Segregatidn of Loci for C-Type Virus Induction in
Strains of Mice with High and Low Incidence of Leukemia

Abstract. Multiple genetic loci for induction of murine leukemia viruses are
demonstrated in cells of the high leukemic incidence C58 mouse strain. The
biologic properties of viruses at C58 inducibility loci are clearly distinguishable
from those of viruses activated from mouse cells containing a locus for virus induc-
tion of the low leukemia incidence BALB/ ¢ strain. These findings are consistent
with the hypothesis that the genes for virus induction in normal mouse embryo

cells represent viral structural information.

There is a large body of evidence
linking RNA C-type leukemia viruses
with naturally occurring tumors in
avian and a number of mammalian
species (7). Several in vivo (2) and in
vitro studies (3) have indicated that

these viruses are vertically transmitted.

The demonstration that clonal lines of
virus-negative mouse embryo cells can
be induced by chemicals in tissue cul-
ture to produce murine leukemia virus
has established that the viral genome
is stably associated with each cell (4).
The mechanism of transmission of this
unexpressed viral information and its
location within the cell are of biologic
. interest.

In studies in vivo, two independently
segregating loci that affect virus expres-
sion have been reported in the AKR
mouse strain, which has a high inci-
dence of leukemia (5). In tissue cul-
ture, cells of the BALB/c strain, which
has a low incidence of leukemia, have
been shown to contain at least one
locus for virus inducibility (6). An
inducibility locus in the AKR strain
has been specified to a chromosome by
linkage to genetic markers (7). None
of these studies, however, has revealed
whether the loci so far detected repre-
sent viral structural information or
regulatory genes that affect virus ex-
pression.

We have shown that the biologic
properties of virus inducible from cells
of the high leukemic incidence CS58
mice are different from those of an
endogenous virus of BALB/c cells (8).
Further, cells of one mouse strain (NIH
Swiss) have not as yet been shown to be
activated by iododeoxyuridine (IdU) in
tissue culture to produce leukemia virus
(6, 8). The fact that embryo cells de-
rived from F; hybrids of either induci-
ble strain with the noninducible NIH
Swiss strain yield virus of the inducible
parental type indicates that inducibility
is a dominant genetic characteristic
(6). In the present report we have ap-
proached the question of whether virus
inducibility loci are structural or regu-
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latory genes by examining the biologic
properties of viruses activated from a
series of second generation embryos ob-
tained from backcrosses involving NIH
Swiss with (NIH Swiss X BALB/c)F,
and (NIH Swiss X C58)F, hybrids.
Cells were grown in Dulbecco’s modi-
fication of Eagle’s medium supple-
mented with 10 percent calf serum
(Colorado Serum Company). The
methods used for chemical activation
of murine leukemia virus from mouse
embryo cells have been reported (6).
Biologic activity was measured by a

plaque assay, the mixed culture (XC)
test (9), on NIH/3T3 cells (10).
Quantitation of virus by means of the
reverse transcriptase assay (1), and
a radioimmunoprecipitation method
which detects mouse leukemia virus
group-specific (gs) antigen (I2) have
been described. The following ab-
breviations are used: murine leukemia
virus (MuLV); BALB/c (B); and NIH
Swiss (N).

In previous reports, activation of C-
type virus was tested in embryo cell
lines derived from a series of backcross
involving B and N strains, N X (N X
B)F;. The finding that 50 percent were
inducible demonstrated the existence of
one segregating gene for virus induction
in B cells (8). We have examined an
analogous series of backcross genera-
tion embryo lines [N X (N X C58)F,]
to determine the number of loci for
virus induction in C58 cells. Because
the endogenous viruses of C58 and B
parental mouse strains were distinguish-
able with the use of quantitative biologic

Table 1. Activation of RNA C-type virus from NX (N XCS58)F,; backcross mouse embryo
cultures. Secondary embryo cell cultures containing approximately 3 X 10° cells were exposed
to 1dU (20 ug/ml) for 24 hours. After 4 weeks of incubation at 37°C with weekly subculture,
the number of virus-positive cultures was determined by assaying the supernatants for reverse
transcriptase activity and for XC plaque formation on NIH/3T3 cells.

Observed inducible lines Expected percent inducible for:*

Lines
Genotype examined
(No.) Total Percent ’ll;)v::(i, 111012? l;gcuf
N 10 0 0 0 0 0
C58 5 5 100 100 100 100
(NXCS8)F, 5 5 100 100 100 100
NX(NXCS8)F, 55 51 92.7 5 87.5 93.7

* Percentage of virus positive embryo cultures expected following IdU activation for two, three, or
four independently segregating genetic loci for virus inducibility.

Table 2. Comparison of biological properties of viruses induced from individual N X (N X
C58)F; and N X (N X B)F, backcross mice. The infectivity of each virus isolate was tested
on NIH/3T3 cells, which have been shown to be more susceptible than other mouse cell lines
to infection by the endogenous viruses of both B and CS8 parental mouse strains. The XC
plaque assay was performed according to the method of Rowe et al. (9). The polymerase
induction assay was performed (/1) by infection of NIH/3T3 cells with serial tenfold virus
dilutions. After 7 days at 37°C, virus reverse transcriptase was measured in 100-fold con-
centrated tissue culture fluids of infected cells. The end point for induction of polymerase ac-
tivity was determined by extrapolation and was defined as the titer in polymerase-inducing
units (PIU) per milliliter. The biologic activity of each virus in either XC plaque-forming units
(PFU) per milliliter or PIU per milliliter was then standardized on the basis of the total
number of nanograms of virus gs protein per milliliter. The results of tests with multiple
individual virus preparations are expressed as the mean value = 1 standard error; L, large;
S, small.

Isolates Infecti'vity per 0.1 ng of XC
Virus examined " viral gs protein plaque
mor-
(No.) XC PFU PIU phology
MuLV#* 1 150 40 L
Activated from:
Cs8 1 15 25 L
(N X C58)F, 1 50 30 L
N X (N x C58)F, 25 63 =23 31 =12 L
B 1 0.7 0.4 S
(N X B)F, 2 0.4 0.2 S
N X (N X B)F, 8 0.5+ 03 02+ 04 S

* Standard wild-type strain (Kirsten).
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and biochemical methods (8), the
viruses obtained from individual back-
cross lines involving either inducible
strain could be compared.

A total of 55 cell lines was estab-
lished from individual N X (N X C58)-
F; backcross embryos. Cultures of each
were treated with IdU (20 pg/ml) for
24 hours, and supernatants were assayed
for C-type virus by both the reverse
transcriptase assay and the XC plaque
assay at weekly intervals for up to 1
month after treatment. Induction of
virus was detected with 51 out of 55
lines. Each of the four N X (N X C58)-
F; backcross lines, which had re-
mained virus-negative, were subsequent-
ly treated again in three separate ex-
periments. However, in each case, they
remained noninducible. In Table 1, the
percentage of virus-inducible backcross
N X (N x C58)F, lines (92.7 percent)
is compared with the percentages ex-
pected for two, three, or four loci. The
results fit most closely with the percent-
age expected for three or four inde-
pendently segregating dominant alleles
for virus inducibility in C58 cells.

Proof that virus inducibility loci rep-
resent viral structural rather than regu-
latory information would first require
the demonstration that all virus isolates
at one locus were identical and yet
distinct from those activated at some
other locus. Thus, the biologic proper-
ties of viruses activated from cell lines
of 8 individual N X (N X B)F,; back-
crosses, containing the BALB/ ¢ induci-
bility locus (8), were compared with
viruses activated at loci for induction
in 25 individual N X (N X C58)F,
backcross lines. These viruses were also
compared with isolates obtained from
parental as well as (N X B)F; and
(N X C58)F, hybrid lines. The amount
of murine leukemia virus gs antigen
was determined for each virus prepara-
tion. Since there is a uniform amount
of gs protein per virion, the total gs
protein in each virus stock provided a
measure of the number of physical
particles. Each virus was also assayed
for its reverse transcriptase activity.
These biochemical and immunologic
measurements provided a means of
standardizing the different viruses prior
to tests of their biologic activity.

As can be seen from the results sum-
marized in Table 2, the biologic prop-
erties of each N X (N X B)F;-acti-
vated virus were indistinguishable from
those of virus induced from cells of
the parental B strain. Each formed very
small XC plaques; as determined by
both the XC plaque assay and by mea-
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surement of virion-associated reverse
transcriptase in tissue culture fluids of
infected cell cultures, each was around
100- to 200-fold less infectious than a
standard wild-type strain. In contrast,
each of 25 isolates from activatable
N X (N X C58)F, embryo lines formed
large XC plaques and, like the virus
activated from C58 parental cells, were
almost as infectious per nanogram of
viral gs protein as the standard wild-
type strain. Thus, the biologic properties
of each of several viruses activated
from backcross embryo cells containing
an induction locus of the B strain, while
indistinguishable from each other, were
quite different from those of viruses ob-
tained from backcross lines containing
virus induction loci of the C58 strain.

The foregoing results indicate that
the inducibility loci detected may repre-
sent C-type viral structural information
and that regulatory factors necessary
for their activation are either present
in all cell strains or closely linked to
the viral structural loci. Alternative pos-
sibilities are that each class of endoge-
nous virus is present in an integrated
state within cells of all mouse strains
or that the endogenous viruses of a
particular strain exist in multiple extra-
chromosomal copies. The loci observed
could then be regulatory genes that
allow virus activation. The possibility
of extrachromosomal virus location ap-
pears to be excluded by recent bio-
chemical evidence indicating that mouse
embryo cells contain murine leukemia
virus-specific DNA which is covalently
linked to host cell sequences in the high
molecular weight fraction of cellular
DNA (13).

The multiple (more than two) loci
for murine leukemia virus detected in

cells of the C58 strain are more than
have been observed in genetic studies
with other mouse strains (5, 6). The
very infectious nature of the endoge-
nous viruses of the C58 cell undoubtedly
contributes to the ease of their detec-
tion. It is possible, therefore, that in
other mouse strains, there may be addi-
tional alleles representing viruses with
altered or defective properties, which
cannot be detected by available meth-
ods. Whether the large number of bio-
logically highly active endogenous vi-
ruses in the C58 strain can be causally
linked to the very high leukemia inci-
dence observed in that mouse strain
remains to be determined.
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Bethesda, Maryland 20014
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Fordilla troyensis Barrande: The Oldest Known Pelecypod

Abstract. Specimens of the small bivalved animal Fordilla troyensis Barrande
from New York State show that this fossil is the oldest known pelecypod mollusk
and not a conchostracan arthropod. This finding extends the range of the class
Pelecypoda backward in time from the Early Ordovician (about 495 million years
ago) to the Early Cambrian (about 540 to 570 million years ago). The morphol-
ogy of Fordilla troyensis suggests that it lived infaunally and that it was ancestral
to the pelecypod subclasses Heteroconchia and Isofilibranchia.

Fordilla troyensis Barrande (1) is a
small bivalved invertebrate best known
from Lower Cambrian rocks of New
York State; it also occurs in rocks of
the same age in Newfoundland, Green-
land, and perhaps England, Denmark,
and Portugal. Although in recent years
there has been general agreement that

this species is a crustacean and not a
pelecypod, there was a long debate as
to its zoological placement. Opinion
was divided as to whether Fordilla is
a pelecypod (I—4), possibly a pelecy-
pod (5, 6), or a bivalved concho-
stracan crustacean (7).

The Early Cambrian age of Fordilla
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