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Summary. — An atypical human rotavirus strain Z10262, isolated from a chronically infected immunode-
ficient child, displayed an unusual genomic RNA electrophoretic pattern. Besides, Northern blot analysis
indicated that this strain contained an abnormally migrating gene 11 equivalent. Sequencing of this gene
showed that it was derived from a genetic rearrangement which involved a partial duplication of the open
reading frame (ORF) encoding the non-structural protein NSP5. However, the duplicated region contained a
deletion and several point mutations relative to the first copy of the ORF. Phylogenetic analysis of human and
animal NSP5 amino acid sequences including 210262 revealed two groups of human proteins related to differ-
ent animal proteins. The isolation and analysis of Z10262 strain provides further evidence for the genetic

complexity of naturally occurring human rotaviruses.
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Introduction

Group A rotaviruses are the major cause of severe gas-
troenteritis in infants and children (Kapikian and Chanock,
1996) and a vaccine against them is a priority. However,
effective vaccine strategies require a better understanding
of the level of genetic variation in natural rotavirus isolates.
The rotavirus particle consists of a two-layered capsid en-
closing a core which contains the segmented viral genome
(Estes, 1996). The resolution of the eleven rotaviral dSRNA
genomic segments by polyacrylamide gel electrophoresis
(PAGE) produces characteristic migration patterns known
as electropherotypes. Group A rotavirus gene segments can
generally be divided into four size classes: I (segments 1-
4), I (segments 5 and 6), III (segments 7-9) and IV (seg-
ments 10 and 11) (Desselberger, 1996; Estes, 1996). How-
ever, several reports have described isolates (either natural-
ly occurring or generated in vitro after infection at high

Abbreviations: DIG = digoxigenin; EIA = enzyme immu-
noassay; ORF = open reading frame; PAGE = polyacrylamide gel
electrophoresis; RT-PCR = reverse transcription-polymerase chain
reaction

multiplicity) with abnormal RNA profiles in which certain
segments have disappeared and been replaced by larger,
slowly-migrating cognate segments that have arisen from
genetic rearrangements (Desselberger, 1996).

The smallest gene segment 11 (approximately 660 bp)
has been the most commonly described segment involved
in rearrangements (Desselberger, 1996). Nucleotide se-
quencing revealed two types of the rearranged segments.
Type I rearrangements of gene 11 found in both human and
animal rotaviruses involve a partial duplication of sequenc-
es occurring within the ORF downstream of the stop codon
(Gonzalez et al., 1989; Gorziglia et al., 1989; Scott et al.,
1989; Matsui ef al., 1990; Kojima et al., 1996). The gene
11 of so-called human “short” and “super-short” rotavirus-
es, however, contains type Il rearrangements consisting of
an insertion of an A+T rich region of non-rotaviral origin
downstream of the stop codon (Matsui et al., 1990; Nutall
et al., 1990; Giambiagi ef al., 1994). Neither of these types
of rearrangement affects the coding region of gene 11, which
encodes the non-structural protein NSP5 (Estes, 1996), a
phosphorylated and glycosylated protein whose role in the
viral replication cycle is unknown (Afrikanova ef al., 1996;
Poncet et al., 1997). Type I rearrangements have also been
described in other gene segments (Desselberger, 1996).
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Fig. 1
PAGE and Northern blot analysis of Z10262 RNA
PAGE of prototype human rotavirus RV4 (lane 1) and strain Z10262
(lane 2) dsRNA, Northern blot analysis of strain 210262 (lane 3).

The duplicated sequence contained three nucleotide sub-
stitutions at the corresponding positions in the first copy of
the gene (Fig. 2). This sequence also contained a 12 bp
deletion, relative to the first copy, starting downstream of
nt 1117. The presence of point mutations and a deletion in
the reiterated sequence could indicate that the replication
event leading to the formation of the rearranged gene did
not occurr recently.

Amino acid sequence and phylogenetic analysis of
Z10262 NSP5

The deduced amino acid sequence of Z10262 NSP5 was
compared to the published amino acid sequences of NSP5
of other human and animal (simian, bovine, porcine and
lapine) strains. It displayed greatest identity with those of
human strains Wa and Mc323 (normal gene 11) and Mc345
(gene 11 with type I rearrangement), and of porcine strains
OSU, C60 and YM (91% — 95% amino acid identity), indi-
cating a possible evolutionary link between NSP5 proteins
of porcine and some human strains. In contrast, Z10262
NSP5 exhibited only 82% — 86% amino acid identity with
human strains with type Il rearrangements in their NSP5
genes (strains RV5, DS, 69M and B37) and with animal
strains of simian, bovine and lapine origin. This indicated

¥
GGCTTTTAAAGCGCTACAGTGATGTCTCTCAGCATTGACGTGACGAGTCT 50

TCCCTCAATTTCTTCTAGCATTTTCAAAAATGAATCGTCTTCTACAACGT 100

CAACTCTTTCTGGAAAATCTATTGGTAGGAACGAACAGTATGTTTCACCA 150

GATATCGATGCGTTCAATAAATACATGTTGTCGAAGTCTCCAGAGGATAT 200

TGGACCATCTGATTCTGCTTCAAACGATCCACTCACCAGCTTTTCGATTA 250

GATCGAATGCAGTTAAGACAAATGCAGATGCTGGCGTGTCTATGGATTCA 300

TCAACACAATCACGACCTTCAAGCAACGTTGGGTGCGATCARATGGATTIT 350

CTCCTTAACTAAAGGTATTAATGTTAGTGCTAATCTTGATTCATGTGTAT 400

CAATTTCAACTAATCAAAAAAAGGAGAAATCTAAGARGGATARAAGTAGG 450

AAACACTACCCAAGAATTGAAGCAGATTCCGACTCTGAGGATTACGTTTT 500

GGATGATTCAGATAGTGATGACGGCAAATGTAAGAATTGTARATATARAA 550

AGAAATATTTIGCATTAAGAATGAGGATGAAACAAGTCGCAATGCAATTG 600

ATAGAAGATTTGTAACGAGTCTTCCCTCAATTTCTTCTAGCATTTTCAAA 650

*

AATGAATCGTCTTCTACAACTTCAACTCTTTCTGGAAAATCTATTGGTAG 700

GAACGAACAGTATGTTTCACCAGATATCGATGCGTTCAATAAATACATGT 750
TGTCGAAGTCTCCAGAGGATATTGGACCATCTGATTCTGCTTCAAACGAT 800
CCACTCACCAGCTTTTCGATTAGATCGAATGCAGTTAAGACARATGCAGA 850
TGCTGGCGTGTCTATGGATTCATCAACACAATCACGACCTTCAAGCAACG 900

TTGGGTGCGATCAAATGGATTTCTCCTTAACTAAAGGTATTAATGTTAGT 950

GCTA:}TCTTGATTCATGTGTATCAA’I'I'PCAACTAATCAAAAAAAGGAGAA 1000
ATCTAAGAAGGATAARAGTAGGAAACACTACCCAAGAATTGAAGCAGATT 1050
CCGACTCTGAGGATTACGTTTTGGATGATTCAGATAGTGATGACGGCAAA 1100
TGTAAGAATIGTAAATATTTIGCATTAAGAATGAGGATGAAA(’J\A;\TCGC 1150

AATGCAATTGATAGAAGATTITGTAATGTCGACCTGAGGACACACTAGGGA 1200

GCTCCCCACTCCCGTTTTGTGACC 1224
Fig. 2
Nucleotide sequence of rearranged gene segment 11 of strain
710262

Initiation (nt 22-24) and termination (nt 613-615) codons of the NSP5
ORF are in bold. The gene segment contains a direct repeat starting next
to the termination codon and located at nt 44-615 as indicated by arrows.
The overlined nt 546-557 indicate the region of the NSP5 ORF that is
deleted in the reiterated sequence (downstream of nt 1117). An asterisk
above a nucleotide indicates that it differs in the reiterated region from
the corresponding one in the NSP5 ORF.

that different human rotaviruses may have derived their
NSP5 from diverse animal rotaviruses. This was seen in the
phylogenetic analysis (Fig. 4) which showed two distinct
clusters of NSP5, one containing human strains with nor-
mal or type I rearrangements of gene 11 together with por-
cine strains while the other included human strains with type
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Fig. 3
Proposed derivation of rearranged gene 11 of strain Z10262 from a
progenitor normal gene
The boxed areas (filled and open) indicate the NSP5 ORF in the normal
and rearranged gene segments. The open boxes represent the portion of
the NSP5 ORF that is duplicated in the rearranged gene, while the filled
boxes represent the region of the NSP5 ORF present only once in the
normal and rearranged segments.

Fig. 4
Phylogenetic tree for NSPS proteins

The phylogenetic tree includes NSPS proteins of human (210262, Wa,
Mc323, Mc345, 69M, B37, DS1 and RV5), simian (SA11), bovine (VRMI
and UK), porcine (C60, OSU and YM) and lapine (Ala) rotaviruses. The
sequences arc from Lopez and Arias (1993), Mattion ef al. (1994) and
Kojima et al. (1996). The length of the abscissa to the connecting node is
proportional to the genetic distance between sequences as indicated by
the scale bar.

Il rearranged gene 11 segments (i.e. strains with a short or
super-short electropherotype) and various animal strains.
The description of strain Z10262 is a further example il-
lustrating that persistent natural rotavirus infection in immu-
nocompromised children can result in replication errors that
lead to the formation of rearranged gene segments. The de-
scription of rotavirus strains with rearranged genes that dis-
played changes in phenotype or a replication advantage in
vitro (Tian et al., 1993; Xu et al., 1996) suggests that gene
rearrangements can result in viruses exhibiting novel charac-
teristics. With the imminent licensure and expected increase

in use of the first human rotavirus vaccine, it is important
that surveillance of community strains should continue to
determine whether such strains will occur rarely only in unu-
sual clinical presentations or they will emerge steadily as a
common component of the rotavirus population. The analy-
sis of such strains may also provide new insights into the
replication and morphogenesis of rotaviruses.
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