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Summary.—~ The complete nucleotide sequences of gene 9 (VP7) of rotavirus strains MGH66 and RHIBSS
isolated in northern and southern Nigeria, respectively, were determined. The sequence of either strain was
1062 nucleotides long with two potential glycosylation sites and two in-phase initiation codons encoding
a protein of 326 amino acids provided the first ATG codon was utilised. Comparison of the deduced amino
acid sequences of VP7 of the strains with that of published sequences of serotype G1 strains and a representative
strain of each of serotypes 2-6 and §-14 revealed 291.41% and 281.60% homology, respectively. The stool
sample obtained from a diarrhoeic child in Maiduguri containing strain MGH66 was classified by polymerase
chain reaction (PCR) technique as possessing a dual infection specificity of VP7 serotypes G1 and G3. The
nucleotide sequencing, however, revealed the dual infection specificity of VP7 serotypes G1 and G8. The
implications of nucleotide sequence analysis for serotyping of rotavirus strains originating from different
geographical regions and for vaccine development are discussed.
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Introduction

Ever since rotavirus has been identified as an important
cause of diarrhoea in infants and children world-wide
(Kapikian and Chanock, 1996), the need to develop
a vaccine against it has been a major focus of the rotavirus
rescarch. Rotaviruses of serotype 1 are the single most im-
portant cause of diarrhoeal disease throughout the world
(Bishop et al., 1991), though recent reports from some de-
veloping countries have indicated that also other serotypes
could account for a significant portion of these infections
(Ramachandraner al., 1996; Timenetsky et al., 1994; Steele

etal., 1995; Aijaz et al., 1996). Moreover, the evaluation of

Abbreviations: aa = amino acid; DMSO = dimethy! sulphoxide;
MLV = murine leukemia virus; nt = nucleotide; ORF = open
reading frame; PCR = polymerase chain reaction; RT = reverse
transcription

the efficacy trial of some rotavirus vaccine candidates has
shown a varying degree of success across age and geograph-
ical regions (Christy er al., 1988; Clark et al., 1988; DeMol
etal., 1986; Floreset al., 1987; Hanlonet al., 1987; Kapikian
et al., 1985,1986, 1988; Rennels ef al., 1986; Vesikari ef
al., 1984, 1985).

Only recently we have reported our findings on the mo-
lecular characterisation of the gene 9 of rotavirus strains
from Nigeria and found a significant level of unusual char-
acteristics (Adah er al., 1996). Further analysis of the sam-
ples revealed that rotavirus straing bearing VP7 serotype
(& could not be typed by PCR due to nucleotide substitu-
tions at the primer binding site.

Since amino acid differences in both VP4 and VP7 be-
tween different isolates from different geographical loca-
tions are associated with genetic diversity (Kirkwood et al.,
1996) and sequence data on Nigerian rotavirus strains are
not available, we sequenced the complete gene 9 of two
serotype (1 rotavirus strains from Nigeria. In this report,
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we also present confirmation of dual infection specificity
by nucleotide sequence analysis,

Materials and Methods

Viruses. The rotavirus strams MGHOG and RHTBSS wer
isolated from children in northern and souther i
respectively, and previously characterised for their (r and P
types (Adal e al, 1996). The stool sumple, which strain
MGHE6 was identificd from, was classified by PCR as pos-
sessing dual inﬁk‘mior‘} spectficity of both GLand G3 types,
m«{ sin Ms' &] ectficity of PO type. Strain REIBSS was of

PR type. Mhli{x(y had short clectrophoretype, while
I HIBSS nm along one

Reverse m/lrW‘r"i/)N’un//’n/‘s'ms'ms‘(ﬁ chain veaction (RT/
PCRLA shight modification of the method of Gouvea ef af.
(1990) was used for the RT/PCR protocol. The
Begd [5GGUTTTAAAAGAGAGAATTTC
and End9[ 5 GGTCACATCATACAATT ATC (
Bouble-stranded RNA way extracted from stool specimens
according 1o the nmhmd of Herring et al. (1982), purifie i
with RNATD PLUS kit (Dianova, Germany) according to the
manufacturer’s mstructions and used as template for RT/PCR,
RNA (50 ng ~ 1 pg) was mixed with 7% dimethyl
sutphoxide (DMSG) and 100G pmoles of cach przmcmn a total
volume of 50 pl. It was overlaid with 100 l [ mineral oil
and the mixture was heated at 95°C for 3 mins and then
cooled 10 37°C in a programmable thermal controller PTC-

00 (Biozym, Germany.y One volume of 2-fold RT/PCR
buffer containing dCTP, dTTP, dATP and dGTP (5 mmol/
each), 2 U of Taq polymerase (Gibeo/BRL) and 100 U of
MLV reverse transeriptase was added and the mixture was
incubated at 37°C for 40 mins. The 2 ()ld VT/PCR bufl
consisted of 100 mmol/l Tris-HCI pH ), 3 mmolt MgC l
and 40 mrr‘ml/l KCL The PCR ;‘wl‘oprelmww consisted of 30
cycles at 95°C for 1 min, 55°C for 1 min, and 72°C for
2 ming, and of a final incubation at 72°C for 10 mins,

Second amplification and serotyping. In the sceond :1111{‘>1i~
fieation reaction and typing, Spd of the RT/PCR am m ication

product was used as template and the reverse tanseriptase was
amitted, The template was mixed with 100 pmoles cach of the
serotype-specific primers and the common pmrw knd9,
Immol/l MgClL, dATP dCTP dTTP and dGTP (5 mmol/l
each), and 1 U of Taq polymerase in PCR buffer in a final
volurne of 100l This was overlaid with 100yl of mincral oil
and the same PCR protocol was repeated. The serotype-
specific primers used in the reaction included aAT8
(S GTCACACCATTTGTAAATTCGS, serotype G8 primer),
aBT1 (5"CAAGTACTCAAATCAATGATGGE, serotype Gl
primer), alT3 (5’ CGTTTGAAGAAGTTGCAACAGE!, sero-
type (i3 primer), and PRIE (5"GTCACACCATTCGTAA-
ACTCABY serotype G& primer specific for Nigerian strains).

} FINCTS Were

Nucleotide sequencing. Two clones cach from independent
PCR products were sequenced for each of the strains to obtain
the m al version of the nucleotide sequence. The sequencing
was carried out in both directions to obtain the full length
gene 9 sequence of both the positive and negative strands of

cDNAL The pK”H”H(.WH used 1!'111'; »mdv mdudc} PRIZ
(5°GGTG it
strand, and PR Iw (3C A( u( /\/\( ( A CTC /\/‘MHIA(

IINA,
ide sequencing and

for the negative strand. The cloning of rotavirus ¢
transformation of component cells, nucleot
confirmatory analysis of recombinant clones were carried owt
according to the methods of Marchuk ef al (1991}, Bolivar et
al (1977yand Sanger et al. (1977), using commercial T-cloning
kit (MBI Fermentas, Germany) and ABI Prism™ Dye Cycle
sequencing Ready Reaction Kit with AmpliTag DNA paly-
Hﬁa (P/IN 402078, Revision A, August 1995, Perkin

Elmer, USA). Gel electrophoresis and sequencing analysis was

ITErase,

carried out on automatic DINA m;m neer, model 373 DNA
(A mﬂmﬂ wsystems, USAY In addition, following the
serotyping PCR of the sample containing strain MGHG6, the

Gl oan MM reamplification products were isolated, cloned and
sequenced as deseribed above. The sequence data on the G
and O3 reamplification products were compared with the
complete gene 9 nucleotide sequence of strains MGH66 and
HMGEY, and that of reference laboratory strains Wa, HCR3
and 69M. The nucleotide and deduced amino acid sequences
of'strains MGH66 and RHIBSS were compared with published
sequences of serotype G straing Wa, D, Mo, M37, RV-4 and of
Nigerian scrotype G8 strain HMGSY using computer
programme HIBIO DNASISTM (Hitachi America, USAY,
Clustal W LS (Thompsoneral, 1994) and Tree View 16 (Page,
1996).

Results
Nucleotide sequence analvsis

The nucleotide sequences of the two strains are presented
mn Fig. 1Tt should be stressed that two clones each from
two independent PCR products were sequenced for cach of
rams t the final version of the nucleotide
scquence, and that the same was true for the G and G3
reamplification produets of the wn‘npla containming strain
MGH6G6.

The structural organisation of the gene in both strains was

similar to that of other known serotype G1 strains. Like in
c>[}w1“ wrf‘nypc G straing, VP7 gene of both strains was 1062

the st to obtamn

nucleotides i length wm two in-phase initiation codons
focated at nt 49-51 and 136-138. The longest open reading
frame (ORF) could cnmdo a protein of 326 amino acids. The
presence and location of cysteins (8 cysteins were conserved
mallstrains) and profines (9 prolines were also conserved in
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1 GGCTTTAARAGAGAGAATTTCCGTCTGACTAACGGTTAGCTCCTTTTGATGTATGGTATT
1 e e e e (G o o s o e
61 GAATATACCACAATTCTAATCTTTCTGATATCAATCATTCTACTCAACTATATGTTARAR
61 e e o e e e e i S 2 )
121 TCAGTGACCCGAATGATGGACTACATTATATATAGATTTITTGTTAATTTCTGTAGCATTA
L2 e o o e o e e o G
181 TTTGCCTTGACAAAAGCTCAGAATTATGGACTTAACATACCAATAACAGGATCAATGGAC
181 mmme—— (e o o e e I e o e e
241 ACTGTATACTCCAACTCTACTCAAGAAGGAATATTTCTAACATCTACATTATGTTTGTAC
DA e e o e o o S S A-—-
301 TATCCAACTGAAGCAAGTACTCAAATCAATGATGGT GARTGGAGAGACTCATTGTCGCAR
301 e e e e e et i i e (o e e e e s g o
361 ATGTTTCTTACGARAGGTTGGCCAACAGGATCAGTCTATTTTARAGAGTACTTAAARTATT
BB e o S 8 S S o e o Crm—=
421 GTTGATTTTTCTGTTGATCCACAATTGTATTGTGATTATARCTTAGTACTARTGAAATAT
421 e e Cor oG e o o e o o (G e e e i o
481 GATCAABATCTTGAACTAGATATGTCAGAATTGGCTGATTTAATATTGAATGAATGGTTA
481 e e e e T\ e e
541 TGTAATCCAATGGATATAACATTATATTATTATCAACARATCGGGAGRATCAAATARGTGG
54T e e e e e (G e o e o = e
601 ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTARATACACAAACGCTAGGA
B e e o o ) 1 2 2
661 ATAGGTTGTCARACAGCGAATGTAGACTCATTTGARATGGTTGCTGAGAATGAGARATTA
66l  mmemmemememm e T e o S e T
721 GCTATAGTAGATGTAGTTGATGGGATAAATCATAAGATAAATTTGACARCTACGACATGT
TZL e e ot e e B\ e
781 ACTATTCGARATTGTAAGAARATTAGGTCCAAGAGAGAATGTAGCTGTAATACAAGTTGGT
T8L e (o o o e
841 GGTTCTAATATATTAGACATAACAGCAGATCCAACGACTAATCCACARATTGAGAGRATG
AT o o e T T S R T T
901 ATGAGAGTGAATTGGAAAAGATGGTGGCARGTATTTTATACTATAGTAGATTATATTAAT
QUL o e o o e T e
961 CAGATTGTACAGGTAATGTCCARRAGATCAAGATCATTABRATTCTGCTGCTTTTTATTAT
QB L o e o e o e o o T T S T S 7 e 7 o e
1021  AGAGTGTAGATATATCTTAGATTAGARATTGTATGATGTGACC 1062

1021 e o T e ) ot 0 1062

Fig. 1
Comparison of complete nucleotide sequences of Nigerian rotavirus strains RHIBSS and MGH66
Nucleotide sequences are numbered from the 57 to the 3'-end.

all strains) were similar to that of other published rotavirus Amino acid sequence analysis
strains (Green ef al, 1987, 1988; Kobayashi et al, 1991;

Blackhall e al., 1992). Two potential glycosylation sites (at
aa 69-71 and 238-240) were also conserved.
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The amino acid sequence of VP7 glycoprotein of the two
strains and that of other serotype G 1 strains (Wa, Ku, D, Mo,
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