
Vol. 56, No. 2JOURNAL OF VIROLOGY, Nov. 1985, p. 613-616
0022-538X/85/110613-04$02.00/0
Copyright C) 1985, American Society for Microbiology

Genetic Reassortment of Mammalian Reoviruses in Mice
ELIZABETH A. WENSKE,' STEPHEN J. CHANOCK,1 LEWIS KRATA,1 AND BERNARD N. FIELDS123*

Department of Microbiology and Molecular Genetics, Harvard Medical School 1* and Shipley Institute of Medicine,2 and
Department of Medicine, Division of Infectious Diseases, Brigham and Women's Hospital,3 Boston, Massachusetts 02115

Received 11 February 1985/Accepted 19 July 1985

Reassortants between type 1 (Lang) and type 3 (Dearing) reoviruses were isolated from suckling mice
infected perorally with an inoculum containing both type 1 and type 3 viruses. A total of five distinct
reassortants (designated as El through E5) were isolated from animals during the course of the experiment.
Two reassortants (El and E2) represented the majority of the reassortants isolated. The majority of genes of
types El and E2 were derived from type 1 (Lang). However, El had an M2 gene and an Si gene derived from
type 3 (Dearing), while E2 had M2 and S2 genes derived from type 3 (Dearing). Thus, nonrandom reassortment
between mammalian reoviruses can be demonstrated in vivo.

The ability of mammalian reoviruses to reassort their
double-stranded RNA segments has been useful for defining
the function of viral genes in pathogenesis. After mixed
infection of cells with two different reoviruses, reassortants
have been isolated which contain double-stranded RNA
segments derived from each of the two parents (2, 16). In
prior studies, reassortants Were generated in tissue cultures
and were then inoculated into mice to study the functions of
the reovirus genes in vivo. Among the insights derived from
these studies were the identification of distinct functions of
the three viral outer capsid polypeptides. The viral hemag-
glutinin cri (encoded by the Si segment) binds to cell surface
receptors and is responsible for cell and tissue tropism (4,
20); the ,1iC protein (encoded by the M2 segment) interacts
with proteases and determines yield in differentiated tissues
(3, 14); the a3 protein (encoded by the S4 segment) inhibits
host cell RNA and protein syntheses (1, 15).

In light of the experimental data involving reassortants
generated in vitro, we wished to determine whether reassort-
ment might take place in the host (in vivo). If this reassort-
ment occurred, we wanted to determine whether certain
viral genes were selected in particular organs and whether
reassortants would have altered biologic properties. We
report here that, after mixed infection of young mice with
type 1 (Ti) (Lang) and type 3 (T3) (Dearing), reassortants are
generated in vivo, and different reassortants are isolated
from selected organs.

It has been previously reported that Ti (Lang) and T3
(Dearing) differ in their growth and spread in 10-day-old and
adult mice (11). It was, therefore, important to establish the
ability of the two individual serotypes to infect 2-day-old
animals under our experimental conditions. Since the natural
portal of entry for reoviruses is through the gastrointestinal
tract, we chose to inoculate the animals perorally into the
stomach. Baby mice were infected with either the Ti or T3
parental serotype, and another group was infected with a
mixed inoculum (MI) containing both Ti and T3.
Animals were injected with a total volume of 0.05 ml of

viral solution mixed with blue dye (Durkee Famous Foods,
Cleveland, Ohio). Only those animals exhibiting a blue
stomach after inoculation were used. Animals inoculated
with only Ti or T3 received 2 x 107 PFU of virus. Animals
infected with an MI were inoculated with 107 Ti PFU plus
107 T3 PFU in a total volume of 0.05 ml. Animals were

* Corresponding author.

sacrificed on day 1 postinoculation (p.i.) and every other day
thereafter through day 13.
The two groups of mice inoculated with parental viruses

were used to determine the extent to which each virus would
spread or grow in selected organs after peroral inoculation.
The organs chosen for examination were the ileum (the
primary site of replication), the liver (an organ through
which virus passes after leaving the gastrointestinal tract),
the spleen (a lymphoidal organ that collects virus spread by
the blood), and the brain (an organ in which serotypes 1 and
3 exhibit different tropisms). The organs selected repre-
sented different sites of spread, drainage, and tissue tropism.
To measure the amount of virus in these organs after

inoculation, two or three animals from each group were
sacrificed on selected days p.i., their tissues were collected,
and the titers of the virus were determined (11). Virus was
recovered from ileum, spleen, liver, and brain of animals
infected with either Ti or T3 or the MI. The amounts of virus
recovered from the organs of the three groups are illustrated
in Fig. 1.

In the ileum, Ti was initially recovered at high titers on
day 3 (106 PFU/ml) and rapidly decreased after day 3 (Fig.
1A). T3 virus never reached high titers (a maximum of 104
PFU/ml) but was recovered from the ileum until day 9 p.i.
Virus titers from the ileum of MI-infected animals main-
tained levels of between 105 and 106 PFU of virus from days
1 through 7. On day 13, 103 PFU of virus was still recovered
from MI animals. In the spleen and liver, T3 was present in
lower amounts in T3-inoculated animals than in the same
organs from Ti- and MI-infected animals (Fig. 1B and 1C).
MI-infected animals had slightly higher virus titers in the
spleen and liver, as well as in the ileum (see above), at the
end of the experiment. In the brain, the titers of Ti and MI
were similar, and T3 reached titers equal to those of Ti by
day 11, remaining at higher levels at the termination of the
experiment on day 13 (Fig. 1D). Since animals infected with
MI often had enhanced yields of virus compared with those
from animals inoculated with Ti or T3 alone, it was likely
that reassortants were present in such samples.
To determine whether reassortant viruses were present in

the MI-infected animals, sonicated and diluted tissue sam-
ples of organs collected from MI-infected animals were
titrated on L-cell monolayers (10). Clones were isolated from
plates having one to five plaques, ensuring that reassortment
did not take place during isolation of virus. Virus from the
resulting plaques was amplified, and its electropherotype

613



614 NOTES

F~~~~~

ceK~~~~~~~~~~~~~~~

101

3 5 7 9 iI13 3 5 7 9 ll 13

Days Post-Inocu/af/on
FIG. 1. Growth of Ti, T3, or Ti plus T3 in NIH Swiss suckling

mice after peroral inoculation. Mice were perorally inoculated with
2 x 107 PFU of Ti (M), 2 x 107 PFU of T3 (A), and 1 x 107 PFU of
Ti plus 1 x 107 PFU of T3 (0). Pairs of mice were sacrificed at the
indicated times, and organs were removed and titrated for infectious
virus by plaque assay. (A) Ileum. (B) Liver. (C) Spleen. (D) Brain.

was determined by polyacrylamide gel electrophoresis
(10-13, 15). Reassortant viruses were identified by compar-
ing the migrations on polyacrylamide gel electrophoresis of
the double-stranded RNAs from viral clones isolated from
tissues of MI-infected animals with those of parental Ti and
T3 viruses (13). Viruses were scored as reassortants if their
genomes consisted of RNA segments derived from both Ti
and T3 RNA parents.
The RNAs of 1,276 plaque-purified clones were examined

from samples collected on days 1 through 13 p.i. (Tables 1
and 2). Before day 7, Tl was the only virus isolated from the
four tissues examined (ileum, spleen, liver, and brain). At
later times (days 9, 11, and 13), T3 virus was also isolated
from brain, ileum, or both. T3 was not isolated from spleen
or liver samples. Beginning on day 7, reassortants were

isolated, and 121 reassortant clones were isolated from a
total sample of 1,276 clones examined.

Five different electropherotypes of reassortants (desig-
nated as El through E5) isolated from mouse organs were

present among the total of 121 reassortant clones (Table 1).
The majority of the isolates had either the El or E2 electro-
pherotype. The distribution of the reassortant isolates found
in individual tissues and their times of isolation are shown in
Table 2. The E2 isolates were found mainly on day 7, with
fewer on day 9. Isolates of E2 were found from all four
organs, although there was only a single isolate from spleen
tissue. El was isolated at later times, appearing first on day
11, but appearing in larger numbers by day 13. Most El

isolates were from ileum or brain tissue, and there were no
isolates from spleen tissue. E3, E4, and E5 were each single
isolates. The E3 and E4 clones were isolated from the ileum
of a single animal sacrificed on day 11 p.i. The E5 isolate was
from the liver of an animal sacrificed on day 9 p.i.

In this study, we analyzed virus clones isolated from
selected organs of animals that were simultane6usly infected
with reoviruses Ti and T3 and found that reovirus serotypes
reassorted genome segments in the infected animal. The
reassortants isolated did not represent the spectrum of
electropherotypes typically found when reoviruses reassort
in vitro (3). Instead, there was selection for two reassortants,
El and E2. In both reassortants most of the double-stranded
RNA segments were derived from the Ti parent. However,
the M2 and Si segments of El and the Si and S2 segments
of E2 were derived from T3. These two isolates represent
97% of the reassortants that were recovered. Since both
were isolated from more than one organ and from different
mice on different days, the data strongly suggest that host
factors were playing an important role in the selection of El
and E2. The three other reassortants were represented by
single isolates and were thus more difficult to interpret.

Earlier studies showed that the reovirus Ti (Lang)
serotype was consistently recovered in higher titers than was
reovirus T3 (Dearing) after peroral inoculation (10). Thus, it
was not surprising that the majority of genes found in the
reassortants were derived from Ti since it was expected that
there wolild be a larger pool of Ti genes in the infected
animals.
The fact that the M2 gene in the reassortants isolated in

vivo was derived from the T3 (Dearing) parent was surpris-
ing since the Ti M2 gene conferred a growth, advantage in
prior experiments. Previous studies of 2-day-old inoculated
animals indicated that reassortants generated in vitro which
contained an M2 gene of T3 (Dearing) did not grow in
intestinal tissues as well as did those which contained an M2
gene derived from Ti (Lang). However, viruses containing
mutant M2 genes of T3 origin were capable of growing to a
higher titer in intestinal tissue (14). Such mutants were
frequently found in mutagenized virus stocks (14). Thus, it is
possible that the M2 of the in vivo reassortants is an altered
T3 gene whose selection conferred a growth advantage over
either parental strain. Which host factors may be influencing
such a selection have not been defined.
The finding of the Si gene of T3 in reassortants isolated

from the brain is not surprising. Viruses having the T3 Si
grow well in neurons, while viruses containing the Ti Si
gene do not (20). The latter are restricted to growth in
ependymal cells, a population of cells found in much lower
numbers than are neurons in the central nervous system.
Thus, the tropism of T3 to neurons would confer a selective
growth advantage in the brain.
The finding of in vivo reassortment under laboratory

conditions suggests that reas$ortment among mammalian
reoviruses may also occur in nature. However, Gaillard and
Joklik, based on RNA hybridization of three laboratory
strains [Ti (Lang), T2 (Jones), and T3 (Dearing)], have
suggested that the three serotypes have evolved indepen-
dently (6). This would imply that in vivo reassortment, at
least between serotypes 1, 2, and 3, plays an insignificant
role in the evolution of reoviruses in nature. In contrast to
the hybridization analysis, prior studies from our laboratory
with a large number of field isolates collected from various
species suggest that in vivo reassortment is taking place.
This conclusion is based (i) on the high degree of heteroge-
neity of electropherotypes among various isolates (9) and (ii)
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TABLE 1. Derivation of viral RNA segments from tissue samples of MI-infected mice

Parental origin of gene:
Parent or . No. isolated
reassortant Outer capsid Core Nonstructural (% of total)'

Si M2 S4 Li L2 L3 MI S2 M3 S3

Parents
Ti Ti Ti Ti Ti Ti Ti Ti Ti Ti Ti 1,041 (82)
T3 T3 T3 T3 T3 T3 T3 T3 T3 T3 T3 114 (8.9)

Reassortants
Ei T3 T3 Ti Ti Ti Ti Ti Ti Ti Ti 64 (5.0)
E2 Ti T3 Ti Ti Ti Ti Ti T3 Ti Ti 54 (4.2)
E3 T3 T3 T3 T3 T3 T3 Ti Ti T3 T3 1 (0.08)
E4 T3 Ti T3 Ti Ti Ti Ti T3 Ti T3 1 (0.08)
E5 Ti Ti Ti T3 T3 T3 Ti Ti Ti Ti 1 (0.08)
a Total number of plaques analyzed was 1,276.

on our analysis of tryptic peptides of the outer capsid otide fingerprint studies of the bluetongue virus (17) and
proteins. For example, cr3 proteins of some Ti and T3 bunyavirus (18) isolates indicate that these viruses exist as
isolates appear to be closely related (7). In fact, tryptic naturally occurring reassortants. Reassortment of the
peptide digests of the a3 proteins can be grouped indepen- bluetongue virus is of particular interest since orbiviruses
dently of the serotype of the isolates (7). These data are are in the Reoviridae family. In addition, reassortment of
difficult to reconcile with independent evolution of reovirus rotaviruses, another member of the Reoviridae, has been
serotypes 1, 2, and 3. Reassortment in nature is a likely suggested to explain the high degree of electrophoretic
explanation for these results. heterogeneity of rotavirus isolates (5).
Examples of naturally occurring reassortants of seg- An important question derived from these findings is

mented viruses come from studies of influenza viruses. Both whether the progeny reassortant viruses selected in vivo
in vitro and in vivo reassortment of influenza viruses have differ from the parental viruses in their capacity to grow and
been extensively documented (8, 19). Evidence indicating cause disease in the infected mice. Preliminary studies
the presence of naturally occurring reassortants of other indicate that both El and E2 grow to high titers and are more
segmented RNA viruses has also been reported. Oligonucle- pathogenic than either Ti (Lang) or T3 (Dearing) after

TABLE 2. Presence of Ti, T3, and reassortants in mouse organs
Total no. No. of plaques of clone type:

of
Day Mouse plaques Ileum Spleen Liver Brain
p.i. no. picked

per Ti T3 Ei E2 Ti T3 El E2 Ti T3 El E2 Ti T3 El E2
mouse

1 1 12 12 0 0 0 NU" NU NU NU NU NU NU NU NU NU NU NU
2 20 20 0 0 0 NU NU NU NU NU NU NU NU NU NU NU NU

3 1 57 57 0 0 0 NU NU NU NU NU NU NU NU NU NU NU NU
2 42 42 0 0 0 NU NU NU NU NU NU NU NU NU NU NU NU

5 1 155 39 0 0 0 40 0 0 0 26 0 0 0 50 0 0 0
2 109 18 0 0 0 27 0 0 0 58 0 0 0 6 0 0 0

7 1 78 16 0 0 20 NU NU NU NU 18 0 0 11 2 0 0 11
2 74 39 0 0 5 NU NU NU NU 19 0 0 2 9 0 0 0
3 84 21 0 0 0 22 0 0 0 25 0 0 1 15 0 0 0

9 1 170 42 0 0 0 24 0 0 1 32 0 0 lb 67 2 0 1
2 146 49 0 0 1 18 0 0 0 33 0 0 0 33 12 0 0

11 1 128 ND' ND ND ND 24 0 0 0 54 0 5 0 45 0 0 0
2 99 26 17 3d 0 ND ND ND ND 5 0 0 0 8 40 0 0

13 1 44 ND ND ND ND ND ND ND ND ND ND ND ND 0 43 1 0
2 55 0 0 27 0 ND ND ND ND ND ND ND ND 0 0 28 0

"NU, Not used to isolate virus.
b E5 reassortant detected as a single isolate.
' ND, No virus detected in these organs.
" E3 and E4 reassortants each detected as single isolates.
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peroral inoculation. Further studies are in progress to study
the significance of these findings.
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