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Complete Genome Sequences of H3N2 Canine Influenza Virus with
the Matrix Gene from the Pandemic A/HIN1 Virus
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We analyzed the complete genome sequence containing the 3’ and 5’ noncoding regions (NCRs) of H3N2 canine influenza virus
(CIV) with the matrix gene from the pandemic A/HIN1 virus, which will provide a better understanding of the pathogenesis,

transmission, and evolution of variant CIV.
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anine influenza virus (CIV), which is a member of the genus

Orthomixoviridae, family Orthomixovirideae, contains single-
stranded, negative-sense RNA of the following 8 gene segments:
polymerase basic 2 (PB2), polymerase basic 1 (PB1), polymerase
acidic (PA), hemagglutinin (HA), nucleoprotein (NP), neuramin-
idase (NA), matrix (M), and nonstructural (NS). To date, two
subtypes of CIV, H3N8, and H3N2 have been isolated from dogs
(1, 2). After an outbreak of pandemic influenza A/HIN1 (pHINT)
virus, pHIN1 was transmitted from humans to several species,
and many reassortant viruses have been generated (3-6). Re-
cently, A/canine/Korea/MV1/2012 (CIV/H3N2mv) was isolated
from a dog, and this reassortant H3N2 CIV carries the matrix gene
of the pHIN1 virus. CIV/H3N2mv presented higher viral replica-
tion in cells and more efficient direct transmission was observed in
ferrets compared to classic CIV H3N2 (7). Therefore, it is neces-
sary to analyze the complete genome sequence containing 3" and
5" noncoding regions (NCRs) of CIV/H3N2mv and understand
its molecular characteristics.

Viral RNA was extracted from the allantoic fluid of virus-
inoculated embryonated chicken eggs with the RNeasy MiniKit
(QIAGEN, Inc., Valencia, CA), and the viral RNAs are circularized
with T4 RNA ligase as described previously (8, 9). One-step re-
verse transcriptase-polymerase chain reaction was employed to
amplify each of the circularized viral gene segments with the
OneStep reverse transcription-PCR (RT-PCR) kit (QIAGEN,
Inc.) and gene specific primers. The amplified gene segments were
purified and sequenced to determine its exact complete genome
sequence containing 3" and 5" NCRs by utilizing universal primers
(10) with slight modifications and newly designed segment-
specific primers.

The complete genome of A/canine/Korea/MV1/2012 (H3N2)
is 13,628 nucleotides long. The size of segments 1 (seg-1) to 8
(seg-8) are 2,341, 2,341, 2,233, 1,765, 1,565, 1,467, 1,027, and
889 nt, respectively. They encode 12 viral proteins with the follow-
ing amino acid lengths: PB2, 759; PB1, 757; PB1-F2, 90; PA, 716;
HA, 566; NP, 498; NA, 469; M1, 252; M2, 97; NS1, 230; and NS2
(nuclear export protein [NEP]), 121. The lengths of NCRs of the
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viral RNA of A/canine/Korea/MV1/2012 (H3N2) were variable
(19 [seg-6] to 45 [seg-5] and 20 [seg-7] to 58 [seg-3] nt at the 3’
and 5" NCRes, respectively) in the different genome segments, but
the virus has conserved 12 nucleotides (AGCA/GAAAGCAGG) at
3’ NCR of 8 segments, and 13 nucleotide (CCTTGTTTCTACT) at
5" NCR, which is consistent with previous studies (11, 12). Here,
we described NCR sequences of A/canine/Korea/MV1/2012
(H3N2), and this is the first report of the full-genome sequence
containing 3" and 5" NCRs of H3N2 CIV carrying the matrix gene
of the pHINT1 virus. We hope this information will facilitate fur-
ther investigation of the pathogenicity, transmission, and evolu-
tion of variant CIV.

Nucleotide sequence accession numbers. The complete ge-
nome sequence of the A/canine/Korea/MV1/2012(H3N2) has
been deposited and updated in GenBank under accession num-
bers KF155142 to KF155149.

ACKNOWLEDGMENTS

This work was supported by the Center for BioNano Health-Guard
funded by the Ministry of Science, ICT & Future Planning (MSIP) of
Korea as a Global Frontier Project (H-GUARD).

REFERENCES

1. Crawford PC, Dubovi EJ, Castleman WL, Stephenson I, Gibbs EP,
Chen L, Smith C, Hill RC, Ferro P, Pompey J, Bright RA, Medina MJ,
Johnson CM, Olsen CW, Cox NJ, Klimov Al, Katz JM, Donis RO. 2005.
Transmission of equine influenza virus to dogs. Science 310:482—485.
http://dx.doi.org/10.1126/science.1117950.

2. Song D, Kang B, Lee C, Jung K, Ha G, Kang D, Park S, Park B, Oh J.
2008. Transmission of avian influenza virus (H3N2) to dogs. Emerg. In-
fect. Dis. 14:741-746. http://dx.doi.org/10.3201/eid1405.071471.

3. Ducatez MF, Hause B, Stigger-Rosser E, Darnell D, Corzo C, Juleen K,
Simonson R, Brockwell-Staats C, Rubrum A, Wang D, Webb A,
Crumpton JC, Lowe J, Gramer M, Webby RJ. 2011. Multiple reassort-
ment between pandemic (HIN1) 2009 and endemic influenza viruses in
pigs, United States. Emerg. Infect. Dis. 17:1624-1629. http://dx.doi.org/
10.3201/eid1709.110338.

4. Howard WA, Essen SC, Strugnell BW, Russell C, Barass L, Reid SM,
Brown IH. 2011. Reassortant pandemic (HIN1) 2009 virus in pigs,
United Kingdom. Emerg. Infect. Dis. 17:1049-1052. http://dx.doi.org/
10.3201/eid/1706.101886.

genomea.asm.org 1


http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01010-14&domain=pdf&date_stamp=2014-10-2
http://genomea.asm.org

2 genomea.asm.org

Hong et al.

. Keenliside J. 2013. Pandemic influenza A HIN1 in Swine and other ani-
mals. Curr. Top. Microbiol. Immunol. 370:259-271.

. Starick E, Lange E, Fereidouni S, Bunzenthal C, Hoveler R, Kuczka A,
grosse Beilage E, Hamann HP, Klingelhofer I, Steinhauer D, Vahlen-
kamp T, Beer M, Harder T. 2011. Reassorted pandemic (HIN1) 2009
influenza A virus discovered from pigs in Germany. J. Gen. Virol. 92:
1184-1188. http://dx.doi.org/10.1099/vir.0.028662-0.

. Moon H, Hong M, Kim JK, Seon B, Na W, Park SJ, An DJ, Jeoung HY,
Kim DJ, Kim JM, Kim SH, Webby R], Webster RG, Kang BK, Song D.
2014. H3N2 canine influenza virus with the matrix gene from the pan-
demic A/HINI virus: infection dynamics in dogs and ferrets. Epidemiol.
Infect. 6 30:1-9.

. de Wit E, Bestebroer TM, Spronken MI, Rimmelzwaan GF, Osterhaus
AD, Fouchier RA. 2007. Rapid sequencing of the non-coding regions of
influenza A virus. J. Virol. Methods 139:85-89. http://dx.doi.org/10.1016/
j.jviromet.2006.09.015.

12.

Genome Announcements

. Szymkowiak C, Kwan WS, Su Q, Toner TJ, Shaw AR, Youil R. 2003.

Rapid method for the characterization of 3’ and 5" UTRs of influenza
viruses. J. Virol. Methods 107:15-20. http://dx.doi.org/10.1016/S0166
-0934(02)00184-2.

. Obenauer JC, Denson J, Mehta PK, Su X, Mukatira S, Finkelstein DB,

Xu X, Wang J, Ma J, Fan Y, Rakestraw KM, Webster RG, Hoffmann E,
Krauss S, Zheng J, Zhang Z, Naeve CW. 2006. Large-scale sequence
analysis of avian influenza isolates. Science 311:1576-1580. http://
dx.doi.org/10.1126/science.1121586.

. Park SJ, Moon HJ, Kang BK, Hong M, Na W, Kim JK, Poo H, Park BK,

Song DS. 2012. Complete genome sequence of an avian-origin H3N2
canine influenza virus isolated from dogs in South Korea. J. Virol. 86:
9548-9549. http://dx.doi.org/10.1128/JV1.01485-12.

Wang L, Lee CW. 2009. Sequencing and mutational analysis of the non-
coding regions of influenza A virus. Vet. Microbiol. 135:239-247. http://
dx.doi.org/10.1016/j.vetmic.2008.09.067.

September/October 2014 Volume 2 Issue 5 e01010-14


http://genomea.asm.org

	Complete Genome Sequences of H3N2 Canine Influenza Virus with the Matrix Gene from the Pandemic A/H1N1 Virus
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES


