chromosomes. G
band analysis indicated that the metacentric chromosomes
originated from centric fusion of 2 No. 22 chromosomes and
by centric fusion of 2 nonhomologous chromosomes, Nos.
24 and 28.

A diploid or pseudodiploid constitution was observed in 4
transformed neoplastic cell lines (74C3, 104C1, 107C3, and
HM2C1) and 2 tumor-derived cultures (74C3T and HM2C1T)

were near diploid (Table 1). Each of the 6 transformed lines
and the tumor cultures contained approximately 10% poly
ploid cells, an incidence similar to that observed in cell
strains of cultured control cells. One cell line (HM4C1) was
subtetraploid. All transformed cell lines and tumor-derived
cultures possessed a normal heterochromatin pattern ex
cept for occasional cells with an additional fine C band
located in the short arm of the No. 1 autosome (Fig. 2b). Cell
line lO4Cl derived from a culture originally treated in vitro
with B(a)P possessed a true diploid karyotype with no de
tectable abnormal G or C bands (Fig. 3a). The other cell
lines and tumor cultures, despite a diploid or near diploid
modal chromosome number, were pseudodiploid since
each was characterized by a unique abnormal chromo
some. The abnormal chromosomes were the result of either
translocations or centric fusion of homologous or nonho
mologous chromosomes.

Cell line 74C3 derived from a transformed culture initially
treated in vitro with 3-MCA contained cells without any
visible chromosome changes as well as cells possessing a
new metacentric chromosome, Ml (Fig. 3b). From analysis
of 18 G-banded karyotypes it was concluded that Ml, a
metacentric chromosome, occurred as a result of centric
fusion of Chromosome 15 and probably the long arm of
Chromosome 13 (Fig. 4). On C band preparations this chro
mosome had an increased amount of heterochromatin. The
distribution of Ml in various karyotypes permits one to
conclude that pseudodiploid cells containing Ml marker
were not accompanied with trisomy for the same chromo
some. First of all, 2 of the 18 karyotypes had a normal
diploid constitution. Of the remaining 16 karyotypes, 3 were
pseudodiploid possessing either an extra X, No. 24 or 30; 5
karyotypes had either 60, 61, or 62 chromosomes and in
each case different chromosomes were missing; the re
maining 8 karyotypes with 63 chromosomes were mono
somicforNos. l3and l5and had 1 Ml. Ml wasfound in 1 of
20 G-band karyotypes analyzed from the tumor-derived cul
ture. The increase of cells without Ml in the tumor culture
was not derived from the male host since all 74C3 and
74C3T were female cells.
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Table 1
Chromosome distributions of cultured guinea pig cells

a@ metaphases examined.
b 50 metaphases counted.

Cell line 107C3 derived from a transformed culture mi
tially treated in vitro with MNNG had a stem line of 62 to 64
with all cells, including those with 64 chromosomes, pos
sessing an abnormal submetacentric chromosome, M2 (Fig.
3c). Chromosome M2 contained 1 centromere (Figs. 2c and
d); the G-band pattern of the long arm was identical to the
long arm of Autosome 1, and the short arm was identical to
a segment of the long arm of Chromosome 1 (Figs. 3c and
5). Chromosome M2 could subsequently have occurred
after breaks produced at the point of negative Band 11 of 1
No. 1 autosome and at the point of negative Band 1 in a 2nd
No. 1 autosome. Formation of M2 would result from translo
cation of the deleted segment from the long arm of the 1st
autosome to the point of the break on the short arm of the
2nd member (Fig. 5). Approximately 5 to 10% of the cells
also had a metacentric chromosome identical to Ml (Figs.
2c and 3c).

The stem line of HM2C1 cells derived from a transformed
culture initially treated in vivo with DENA by the host-me
diated in vivo-in vitro method was 63 to 64 chromosomes
(Table 1). Three types of cells were observed with conven
tionally stained preparations: 12% of the cells were without
any detectable abnormal chromosomes; 64% had an abnor
mal subtelocentric chromosomes; and 24% possessed a
different abnormal subtelocentric chromosome. Conven
tional staining suggested that HM2C1 contained cells tn
somic for Chromosome 1 (10). The present G-band analysis
proved that the presumptive 3rd No. 1 is M3 and originated
from a translocation between Chromosomes 1 and 10 (Figs.
3d and 5). Breaks had occurred at the negative Band 9 of
Chromosome 1. The deleted segment was translocated to
the point of deletion of the long arm of Chromosome 10
(Fig. 5). The 2nd abnormal chromosome, M4, originated
from a translocation between 2 No. 1 chromosomes (Figs.
2e, 3e, and 5). Breaks occurred at negative Bands 9 and 15
of the 2 No. 1 chromosomes. The smaller chromosome
piece was lost and the larger piece was attached (Fig. 5).
Karyotype G-band analysis indicates that cells without ab
normal chromosomes are true diploid while those contain
ing M3 on M4 may have either a diploid (Fig. 3, d and e) or a
hypodiploid number (Fig. 2e). M3 and M4 were also present
in the tumor-derived culture (HM2C1T); cells of HM2C1 and
HM2C1T contained 2 X-chromosomes. The frequency of

cells with M3 and M4 in the tumor was reduced to 40 and
4%, respectively, and the frequency of diploid cells in
creased to 56%.

If the rearrangements resulting in the establishment of M3
and M4 were the result of a prior tnisomic situation for
Chromosome 1, then the nontranslocated and centromenic
containing segment may persist in the presence of 2 com
plete No. 1 chromosomes and M3 (Fig. 3d) in 1 case and in
the presence of 1 complete No. 1 and M4 in the 2nd case
(fig. 3e). No extra chromosome segment was found in the
hypodiploid karyotypes. In pseudodiploid karyotypes the
extra chromosome segment may be present. It is difficult to
identify this segment absolutely since its banding pattern
appears consistent with both Chromosomes 7 and 9 (Fig. 1).

Transformed cell line HM4C1 derived from cells originally
treated with MNNG in vivo by the host-mediated in vivo-in
vitro method was subtetnaploid. An abnormal submetacen
tnic and a metacentnic, MS and M6, were present in 95 to
100% of the cells examined, respectively (Figs. 2f and 3f).
Chromosome MS had 1 centromere (Fig. 2f), and its origin
appeared similar to that of M2 except for the last 4 positive
and negative-stained bands of the long arm of Chromosome
M2 that were not present on Chromosome MS (Fig. 5).
Chromosome M6, (Figs. 2f and 4) was formed by centric
fusion of 2 homologous No. 15 chromosomes (Fig. 4). Each
cell contained 2 copies of MS when present and 1 or 2 M6,
but only 1 complete No. 1. Endoreduplication, including
Chromosome M2, has been observed in l07C3 cells (Fig.
2d). It is possible that the initial formation of MS in near
diploid cells was followed by duplication of the entire chro
mosome complement leading to subtetraploid cells.

The new chromosomes, M2 to MS, are derived as a result
of either a translocation involving 2 No. 1 chromosomes or a
translocation involving a No. 1 chromosome and an auto
some. Each rearrangement producing the abnormal chro
mosomes M2 to MS is different. In MNNG line l07C3 there is
1 copy of the normal No. 1 chromosome and 1 copy of the
abnormal M2 chromosome with a resulting tnisomy of
Bands 11 or 12 to 18 of the No. 1 chromosome. In DENA line
HM2C1 those cells with the abnormal Chromosome M3
have 2 copies of No. 1 and 1 copy of M3 with a tnisomy for
Bands 10 to 18. In cells with the abnormal Chromosome M4
there is 1 copy of Chromosome 1 and 1 copy of M4 with a
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resulting tnisomy of Bands 10 to 15 of the No. 1 chromo
some. In MNNG line HM4C1 there is 1 copy of the normal
No. 1 chromosome and 2 copies of the abnormal MS chro
mosome with a resulting tnisomy of Bands 12 to 18. Since
this MNNG line HM4C1 has a subtetraploid constitution, it
would be expected to have a complete No. 1 as well as MS in
2 copies; however, only 1 copy of a complete No. 1 and 2
M5's are present (Figs. 2f and 3f). Therefore, in each cell line
a portion of the long arm of Chromosome 1 is tnisomic with
Bands 12 to 15 being common to M2, M3, M4, and MS. No
true complete tnisomy of Chromosome 1 has been observed
in any cell.

DISCUSSION

Chemical carcinogen-i nduced neoplastic transformation
of guinea pig cells in culture need not be accompanied by
numerical or morphologically visible chromosomal altera
tions. For example, cells transformed by a carcinogenic
polycyclic hydrocarbon may have a truly diploid constitu
tion, e.g., B(a)P-transformed cell line lO4Cl, or they may be
pseudodiploid with an abnormal metacentnic chromosome,
e.g., 3-MCA-transformed cell line 74C3. Abnormal metacen
tnic chromosomes may also arise in cultures transformed by
carcinogens other than polycyclic hydrocarbons, e.g.,
MNNG-transformed cell line HM4C1. New metacentnics per
se need not be associated with cancer since abnormal
metacentnic chromosomes were also observed in cells from
a morphologically nontransformed and non-tumor-produc
ing cell line (culture 118) after extensive subculture.

The most frequent types of abnormal chromosomes en
countered were submetacentric and subtelocentric chro
mosomes that resulted from a translocation involving Chro
mosome 1, the largest chromosome of the complement.
Translocations resulting in new abnormal chromosomes
occurred in cultures originally treated with MNNG in vitro or
in vivo and with DENA in vivo.Each of the neoplastic cell
lines, however, was unique in terms of the size of the seg
ment translocated from the long arm of the No. 1 chromo
some and its location in the abnormal chromosome.

As in the case of previously described transformed Syrian
hamster cells (8), the identification of the same abnormal
chromosomein cells inoculated into a guinea pig and cells
derived from tumors developing after animal inoculation
confirms that the tumors arose from multiplication of the
inoculated cells. The incidence of cells with the specific
abnormal chromosome may be dramatically decreased in
the cultured tumor cells compared to the cells inoculated.
For example, 3-MCA cell line 74C3 contained 84% cells with
an abnormal metacentnic chromosome and 16% diploid
cells. The tumor cells derived from the tumor produced by
74C3 contained 4% cells with the abnormal metacentric
chromosome and 96% diploid cells. Another transformed
cell line, DENA HM2C1, contained 3 populations: diploid
cells, cells with Chromosome M3, and cells with Chromo
some M4. A similar increase in the number of diploid cells
accompanied by a decrease in both the M3 and M4 cell
populations was observed in the tumor produced by HM2C1
cells. These observations, along with the diploid chromo

some complement of 104C1 neoplastic guinea pig cells,
provide further evidence that morphologically abnormal
chromosomes detectable at the light microscopic level of
resolution and imbalance in the number of chromosomes
are not essential for establishment or maintenance of the
neoplastic state of the cells.

The present observations that carcinogens from different
chemical classes produce breaks in the same area of a
chromosome are not unique for guinea pig cells. Nonran
dom breaks on chromatid exchanges on the A2 chromo
some have been observed in rat bone marrow cells treated
with a known chemical carcinogen, DMBA (30, 31), and a
food additive, 2-(2-furyl)-3-(S-nitro-2-furyl)acrylamide (32).
Chromosome A2 exhibited spontaneous crossing over in
the absence of chemical carcinogen (31). The regions asso
ciated with breaks were postulated to be vulnerable be
cause of the susceptibility of the heterochromatin. Although
there is evidence that these regions are late replicating, they
are not made up of constitutive heterochromatin. The
guinea pig, however, does not have such late replicating
regions on the long arm of Chromosome 1 (27), but the long
arm was frequently involved in abnormal chromosome for
mation as a result of breaks appearing to have occurred at
negative band regions. This is reminiscent of other species
in which, regardless of the chemical carcinogen in hamster
(26) as with X-irradiation (5, 12, 29) and adenovirus 12 (20) in
human cells, negative bands appear to be more vulnerable
than positive bands as breakage sites.

The frequent involvement of Chromosome 1 of the guinea
pig and Chromosome A2 in rat DMBA-induced tumors in
abnormal chromosome formation may have similar mecha
nisms. These chromosomes may have a specific region on
site that is more susceptible to damage by some carcino
gens. They are the largest chromosomes of their comple
ments possibly allowing greater chromatid interchange and
survival of rearranged chromatid segments in new configu
rations as compared with other carcinogen-damaged auto
somes. An additional recently advanced hypothesis is that
apparent nonrandom chromosome involvement may result
from increased chromatid exchange of specific chromo
somes more frequently in contact with one another such as
those involved in nucleolus organization (14). Chromosome
1 of the guinea pig (24) and Chromosome A2 of the rat (23)
participate in organization of the nucleolus and are fne
quently involved in the formation of abnormal chromo
somes. Another possible contributing factor may be the
presence of endogenous viruses in rats and guinea pigs.
Virus particles have been identified in guinea pig cells be
fore and after transformation by carcinogenic chemicals
(13). Because control cultures did not exhibit alteration
involving Chromosome 1 and only some of the transformed
lines did, it is possible that rearrangements specifically in
volving Chromosome 1 may be caused by the combination
of carcinogenic insult, endogenous virus, and nucleolar
organizer activity.

There is no doubt that most chemical carcinogens cause
chromosome damage, but most, like the majority of cells
with damage, are inviable. In some circumstances, the dam
aged chromosomes may be involved in the formation of
abnormal chromosomes. Transformed cell lines (26) and in
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vivo-induced tumors (17) may, however, have a normal dip
bid constitution. In some cases, abnormal chromosomes
have been observed only after repeated subcultuning of the
malignant cells. These facts lead to the conclusions that 18
visibly recognizable chromosomal changes are not essen
tial for the malignant state, and the diversity of abnormali
ties that are cataloged indicates that the cytogenetic
changes are probably secondary to the neoplastic state.
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Fig. 1. Normal G-band karyotype of a female guinea pig cell arranged according to chromosome size and banding pattern. Cell obtained from a secondary
culture of fetal cells. The Y-chromosome from a male guinea pig cell also is shown at the same magnification.

Fig. 2. Metaphases with C bands. a, a normal male cell from a nontreated secondary fetal cell culture. The Y-chromosome (arrow) is intensely stained on
the long arm. The x-chromosome (arrow) is intensely stained at and near the centromere. b, a cell from 3-MCA line 74C3 with a diploid number including 2 x
chromosomes (arrows). One member of the pair No. 1 has an extra discrete band on the short arm (arrow). The rest of the chromosomes have normal
constitutive heterochromatin distribution. c, characteristic metaphase from MNNG line 107C3 with an abnormal metacentric chromosome with an increased
amount of heterochromatin, Ml (arrow), and an abnormal submetacentric chromosome with 1 centromere, M2 (arrow). d, endoreduplication (line 107C3) of all
chromosomes including the abnormal chromosome M2 (arrow). e, a cell from line DENA HM2C1 with normal constitutive heterochromatin distribution.
Chromosome M4 (arrow) is a subtelocentric with a single centromere. 1, typical near tetraploid metaphase from cell line MNNG HM4C1 . Chromosomes M5 and
M6 are present in 2 copies.

Fig. 3. Metaphases with G bands. a, cell from B(a)P line 104C1 with 64 chromosomes and no visible structural abnormalities. b. cell from 3-MCA line 74C3
with an abnormal metacentric chromosome, Ml (arrow). c, cell from MNNG line 107C3 with the abnormal Chromosomes Ml and M2 (arrows). d, metaphase
from the cell line DENA HM2C1 with the abnormal Chromosome M3 (arrow). e, cell from cell line HM2C1 representative of a 2nd population with a different
abnormal chromosome M4 (arrow). f, cell with a near tetraploid number from MNNG line HM4C1 that had Chromosomes M5 and M6 (arrows). Chromosome
MS differs from M2 since some terminal bands are missing. This is visible by comparing the long arm of MS with Chromosome 1 in this figure as well as in Fig.
S.

Fig. 4. G band patterns of Ml and M6 chromosomes illustrating their origins from Chromosomes 13 and 15.
Fig. S. Idiograms (top) and G banding (bottom) of chromosomes number 1, M2, M3, M4, and MS. An additional G-banded number 1 chromosome has been

placed to the right of Chromosome MS. This permits a clearer comparison of M2 and MS with Chromosome 1 illustrating the distinctly different banding
patterns of M2 and MS. The positive bands of chromosome No. 1 but only the translocated segments from number 1 are numbered. Arrows, point of breakage
consistent with the origin of the various translocated segments.

APRIL 1976 1409

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396962/cr0360041404.pdf by guest on 19 M

ay 2023



1410 CANCER RESEARCH VOL. 36

N. C. Popescu et a!.

x@

.â€¢

, â€¢v â€¢ .

4 . S

- C

a
C.

a.

2b

.fr

I,

.-- M2

I

.

pC a
a

S P@, a

C

C

C

X@p

(â€˜II.

@ .1

.â€˜ S â€¢@

I

â€˜C,

2d

at .

S t;
C S

a. -â€˜,

S

.5 â€˜.â€˜t

S

â€˜r@1

@ s@ f
@ @. a'â€¢

.@@ o

b b@ â€¢
-b â€¢â€˜

. M6â€•, @m

@:@â€¢ â€¢â€˜ jI

. :.@. â€¢â€¢,

;â€˜ /M5@5 â€¢@

. . a

a

â€˜Is @0@

@.@ II.

C c: @. ,. . -

â€˜ a
a C

â€”C', S

@ â€˜p

.
V

..A@ S

wx â€˜a y
@ @â€˜@â€¢ 2a

a â€¢@ @M2

a@ a

aS

@ .

a@@

C

S

a S
% C.. a s â€¢@

@. â€˜ a â€¢

@.S

e â€¢

S â€¢ â€¢ @: â€˜

S i C

1@
â€˜I

@ â€˜

2

C-,

. C
â€¢@r â€¢ â€¢â€˜@.. ., â€˜ V

a â€œ0M4 â€¢ â€¢

.@, a
,

4â€•
S
S

\q; â€¢@

f -a

M5

CI â€¢

C@

2f

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396962/cr0360041404.pdf by guest on 19 M

ay 2023



Chromosomes of Guinea Pig Cells

a'
I

.4

4,

a,

I@
a@

â€˜a,'

â€œft

M3@

C.

\ .:@

, h@
a

a â€¢ ,

:Pt @4*â€”M@

I
.5

C
I

a â€¢@

S

I'

pC @â€˜@ a

I â€¢@

â€”. a.
I a â€¢

.@ â€˜a,C @a
6

,@,â€˜se?

â€˜, :â€˜ â€¢ â€¢ â€¢@ â€¢

- -@ 4

,@ C.'.
- I.

a@, @.4*
I , a', a.'',@

â€œ. . 4. :@,

# :â€¢@ a.

.:â€˜;â€˜@/

4 M2 : .1@t@1:. M1

0

4f

a,@

3b

3d

U
a

â€¢@â€˜@â€˜;:: ,â€˜,

S f â€¢,

,#@ â€¢@ Ii.S ,@ S.a
â€˜a@

@p. V

,1 4

C

a..

-I,'

â€˜
o

a

.1
p

@:@

.., C
-@.

0

S

I'

a
.1@

â€¢IP

C,

C@

â€˜a
@â€˜ I @â€¢

I'

%5

@â€˜ C â€¢â€˜
p

@,I

@0
p

5,

3a

3c

3e

â€˜I

3fA

1411APRIL1976

a@s,

el

â€˜

C

â€˜\. â€¢
a

a

â€˜b
@â€¢e

@ :@

a

4Ã§'
â€˜@ C

S.@. @,â€¢
a â€˜@
S

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396962/cr0360041404.pdf by guest on 19 M

ay 2023



N. C. Popescu et a!.

a

M6

1412
CANCER RESEARCH VOL. 36

fl15

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396962/cr0360041404.pdf by guest on 19 M

ay 2023



Chromosomes of Guinea Pig Cells

S

I

I
I

I

U
12

14

I

1413APRIL 1976

14

12

14

12
2

2
4

6
a

@1o
@12

14

*

I

I

â€˜S

1 M2M3M4 M51

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396962/cr0360041404.pdf by guest on 19 M

ay 2023




