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Molecular characterization and evolution of hemagglutinin gene
in human-infecting avian influenza virus H6N1
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ABSTRACT: To better understand the molecular characterization, pathogenesis, origin, and evolutionary relationship of
the first human-infecting H6N1 influenza virus, the dataset was downloaded from the Flu and GISAID databases, and the phy-
logenetic trees were reconstructed by maximum likelihood (ML), maximum parsimony (MP) and Bayesian inference (BI).
Furthermore, the evolution rate, the most recent common ancestor (TMRCA), variable sites, glycosylation sites, cleavage
sites and other some molecular features were also analyzed by bioinformatic means. The results indicated that the HA gene fell
into an individual clade with other three H6N1 virus strains isolated from chicken. TMRCA was in 2002, and the cluster had a
higher evolution rate. The molecular features revealed the HA protein had 5 N-glycosylation sites, 2 O-glycosylation sites and
2 unique variable sites. The cleavage sites had only one basic amino acid and suggested that the human-infecting H6N1 virus
strain was low pathogenic. However. because of the higher substitution rate and viral reassortment, people should pay more
attention.
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Tab.1 Accession numbers and glycosylation sites of the HA gene from human-infecting H6N1 and allied avian influenza virus (H3

numbering)

i T IR RS N He AL 25 O-WE AL A5

Strain Accession no. N-glycosylation site O-glycosylation site
A/CK/TW/TC147/10 KC693613 13, 25, 169, 293, 544 130, 134
A/ CK /TW/TC135/2010 KC693596 13, 25, 169, 293 130, 134
A/ CK /TW/CF18/2009 KC785003 13, 25, 169, 293 130, 134
A/ CK /TW/CF16/2009 KC784995 13, 25, 169, 293 130, 134
A/ CK /TW/CF17/2009 KC784966 13, 25, 169, 293 130, 134
A/CK/TW/TC128/10 KC693628 13, 25, 169, 293, 544 130, 134
A/CK/TW/CF24/2009 KC785078 13, 25, 169, 293 130, 134
A/CK/TW/CF22/09 KC785024 13, 25, 169, 293 130, 134
A/CK/TW/A342/05 DQ376725 13, 25, 169, 293, 544 130, 134
A/CK/TW/0706/03 DQ376716 13, 25, 169, 293, 544 130, 134
A/CK/TW/A37/02 DQ376711 13, 25, 169, 293, 544 130, 134
A/CK/TW/0114/04 DQ376719 13, 25, 169, 280, 293, 544 130, 134
A/CK/TW/PF1/02 DQ376707 13. 25, 169, 293, 544 130, 134
A/CK/TW/PF2/02 DQ376708 13, 25, 169, 293, 544 130, 134
A/CK/TW/0107/02 DQ376712 13, 25, 169, 293, 544 130, 134
A/CK/TW/1215/01 DQ376705 13, 25, 169, 293, 544 130, 134
A/CK/TW/0320/02 DQ376710 13. 25, 169, 293, 544 130, 134
A/CK/TW/0222/02 DQ376706 13, 25, 77, 169, 293, 485 130, 134
A/CK/TW/0408/02 DQ376714 13. 25, 169, 293, 544 130, 134
A/CK/TW/1212/01 DQ376704 13. 25, 293, 485, 544 130, 134
A/TW/2/13 EPI_ISL._143275 13, 25, 169, 293, 544 130, 134
A/CK/TW/A2837/13 EPI ISL 143276 13, 25, 169, 293, 485, 544 130, 134
A/CK/TW/ch1006/04 DQ376722 13. 25, 169, 293, 544 130, 134
A/CK/TW/0204/05 DQ376724 13, 25, 169, 293, 544 130, 134
A/CK/TW/1205/01 DQ376703 13, 25, 169, 293, 544 130, 134
A/CK/TW/0329/01 DQ376702 13. 25, 169, 293, 544 130, 134
A/CK/TW/2838N/00 EF681872 13, 25, 169, 293, 544 130, 134
A/CK/TW/2838V /00 EF681880 13, 25, 169, 293, 544 130, 134
A/CK/TW/0208/02 DQ376713 13, 25, 169, 293, 544 130, 134
A/CK/TW/1203/03 DQ376717 13, 25, 169, 293, 544 134
A/CK/TW/0305/04 DQ376720 13, 25, 169, 293, 544 134, 262
A/CK/TW/PF3/02 DQ376709 13, 25, 169, 293, 544 134
A/CK/TW/SP1/00 DQ376701 13, 25, 169, 293, 544 130, 134, 158
A/partridge/ TW/LU1/99 DQ376697 13, 25, 169, 293, 544 130, 131, 134
A/DC/TW/29-3/00 DQ376700 13. 25, 169, 293, 544 130, 131, 134
A/ CK /Changhua/7-5/1999 AB830483 13, 25, 169, 293, 544 130, 131, 134
A/CK/TW/0705/99 DQ376696 13. 25, 169, 293, 544 130, 131, 134
A/CK/TW/ns2/99 DQ376695 13, 25, 169, 293, 544 130, 134
A/ CK /Tainan/V156/1999 AB830484 13, 25, 169, 293, 544 130, 131, 134
A/CK/TW/0824/97 DQ376693 13. 25, 169, 293, 544 130, 131, 134
A/CK/TW/na3/98 DQ376694 13. 25, 169, 293, 544 129, 130, 131, 134, 159
A/mallard/ NL /16/99(H6N5) AY684892 13, 25, 167, 291, 542 130
A/DC/Guangxi/GXd-2/2010(HEN2) JX297591 13, 25, 168, 292, 543 130
A/EW/ NL /4/2000(H6N2) KF695262 13, 25, 167, 291, 542 130
A/greylag goose/ NL /4/1999 CY060198 13, 25, 167, 291, 542 130
A/WG/ NL /1/99 CY060433 13, 25, 167, 291, 542 130
A/CK/TW/G23/87 DQ376692 13. 25, 168, 292, 543 130

Note; CK--Chicken; DC--Duck; WG-—-whitefronted goose; TW--Taiwan; NL--Netherlands; EW--Eurasian wigeon.
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Tab. 2 Substitution rates (sites/year) and the most recent common ancestor (TMRCA) of some significant nodes
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Fig.1 Phylogenetic trees of the HA genes from human-infec-

ting H6N1 and allied avian influenza virus by maxi-
mum likelihood (ML), maximum parsimony (MP)
and Bayesian inference (BI)

The numbers stand for the support value. And some
significant nodes and clades were indicated by capital

letters and bold numerals, respectively.
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