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ABSTRACT An H4N6 subtype avian influenza virus was isolated from a pockmark
duck in southern China in November 2013 and named A/duck/Guangxi/149D24/
2013 (H4N6). All eight gene segments of the strain were sequenced. Sequence anal-
ysis indicated that this H4N6 virus was a natural reassortant virus. This H4N6 virus
has two basic amino acids in the cleavage site of hemagglutinin 1 (HA1) and HA2,
and the amino acid motif of cleavage site was PEKASRGLF, which is the typical char-
acteristic of the low-pathogenic avian influenza virus. This study will help under-
stand the epidemiology and molecular characteristics of avian influenza virus in
pockmark ducks.

Avian influenza virus (AIV) is a negative-sense segmented RNA virus that belongs to
the genus Influenza virus A of the family Orthomyxoviridae (1, 2). At present, there

are 18 hemagglutinin (HA) and 11 neuraminidase (NA) subtypes of AIV based on the
antigenic differences of the HA and NA proteins, which are surface glycoproteins on the
viral envelope (3, 4). This H4 subtype of AIV belongs to low-pathogenic AIV (LPAIV),
which is one of the predominant subtypes among LPAIV. The H4 subtype of AIV has
been circulating and evolving in live poultry markets in China (5). It has been shown
that the H4 subtype of AIV has infected migratory water birds and domestic ducks (6,
7). In addition, the H4 subtype of AIV has infected pigs and poses a threat to mammals
(8). It may have the ability to cross the species barrier to infect humans through gene
reassortment, thus signifying the importance of enhancing the surveillance of the H4
subtype of AIV.

An H4N6 subtype AIV was isolated from a pockmark duck in Guangxi, China, in
November 2013 and named A/duck/Guangxi/149D24/2013 (H4N6). All eight gene
segments were amplified by reverse transcription-PCR using AIV universal primers (9,
10). The amplified products were gel purified, cloned into the pMD-18T vector (TaKaRa,
Dalian, China), and sequenced (TaKaRa). The sequences were assembled using the
SeqMan program and manually edited to generate the final full-length genome se-
quence.

The complete genome of the A/duck/Guangxi/149D24/2013 (H4N6) strain consists
of eight gene segments of polymerase basic 2 (PB2), PB1, polymerase acidic (PA), HA,
nucleoprotein (NP), NA, matrix (M), and nonstructural (NS) genes. The full lengths of
these segments are 2,341, 2,341, 2,233, 1,738, 1,565, 1,464, 1,027, and 890 nucleotides,
respectively. The amino acid residues at the cleavage site (positions 338 to 346) of the
HA molecule are PEKASRGLF, with two basic amino acids, which is characteristic of
low-pathogenic AIV.

Sequence analysis revealed that the nucleotide sequences of the HA and NA genes
of the A/duck/Guangxi/149D24/2013 (H4N6) strain both belong to the Eurasian lineage.
The nucleotide homology comparisons revealed that the HA gene of this strain shares
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99% homology with the HA gene of a Jiangxi AIV strain, A/duck/Jiangxi/32180/2013
(mixed type) (GenBank accession number KP286940). The NA gene shared the highest
sequence homology, at 99%, with A/Duck/Thailand/CU-11825C/2011 (H3N6) (GenBank
accession number KJ161948). The PB2 gene shared the highest sequence homology,
at 96%, with A/wild duck/Korea/SNU50-5/2009 (H5N1) (GenBank accession number
JX497765). The PB1 gene shared the highest sequence homology, at 98%, with A/wild
duck/Korea/PSC6-1/2009 (H4N6) (GenBank accession number JX454743). The PA and
NP genes shared the highest sequence homology, at 99%, with A/Duck/Vietnam/
LBM48/2011 (H3N2) (GenBank accession number LC028079). The M gene shared the
highest sequence homology, at 98%, with A/duck/Guangxi/GXd-1/2011 (H1N2)
(GenBank accession number KF013919). The NS gene shared the highest sequence
homology, at 99%, with A/duck/Taiwan/WB459/04 (H6N5) (GenBank accession num-
ber DQ376795).

These data indicate that the A/duck/Guangxi/149D24/2013 (H4N6) strain is a novel
reassortant virus whose genes derived from multiple AIV strains, and its genome
information is useful for analyses of epidemiology and evolutionary characteristics.

Accession number(s). The genome sequence of A/duck/Guangxi/149D24/2013

(H4N6) was deposited in GenBank under the accession numbers MF399054 to MF399061.

ACKNOWLEDGMENTS

This work was supported by the Guangxi Science and Technology Bureau (grant
10100014-5), the National Ten-Thousand Talents Program of China (grant no. 2016-37),
and the Guangxi Government Senior Scientist Foundation (grant 2011B020) (Guangxi,
China).

REFERENCES
1. Peng Y, Xie ZX, Liu JB, Pang YS, Deng XW, Xie ZQ, Xie LJ, Fan Q, Luo SS.

2013. Epidemiological surveillance of low pathogenic avian influenza
virus (LPAIV) from poultry in Guangxi Province, southern China. PLoS
One 8:e77132. https://doi.org/10.1371/journal.pone.0077132.

2. Xu Q, Xie Z, Xie L, Xie Z, Deng X, Liu J, Luo S. 2014. Characterization of an
avian influenza virus H9N2 strain isolated from a wild bird in southern
China. Genome Announc 2(3):e00600-14. https://doi.org/10.1128/genomeA
.00600-14.

3. Wu Y, Wu Y, Tefsen B, Shi Y, Gao GF. 2014. Bat-derived influenza-like
viruses H17N10 and H18N11. Trends Microbiol 22:183–191. https://doi
.org/10.1016/j.tim.2014.01.010.

4. Tong S, Zhu X, Li Y, Shi M, Zhang J, Bourgeois M, Yang H, Chen X,
Recuenco S, Gomez J, Chen LM, Johnson A, Tao Y, Dreyfus C, Yu W,
McBride R, Carney PJ, Gilbert AT, Chang J, Guo Z, Davis CT, Paulson JC,
Stevens J, Rupprecht CE, Holmes EC, Wilson IA, Donis RO. 2013. New
World bats harbor diverse influenza A viruses. PLoS Pathog 9:e1003657.
https://doi.org/10.1371/journal.ppat.1003657.

5. Liu M, He S, Walker D, Zhou N, Perez DR, Mo B, Li F, Huang X, Webster
RG, Webby RJ. 2003. The influenza virus gene pool in a poultry market
in South Central China. Virology 305:267–275. https://doi.org/10.1006/
viro.2002.1762.

6. Bui VN, Ogawa H, Karibe K, Matsuo K, Nguyen TH, Awad SS, Minoungou
GL, Xininigen, Saito K, Watanabe Y, Runstadler JA, Happ GM, Imai K.
2011. Surveillance of avian influenza virus in migratory water birds in
eastern Hokkaido, Japan. J Vet Med Sci 73:209 –215. https://doi.org/10
.1292/jvms.10-0356.

7. Zhang H, Chen Q, Chen Z. 2012. Characterization of an H4N2 avian
influenza virus isolated from domestic duck in Dongting Lake wet-
land in 2009. Virus Genes 44:24 –31. https://doi.org/10.1007/s11262
-011-0658-9.

8. Karasin AI, Brown IH, Carman S, Olsen CW. 2000. Isolation and character-
ization of H4N6 avian influenza viruses from pigs with pneumonia in
Canada. J Virol 74:9322–9327. https://doi.org/10.1128/JVI.74.19.9322-9327
.2000.

9. Hoffmann E, Stech J, Guan Y, Webster RG, Perez DR. 2001. Universal
primer set for the full-length amplification of all influenza A viruses. Arch
Virol 146:2275–2289. https://doi.org/10.1007/s007050170002.

10. He CQ, Xie ZX, Han GZ, Dong JB, Wang D, Liu JB, Ma LY, Tang XF, Liu XP,
Pang YS, Li GR. 2009. Homologous recombination as an evolutionary
force in the avian influenza A virus. Mol Biol Evol 26:177–187. https://
doi.org/10.1093/molbev/msn238.

Xie et al.

Volume 5 Issue 34 e00802-17 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/MF399054
https://www.ncbi.nlm.nih.gov/nuccore/MF399061
https://doi.org/10.1371/journal.pone.0077132
https://doi.org/10.1128/genomeA.00600-14
https://doi.org/10.1128/genomeA.00600-14
https://doi.org/10.1016/j.tim.2014.01.010
https://doi.org/10.1016/j.tim.2014.01.010
https://doi.org/10.1371/journal.ppat.1003657
https://doi.org/10.1006/viro.2002.1762
https://doi.org/10.1006/viro.2002.1762
https://doi.org/10.1292/jvms.10-0356
https://doi.org/10.1292/jvms.10-0356
https://doi.org/10.1007/s11262-011-0658-9
https://doi.org/10.1007/s11262-011-0658-9
https://doi.org/10.1128/JVI.74.19.9322-9327.2000
https://doi.org/10.1128/JVI.74.19.9322-9327.2000
https://doi.org/10.1007/s007050170002
https://doi.org/10.1093/molbev/msn238
https://doi.org/10.1093/molbev/msn238
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

