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ABSTRACT A human norovirus (HuNoV) strain was obtained from a patient with
acute gastroenteritis, and its complete coding sequence was determined. The
coding-complete viral genome, with three open reading frames, was 7,565 bp
long, with a GC content of 49.9%. The genotype of the HuNoV strain obtained in
this study was identified as GII.p12_GII.3.

Norovirus, a viral pathogen that causes gastroenteritis in humans, results in 19 to 21
million total illnesses and 56,000 to 71,000 hospitalizations every year in the

United States (1). Human norovirus (HuNoV) belongs to the family Caliciviridae and
contains a 7.3- to 7.7-kb single-strand positive-sense RNA genome (2). Noroviruses
include seven genogroups (GI to GVII) classified based on the nucleotide sequence of
the viral capsid gene (VP1), and GI, GII, and GIV noroviruses can infect humans (3, 4).
Each genogroup is further divided into genotypes based on the phylogenetic clustering
of VP1 amino acid sequences (5). Approximately 70% of HuNoV infections in 2010 were
caused by GII.4 noroviruses, and studies in 2018 reported that infections with GII.17
noroviruses (30.2%) were second only to infections with GII.4 noroviruses (47.3%) (6, 7).
Recombinant GII.p12 subtypes containing an RNA-dependent RNA polymerase (RdRp)
gene derived from GII.12 and an open reading frame 2 (ORF2) encoding a major capsid
protein originating mainly from GII.3, GII.4, or GII.13 have been reported in several
countries (8–10). The Sanger sequencing method can be used to determine the partial
viral genomic sequences only when the partial nucleotide sequences are known;
therefore, high-throughput sequencing has been used to analyze the whole genomes
of unknown or partially known pathogens (11–13).

We obtained HuNoV strain CAU140599 in 2014 from a Korean patient with acute
gastroenteritis. The viral particles were purified from the supernatant of the patient’s
fecal sample using discontinuous sucrose gradient (10 to 60%) ultracentrifugation at
100,000 � g for 16 h, as described previously (14). Extraction of viral RNA and construc-
tion of a library were completed with the TruSeq RNA sample preparation kit version 2
(Illumina, Inc., CA, USA). High-throughput sequencing was performed using the HiSeq
X Ten reagent kit version 2.5 (151-bp reads; Illumina). Reads were trimmed using
Trimmomatic version 0.38 (mean quality score, 15; sliding window size, 4) (http://www
.usadellab.org/cms/?page�trimmomatic). Trimmed reads (42,524,862 reads) were ob-
tained and assembled using Trinity version trinityrnaseq_r20140717 with the default
parameters (https://github.com/trinityrnaseq/trinityrnaseq/wiki). The assembled con-
tigs were filtered and clustered into nonredundant transcripts using CD-HIT-EST version
4.6 (http://weizhongli-lab.org/cd-hit). Viral annotation and prediction of ORFs were
performed by searching for the contig sequences in the KO_Virus_Nucl database
(version 20190104) (http://www.genome.jp/kegg/ko.html) using BLASTX version 2.4.0�
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(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and DIAMOND version 0.9.21 (https://github
.com/bbuchfink/diamond), with a cutoff E value of 1.0E�5. The coding-complete
genome of NoV, containing three ORFs, had 19,641.2� coverage with 1,001,204 reads.

The coding-complete genome sequence of the CAU140599 strain contained
7,565 bp, with a GC content of 49.9%. ORF1, coding for nonstructural proteins such as
RdRp, ORF2, coding for a major structural protein (VP1), and ORF3, coding for a minor
structural protein (VP2), were positioned at bp 2 to 5101, bp 5082 to 6728, and bp 6728
to 7492, respectively. When the coding-complete sequence of the CAU140599 strain
was compared to the sequences deposited in GenBank by phylogenetic analysis using
Geneious version 10.2.6, it presented 94.40% nucleotide identity to strain GII/Hu/JP/
2000/GII.P12_GII.12/Saitama/KU16 (GenBank accession no. KJ196294) (Fig. 1A).

Further phylogenetic analysis using the ORF1 sequence of the CAU140599 strain
indicated that it belonged to the GII.p12_GII.12 genotype (Fig. 1B). ORF1 of the
CAU140599 strain displayed 84.75% nucleotide identity to that of a GII.p12_GII.12 strain
(Fig. 1B). Interestingly, ORF2 of the CAU140599 strain was classified in the GII.3
genotype based on phylogenetic analysis (Fig. 1C). The ORF2 sequence of the
CAU140599 strain was 88.66% identical to that of the GII.3 genotype. In recombinant
analysis using the recombination detection program RDP version 4.97 (http://web.cbio
.uct.ac.za/~darren/rdp.html), recombination between the ORF1 region (bp 1 to 5082) of
a GII.p12_GII.12 strain (GenBank accession no. KJ196294) and the ORF2 region (bp 5083
to 7534) of a GII.p3_GII.3 strain (GenBank accession no. AB039782) was identified.
Therefore, the genotype of the HuNoV strain obtained in this study was eventually
identified as the GII.p12_GII.3 subtype. ORF3 of the HuNoV strain analyzed in this study
showed 90.45% identity to the strains of the GII.p3_GII.3 genotype.

FIG 1 Phylogenetic analysis of HuNoV using the complete genome, ORF1, and ORF2. The coding-complete genome (A), ORF1 (B), and ORF2 (C) nucleotide
sequences of the CAU140599 strain were analyzed along with those of other HuNoV strains. Phylogenetic trees were constructed using the neighbor-joining
method with the Tamura-Nei genetic distance model in Geneious version 10.2.6. The nucleotide sequences were aligned by multiple alignment using fast
Fourier transform (MAFFT) with the default parameters in Geneious. Bootstrap analysis was performed with 500 cycles, and bootstrap values greater than 50%
are presented at the branch points. Norovirus genotypes were annotated by Norovirus Typing Tool version 2.0 (https://www.rivm.nl/mpf/typingtool/norovirus).
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Data availability. The coding-complete genome sequence of the CAU140599

strain was deposited in GenBank under accession no. MN199033. The raw sequenc-
ing reads were submitted to the SRA under accession no. SRX7118213 (BioSample no.
SAMN13229199).

ACKNOWLEDGMENT

This study was supported by a grant from the Cooperative Research Program of the
Ministry of Food and Drug Safety, Republic of Korea (grant 14162MFDS973).

REFERENCES
1. Hall AJ, Lopman BA, Payne DC, Patel MM, Gastañaduy PA, Vinjé J,

Parashar UD. 2013. Norovirus disease in the United States. Emerg Infect
Dis 19:1198 –1205. https://doi.org/10.3201/eid1908.130465.

2. Green K, Chanock R, Kapikian A. 2001. Human caliciviruses, p 841– 874.
In Knipe DM, Howley PM, Griffin DE, Lamb RA, Martin MA, Roizman B,
Straus SE (ed), Fields virology, 4th ed. Lippincott, Williams & Wilkins,
Philadelphia, PA.

3. Vinjé J. 2015. Advances in laboratory methods for detection and typing
of norovirus. J Clin Microbiol 53:373–381. https://doi.org/10.1128/JCM
.01535-14.

4. Cortes-Penfield NW, Ramani S, Estes MK, Atmar RL. 2017. Prospects and
challenges in the development of a norovirus vaccine. Clin Ther 39:
1537–1549. https://doi.org/10.1016/j.clinthera.2017.07.002.

5. Kroneman A, Vega E, Vennema H, Vinjé J, White PA, Hansman G, Green
K, Martella V, Katayama K, Koopmans M. 2013. Proposal for a unified
norovirus nomenclature and genotyping. Arch Virol 158:2059 –2068.
https://doi.org/10.1007/s00705-013-1708-5.

6. Siebenga JJ, Lemey P, Pond SLK, Rambaut A, Vennema H, Koopmans M.
2010. Phylodynamic reconstruction reveals norovirus GII.4 epidemic
expansions and their molecular determinants. PLoS Pathog 6:e1000884.
https://doi.org/10.1371/journal.ppat.1000884.

7. van Beek J, NoroNet, de Graaf M, Al-Hello H, Allen DJ, Ambert-Balay K,
Botteldoorn N, Brytting M, Buesa J, Cabrerizo M, Chan M, Cloak F, Di
Bartolo I, Guix S, Hewitt J, Iritani N, Jin M, Johne R, Lederer I, Mans J,
Martella V, Maunula L, McAllister G, Niendorf S, Niesters HG, Podkolzin
AT, Poljsak-Prijatelj M, Rasmussen LD, Reuter G, Tuite G, Kroneman A,
Vennema H, Koopmans MPG. 2018. Molecular surveillance of norovirus,
2005–16: an epidemiological analysis of data collected from the NoroNet
network. Lancet Infect Dis 18:545–553. https://doi.org/10.1016/S1473
-3099(18)30059-8.

8. Boonchan M, Guntapong R, Sripirom N, Ruchusatsawat K, Singchai P,
Rungnobhakhun P, Tacharoenmuang R, Mizushima H, Tatsumi M,

Takeda N, Sangkitporn S, Mekmullica J, Motomura K. 2018. The dynamics
of norovirus genotypes and genetic analysis of a novel recombinant
GII.P12-GII.3 among infants and children in Bangkok, Thailand between
2014 and 2016. Infect Genet Evol 60:133–139. https://doi.org/10.1016/j
.meegid.2018.02.028.

9. Won Y-J, Park J-W, Han S-h, Cho H-G, Kang L-H, Lee S-G, Ryu S-R, Paik S-Y.
2013. Full-genomic analysis of a human norovirus recombinant GII.12/13
novel strain isolated from South Korea. PLoS One 8:e85063. https://doi
.org/10.1371/journal.pone.0085063.

10. Xue L, Wu Q, Dong R, Cai W, Wu H, Chen M, Chen G, Wang J, Zhang J.
2017. Comparative phylogenetic analyses of recombinant noroviruses
based on different protein-encoding regions show the recombination-
associated evolution pattern. Sci Rep 7:4976. https://doi.org/10.1038/
s41598-017-01640-4.

11. McGeoch D, Dalrymple M, Davison A, Dolan A, Frame M, McNab D, Perry
L, Scott J, Taylor P. 1988. The complete DNA sequence of the long
unique region in the genome of herpes simplex virus type 1. J Gen Virol
69:1531–1574. https://doi.org/10.1099/0022-1317-69-7-1531.

12. Galibert F, Mandart E, Fitoussi F, Tiollais P, Charnay P. 1979. Nucleotide
sequence of the hepatitis B virus genome (subtype ayw) cloned in E. coli.
Nature 281:646 – 650. https://doi.org/10.1038/281646a0.

13. Nakamura S, Yang C-S, Sakon N, Ueda M, Tougan T, Yamashita A, Goto
N, Takahashi K, Yasunaga T, Ikuta K, Mizutani T, Okamoto Y, Tagami M,
Morita R, Maeda N, Kawai J, Hayashizaki Y, Nagai Y, Horii T, Iida T, Nakaya
T. 2009. Direct metagenomic detection of viral pathogens in nasal and
fecal specimens using an unbiased high-throughput sequencing ap-
proach. PLoS One 4:e4219. https://doi.org/10.1371/journal.pone
.0004219.

14. Huhti L, Blazevic V, Nurminen K, Koho T, Hytönen V, Vesikari T. 2010. A
comparison of methods for purification and concentration of norovirus
GII-4 capsid virus-like particles. Arch Virol 155:1855–1858. https://doi
.org/10.1007/s00705-010-0768-z.

Microbiology Resource Announcement

Volume 9 Issue 5 e01385-19 mra.asm.org 3

 on O
ctober 11, 2020 at C

H
U

N
G

-A
N

G
 U

N
IV

E
R

S
IT

Y
http://m

ra.asm
.org/

D
ow

nloaded from
 

https://www.ncbi.nlm.nih.gov/nuccore/MN199033
https://www.ncbi.nlm.nih.gov/sra/SRX7118213
https://www.ncbi.nlm.nih.gov/biosample/SAMN13229199
https://doi.org/10.3201/eid1908.130465
https://doi.org/10.1128/JCM.01535-14
https://doi.org/10.1128/JCM.01535-14
https://doi.org/10.1016/j.clinthera.2017.07.002
https://doi.org/10.1007/s00705-013-1708-5
https://doi.org/10.1371/journal.ppat.1000884
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1016/S1473-3099(18)30059-8
https://doi.org/10.1016/j.meegid.2018.02.028
https://doi.org/10.1016/j.meegid.2018.02.028
https://doi.org/10.1371/journal.pone.0085063
https://doi.org/10.1371/journal.pone.0085063
https://doi.org/10.1038/s41598-017-01640-4
https://doi.org/10.1038/s41598-017-01640-4
https://doi.org/10.1099/0022-1317-69-7-1531
https://doi.org/10.1038/281646a0
https://doi.org/10.1371/journal.pone.0004219
https://doi.org/10.1371/journal.pone.0004219
https://doi.org/10.1007/s00705-010-0768-z
https://doi.org/10.1007/s00705-010-0768-z
https://mra.asm.org
http://mra.asm.org/

	Data availability. 
	ACKNOWLEDGMENT
	REFERENCES

