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Abstract The complete nucleotide and deduced amino
acid sequences of the RNA genome of a recently isolated
norovirus (NoV) from Korea, designated Hu/GII-4/CBNU2/
2007/KR (CBNU?2), were determined and characterized by
phylogenetic comparison with several genetically diverse
NoV sequences. The RNA genome of CBNU2 is 7,560
nucleotides in length, excluding the 3’ poly (A) tract. It
includes three open reading frames (ORFs): ORF1, which
encodes the nonstructural polyprotein (5-5,104); ORF2,
which encodes VP1 (5,085-6,707); and ORF3, which
encodes VP2 (6,707-7,513). ORF2-based phylogenetic
analysis revealed that CBNU2 belonged to the GIL.4
genotype, the most prevalent genotype, and formed a
cluster with NoVs isolated from Asian regions, between
2006 and 2008. Comparative analysis with the consensus
sequence of 207 completely sequenced NoV genomes
showed 47 mismatched nucleotides: 26 in ORF1, 14 in
ORF2, and 7 in ORF3, resulting in 8 amino acid changes: 3
in ORF1, 2 in ORF2, and 3 in ORF3. Phylogenetic analysis
with full genome ORFI1, ORF2, and ORF3 nucleotide
sequences obtained from CBNU2 and each of the other
representative NoV genomes suggested that CBNU2 had
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not undergone recombination with any of the other NoVs.
A SimPlot analysis further supported this finding.

Keywords Norovirus - GII.4 - Complete genome -
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Introduction

Noroviruses (NoVs) are members of the Caliciviridae, with
positive-sense single-stranded RNA genomes ~7.5 kb in
length [1]. The full genome of NoV consists of three open
reading frames (ORFs), with a poly-A tail at the 3’-end and with
asingle 10-20 bp repeat at the 5'-end, near the 5,100th base [2].

More than 90 % of non-bacterial gastroenteritis is
caused by NoV. Infection with NoV generally includes a
latent period of 24-48 h, followed by active infection with
typical gastroenteritis symptoms such as nausea, stom-
achache, diarrhea, and fever [3, 4]. NoVs are spread
through person-to-person contact, via the fecal-oral route,
and through polluted water and food. As NoV strains are
diverse, co-infection with two or more types of NoV is
often observed. Also, only a small amount of NoV is
required for infection, resulting in continuous reports of
outbreaks at schools, hospitals, and nursing homes [5-7].
In Korea, a large outbreak caused by such NoV has
recently been declared, and in response, the characteristics
of NoVs in Korea have been investigated. In addition, a
number of studies on planning, monitoring, and response
systems have been conducted [8-18].

Noroviruses have been classified into five genogroups
(GI-GV). Of these, GI, GII, and GIV have been shown to
be infectious to humans. Epidemiological investigations
have shown that the GII.4 group is detected in more than
90 % of disease cases, is actively propagated, and has been
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broadly detected in Korea [16, 19, 20]. A general method
for genotyping NoVs was proposed by Zheng et al. [21]. In
this method, the full length ORF2 sequence, including the
ORF1/2 junction, is used. This represents a limitation in
determining the genotype of the virus, however, since only
a partial nucleotide sequence is analyzed rather than the
full sequence, resulting in increased reporting of genetic
recombinants of NoVs [8, 22-25]. Thus, verification of the
characteristics of the virus based on analysis of the entire
nucleotide sequence would be helpful for further accurate
analyses. Through the accumulation of a comprehensive set
of whole-genome sequence data, a more accurate method
for determining genotypes can be developed. In Korea, the
first analysis of the full genome sequence of the CBNU1
strain, belonging to the GII.3 genotype, was performed in
2010 [18], and the CUK-3 strain was first reported as the
GII.4 genotype in 2011 [16].

Here, we present the complete nucleotide sequence of
the third human NoV genome in Korea to be sequenced in
its entirety and the second GII.4-genotype NoV from
Korea. This sequence was then used as the basis for various
phylogenetic analyses, together with the nucleotide
sequences of other members of the GII.4 genotype. The
GII.4 NoVs are of particular concern due to the predomi-
nance of this group in human disease cases in recent times.

Materials and methods
Samples, RT-PCR, and sequencing

A stool sample from a 1-year-old patient suffering from
acute gastroenteritis was kindly provided from Sanngye-
Paik Hospital in 2007. The patient was diagnosed with
NoV infection, with no other bacterial or viral infections
known to cause acute gastroenteritis. The NoV was from

the GII genogroup. After homogenizing in phosphate-buf-
fered saline, the sample was centrifuged at 13,000 rpm, for
20 min, at 4 °C. The supernatant was diluted 1:50 using
serum-free Dulbecco’s Modified Eagle Medium (DMEM,;
Cambrex Bio Science Walkersville, Inc., Walkersville,
MD). An easy-red total RNA extract kit (iNtRON Bio-
technology, Sunggnam, Korea) was used to extract 30 pl of
RNA from 200 pl of supernatant, following the manufac-
turer’s protocol. The reverse-transcription (RT) reaction
was performed using a Sensiscript RT kit (Qiagen, Hilden,
Germany), following the manufacturer’s protocol. In brief,
3 ul of RNA template, 2 pl of Buffer RT (10x), 2 pl of
dNTP Mix (5 mM each), 2 pl of reverse primer (10 pmol),
and 1 pl of Sensiscript Reverse Transcriptase were added
to 10 pl RNase-free water to give a final volume of 20 pl.
The RT reaction was carried out at 37 °C for 60 min and
94 °C for 3 min. Four reverse primers were applied for RT:
GII-4-r908, GII-4-MR1, COG2R, and Tx30SXN (Table 1).
The total reaction volume was 50 pl, composed of 2 pl
cDNAs, 25 ul 2x PCR Master mix solution (i-star MAXII,
iNtRON Biotechnology) including a mixture of Taq poly-
merase and a DNA polymerase with proofreading activity
(error rate, 1.8 x 107%), 1 pl (10 pmol) of each of the
primers (forward and reverse, Table 1), and 21 pl nucle-
ase-free water. Then, PCR was performed at 94 °C for
3 min followed by 30 cycles of 94 °C for 10 s, 60 °C for
30 s, and 72 °C for variable cycle times (the time was
determined according to the length of each PCR product),
and a final step at 72 °C for 8 min. A T Gradient PCR
machine (Biometra, Gottingen, Germany) was used to
carry out the RT-PCR. Five PCR products were analyzed
by electrophoresis on a 1.5 % agarose gel, purified with
Gel SV (GeneAll Biotechnology, Seoul, Korea) and cloned
into the pGEM-T easy vector (Promega, Madison, WI).
The nucleotide sequencing was conducted by Solgent
(Daejeon, Korea) using a BigDye terminator v3.1 cycle

Table 1 Primers used for the reverse-transcription PCR and sequence analysis of GII NoV strains

Primers Polarity Sequence (5'-3") Region® Reference or source
GII-4-F1 + GTGAATGAAGATGGCGTCTAACGAC 1-25 This study
GII-4-r908 - CTCCAAAGAGCTCTGCCAAGAG 908-929 Katayama et al. [37]
GII-4-MF1 + TGGCTTCATGTGATTGGACT 861-880 This study
GII-4-MR1 - AAATCCGAGCCCCAGAGAAG 4,118-4,137 This study

N8 + GGCTTCCAAGGCCAACCTGA 4,000-4,019 Yun et al. [18]
COG2R - TCGACGCCATCTTCATTCACA 5,080-5,100 Kageyama et al. [20]
JIVE2P + CAAGAGCCAATGTTCAGATGGATGAG 5,003-5,028 Jothikumar et al. [39]
G2SKF" + CNTGGGAGGGCGATCGCAA 5,048-5,064 Kojima et al. [40]
Tx30SXNP - GACTAGTTCTAGATCGCGAGCGGCCGCCC(T)39 7,560-7,586 Katayama et al. [37]

# Location on the NoV CBNU2 genome
" Nested PCR

The first PCR was processed using JIVF2 and Tx30SXN primer sets, and the second PCR was done using G2SKF and Tx30SXN primer sets
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sequencing kit (Applied Biosystems, Carlsbad, CA) and an
ABI 3730XL DNA analyzer (Applied Biosystems).

Characterization of the full genome

Using a BLAST search of the National Center for Bio-
technology Information (NCBI) database, three nucleotide
sequences [Aichi3 (AB447446), Toyamad4 (AB447444),
and Fukui2 (AB541245)], which were similar to the full
nucleotide sequences obtained in this study, were refer-
enced. The positions of ORFs 1, 2, and 3 were verified
using the CLC sequence viewer (version 6.0, http://www.
clcbio.com/) and the Local BLAST and ORF finder of

NCBLI. In addition, the location of the ORFs was determined
using BioEdit (version 7.1.3.0, http://www.mbio.ncsu.edu/bio
edit/bioedit.html).

Phylogenetic analysis of the NoV CBNU2

The nucleotide sequences of the ORF2 region have served as
the major basis for phylogenetic analysis of NoVs [21]. A
total of 70 ORF2 sequences were used for the analysis: 68
NoV nucleotide sequences, identified by Zheng et al. in 2006
[21] and obtained via an NCBI search, the ORF2 sequence of
CBNUI reported by Yun et al. [18], and the sequences of the
NoVs determined in this study (Table 2). Alignment of the

Table 2 Reference nucleotide

sequences for the classification Genotype Strain Accession Genotype Strain Accession

of NoVs number number
GIL.1 NV-USA93 M87661 GIL5 WR290-USA AF414423
GI.1 Wtchest-USA AY502016 GIL6 SU17-JPN AB039779
GI.1 KY89-JPN 123828 GIL6 FL269-USA AF414407
GI.2 WR96-GBR AJ277610 GIL6 Seacrof-GBR0OO AJ277620
GI.2 SOV-GBR93 L07418 GIL7 GN273-USA AF414409
GIL.2 C59-USA AF435807 GIL7 Leeds-GBROO AJ277608
GL3 DSV-USA93 U04469 GIL8 SU25-JPN AB039780
GL3 Stav-NOR99 AF145709 GIL8 Amstdam-NLD99 AF195848
GL.3 VA98115-USA AY038598 GIL9 Idafall-USA AY054299
GL4 Chiba-JPNOO AB042808 GIL9 VABeach-USAOQ1 AY038599
GlL.4 Valetta-MLT AJ277616 GIL.10 Erfurt-DEUO1 AF427118
GlL4 NO266-USA AF414402 GIL11 SW918-JPNO1 AB074893
GL5 SzUGI1-JPN AB039774 GIL11 SWVA34-USA AY077644
GL5 Musgrov-GBR0OO AJ277614 GIL11 SW43-JPN AB074892
GL5 AB318-USA AF414406 GIL12 Chitta-JPN AB032758
GL.6 Hesse-DEU98 AF093797 GIL.12 Pirnal 10-DEU AF427119
GL.6 WUGI-JPN AB081723 GIL12 Wortley-GBRO0O AJ277618
GL.6 CS841-USA AY502007 GIL13 Faytvil-USA02 AY113106
GL.7 Wnchest-GBR0OO AJ277609 GIL13 KSW47-JPN AB078334
GI.8 Boxer-USA02 AF538679 GIL.14 M7-USA03 AY130761
GIL.1 Hawaii-USA94 uo7611 GIL15 Mex7076-USA AF542090
GIL1 Miami81-USA AF414416 GIL15 J23-USA02 AY130762
GIIL1 DG391-DEU AF425767 GIL16 Tonto-USA AY502005
GIIL.2 Msham-GBR95 X81879 GIL.16 Tiffin-USA03 AY502010
GIIL.2 CF434-USA AY054300 GIL.16 Bradhe-USA AY502015
GIIL.2 SMV1-USA AY134748 GIIL.17 CSE1-USAO03 AY502009
GIL3 NLV2004-SWE AY247432 GIII.1 BoJena-DEU98 AJO11099
GIL3 AL96-NZL U46039 GIIL.2 BoCV95-USA AF542083
G2_3 Toronto-CAN93 002030 GIIL.2 BoCH126-NLDO00 AF320625
GIL3 CBNU1 GU980585 GIIL.2 BoAS24-GBR AY126475
GIL4 Bristol-GBR93 X76716 GIV.1 Alphatn-NLD99 AF195847
GIL4 DG4770-AUS AF427115 GIV.1 FLD560-USA AF414426
GIL4 FMHill-USA AY502023 GIV.1 SCD624-USA AF414427
GILS MOH99-HUN AF397156 GV Murinel-USAO03 AY228235
GILS Hilingd-GBROO AJ277607
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sequences was done using ClustalX (version 2.0), and evo-
lutionary distance was calculated using the PHYLIP package
(version 3.69, http://cmgm.stanford.edu/phylip/) to yield a
phylogenetic tree. In brief, the evolutionary distance
between arranged sequences was calculated using the
DNADIST program based on the Kimura two-parameter
method, and the phylogenetic tree was determined using the
NEIGHBOR program based on the neighbor-joining
method. Then, the phylogenetic tree was expressed using the
TreeView program (version 1.6.6). The significance of the
phylogenetic trees was supported by bootstrap analysis.
Phylogenetic trees were constructed from 1,000 replicates
generated by the Seqboot program. The consensus tree was
generated by the Consense program. In addition, we com-
pared 207 nucleotide sequences from GII.4-genotype NoVs
in order to further characterize CBNU?2, in terms of molec-
ular evolution and phylogeny within the GII.4 group. For this
phylogenetic analysis, ORF2 nucleotide sequences were
extracted from these 207 complete genome sequences
(GenBank accession numbers AB447427-447463, AB541201—
AB541220, AB541222-AB541299, AB541301-AB541361,
AB543808, DQO78814, DQ658413, FI514242, FI537134-
537138, GQ845367, and HQ009513), and phylogenetic analyses
were carried out in the same manner as described above. The 207
sequences were selected from the GenBank database with
selection criteria as follows: (1) they must be from GIL.4-geno-
type NoVs and (2) they must be complete genome sequences.

Sequence alignment and comparative analysis of NoV
genomes

The consensus sequence for the NoV GII-4 group was
obtained using ClustalX and CLC sequence viewer, from a
total of 207 NoV GII-4 whole-genome nucleotide sequences
obtained as described above. Then, the consensus nucleotide

Fig. 2 Phylogenetic analysis of CBNU2 and other NoVs. a Phyloge-p
netic analysis using the ORF2 nucleotide sequences for representative
strains for each genotype of NoV. Unrooted trees were shown to
visualize phylogenetic relationships between the strains, which could
be grouped into five main clusters: GI through GV. CBNU2 fell
clearly into the GIL.4 genotype, which included Bristol-GBR93,
Fmhill-USA, and DG4770-USA. b Analysis using 207 GII.4 NoV
ORF2 nucleotide sequences. The GII.4 genotype was divided into
four clusters, A-D. CBNU2 belonged to cluster A, which included
181 strains isolated from Asia between 2006 and 2008 (circled and
labeled in red). The significance of the phylogenetic trees was
supported by bootstrap analysis of 1,000 replicates. Bootstrap values
are shown on the corresponding branches (Color figure online)

sequence was compared with the full genome sequence of
NoV CBNU?2 obtained in this study. In addition, to investi-
gate the difference between the full genome sequence of
CBNU?2 and the full genome sequence of the Korean isolate,
CUK-3, the full genome sequences of CUK-3 and NoV
CBNU?2 were compared. For this comparison, the sequences
were aligned using ClustalX, and the mismatched sequences
were verified using BioEdit. To determine the difference
between the two amino acid sequences, the previously used
nucleotide sequences were translated into amino acid
sequences using the CLC sequence viewer and aligned using
the ClustalX program. Mismatching was also verified using
BioEdit.

Verification of recombination in CBNU2

Using the SeqMan program (DNASTAR, Madison, WI,
USA), phylogenetic analyses were conducted after aligning
the genome of CBNU2 and a representative NoV genome for
each genogroup with the entire nucleotide sequence and
subsequences for ORFs 1, 2, and 3. The reference sequences
used were as follows: Norwalk (NC001959) was the reference
sequence for GI; Newbury2 (AF097917) was the reference

Fig. 1 Genome architecture of (a) o
thesl\llgz\t, g?(iUé';g;CleO;des 5 f 5104 6707 7513
-5,104, 5,104-6,707, an 1
6.707-7.513 encode ORFs 1,2, 11 ORE1 ORF2 AL ORE3 Posss
and 3, respectively. ORFs 1 and - 502 &;707 16
2 share a 20-nt overlap, and 5081 INT Folya
ORFs 2 and 3 share a 1-nt 18 NT repeated
overlap. A polyadenylation b
sequence extends from nt 7,561. (b)
The 18-nt sequence at the 5’-end 1 929
of the genome is repeated at
position 5,081 861 _ 4137
[ GIIA-MF 1/GIIA-MR1 ]
4000 5100
5003 7586
| JIVF2/ Tx30SXN |
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sequence for GIII; MNV-1 (AY228235) was the reference
sequence for GV; Texas/TCHO04-577 (AB365435), Saitama
U18 (AB039781), and Saitama U201 (AB039782) were the
reference sequences for GIL.3 genotype; and Guanzhow/
NVgz01 (DQ369797), Sakai2 (AB447448), and Chiba/04-
1050 (AB220921) were the reference sequences for GII.4
genotype. The phylogenetic analyses were carried out in the
same manner as described above. In addition, the similarities
between these reference sequences, CBNU2, GIL.4 (Aichi3,
CUK3, Chiba/04-1050, Sakai2, and Guangzhou/NVgz0l1),
GII.4 recombinant (CBNU1), and GII.3 (Texas/TCH04-577),
were analyzed using SimPlot version 3.5.1, based on the
Kimura-2 parameter distance model.

Results
Full genome sequencing of the CBNU2 NoV

Five PCR products from the CBNU2 genome were
obtained using RT-PCR (Fig. la). The first RT-PCR
product, obtained using the GII-4-F1 and GII-4-r908
primers, spanned nucleotides 1-929. The second RT-PCR
product, obtained using the GII-4-MF1 and GII-4-MR1
primers, amplified a product spanning nucleotides
861—4,137. The third RT-PCR product, obtained using the
N8 and COG2R primers, amplified a product spanning
nucleotides 4,000-5,100. The fourth RT-PCR product,
obtained using the JJV2F and COG2R primers, amplified a
product spanning nucleotides 5,003-5,100. Finally, the
nested PCR product, obtained using the JJVF2, G2SKEF,
and Tx30SXN primers, amplified a product spanning
nucleotides 5,003-7,583 (Fig. 1b). The entire nucleotide
sequence, 7,583 nucleotides in length, was constructed
using a method for connecting overlapped sections in
separate sequence runs as a single sequence, designated
Norovirus Hu/GII-4/CBNU2/2007/KR (CBNU2) and sub-
mitted to GenBank (GenBank accession number,
JQ622197). The ORF information was verified by ORF
finding programs such as CLC Sequence Viewer (version
6.1 http://www.clcbio.com/index.php) and ORF finder
provided by NCBI. In addition, three other nucleotide
sequences [Aichi3 (AB447446), Toyamad4 (AB447444),
and Fukui2 (AB541245)], which were similar to the full
nucleotide sequence obtained in this study, were refer-
enced. Blast results using the CBNU2 nucleotide sequence
as the query showed that query coverage was 98 % and
maximum identity was 99 % with three reference strains in
each operation (data not shown). The sequences spanning
nucleotides 5-5,104, 5,085-6,707, and 6,707-7,513 repre-
sented ORF1, ORF2, and ORF3, respectively. Also, ORF1
and ORF2 overlapped over 20 nucleotides (nt 5,085-5,104)
and ORF2 and ORF3 overlapped over a single nucleotide

@ Springer

(nt 6,707) (Fig. 1). The poly-A tail of the CBNU2 NoV
began at nt 7,561. Finally, the first 18 nucleotide sequences
were repeated at position 5,081 (Fig. 1a).

Phylogenetic analysis of NoV CBNU2

Phylogenetic analysis of CBNU2 was performed using the
ORF2 sequence from 69 reference NoV sequences and the
ORF2 of CBNU2 (see “Materials and methods” section).
This analysis indicated that the GII genogroup could be
classified into 17 genotypes. Of these, CBNU2 was verified
as GII.4 genotype, which also included Bristol-GBR93,
Fmhill-USA, and DG4770-USA. This genotype corre-
sponds to the GII.4 genotype proposed by Zheng et al. [21]
(Fig. 2a). Furthermore, genotyping was confirmed using
the Norovirus Genotyping Tool version 1.0 developed by
Kroneman et al. [26], which verified the GII.4 genotype for
CBNU2 (data not shown). In addition, a phylogenetic
analysis was performed using the ORF2 sequence of 207
other NoV GII.4 genotype members. This more focused
analysis revealed four clusters within the GII.4 genotype,
designated in this study as clusters A, B, C, and D. CBNU2
fell within cluster A, which has the largest number of NoV
strains. Of these, 181 were isolated from Asian regions
between 2006 and 2008 (Fig. 2b). Cluster B included 18
strains of NoV, isolated from Korea, North America,
Australia, and Japan between 2004 and 2009. The five
strains in cluster C were isolated from the USA before
1988. Finally, the four strains in cluster D were isolated
from Osaka, Japan, in 2007 (Fig. 2b).

Comparative analysis of CBNU2 and consensus
sequences from completely sequenced NoV genomes

The ORF-encoding sequence of CBNU2, spanning nucle-
otides 5 through 7,513, was compared with the consensus
sequences from the 207 NoV GIL.4 genotypes. A total of 47
nucleotide sequences showed disagreements; 26, 14, and 7
in ORFs 1, 2, and 3, respectively (Table 3). Of these 47
nucleotide sequence differences, 39 caused no changes in
the amino acid sequence. The remaining eight differences
did result in amino acid sequence changes. Three of these
were in ORF1, two were in ORF2, and the remaining three
were in ORF3. The differences in nucleotide and amino
acid sequences between CBNU?2 and CUK-3, another NoV
isolated in Korea, were also analyzed (Table 4). Because
CUK-3 had a total of 7,559 reported nucleotides, CBNU2
nucleotides 1-7,559 were used for the comparison between
these two strains. A total of 90 nucleotide differences were
seen in the nucleotide sequences, with 57, 23, and 8 of
these located in ORFs 1, 2, and 3, respectively, and two
sequences in the 3’ untranslated region. No nucleotide
sequence differences were seen in any areas of overlap
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Table 3 Comparison of
CBNU?2 nucleotide and amino
acid sequences with the

ORFs

Nucleotide
position

Nucleotide in GII NoV
consensus sequence

Nucleotide
in CBNU2

Amino acid in GII NoV
consensus sequence

Amino acid
in CBNU2

consensus sequences of GII ORFI
NoV strains

ORF2

ORF3

Bold positions indicate
nucleotide changes that resulted
in changes in the amino acid
sequence

603
736
1,101
1,302
1,776
1,924
2,100
2,166
2,173
2,427
2,613
2,766
2,940
2,961
3,009
3,018
3,255
3417
3,531
3,786
3,810
3,930
4,392
4,404
4,662
4,941
50
315
342
438
606
744
891
897
1,231
1,302
1,320
1,335
1,380
1,539
43
150
312
390
476
609
782
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Table 4 Comparison of CBNU2 nucleotide and amino acid
sequences with CUK-3 sequences

ORFs  Location Nucleotide Nucleotide = Amino Amino
in CBNU2 in CUK-3 acid in acid in
CBNU2 CUK-3
ORF1 197 G A v |
740 G A v M
1,011 T C \" A
1,928 C T P S
2,177 G A v M
3,152 G A v |
3,735 G A G D
4,370 T C S P
4,983 T C M T
ORF2 50 G A S N
520 T C S P
949 A G I \%
1,242 T A H Q
ORF3 431 T A I N
476 T C F S
572 T C L P
782 A G H R

between two ORFs. Although there were 90 disagreements
at the nucleotide sequence level, only 17 of these resulted
in changes in the amino acid sequence. These included
nine, four, and four sequences in ORFs 1, 2, and 3,
respectively, and are highlighted in Table 4.

Absence of recombination

The genome of CBNU2 was screened for recombination
events by comparing individual sequence fragments with
known sequence fragments from NoVs of different geno-
types. Phylogenetic analyses were performed using repre-
sentative NoV sequences for each genotype, obtained from
NCBI. The sequences were divided into separate sequence
fragments: the full genome, ORF1, ORF2, and ORF3, and
aligned with the CBNU2 sequence. CBNU2 was in this
way verified as non-recombinant, forming a group with the
representative sequences of GIL.4, such as Guanzhow/
NVgz01 (DQ369797), Sakai2 (AB447448), and Chiba/04-
1050 (AB220921), on the basis not only of the whole-
genome sequence but also on the basis of analysis using
single ORF sequences only (Fig. 3). In addition, on the
basis of an analysis of similarity using SimPlot, CBNU2
and CUK-3 showed a very high similarity to Aichi3 (as a
query), which is a GIL.4 NoV, and the ORF sequences were
very different from those of Texas/TCH04-577, which is a
GIL.3 NoV (Fig. 4). The SimPlot analysis also indicated

@ Springer

that there was no genetic recombination in the CBNU2
genome. On the other hand, CBNUI, a recombinant
between a GII.4 and a GII.3 NoV, was highly similar to
GIL.4 NoVs, such as Chiba/04-1050, Sakai2, and Guangz-
hou/NVgz01, in ORFs 1 and 2, but it was very similar to
the GII.3 NoV Texas/TCHO04-577 in ORF3 (Fig. 4).

Discussion

In this study, the full nucleotide sequence of the CBNU2
genome, a newly isolated strain from Korea, was charac-
terized. It consisted of 7,583 nucleotides encoding three
ORFs. All of them were oriented in the same polarity
(positive stranded), with a 20-nt overlap between ORF1
and ORF2 and a 1-nt overlap between ORF2 and ORF3.
Two other structural features that are similar to those of
known NoVs are a poly-A sequence extending 3’ from nt
7,561 and an 18-bp sequence that is repeated at either end
of ORF1 [2]. In addition, we determined via phylogenetic
analysis that CBNU2 belongs to the NoV GII.4 genotype,
which is dominant throughout the world [4, 5, 7, 19, 27—
33]. In Korea, it has been known that the outbreak of acute
gastroenteritis largely occurs due to NoVs during the
winter season [11, 17], which in Korea generally extends
from November to March. CBNU2 was first discovered in
February of 2007 in Seoul, and CUK-3 was first isolated in
November of 2008 in Daejeon [16]. The epidemiological
patterns of infection of these viruses tend to be seasonal
rather than regional. Though both the CBNU2 and CUK-3
strains were isolated in Korea and belong to the GIL4
genotype, there were clear differences in nucleotide and
amino acid sequences between them. At the nucleotide and
amino acid sequence levels, there were 90 and 17 differ-
ences, respectively. Comparison with consensus sequences
of 207 reference strains in the GII.4 genotype revealed 47
nucleotide differences between CBNU2 and the GII-4
consensus sequence. These gave rise to eight amino acid
differences, and this is in agreement with the general case
of a higher level of conservation in ORFs 1 and 2 compared
with ORF3 [31]. Among the 207 reference strains, two
amino acid variations in ORF2 of CBNU?2, N17S, and
R411G, were also seen in AB541276 and AB541236.
These two variations might induce conformational changes
in the capsid protein of NoVs, because the ORF2 encodes
the major capsid protein, VP1. Further studies are needed
to elucidate such changes in ORF2, since this information
would be helpful for developing a NoV vaccine. ORF3,
which is generally poorly conserved, had three nucleotide
differences for a total sequence length of only 807 nt,
compared with the same number of nucleotide differences
for 5,100 nt in ORFI (six times the length of ORF3) and
two nucleotide differences for 1,628 nt in ORF2.
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A BLAST search using the CBNU2 sequence deter-
mined that Aichi3 showed the highest similarity, 99.41 %,
to CBNU2, and verified the existence of several similar
viruses to CBNU2, including 22 viruses that showed rates
of similarity greater than 99 % (data not shown). In an
analysis based on geographical region, of 100 highly
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Fig. 3 Phylogenetic analyses based on the full genome sequences
and three ORFs of representative strains for each genotype of NoV:
a full genome sequences; b ORF1 nucleotide sequences; ¢ ORF2
nucleotide sequences; and d ORF3 nucleotide sequences. The

similar viruses, 97 had been isolated from Japan, 1 from
Korea and 2 from China. The large number of viruses
isolated from Japan was not, however, considered to indi-
cate a larger distribution and circulation of similar viruses
to CBNU?2; it probably instead simply reflects the fact that
more viruses have been isolated and studied in Japan.
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analysis of 1,000 replicates. Bootstrap values are shown on the
corresponding branches
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Fig. 4 Evidence for a lack of recombination in the CBNU2 genome.
SimPlot analysis of the full genome of CBNU2 and those of seven
reference strains [GIL.4, Aichi3 (as a query), CUK3, Chiba/04-1050,
Sakai2, and Guangzhou/NVgz01; GII.4 recombinant, CBNU1; GII.3,

Although no conclusions could be drawn regarding the
prevalence of these viruses in Japan, China, and Korea, it is
possible to infer that there are similar NoVs in these three
East Asian countries. Similarity and close phylogenetic
relationships between waterborne enteric viruses like NoVs
in these countries have been previously reported [34-36].
Thus, it can be considered that the development of vaccines
for the broadly distributed GII.4 NoVs could be applied to
all three of these countries. Also, this shared geographical
range emphasizes the importance of actively communi-
cating information regarding future studies and joint
research between these three countries.

A phylogenetic analysis focusing on the GIL.4 NoVs,
based on their ORF2 nucleotide sequences, revealed that
the GII.4 genotype can be divided into four different
clusters, A-D. The cluster group A, which included
CBNU2, was constituted of 181 strains isolated from Asia
between 2006 and 2008. The cluster group B included 18
strains isolated from Korea, America, Australia, and Japan
between 2004 and 2009. The smallest clusters, groups C
and D, included five strains isolated from America before
1988 and Osaka, Japan in 2007, respectively. This verified
the existence of regional and chronological relationships in
these four groups. It also revealed the state of continuous

@ Springer
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Texas/TCH04-577]. The SimPlot analysis employed the Kimura-2
parameter distance model with a window size of 200 bp and a step
size of 20 bp with the gap strip on and was visualized as a similarity
plot

change over time among these viruses, while at the same
time showing that the characteristics of viruses isolated
during the same time period could vary according to geo-
graphical region.

The other strain isolated from Korea, CBNU1, was
originally characterized as belonging to the GIL.3 group,
since it formed a group with Texas/TCH04-577, Saitama
U18, and Saitama U201 in a phylogenetic analysis based
on ORF2. Subsequent analysis, however, revealed that it is
in fact a recombinant between a GII.4 and GIL.3 viruses
[18]. While the CBNU1 ORF?2 clearly falls within the GII.3
genotype, an analysis based on ORF1 revealed that this
sequence falls within the GII.4 genotype, with similarity to
the sequences of Guanzhow/NVgz01, Sakai2, and Chiba/
04-1050. The SimPlot analysis done for this study cor-
roborates this characterization of CBNU1 (Fig. 4). In
contrast, CBNU2 was clearly not a recombinant, since it
fell within the GIL.4 genotype, Guanzhow/NVgz01, Sakai2,
and Chiba/04-1050, based not only on the ORF2 sequence,
but also on the ORF1 sequence, the entire sequence, and
even in a separate analysis based on the less-conserved
ORF3. Continuing the analysis of possible recombination
in Korean strains, the nucleotide sequences of CUK-3,
which were isolated in Korea and belonged to the GIL.4
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genotype along with CBNU2, were also investigated. The
results of this analysis indicated that CUK-3 is not a
recombinant, forming a group with the representative
viruses in the GII.4 genotype along with CBNU2 (Fig. 3).
In addition, the results of an analysis of similarities using
SimPlot verified that CBNU2 exhibited no evidence of
genetic recombination among different strains; it showed a
high similarity to the other GII.4 strains across its entire
sequence (Fig. 4). Interestingly, CBNU2 showed a high
similarity to CUK-3 and Aichi3 in the same SimPlot
analysis, with a relatively low similarity to Guanzhow/
NVgz01, Sakai2, and Chiba/04-1050 (Fig. 4). This rein-
forces the hypothesis that there exist clusters within the
GIL.4 genotype, with CBNU2, CUK-3, and Aichi3
belonging to cluster A and Sakai2 belonging to cluster B
(Fig. 2b).

Recent years have seen an increase in reports of
recombinants [8, 22-25], and limitations in classifying
viruses into genogroups based on partial nucleotide
sequences have presented a growing concern [5, 37, 38].
Thus, it is necessary to determine such genogroups with
greater care, including analysis of entire nucleotide
sequences in NoVs for more accurate phylogenetic classi-
fication. To date, most whole-genome NoV analyses have
been performed in Japan. The present study confirms NoV
CBNU?2 as the third NoV isolated in Korea and the second
Korean virus from the GII.4 genotype. Analysis of Korean
strains represents an important issue in characterizing the
NoVs of East Asia. It is expected that the results from this
study will be useful for future genetic studies of NoVs both
in Korea and throughout East Asia.
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