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ABSTRACT The S1 genes of the three serotypes of reovi-
rus have been cloned and sequenced. The SI genes encode pro-
tein o1, the protein against which serotype-specific neutraliz-
ing antibodies are directed; it is also the reovirus hemaggluti-
nin and cell-attachment protein and is a major determinant of
host range/tissue specificity and of the nature of the interac-
tion of reovirus with cells of the immune system. The SI genes
of serotypes 1, 2, and 3 are 1458, 1442, and 1416 nucleotides
long, respectively. They possess untranslated regions 13, 13,
and 12 nucleotides long at their 5’ termini and 188, 229, and 36
nucleotides long at their 3’ termini. They possess two open
reading frames. The first starts with a “weak” initiation codon
and extends for 418, 399, and 455 codons, respectively; this is
the size expected for the o1 proteins. The other reading frame
starts at a “strong” initiation codon about 70 residues down-
stream from the 5’ terminus but extends for only about 120
codons, being terminated by 3 in-phase termination codons in
all three genes. The proteins encoded by these short open read-
ing frames are quite basic. The serotype 1 and 2 SI genes are
much more closely related to each other (28% homology) than
to the serotype 3 S1 gene (5% and 9% homology, respectively).
These figures are based on direct homology calculations,
adjusted for 25% random coincidence. Serologic evidence and
hydrophobicity profiles agree that the o1 proteins of serotypes
1 and 2 are much more closely related to each other (about
40% homology) than to that of serotype 3 (only about 20%
homology). The fact that the serotype 1 and 2 SI genes are
much more closely related to each other than to the serotype 3
S1 gene is remarkable since for all other nine reovirus genes
the serotype 1 and 3 genes are much more closely related to
each other than to the serotype 2 gene. Mechanisms that may
effect this remarkable evolutionary pattern are discussed.

There are three serotypes of reovirus. As judged by the abili-
ty of their double-stranded RN As to hybridize with each oth-
er under standardized conditions, serotypes 1 and 3 are
closely related (about 70%), whereas serotype 2 is related to
serotypes 1 and 3 only to the extent of about 10% (1). The
individual genes of the three serotypes vary in their related-
ness from those that are most closely related, the 3 L genes,
to the gene that has diverged to the greatest extent during
evolution—namely, the SI gene, which encodes protein ol
(1). Protein o1 is not only the most type-specific of all reovi-
rus proteins but is also functionally of great importance. It is
the protein against which the major neutralizing antibodies
are formed (2); it is the hemagglutinin (3); it is the viral cell-
attachment protein (4); it is the major determinant of the na-
ture of the interaction of reoviruses with cells, including cells
of the immune system (5-7); and it also appears to be the
reovirus protein that switches off host cell DNA synthesis
®).

Remarkably, protein ol is present in reovirus particles to
the extent of only 24 molecules that are located pairwise at
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12 positions on the reovirus surface where the core projec-
tions or spikes protrude through the outer capsid shell (4).
Not only is protein ¢l only a minor reovirus particle compo-
nent but it is also synthesized in infected cells in only small
amounts; its mRNA is one of the most inefficiently translat-
ed reovirus mRNAs [>50 times less efficiently than the most
efficiently translated reovirus mRNA—namely, s4 RNA
(unpublished results)].

We have devised a technique for cloning reovirus genes
into pBR322 (9). We present here the sequences of the S/
genes of all three reovirus serotypes, together with the de-
duced sequences of the ol proteins that they encode.

MATERIALS AND METHODS

The method used for growing the Lang strain of reovirus se-
rotype 1, the D5/Jones strain of serotype 2, and the Dearing
strain of serotype 3 was that described by Smith e al. (10).
The procedures used for extracting reovirus genomic RNA,
transcribing it into full-length cDN A, and cloning the double-
stranded cDNA into pBR322 have been described (9, 11).
Total genomic RNA of each serotype was used as the tem-
plate for preparing cDNA. Before cloning, the populations of
single-stranded ¢cDNA molecules were enriched for full-
length SI gene transcripts by electrophoresis in alkaline
agarose gels (11). The cloned SI genes were sequenced by
subcloning various restriction fragments into M13 mp8 and
mp9 vectors (New England Biolabs) (12) and using the chain-
terminator method of Sanger et al. (13). All regions of all 3
genes were sequenced in both directions.

RESULTS

Sequences of the 3 SI Genes. The sequences of the S1 genes
of reovirus serotypes 1-3 are presented in Fig. 1. The 3 genes
are 1458, 1442, and 1416 base pairs (bp) long, respectively.
The first initiation codons start at positions 14, 14, and 13,
respectively, and are followed by open reading frames 1254,
1197, and 1365 bp long, capable of encoding proteins 418,
399, and 455 amino acids long, respectively (Table 1). These
are the sizes expected of the ol proteins, based on electro-
phoretic migration rates in NaDodSO,4/polyacrylamide gels.

There is another initiation codon, in a different reading
frame, that starts at residues 75, 66, and 71, respectively, in
all 3 SI genes (Fig. 1). These are “strong” initiation codons
(14), with purines in positions —3 and +4; by contrast, the
upstream codons are all “weak” (Table 1). However, the ol
proteins are translated from the first set of initiation codons
and not from the second, because the latter are followed by
reading frames that are only 119, 125, and 120 codons long,
respectively. Interestingly, these short reading frames are all
terminated by 3 in-phase termination codons; they are clear-
ly highly conserved.

Abbreviation: bp, base pair(s).

*Present address: Department of Microbiology, Medical College of
Wisconsin, Milwaukee, W1 53226.
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1 GCTATTCGCGCCT GAT 5CA TCT CTC ATT ACA GAG ATA CGG AAA ATA GTA CTC CAA CTA TCT GTA TCA AGC AAT _GGC TCC CAG TCA AAA 91
2 GCTATTCGCACTC TCG GAT CTA GTG CAG CTC ATA AGA AGG GAG ATC TTA CTG TTA ACT GGG AAL GGA GAA TCA GCC AAC TCG AAA CAC 91
3 GCTATTGGTCGG@ GAT CCT CGC CTA CGT GAA GAA GTA GTA CGG CTG ATA ATC GCA TTA ACG AGT GAT AAT_GGA GCA TCA CTG TCA AAA 90
1 GAA ATC GAG GAA ATC AAG AAA CAA GTC CAG GTC AAC GTT GAT GAT ATC AGG GCT GCC AAT ATT AAA CTC GAC GGA CTT GGA AGA CAG ATT 181
2 GAG ATC GAG GAA ATT AAG AAA CAA ATT AAA GAC ATZ TCI GCT GAT GTC AAC AGS ATC AGT AAC ATC GTT GAT TCA ATC CAA 5GA CAA CTG 181
3 GGG CTT GAA TCA AGG ©TC TCG GCG CTC GAG AAG ACG TCT CAA ATA CAC TCT GAT ACT ATC CTC CGG ATC ACC CAG GGA CTC GAT GAT GCA 180
1 GCT GAC ATC AGC AAT AGC ATC TCA ACC ATT GAG TCA AGA TTG GGT GAG ATG GAT AAT CGA CTT GTG GGT ATC TCG AGT CAG GTC ACG CAA 271
2 GGT GGA TTA TCT GTA CGC GTG TCA GCC ATT GAA TCG GGA GTT AGT GAG AAC GGC AAT CGA ATT GAT AGA CTC GAG CGA GAT GTIC TCC GGC 271
3 AAC AAA CGA ATC ATC GCT CTT GAG CAA AGT CtG GAT GAC TTG GTT GCA TCA GTC AGT GAT GCT CAA CTT GCA ATC TCC AGA TTG GAA AGC 270
1 TTA TCT AAC TCA GGT AGC CAG AAC ACT CAG AGC ATA [CC TCA TT5 GGT GAC AGA ATC AAT GCT GTC GAA CCA CGA GTT GAC AGT CTG GAT 361
2 ATA TCG GCT AGC GTT AGC GGA ATC GAT TCG CuT TTA TCC GAG CTG GGT GAC CGA GTC AAT GTT GCA GAA CAG CGA ATT GGC CAG TTG GAT 361
3 TCT ATC GGA GCC CTC CAA ACA GTT GTC AAT GGA CTT GAT TCG AGT GTT ACC CAG TTG GGI GCT CGA GTG GGA CAA CTT GAG ACA GGA CTT 369
1 ACG GIC ACG TCT AAT CTC ACT GGA CGA ACA TCC ACT TTG GAG GCA GAT GTT GGA AGC TTA CGG ACA GAA CTA_GCA GCG CTA_ACA ACA CGG 451
2 ACA GTC ACG GAT AAT CTC CTT GAG C3A GCA TCA AGA CTG GAA ACT GAd GTA TCA GCC ATT ACT AAT GAC CTT GGA TCA TTG_AAT ACG AGG 451
3 GCA GAG CTA CGC GTT GAT CAC GAC AAT CTC GTT GCG AGA GTG GAT ACT GCA GAA CGY AAC ATT GGA TCA TTG _ACC ACT GAG CTA TCA ACT 450
1 GTG ACA ACT GAG GTT ACA AGG TTA GAT GGT CTA ATC AAT AGT GGC CAG AAT TCG ATT GGT GAG CTA TTC ACA AGA CTA TCC AAT GTG GAG 541
2 STG_ACG ACT GAA TTG_AAC GAT GTC CGC CAA ACT ATT GCT GCG ATA GAC ACG C3T CTC ACS5 ACA CfG GAG ACC GAT GCC GTG ACG TCG GTT 541
3 CTG ACG TTA CGA GTA_ACA TCC ATA CAA GCG GAT TTC GAA TCT AGG ATA ®CC ACS TTA GAG C3C ACG GCG GTC ACT AGC GCG GGA GCT CCC 540
1 ACG TCT ATG GTG ACG ACG GCT GGA CGG GGA CTG CAG AAA AAC GGA AAC ACC 'TTG AAC GTC ATT GTA GGT AAT GGA ATG TGG TTT AAT AGT 631
2 GGT CAA GGG CTT CAG AAG ACT GGG AAC TCG ATT AAG GIT ATT GTG GST ACG GGG ATG TGS TTC GAC CGC AAT AAT GTT CTG CAG TTA TC 631
3 CIC TCA ATC CGT AAT AAC CGT ATG ACC ATG GGA TTA AAT GAT GGA CT: ACG TIG TCA GGG AAT AAT CTC GCC ATC CGA TITG CCA GGA AAT 630
1 TCT AAT CAA TTG CAG CTC GAC CTT TCG GGG CAA TCA AAA GGG GTG GGA TTT GTC GGC ACA GGA ATG GTG GTT AAG ATT GAT ACT AAT TAT 721
2 TTA TCG AAC CAG CAG AAA GGG TTG GGA TTC ATA GAC AAT 5GA ATG GTA GTG AAA ATA GAT ACC CAG TAT TTC AGC TTC GAT AGC AAT GGC 721
3 ACG GGT CTG AAT ATT CAA AAT GGT GGA CTT CAG TTT CGA TTT AAT ACT GAT CAA (TC CAG ATA GTT AAT AAT AAC TTG ACT CTC AAG ACG 720
1 TITT GCT TAC AAT AGT AAT 5GA GAG ATT ACA TTG GTG AGT CAA ATC AAT GAA TTu CCA TCG Cs5C GrA TCA ACA CTG GAA TCA GCG AAA ATC 311
2  AAC ATA ACT CTG AAC AAC AAC ATA AGT GGT CTG CCG GCG CGA ACA GGT TCC CTC GAG GCA [CT CGT ATC GAT GTG STA $3CG CCA CCG CTT 811
3 ACT GTy TTT GAT TCT ATC AAC TCA AGG ATA GGC GCA ACT GAG CAA AGT TAC GTG GCG TCG GCA GTG ACT CCC TTG AGA TTA AAC AGT AGC 819
1 GAT TCA GTT TTA CCT CCA TTA ACC GTA CGC GAA GCG AGC GGC GTA CGT ACC CT3 AGC TTT GGT TAT GAT ACS AGC GAT TTT ACA ATC ATC 901
2 GTG ATA CAG TCT ACT GGT AGC ACTU CGG CTA CTG CGT CrC AT5 TAC GAG GCT GT3 GAC TTC GTG GTT ACT AAC AAC GTT CTC ACA CTG AGA 901
3 ACG AAG GTG CTG GAT ATG CTA ATA GAC AGT TCA ACA CTT GAA ATT AAT TCT AGT GGA CAG CTA ACT GTT AGA TCG ACA TCC CCG AAT TTG 930
1 AAC TCC 6TA CTG TCG TTA CGG TCA CGT TTG ACT CIT CCG ACA TAC A5G TAC CCU CIG GAG CTC GAC ACA GCA AAT AAT AGA GTG CAG GTG 991
2 AAT CGA TCG GTC ACG CCA ACA TTC AAG TTT CCT CTG GAG TTG AAT AGT GCT GAT AAC TCA GTG AGC ATT CAT AGA AAT TAC CGC ATT AGA 991
3 AGG TAT CCG ATA GCT GAT GTT AGC GGC GGT ATC GGA ATG AGT CCA AAT TAT AGG TTT AGG CAG AGC ATG TGG ATA GGA ATT GTC TCC TAT 990
1 GCA GAT CGT TTT GGC ATG CGC ACG GST ACT TGG ACG GGA CAA TTG CAA TAT CAG CAC CCA CAA TTG AGT TGG AGA GCA AAT GIC ACT TTG 1081
2 CTT GGG CAA TGG TCA GGT CAA TTG GAA TAT CAC ACG CCG AGT TTG CGT TGG AAT GCT CCC GTC ACG GTT AAT TTG ATG CGA GTA GAC GAT 1081
3 TCT GGT AGT GGG CTG AAT TGG AGG GTA CAG GTG AAC TCC GAC ATT TTT ATT GTA GAT GAT TAC ATA CAT ATA TGT CTT GCA GCT TTT GAC 1080
1 AAT TTG ATG AAG GTG GAT GAT TGG TTG GTG TTG AGC TTT TCT CAG ATG ACG ACT AAC TCA ATA ATS GCA GAT GGG AAA TTT GTG ATT AAT 1171
2 TGG CTC ATT TTG AGT TTT ACT CGG TTT TCG ACG AGC GGC GAT CTTI AGC GTC AGG AAA GTT TGT ATT GAA CTT CGT AAC TGG TTT GrC TCC 1171
3 GCT TTC TCT ATA GCT GAC GGT GGA GAT CTA TCG TTG AAC TTT GTT ACC GGA TTG TTA CCA CCG TTA CTT ACA GGA GAC ACT GAG CCC GCT 1170
1 TTT GTG TCT GGG TTA TCT TCT GGA TGG CAG ACG GGG GAI ACT GAA CCA TCG TCA ACT ATT GAT CCA TTG CTA CGA CAT TIG CCG CGG TCC 1261
2 AGG GTG GGC GAC TGG GAG TAC CGA GCC CTC GAC AAC TAC m CCCACTGTCAACGACGTTTGCTGCAATTCAGTTCATCAATGGGTGCATCTCGCSTAGACGCCT 1276
3 TTT CAT AAT GAC GTG GTC ACA TAT GGA GCA CAG ACT GTA GCT ATA GGG TTG TCG TCG GGT GGT GCG CCT CAG TAT ATG AGT AAG AAT CTG 12690
1 AAT TTC m ATAACGGTCAACGCATTGATGSGTTTAGGATCATGGGAGTATGGAATGGACGGATGGAGAATTAGAGATTAAGAATTATGGTGGCACATACACCGGTCATACTCAAG 1377
2 TTAGAATCTTGGGAGTCGCAGAGTGGAATGCC3GGGAACTAGAGATCACGAATCATGGCGGAACATATACAGCGCATACCAATGTCGACTGGGCGCCGATGACCATTATGTACCCATGT 1395
3 TGG GTG GAG CAG TGG CAG GAT GGA GTA CTT CGG TTA CGT GTT GAG GGG GGT GGC TCA ATT ACG CAC TCA AAC AGT AAG TGG CCT GCC ATG 1350

~ -

CTGGGCTGAGGATCCGGGTGCTCCACYCGGCACAGTGGCGACTCATC 1442

3 ACC GTT TCG TAC CCG CST AGf TTC ACG@GGATCAGACCACCCCGCGGCACTGGGGCAT‘I‘TCATC

FiG. 1.

Relatedness of the 3 SI Genes. The relatedness of the 3 S/
genes was determined by assessment of base/base identities
after locating possible deletions and insertions in each gene
and matching cognate sequences. The results are presented

Table 1. Organization of the S/ genes of the three reovirus serotypes

TATATTGGGCTCCGTGGACGATCATGTATCCATGCAATGTGAGGTGAATCTAGCGCGAATCGGCACAAGGGGTCAATCATC

1458

1416

Sequences of the serotype 1-3 SI genes of reovirus. The sequences are those of the plus (nRNA) strands.

in Table 2. The S1 genes of serotypes 1 and 2 are much more
closely related to each other than to that of serotype 3; the
absolute homologies of the S1 gene of serotype 3 with those
of serotypes 1 and 2 exceed the 25% random matching level

Length of Position Length
Length of 5'- Sequences long of second Sequences of short Length of 3'-
Sero- untranslated around first reading initiation around second reading untranslated
type sequences, bp initiation codon frame, bp codon initiation codon frame, bp sequences, bp
1 13 CCT ATG G 1254 75* GCA ATG G 357 188
2 13 CTC ATG T 1197 66 GGA ATG G 375 229
3 12 CGG ATG G 1365 71 ATA ATG G 360 36

*This is the third initiation codon. The second initiation codon is followed by a termination codon 10 codons downstream.
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Table 2. Relatedness of the 3 SI genes of reovirus

% homology

Conserved portion

Long reading of 3'-terminal ol

Serotypes frame untranslated region proteins
1:2 28 46 36
1:3 S 21 16
2:3 9 27 14

All values are corrected for random coincidences (25% for nucleic
acid and 5% for protein sequences, respectively).

by only 5% and 9%, respectively. The homologies of the long

-and short open reading frames are similar. Interestingly,
there is a rather highly conserved 96-bp sequence near the 3’
terminus of the plus strand of all 3 genes (Fig. 2 and Table 2);
for this sequence the direct homology values, uncorrected
for random coincidences, range from almost 50% to >70%.
The significance of this high degree of relatedness is not
clear, especially since only in the serotype 3 gene is this se-
quence in the coding region.

Amino Acid Sequences of the Three o1 Proteins. The amino
acid sequences of the three o1 proteins are presented in Fig.
3. There is significant homology between all these proteins
provided that account is taken of several deletions/inser-
tions. The sequences of the serotype 1 and 2 proteins are
remarkably congruent; there is only one deletion or insertion
of 7 amino acids starting at position 150 and two minor dele-
tions/insertions near the COOH terminus. The sequence of
the serotype 3 protein is only slightly less congruent; relative
to the sequence of the serotype 1 protein, it contains an in-
sertion of 4 amino acids at positions 33-36, a deletion of 14
amino acids starting at residue 153, and a deletion of 7 amino
acids starting at position 316.

When cognate sequences are brought into apposition in
this manner, the serotype 1 and 2 o1 proteins are 41% ho-
mologous with each other and 21% and 19%, respectively,
with the o1 protein of serotype 3. Forty-three amino acids
(slightly more than 10%) are shared by the ¢1 proteins of all
three serotypes.

The amino acid compositions of the three ol proteins are
unremarkable. They contain about the same number of hy-
drophobic and uncharged polar amino acids and of basic and
acidic amino acids. The serotype 1 o1 protein lacks cysteine,
and the others contain only one molecule of cysteine. Thus,
the pairs of ol protein molecules that exist in reovirus parti-
cles are unlikely to be -SS-linked dimers.

The hydrophobicity profiles of the three ol proteins are
shown in Fig. 4. The serotype 1 and 2 o1 protein profiles are
seen to be rather similar, but that for the serotype 3 protein is
quite different, except in the terminal regions. It is conceiv-
able that the domain for the conserved o1 function—namely,
ability to bind to cells—is located in one or other of the ter-
minal regions.

Molecular Properties of the Proteins Encoded by the Short
Reading Frames. The short reading frames of the SI genes of
serotypes 1, 2, and 3 are capable of encoding proteins that
are 119, 125, and 120 amino acids long, respectively. These
proteins are basic: they contain 29-35 lysine and arginine
residues but only 10-13 aspartic and glutamic acid residues.
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They contain 46-49 nonpolar and 39-44 uncharged polar
amino acids. The proteins of serotypes 1 and 2, 1 and 3, and
2 and 3 share 35%, 17%, and 27% homology, respectively.

DISCUSSION

The S1 gene is the reovirus gene that has diverged most
markedly during evolution (1). The serotype 1 and 2 SI genes
are still related, after taking account of sequence deletions
and insertions, to the extent of 53%, but the serotype 3 SI
gene is related to the other two to the extent of only 30% and
34%, respectively. After adjusting for a background of 25%
for random matching, these values reduce to absolute ho-
mology values of 28%, 5%, and 9%, respectively.

These gene homology relationships are reflected in those
of the three ol proteins. The serotype 1 and 2 ol proteins
share 41% of their amino acid residues. Many of the amino
acid substitutions are conservative and the hydrophobicity
profiles of the two proteins are very similar. The serotype 3
ol protein, on the other hand, is very different. It shares no
more than 20% of its amino acids with either the serotype 1
or the serotype 2 o1 protein, and its hydrophobicity profile is
significantly different from that of the other two.

The reading frames from which the ol proteins are trans-
lated are clearly the long open reading frames that start at
residue 13 or 14. The fact that the initiation codons at the
beginning of these reading frames are weak is in accord with
the fact that the S1 mRNAs are translated poorly and that
only small amounts of the ¢l proteins are formed in infected
cells (16). By contrast, the initiation codons that open up the
short open reading frame are strong, and ribosome binding
protection (17) and f-Met dipeptide formation experiments
(18) indicate that they are functional. It should be possible to
identify these proteins in infected cells, possibly by the use
of antisera directed against certain regions of these putative
proteins.

A curious feature of the ol protein of serotype 3 is its
length; it is the largest of the three o1 proteins, but in every
NaDodSO,/polyacrylamide system that has been used—in
particular, in the phosphate-based system of Zweerink et al.
(19) and in the Tris/glycine systems of Laemmli (20) and
Maizel (21)—it migrates more rapidly than the o1 proteins of
serotypes 1 and 2. In fact, in the Maizel system the serotype
3 o1 protein migrates faster than the serotype 3 o2 protein,
the molecular weight of which is known to be about 38,000
(9); in the other two systems its molecular weight, compared
with that of a variety of marker proteins, is about 42,000 (10,
19). However, its actual molecular weight is almost 48,000.
It has been suggested that the o1 protein may be associated
with the plasma membrane (22); but the ¢1 protein in mature
reovirus particles does not appear to be a cleavage product
of a precursor because the size of the free form of protein o1
in infected cells is the same as that of the form that exists in
mature virus particles (19). Thus, the reason for the size dis-
crepancy remains to be discovered.

The various monoclonal antibodies that have been raised
against the ol protein of reovirus serotype 3 differ in their
relative ability to neutralize infectivity on the one hand and
inhibit hemagglutination (that is, cell binding) on the other
(23, 24). This suggests that the ol proteins comprise at least
two domains—one containing the dominant epitope and the

Serotype
1 AATGGACGGATGGAGAATTAGAGATTAAGAATTATGGTGGCACATACACCGGTCATACTCAAGTATATTGGGCTCCGTGGACGATCATGTATCCATG 1411
2 .G....AT.CC..G...C.vsse.CCiueCuvueCiuAe, o T..A.CGtntn CA.T..CG.C..... G...AT...C..T...0o Ceeons 1394
3 GeooCAcvvvenne T.C.TCG.T.ACGTGT.G.G..G..TGGC.CA.TTACG. .CT.AA.CAGTA.G...C. .G.CAT...CG.TTC...C..GC. 1367

FiG. 2. Sequences of conserved regions near the 3’ termini of the plus strands of the 3 SI genes. Identity is indicated by periods. The

sequences are 96 nucleotides long.
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ol Proteins
Serotype

1 Aslt@tx vosvssncozt:zxx v@vnvnAu 46
2 SpLVQLIRREZLILILTeNGE S[aA[NS KH|EIEEIK xxox vns 46
3 PRLJREE]VVRLITAL)TS DN GA[SILSK[CLIE[SR V s A L E[K]T s[q]t u(s[p]T[1]L T 50
1 1K GLGlADIN@I@‘IR nn v 61 s[sle rqncnr 96
2 N1V SIQGLGG VR VISJA| c N G DILERD S G I]s|a E 1 96
3 QG DANKR[IIA|LJEQ(S]RDDLVAS DAQLA|Ls|RLE[S]s T ¢ A[Lfq T V]v]N[c]L 100
1 [E1[s]s[Le o rlLN]a ¥ PVDS T 6[R]T[s]T] AD[VIGS LIRITELIAA 146
2 R LISJE{L ¢ D R V|N|V AjElQ|R]I G @ L E|R|AlS]R] T E(vfs A 1]TIN Djr]c s{L(n] 146
3 [vTolcfArviceLlejrcLAEL[RVDH v A{RjV D[T]A]EJR N T[C S L|T ST L 150
1 VTRLDGL I sconsczv.srll._nvzrsuvrrcn LN TLN 196
2 DVRQT AIDT!L_TLB p[x v T 5[v]clq K T STK 189
3 S I Q|AID FE S|R|I|S|T L 2[R T{A V T S{A[{G]A P SIRN|NIRMT 186
1 n NSS ans VV@TGHVVKID‘I‘NYFAYL S N GJE 246
2 7|6 M[W]F[D R ViL Q L|F H- L 1D NlGMVVKTIDT|olY Ffs FD|s N ¢]n! 239
3 CLNDGL[TjL se[NNLATRLPGX[TGLNIQNG[CJLQFRFNT|DJQ FQ T VAR[NLTLK 236
1 sq n:svsrsu: sv. tvszscvrsvcnrs TII 29
2 LIN v N[1Js c{L PJA|R|T G s{L E]Ja s § E A vigsTes TRIL[LIRL nlY|JE AV VVT 289
3 TVJFDSINSRIGCATEQSYVASAVTPLRLINSSTKVLDHKLTDSSTLEINSSGQ 286
1 H sn. Y R Y[P LE L]0 T[A|N[N]r[V]Q v A D & F ¢ M[R]TfC]T[W]T QfY]an 346
2 N|v LITIL RIN[R[S v T! P F(PLEL|N s{ajoin|s|v]s 1 0 & 8 ¥ R 1}R|L{c]o|w|s|c g L|E[¥|u T| 339
3 LrvREJTseN[LrY[p[TADVSGCTIGoHse(NYRF Qs uwli{cfT v s|y|s ¢ 329
1 ofT] s[VIR]AIN vann LVSQH‘I‘ NET)n A o[C[K]r VT[N F Vs[CL)s[SJc wq 396
2 sn PVMR\!DDHLILS!TRS SGDLSVRVC LnuurvElnv 388
3 ofunuRjvoy[NspTFrlypofftuTCcLeAlFpcrsTancfcloLsLNFVT[CLLPPLL 379
1 TGDIEPSSTI[FPLLRHLPRSKF 418
2 co[WEeE(rrRAL NY 399
3 [ICGDTEPJAFHUNDJVVTYGAQTVAIGLSSGGAPQYMSKNLWVEQWQDGVLRLR 429
3 VEGGGSITHSNSKWPAMTVSYPRSFT

FiG. 3. Sequences of the ol protei

other containing the region with affinity for cell receptors.
Further, the amino acid residues that are shared between the
three o1 proteins tend to be clustered in the terminal regions
(see Fig. 3); this is indicative of conservation of function and
also suggests the existence of domains. Availability of the
sequences of the three ol proteins opens up several ap-
proaches for detailed studies concerning their functions.
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ns of reovirus serotypes 1-3.

A remarkable aspect of the 3 SI genes is the nature of their
genetic relatedness pattern. The total genomes of serotypes
1 and 3 are far more closely related to each other than to that
of serotype 2 (1). All individual genes show the same pattern:
all individual genes of serotypes 1 and 3 are much more
closely related to each other than to those of serotype 2. The
only exceptions are the 3 SI genes for which the sequence

1
1-
0‘1 N,\‘ ] )
) M f'
50 100 150 200 250 300 350 400
2
3
M
5
3
9 o (i 4\
N,
50 100 150 200 250 300 350
z 3
1-
50 100 150 200 250 300 350 400

Sequence number

Fic. 4. Hydrophobicity profiles (15) of the

ol proteins of reovirus serotypes 1-3.
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analysis presented here demonstrates that the genes of sero-
types 1 and 2 are much more closely related to each other
than to that of serotype 3. This agrees with the antigenic evi-
dence that antibodies against serotype 3 protein ol are abso-
lutely specific, whereas those against serotype 1 and 2 ol
proteins are partly cross-reactive (25). Thus, 9 of the 10 reo-
virus genes show a serotype 1:3 relatedness pattern, whereas
the SI gene exhibits serotype 1:2 relatedness. Perhaps the
ready occurrence of gene reassortment is responsible for this
pattern of evolution, for one possible explanation for it is
that at some time during evolution the S/ genes of serotypes
2 and 3 became associated with each other’s (that is, the het-
erologous) gene pools. It is conceivable that the evolution of
an ancestral reovirus did indeed proceed along three inde-
pendent major pathways, yielding three independent gene
pools (1), with the S1 gene diverging most rapidly because of
selective immunologic pressures on the one hand and toler-
ance of extensive structural diversification on the other (be-
cause protein o1 does not appear to be a true capsomer com-
ponent, in contrast to the other two reovirus outer shell com-
ponents, u1C and 03). Reassortants would be formed readily
but be selected against because heterologous capsids would
be less stable than homologous ones. At some relatively re-
cent stage of evolution, exchange of serotype 2 and 3 S/
genes might then have been favored by some selective mech-
anism like improved stability of heterologous ol-capsid
combinations caused by a structural modification, or the
characteristics of the available immunologic pressures, per-
haps modified by the acquisition of new host species.
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