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The nucleotide sequence of human (Wa) rotavirus genome segment 9, which encodes the serotype-specific
antigen VP7, has been determined. Comparison of the deduced amino acid sequence of Wa VP7 protein to the
sequences of simian SAil and UK bovine VP7 proteins shows that the majority of the amino acid differences
are clustered between amino acid residues 37 through 49, 65 through 75, 87 through 105, 122 through 126, 146
through 149, 178 through 181, and 208 through 242. A hydrophilicity profile of the three proteins reveals
correlations between hydrophilic peaks, potentially antigenic determinants, and certain clusters of amino acid
changes.

Rotaviruses are an important cause of acute gastroenteri-
tis in the young of humans and other mammals (7, 8) and
possess a genome of 11 distinct double-stranded RNA seg-
ments enclosed within a double-layered protein capsid (re-
viewed in references 7 and 8). In infected cells the double-
stranded RNA segments are transcribed into mRNAs by a
virion-associated RNA-dependent RNA polymerase (3).
These mRNAs also act as templates for a putative viral
replicase. The major component of the outer shell is the
glycoprotein VP7, encoded by either genome segment 8 (UK
bovine rotavirus; 15) or 9 (human Wa and simian SAil
rotaviruses; 2, 12). VP7 elicits neutralizing antibodies that
have been used to distinguish at least four human, two
bovine, and three avian rotavirus serotypes (7). Wa rotavirus
is representative of human serotype 1 (18).
To investigate the basis for antigenic variation between

rotavirus serotypes and to help identify important antigenic
determinants, we have sequenced Wa rotavirus genome
segment 9 and compared it and its deduced amino acid
sequence with the cognate sequences of simian SAil rota-
virus (2; equivalent to human serotype 3 [17W and UK
bovine rotavirus (5).
Cloned cDNA copies of the Wa double-stranddd RNA

genome wele obtained as previously described (11)4 and the
nucleotide sequence of genome segment 9 was d4t,rmined
by the chemical sequencing method of Maxam ard Gilbert
(14).
Segment 9 is 1062 nucleotides long with two in-phase

AUG triplets at residues 49 through 51 and 136 thltugh 138
and a single terminator at residues 1,027 through 1,029 (Fig.
1). Segment 9 thus encodes a protein of either 297 or 326
amino acids, depending on which of these AUGs initiates
protein synthesis. The Wa 9 sequence, like all rotavirus
segments sequenced to date, is A+T rich (67%).

Nucledtide sequence homology among the three serotypes
is approximately 75%, with the two potential initiators of
protein synthesis and the single terminator located at identi-
cal positions in all three sequences (Fig. 1). Like SAil and
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UK bovine mRNAs, the first potential initiation codon
(residues 49 through 51) in Wa segment 9 mRNA has the
sequence TXXAUGT, regarded as a weak initiator of pro-

tein synthesis in eucaryotic systems (13). The second AUG-
coding triplet (residues 136 through 138) in all three viruses
has the consensus sequence AXkAUGG, characteristic of a

strong initiator. It is not yet known whether protein synthe-
sis initiation occurs at one or both AUG codons. Although
the flanking nucleotides at the second AUG and features of
the second putative signal peptide (see below) suggest this
AUG as the initiator of protein synthesis, conflicting results
have been obtained by sodium dodecyl sulfate-polyacryl-
amide gel analysis of viral polypeptides synthesized either in
vitro or in the presence of tunicamycin (6, 15). Thus,
comparative studies on the migration of the non-glycosylat-
ed precursor to VP7 and the 317 amino acid long products (as
deduced from nucleotide sequence data; 1, 4) of genome
segments 7 (UK) and 8 (SA1,1), implicated both the first (for
SAil) and the second (for UK) Alis as potential initiators.
The possible effect of hydr6phobicity on the migration of
VP7 could be a further complicating factor (10). Protein
sequence data on the in vib,7synthesized precursor to VP7
will be required to resolve this issue.
Amino acid sequence homology among the type-specific

antigens of the three serotybes is 82% (Fig. 2). Most of the
changes are conservatiVE, lhvolving the exchange of amino
acids with similar physiochemical properties. All three virus-
es have a potential glycosylation site (Asn-X-Thr) at amino
acid residues 69 through 71. In addition, there is a second
site at residues 238 through 240 for both Wa and UK bovine
rotaviruses, and a third (Asn-X-Ser) is present, only in UK
bovine rotavirus at residues 318 through 320. There are two
distinct hydrophobic regions near the N termini of all three
proteins (Fig. 3), one following each of the two possible
AUG initiators. Both are theoretically capable of acting as

signal peptides, with the second (between residues 30 and
50) perhaps more exactly fulfilling the consensus require-
ments of a signal peptide (16), i.e., amino acid content,
length, appropriately positioned arginine residues, and great-
er ,B turn potential at the possible cleavage site.
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WA GGCTTTAAAAGAGAGAATTTCCCTCTGGCTAACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTA 78SA T G C
UK C T C

ATCTTTTTCATATCAATCATTCTACTCAACTATATATTAAAATCACTGACTCGAATAATCCACTACATTATATATAGA 156
C C G T A T C C T TA A - T A T

C C G T CAT GT G T C A A GA T A T C

TTTTTGTTGATTACTGTAGCATTATTTGCTTTGACAAGAGCTCAGAATTATGGACTTAACTTACCAATAACACGATCA 234
GC T T A T GAT G CAC A TCTC A A TA TC T C C C
C C T A6TA G TC GGCCA CA T AT 6 C G 6 T 6 T T

ATGGACGCTGTATATACTAACTCTACTCAACAAGAAGTGTTTCTAACTTCTACGTTATGTCTGTATTATCCAACTGAA 312
A C CG T A 6 ACA CC AC T C A 6 C

TA CG CC A G AGT GCCA T G A A TC T T TGT C

GCAAGTACTCAAATCAATCATGGTGACTGGAAAGACTCATTCTCSCAAATGTTTCTTACAAAGGGTTGGCCAACAGGA 390TGCC C A C AA TCA A C A CA G A G T
TCA ACG AGC ACC A 6 TA C A A T CT 6 A A

TCTGTTTACTTTAAAGAGTACTCAAATATTGTTGATTTTTCTGTTGACCCACAGCTGTATTCTGACTATAATTTAGTA 468
C A T A TA T C CATCG T 6 T T CG
C 6 A TA T6 AC CC A C A T A C T T

CTTATGAAATATGACCAAAGTCTTGAATTAGATATGTCAGAGTTAGCTGATTTAATATTGAATGAATCGTTATGTAAC 546A GCGCC T GC C ACT 6 C A C G T
T A TTCT CA AG C T A G C C T C C C 6 C T

CCAATGGATGTAACATTATACTATTATCAACAATCGGGAGAATCAAATAACTGGATATCGATCGGATCATCATGTACC 624A T TC 6 T 6 A T AC 6 AA A C A
CA GCC T G GA T AT C A A T T T C A

GTGAAAGTCTGTCCGCTAAATACACAAACGTTAGGGATACGTTGTCAAACAACAAACGTAGACTCATTTGAAATGATT 702
A T A A T TC T A T A CTTG TT CTACAA T GAAG

C AT 6 AC T T T A T T T TCC A G C G

GCTGAGAATGAGAAATTAGCTATAGTGGATGTCGTTGAT6GGATAAATCATAAAATAAATTTAACAACTACGACATGT 780
GACAGC A 6 G TA TACT C C CS T GCGC C C AG A G
CACA CG C TG TACA T A TG C C T CG C AG A G C

ACTATTCGAAATTGTAAGAAATTAGGTCCAAGAGAAAATGTAGCTGTAATACAAGTTGGTGGTTCTAATGTGTTAGAC 858
A C G A C C T C CA CC C T

C A C C A A 6 C AA C 6 A C CS A T

ATAACACCACATCCAACAACTAATCCACAAACTCACACAATCATCAGAGTCAATTCGAAAAACTCGTGGCAAGTATTT 936
T T T GCA 6 A AC 6 C A T C A T

C T CCA G A C A A C A G

TATACTATAGTAGATTATATTAATCAAATTGTACACGTAATGTCCAAAAGATCAAGATCATTAAATTCTGCAGCTTTT 1014C C C AC C AA A T C A A
C AG 6 CSC AA T AACC T C T CT C C

TATTATACACTATACATATATCTTACATTACAATTGTTCCATCTCACC 1062
C CGG A C AT
C C CC CG AT

FIG. 1. Nucleotide sequence of segment 9 from Wa rotavirus. A cloned cDNA copy of gene segment 9 was used for sequence
determination. Both strands were sequenced. The DNA Sequence of the sense strand is shown 5' to 3'. Underlined bases indicate the
positions of the two possible initiators and the single terminator. For comparison, the base changes found in the homologous segment from
SA1l and UK bovine rotaviruses are shown.

WA NYGIEYTTILIFLISIILLNYILKSVTRINDYIIYRFLLITVALFALTRAQNYGLNLPIT6SNDAVYTNSTQEEVFLTST 80
SA VT L C L F I I SPFL I TA A T
UK T T I V V ATNIN V TA S P

LCLYYPTEASTQINDGDWKDSLSONFLTKGWPTGSVYFKEYSNIVDFSVDPOLYCDYNLVLNKYDQSLELDNSELADLIL 160
A E NS T L T AS V AT Q

V NE A TE T L TD AA E STQ

NEWLCNPNDVTLYYYQQSGESNKWISNGSSCTVKVCPLNTQTLGIGCQTTNVDSFENIAENEKLA IVDVVDGINHKINLT 240
TO A L DATT EVTA VT V LDV
TD A LI P T TV TT V T V L V

TTTCTIRNCKKLGPRENVAVIQVGGSNVLDITADPTTNPVTERUNRVNWKKWWQVFYTIVDYINQIVQVMSKRTRSLNSA 320
A DI A I V VD I
A I A A V V I T S

AFYYRV 326

FIG. 2. Deduced amino acid sequence of Wa serotype-specific
protein VP7. The amino acid substitutions found in the correspond-
ing proteins from SAll and UK bovine rotaviruses are indicated for
comparative purposes.

A distinct clustering of amino acid substitutions at specific
regions of the VP7 proteins is evident, in particular between
residues 37 and 49, 65 and 75, 87 and 105, 122 and 126, 146
and 149, 178 and 181, and 208 and 242 (Fig. 2). Comparison
of these variable regions with a Hopp and Woods (9)
computer-generated hydrophilicity plot on all three proteins
(Fig. 3) revealed that regions 65 through 75, 87 through 105,
146 through 149, 178 through 181, and 211 through 227
(indicated by bars in Fig. 3) were located at or adjacent to
hydrophilic peaks. It is of interest that the largest peak (310
through 317), the most likely to be associated with an
antigenic determinant (9), has an identical amino acid se-

ANINO ACID RESIDUE

FIG. 3. Hydrophilicity plots on the serotype-specific proteins from Wa, SAl, and UK bovine rotaviruses. The plots were generated by
computer by using the parameters of Hopp and Woods (9). The bars denote regions of interest mentioned in the text.
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quence for all three proteins, which suggests that this region
by itself could not be the basis for anitgenic differences
between rotavirus serotypes.
The data obtained in this comparative study may help

identify significant antigenic determinants on the serotype-
specific antigen of rotaviruses. The antigenicity of synthetic
peptides corresponding to those variable regions associated
with hydrophilic peaks is now under investigation.
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