JOURNAL OF VIROLOGY, Jan. 1984, p. 297-299
0022-538X/84/010297-03$02.00/0
Copyright © 1984, American Society for Microbiology

Vol. 49, No. 1

A New Oncogene, c-raf, Is Located on Mouse Chromosome 6
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The recently described acute transforming virus 3611-MSV contains cellular sequences designated v-raf.
Mouse cellular DNA contains a single-copy sequence homologous to this oncogene (c-raf), and Southern
blot analysis of hamster-mouse somatic cell hybrid DN As showed that the mouse c-raf sequence is present

on chromosome 6.

Mammalian chromosomes carry cellular genes (c-onc
genes) which are homologous to the transforming sequences
contained in the genomes of the acute transforming viruses
(v-onc genes) (1). These sequences are conserved evolution-
arily and are present in limited copies in chromosomal DNA.
The association of these chromosomal sequences and neo-
plastic transformation is under active investigation, and a
number of lines of evidence suggest that transformation may
result from the altered structure or expression of these c-onc
genes (6, 8, 17, 24). Perhaps the most intriguing was the
finding that c-onc genes may be activated by their transloca-
tion to transcriptionally active chromosomal regions (4, 5,
25, 26). Many human and mouse tumors contain characteris-
tic chromosomal abnormalities, and recent studies have
localized various c-onc genes to the chromosomal break-
points involved in the generation of these aberrant chromo-
somes (23).

These observations suggest a role for cellular oncogenes in
malignancy and point to a need for a more complete descrip-
tion of the number, variety, and chromosomal distribution of
these sequences in mammalian DNA. Recently, an experi-
mental system has been described to specifically generate
novel acute transforming viruses by growing type C viruses
in chemically transformed mouse cells (18, 19). By using this
approach, several transforming viruses have been isolated.
One of these, designated 3611-MSV, transforms fibroblasts
and epithelial cells in culture and induces fibrosarcomas in
mice (21, 22). This virus carries a novel segment of DNA
designated v-raf which is distinct from previously described
onc sequences and which is associated with the production
of two polyproteins devoid of protein kinase activity (21).

In this study, we analyzed a set of hamster-mouse somatic
cell hybrids by blot hybridization to find the chromosomal
location of the mouse cellular homolog of c-raf. Hybrids
were generated by fusing cells from three inbred mouse
strains (BALB, A, and NFS.Akv-2) with cells of the Chinese
hamster line E36. These hybrids contain all of the hamster
chromosomes and different subsets of mouse chromosomes.
Mouse chromosomes were identified in metaphase spreads
by Giemsa-trypsin banding followed by staining with
Hoechst 33258 (10). The isolation and characterization of
these hybrids and their use in genetic mapping have been
described previously (11-13).

High-molecular-weight DNA was prepared from hamster,
mouse, and hybrid cells as previously described (20). DNAs
were digested with Bgll or Pstl, electrophoresed, and exam-
ined in Southern blots with the v-raf probe (Fig. 1). Figure 1
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shows DNAs from two negative (lanes 5 and 6) and two
positive mouse-hamster hybrids (lanes 3 and 4). Lanes 2 and
1 show NFS/N mouse liver DNA and E36 DNA, respective-
ly. In lane M are *?P-labeled lambda HindIII and $X174 Tagl
markers. Figure 1A and B display Bg/I- and PstI-restricted
DNAs, respectively.

In Fig. 1A, the 3611-MSV Xhol-BstEII probe hybridizes
to a ~12-kilobase (kb) fragment present in the mouse control
and in the positive hybrids. E36 DNA and all the hybrids
exhibit hybridization to a 4.45-kb fragment. In Fig. 1B, v-raf-
specific hybridization is seen in the mouse control 5.5-kb
Pstl fragment; this band is also present in the positive
hybrids but is absent from the E36 and negative hybrid
DNAs.

All 22 somatic cell hybrid lines tested after digestion with
Bgll contained the 4.45-kb hamster fragment, and seven of
these hybrids also contained the 12-kb mouse band. Correla-
tions with the mouse chromosome content of these 22 lines
showed that the c-raf sequence is present in mouse chromo-
some 6 (Table 1). All seven hybrids with mouse c-raf
sequences contained chromosome 6, and all of the remaining
hybrids lacked both chromosome 6 and c-raf. All other
mouse chromosomes showed discordant segregation with
this sequence. This correlation was confirmed in experi-
ments in which Pstl instead of Bgl/l was used for DNA
restriction.

More than 15 oncogenes have now been identified which
are inherited as chromosomal genes in mammalian species
(1). The assignment of the oncogene c-raf to mouse chromo-
some 6 emphasizes the fact that sequences associated with
transformation are present on different chromosomes. In
mice, as in humans, oncogenes have now been mapped to
multiple chromosomes, including chromosomes 4 (mos) (25),
2 (abl) (7), 7 (fes, Ha-ras) (14), 15 (myc, sis) (3, 15), and now
6.

Examination of the mouse chromosome map shows that
chromosome 6 carries one other genetic locus which directly
affects tumor incidence. This locus, Mov-1, represents an
integration site for Moloney leukemia virus (2). However,
localization of c-raf and Mov-I to the same chromosome is
most likely coincidental.

The assignment of c-raf to chromosome 6 is interesting in
light of the fact that 6;15 as well as 12;15 chromosomal
translocations are commonly found in mouse plasmacyto-
mas (16). These typically result in the translocation of the
myc oncogene from chromosome 15 to the immunoglobulin
loci on chromosome 6 (Igl) or 12 (Igh) (9). Although we
could not determine whether the c-raf and Igl sequences on
this chromosome are closely linked, experiments are cur-
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FIG. 1. DNAs from hybrid and control cells were digested with
Pstl and Bgll and electrophoresed in 1% agarose (SeaKem; FMC
Corp., Marine Colloids Div., Rockland, Maine) with a Tris-acetate
buffer (pH 7.8). Restriction fragments of 32P-labeled lambda HindIII
and $X174 Taql were used as size markers. After electrophoresis,
DNA was transferred from gels onto Genescreen (New England
Nuclear Corp., Boston, Mass.) by a modification of the Southern
technique as recommended by New England Nuclear Corp. A
cloned Xhol-BstEll fragment of 3611-MSV from v-raf was *’P
labeled by nick translation and hybridized to the membrane accord-
ing to the protocol outlined by New England Nuclear Corp. Lanes:
M, markers; 1, E36 hamster; 2, NFS/N mouse lines; 3 and 4, c-raf
positive hybrids; and 5 and 6, c-raf negative hybrids. (A) Bgll digest;
(B) Pstl digest.

rently in progress to position c-raf by using somatic cell
hybrids which carry translocation chromosomes. Finally,
the examination of plasmacytomas carrying 6;15 transloca-
tions should determine whether c-raf sequences are rear-
ranged or show altered expression to determine whether this
onc sequence has any role in this neoplastic disease.
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“ Five hybrids contain c-raf and chromosome 1 (+/+), ten hybrids

lack c-raf and chromosome 1 (—/—), seven hybrids contain only c-
raf (+/-) or only chromosome 1 (—/+).

10.

11.

12.

13.

14.

15.

Gallo, and C. M. Croce. 1982. Human c-myc oncogene is
located on the region of chromosome 8 that is translocated in
Burkitt lymphoma cells. Proc. Natl. Acad. Sci. U.S.A. 79:7824-
7827.

. de Klein, A., A. G. van Kessel, G. Grosveld, C. R. Bartram, A.

Hagemeijer, D. Bootsma, N. K. Spurr, N. Heisterkamp, J.
Groffen, and J. R. Stephenson. 1982. A cellular oncogene is
translocated to the Philadelphia chromosome in chronic myelo-
cytic leukemia. Nature (London) 300:765-767.

. Der, C. J., T. G. Krontiris, and G. M. Cooper. 1982. Transform-

ing genes of human bladder and lung carcinoma cell lines are
homologous to the ras genes of Harvey and Kirsten sarcoma
viruses. Proc. Natl. Acad. Sci. U.S.A. 79:3637-3640.

. Goff, S. P., P. D’Eustachio, F. H. Ruddle, and D. Baltimore.

1982. Chromosomal assignment of the endogenous proto-onco-
gene c-abl. Science 218:1317-1319.

. Hayward, W. S., B. G. Neel, and S. M. Astrin. 1981. Activation

of a cellular onc gene by promoter insertion in ALV-induced
lymphoid leukosis. Nature 290:475-480.

. Klein, G. 1983. Specific chromosomal translocation and the

genesis of B cell derived tumors in mouse and man. Cell 32:311-
315.

Kozak, C. A., J. B. Lawrence, and F. H, Ruddle. 1977. A
sequential staining technique for the chromosomal analysis of
interspecific mouse/hamster and mouse/human somatic cell
hybrids. Exp. Cell Res. 105:109-114.

Kozak, C. A., E. Nichols, and F. H. Ruddle. 1975. Gene linkage
analysis in the mouse by somatic cell hybridization: assignment
of adenosine phosphoribosyltransferase to chromosome 8 and
a-galactosidase to the X chromosome. Somatic Cell Genet.
1:371-382.

Kozak, C. A., and W. P. Rowe. 1979. Genetic mapping of
ecotropic murine leukemic-virus inducing locus of BALB/c
mice to chromosome 5. Science 204:69-71.

Kozak, C. A., and W. P. Rowe. 1980. Genetic mapping of the
ecotropic virus inducing locus (Akv-2) of the AKR mouse. J.
Exp. Med. 150:1419-1423.

Kozak, C. A., J. F. Sears, and M. D. Hoggan. 1983. Genetic
mapping of the mouse oncogenes c-Ha-ras-1 and c-fes to
chromosome 7. J. Virol. 47:217-220.

Kozak, C. A., J. F. Sears, and M. D. Hoggan. 1983. Genetic



VoL. 49, 1984

16.

17.

18.
19.

20.

21.

mapping of a mouse protooncogene c-sis to chromosome 15.
Science 221:867-869.

Ohno, S., M. Babonits, F. Wiener, J. Spira, G. Klein, and M.
Potter. 1979. Nonrandom chromosome changes involving the Ig
gehe-carrying chromosomes 12 and 6 in pristane-produced
mouse plasmacytomas. Cell 18:1001-1012. )

Parada, L. F., C. J. Tabin, C. Shih, and R. A. Weinberg. 1982.
Human EJ bladder carcinoma oncogene is homologue of Har-
vey sarcoma virus ras gene. Nature (London) 297:474-478.
Rapp, U. R., and G. J. Todaro. 1978. Generation of new mouse
sarcoma viruses in cell culture. Science 201:821-824.

Rapp, U. R., and G. J. Todaro. 1980. Generation of oncogenic
mouse type C viruses: in vitro selection of carcinoma-inducing
variants. Proc. Natl. Acad. Sci. U.S.A. 77:624-628.

Rapp, U. R., E. Birkenmeier, T. I. Bonner, M. A. Gonda, and
M. Gunnell. 1983. Genome structure of mink cell focus-forming
murine leukemia virus in epithelial mink lung cells transformed
in vitro by iododeoxyuridine-induced C3H/MuLV cells. J.
Virol. 45:740-754.

Rapp, U. R., F. H. Reynolds, Jr., and J. R. Stephenson. 1983.
New mammalian transforming retrovirus: demonstration of a

22.

23.
24.

25.

26.

NOTES 299

polyprotein gene product. J. Virol. 45:914-924.

Rapp, U. R., M. D. Goldsborough, G. E. Mark, T. I. Bonner, J.
Groften, F. H. Reynolds, Jr., and J. R. Stephenson. 1983. Struc-
ture and biological activity of v-raf, an oncogene transduced by
a retrovirus. Proc. Natl. Acad. Sci. U.S.A. 80:4218-4222.
Rowley, D. D. 1983. Human oncogene locations and chromo-
some aberration. Nature 301:290-291.

Santos, E., S. R. Tronick, S. A. Aaronson, S. Pulciani, and M.
Barbacid. 1982. T24 human bladder carcinoma oncogene is an
activated form of the normal human homologue of BALB- and
Harvey-MSV transforming genes. Nature (London) 298:343-
347.

Swan, D., M. Oskarsson, D. Keithley, F. H. Ruddle, P. D’Eusta-
chio, and G. F. Vande Woude. 1982. Chromosomal localization
of the Moloney sarcoma virus mouse cellular (c-mos) sequence.
J. Virol. 44:752-754.

Taub, R., I. Kirsch, C. Morton, G. Lenoir, D. Swan, S. Tronick,
S. Aaronson, and P. Leder. 1982. Translocation of the c-myc
gene into the immunoglobulin heavy chain locus in human
Burkitt lymphoma and murine plasmacytoma cells. Proc. Natl.
Acad. Sci. U.S.A. 79:7837-7841.



