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We isolated eight highly pathogenic H5N8 avian influ-
enza viruses (H5N8 HPAIVs) in the 2014/15 winter 
season at an overwintering site of migratory birds in 
Japan. Genetic analyses revealed that these isolates 
were divided into three groups, indicating the co-cir-
culation of three genetic groups of H5N8 HPAIV among 
these migratory birds. These results also imply the 
possibility of global redistribution of the H5N8 HPAIVs 
via the migration of these birds next winter.

In January 2014, newly discovered highly pathogenic 
H5N8 avian influenza viruses (H5N8 HPAIVs) caused 
outbreaks in poultry and wild birds in South Korea [1], 
although their ancestor had been isolated in China in 
2013 [2]. Thereafter, these viruses have been circu-
lating in both avian populations in South Korea [3,4] 
and sporadically in neighbouring countries, including 
China and Japan. Since November 2014, H5N8 HPAIVs 
have also appeared in poultry and wild birds in Europe 
[5,6]. Genetic analyses revealed that these isolates 
were closely related to the H5N8 viruses circulat-
ing in Korean birds. More recently, genetically similar 
HPAIVs also caused outbreaks in various avian species 
in North America [7]. These findings suggest that the 
H5N8 viruses have circulated and evolved in migratory 
birds.

Characteristics of the study area
The Izumi plain, which is located at the southern tip of 
Japan’s mainland, is a major overwintering site of the 
white-naped crane (Grus vipio) and hooded crane (Grus 
monacha), both of which are categorised as vulnerable 
species on the International Union for Conservation of 
Nature Red List (Figure 1).

Over 10,000 cranes visit this plain in the winter season 
(arriving around November to December and leaving 
around February to March). For the purpose of protect-
ing these endangered bird species, the local govern-
ment creates artificial wet paddy areas for roosting 
cranes every winter. In addition to the cranes, many 
other migratory birds including wild ducks, a natural 
reservoir of influenza A viruses [8], also overwinter at 
this plain and share the wet paddies. Avian influenza 
viruses are therefore likely to be transmitted among 
the migratory birds, including the endangered cranes, 
at the Izumi plain. In fact, H5N1 HPAIVs were isolated 
from seven dead cranes in the 2010/11 winter season 
[9]. We have also isolated low pathogenic avian influ-
enza viruses from duck faeces and the cranes’ roost 
water collected at this area over the last two winter 
seasons (data not shown).

Influenza isolates from birds in the study 
area
On 23 November 2014, a debilitated white-naped crane 
was captured at the Izumi plain. Tracheal and cloacal 
swabs were collected and subjected to RNA extraction 
for the detection of influenza A viral genes and inocula-
tion into embryonated chicken eggs for virus isolation. 
Influenza A viral M gene was detected in the RNA from 
the tracheal swab by conventional reverse transcrip-
tion PCR. The allantoic fluids of the inoculated eggs 
showed haemagglutination activity. Further genetic 
analyses of the allantoic fluid revealed that the isolate 
was the H5N8 subtype influenza A virus. The infected 
white-naped crane died on 29 November 2014; inves-
tigations are under way into the cause of death. The 
partial sequence of the haemagglutinin (HA) gene 
revealed that the isolate encoded RERRRKR↓G at the 
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HA cleavage sites, suggesting their potential to cause 
systemic infection, subsequently leading to high 
pathogenicity.

Since 23 November 2014 when the infected crane was 
found, wild birds within a 10 km radius of the point 
where the infected crane was found have been placed 
under active surveillance for HPAIVs. Local government 
staff searched for sick and dead wild birds in the area, 
and sent us the swab specimens and/or dead bodies 
to test for avian influenza viruses. As of 21 March 2015, 
eight H5N8 HPAIVs have been isolated from six debili-
tated or dead cranes, two dead mallard ducks (Anas 
platyrhynchos) and a water sample collected from the 
cranes’ roost at the Izumi plain (Table 1). These virus 
isolations were reported in a timely manner to the 
World Organisation for Animal Health via the Ministry 
of Agriculture, Forestry and Fisheries of Japan [10].

To genetically characterise these H5N8 HPAIV iso-
lates, we determined the complete genome sequences 
of the eight H5N8 HPAIV isolates, and deposited the 
sequences in the Global Initiative on Sharing Avian 
Influenza Data (GISAID) database (Table 2). Overall 
sequence data show that each gene segment of these 
isolates was genetically similar to the counterpart 
H5N8 HPAIVs recently isolated elsewhere in the world, 
suggesting that these isolates had not experience gene 
reassortment since their parental viruses caused out-
breaks in South Korea in early 2014.

Phylogenetic analysis
To understand the genetic relationship between our 
isolates and related viruses, the HA and neuramini-
dase (NA) genes were phylogenetically analysed with 
counterparts from the representative avian influenza 
H5 (Figure 2A) and N8 (Figure 2B) subtypes, respec-
tively. We found that the H5 genes from our eight 
isolates belonged to clade 2.3.4.4 and were geneti-
cally divided into three groups. The water isolate, A/
environment/Kagoshima/KU-ngr-H/2014(H5N8), fell 
into a phylogenetic cluster together with the European 
isolates and was closely related to two wild duck 
isolates in Japan (Group A, indicated in green in the 
Figures). The first and second crane isolates, A/crane/
Kagoshima/KU1/2014(H5N8) and A/crane/Kagoshima/
KU13/2014(H5N8), were genetically similar to the North 
American isolates (Group B, blue in the Figures). The 
HA genes of the rest of our isolates (Group C, red in the 
Figures), as well as a poultry isolate from Japan were 
clearly distinct from those of the other recent H5N8 
isolates. These findings suggest that three genetically 
distinct groups of H5N8 HPAIVs were independently 
circulating among the migratory birds at the Izumi 
plain. Intriguingly, the genetic grouping of our isolates 
matched broadly the dates of sampling; the forth to 
eighth isolates were categorised into Group C, while 
earlier isolates were categorised into Group A or B. To 
determine whether this virus group has genetic char-
acteristics that become predominant among the migra-
tory birds over the remaining virus groups, further 
investigation would be needed. 

To further characterise the three genetic groups of H5N8 
HPAIVs, the nucleotide sequences of the remaining six 

Figure 1
Map of crane flyways around the Izumi plain, 
Japan, 2014/15

The location of the Izumi plain is indicated in red circles. Breeding 
grounds (circles) and flyways (lines) of the white-naped crane 
(blue) and hooded crane (green) are also shown
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genes were phylogenetically analysed with their coun-
terparts from the representative avian viruses of vari-
ous subtypes (Figure 2).

The bootstrap values between the isolates in Groups 
A and C and among the isolates in Group B in the phy-
logenetic trees of the PB2 (Figure 3A) and PB1 (Figure 
3B) genes were 100%. Similarly, the bootstrap value 
between the isolates in Group A and the isolates in 
Groups B and C in the phylogenetic tree of the NS genes 
(Figure 3F) were 99%. These results support our find-
ings in the phylogenetic trees of the HA and NA genes.

No mutations were found that are known to confer the 
ability to infect mammalian hosts or to provide resist-
ance against anti-influenza drugs to avian influenza 
viruses, with the exception of an asparagine at posi-
tion 31 in the M2 protein, which confers resistance to 
the M2 ion channel blocker amantadine [11].

Conclusion
We isolated eight H5N8 HPAIVs from migratory birds 
and the water in their environment at the Izumi plain 
in southern Japan. Based on their genome sequences, 
these isolates were genetically divided into three 
groups. These results indicate the co-circulation of at 
least three genetic groups of H5N8 HPAIVs among the 
migratory birds overwintering at a single site in Japan. 
These H5N8 HPAIVs are most likely to be derived from 
wild ducks [12], rather than from cranes whose fly-
ways were restricted to East Asian countries (Figure 
1A). These findings also imply the possibility of global 
redistribution of the H5N8 HPAIVs via migration of 
these ducks next winter. 

Table 1
H5N8 influenza A viruses isolated in this study, Izumi plain, Japan, 2014/15 (n = 8)

Isolate Collection date Host Specimen source
A/crane/Kagoshima/KU0.5014(H5N8) 23 November 2014 Sick white-naped crane Tracheal and cloacal swabs
A/environment/Kagoshima/KU-ngr-H/2014(H5N8) 1 December 2014 NAa Water sample
A/crane/Kagoshima/KU13/2014(H5N8) 7 December 2014 Dead hooded crane Tracheal and cloacal swabs
A/crane/Kagoshima/KU21/2014(H5N8) 17 December 2014 Dead hooded crane Tracheal and cloacal swabs
A/crane/Kagoshima/KU41/2014(H5N8) 24 December 2014 Dead hooded crane Tracheal and cloacal swabs
A/crane/Kagoshima/KU53/2015(H5N8) 3 January 2015 Dead hooded crane Tracheal and cloacal swabs
A/mallard duck/Kagoshima/KU70/2015(H5N8) 14 January 2015 Dead mallard duck Conjunctival swab
A/mallard duck/Kagoshima/KU116/2015(H5N8) 13 February 2015 Dead mallard duck Conjunctival swab

a	 NA, not applicable.
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Table 2
Nucleotide identity of the H5N8 influenza A isolates and their closest relatives, Izumi plain, Japan, 2014/15 (n = 8)

Isolate Gene Accession numbera Closest relativeb Identity (%)

A/crane/Kagoshima/
KU0.5014(H5N8)

PB2 EPI553205 A/gyrfalcon/Washington/41088–6/2014(H5N8) 99.65
PB1 EPI553206 A/gyrfalcon/Washington/41088–6/2014(H5N8) 99.43
PA EPI553207 A/Northern pintail/Washington/40964/2014(H5N2) 99.87
HA EPI553208 A/Northern pintail/Washington/40964/2014(H5N2) 99.29
NP EPI553209 A/Northern pintail/Washington/40964/2014(H5N2) 99.53
NA EPI553210 A/guinea fowl/Oregon/41613–1/2014(H5N8) 98.94
M EPI553211 A/Baikal teal/Korea/Donglim3/2014(H5N8) 100.00
NS EPI553212 A/Baikal teal/Korea/Donglim3/2014(H5N8) 99.76

A/environment/Kagoshima/
KU-ngr-H/2014(H5N8)

PB2 EPI553359 A/duck/Chiba/26–372–61/2014(H5N8) 99.78
PB1 EPI553360 A/duck/Chiba/26–372–61/2014(H5N8) 98.86
PA EPI553361 A/duck/Chiba/26–372–61/2014(H5N8) 99.81
HA EPI553362 A/duck/Chiba/26–372–61/2014(H5N8) 99.76
NP EPI553363 A/duck/Chiba/26–372–61/2014(H5N8) 99.87
NA EPI553364 A/turkey/Germany-MV/R2472/2014(H5N8) 98.86
M EPI553365 A/duck/Chiba/26–372–61/2014(H5N8) 100.00
NS EPI553366 A/duck/Chiba/26–372–61/2014(H5N8) 99.76

A/crane/Kagoshima/
KU13/2014(H5N8)

PB2 EPI573635 A/gyrfalcon/Washington/41088–6/2014(H5N8) 99.52
PB1 EPI573636 A/gyrfalcon/Washington/41088–6/2014(H5N8) 99.60
PA EPI573637 A/Northern pintail/Washington/40964/2014(H5N2) 99.44
HA EPI573638 A/Northern pintail/Washington/40964/2014(H5N2) 99.53
NP EPI573639 A/gyrfalcon/Washington/41088–6/2014(H5N8) 99.67
NA EPI573640 A/guinea fowl/Oregon/41613–1/2014(H5N8) 98.65
M EPI573641 A/Baikal teal/Korea/Donglim3/2014(H5N8) 99.80
NS EPI573642 A/Baikal teal/Korea/Donglim3/2014(H5N8) 99.76

A/crane/Kagoshima/
KU21/2014(H5N8)

PB2 EPI573643 A/chicken/Miyazaki/7/2014(H5N8) 99.82
PB1 EPI573644 A/chicken/Miyazaki/7/2014(H5N8) 99.69
PA EPI573645 A/Baikal teal/Korea/Donglim3/2014(H5N8) 99.86
HA EPI573646 A/chicken/Miyazaki/7/2014(H5N8) 99.71
NP EPI573647 A/breeder duck/Korea/H158/2014(H5N8) 99.73
NA EPI573648 A/chicken/Miyazaki/7/2014(H5N8) 99.79
M EPI573649 A/chicken/Miyazaki/7/2014(H5N8) 99.80
NS EPI573650 A/chicken/Miyazaki/7/2014(H5N8) 99.76

A/crane/Kagoshima/
KU41/2014(H5N8)

PB2 EPI573651 A/chicken/Miyazaki/7/2014(H5N8) 99.82
PB1 EPI573652 A/chicken/Miyazaki/7/2014(H5N8) 99.64
PA EPI573653 A/Baikal teal/Korea/Donglim3/2014(H5N8) 99.81
HA EPI573654 A/chicken/Miyazaki/7/2014(H5N8) 99.71
NP EPI573655 A/breeder chicken/Korea/H250/2014(H5N8) 99.73
NA EPI573656 A/chicken/Miyazaki/7/2014(H5N8) 99.72
M EPI573657 A/chicken/Miyazaki/7/2014(H5N8) 99.80
NS EPI573658 A/chicken/Miyazaki/7/2014(H5N8) 99.88

A/crane/Kagoshima/
KU53/2015(H5N8)

PB2 EPI573661 A/chicken/Miyazaki/7/2014(H5N8) 99.78
PB1 EPI573662 A/chicken/Miyazaki/7/2014(H5N8) 99.60
PA EPI573663 A/Baikal teal/Korea/Donglim3/2014(H5N8) 99.81
HA EPI573664 A/chicken/Miyazaki/7/2014(H5N8) 99.65
NP EPI573665 A/chicken/Miyazaki/7/2014(H5N8) 99.73
NA EPI573666 A/chicken/Miyazaki/7/2014(H5N8) 99.65
M EPI573667 A/chicken/Miyazaki/7/2014(H5N8) 99.80
NS EPI573668 A/chicken/Miyazaki/7/2014(H5N8) 99.88

A/mallard duck/Kagoshima/
KU70/2015(H5N8)

PB2 EPI573669 A/chicken/Miyazaki/7/2014(H5N8) 99.60
PB1 EPI573670 A/mallard/Korea/H297/2014(H5N8) 99.60
PA EPI573671 A/Baikal teal/Korea/Donglim3/2014(H5N8) 99.53
HA EPI573672 A/chicken/Miyazaki/7/2014(H5N8) 99.59
NP EPI573673 A/chicken/Miyazaki/7/2014(H5N8) 99.80
NA EPI573674 A/chicken/Miyazaki/7/2014(H5N8) 99.72
M EPI573675 A/chicken/Miyazaki/7/2014(H5N8) 99.80
NS EPI573676 A/chicken/Miyazaki/7/2014(H5N8) 99.76

A/mallard duck /Kagoshima/
KU116/2015(H5N8)

PB2 EPI573677 A/chicken/Miyazaki/7/2014(H5N8) 99.56
PB1 EPI573678 A/mallard/Korea/H297/2014(H5N8) 99.52
PA EPI573679 A/Baikal teal/Korea/Donglim3/2014(H5N8) 99.39
HA EPI573680 A/chicken/Miyazaki/7/2014(H5N8) 99.59
NP EPI573681 A/chicken/Miyazaki/7/2014(H5N8) 99.80
NA EPI573682 A/chicken/Miyazaki/7/2014(H5N8) 99.72
M EPI573683 A/chicken/Miyazaki/7/2014(H5N8) 99.80
NS EPI573684 A/chicken/Miyazaki/7/2014(H5N8) 99.88

a 	 Accession numbers in the GISAID (http://platform.gisaid.org/) database are listed.
b 	 Representative viruses with the highest nucleotide identity found in the GISAID and/or GenBank (http://www.ncbi.nlm.nih.gov/genbank/) 

databases on 23 March 2015 are listed. We thank the authors, originating and submitting laboratories of the sequences from GISAID’s 
EpiFlu Database on which this research is based.
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Figure 2a
Phylogenetic trees of the HA and NA genes of the H5N8 HPAIVs isolated at the Izumi plain, Japan, 2014/15 (n = 8)

HA: haemagglutinin; HPAIV: highly pathogenic avian influenza viruses; NA: neuraminidase.
The nucleotide sequences of the HA (A) and NA (B) genes from our H5N8 isolates were phylogenetically analysed with counterparts from other 

H5 and N8 subtype viruses, respectively, using the neighbour-joining method with a bootstrapping set of 1,000 replicates. Our isolates in 
Groups A, B and C are indicated in green, blue and red, respectively (see main text for details), with the dates of sampling. Bootstrap values 
of > 90% are shown at the nodes. The scale bar indicates the number of nucleotide substitutions per site.

(A) HA gene A/duck/Chiba/26-372-48/2014(H5N8)
A/duck/Chiba/26-372-61/2014(H5N8)
A/environment/Kagoshima/KU-ngr-H/2014(H5N8)   Dec 1, 2014
A/chicken/Netherlands/14015526/2014(H5N8)
A/chicken/Netherlands/14015531/2014(H5N8)
A/duck/England/36254/2014(H5N8)
A/Eurasian wigeon/Netherlands/emc-1/2014(H5N8)
A/turkey/Germany-MV/R2472/2014(H5N8)
A/wigeon/Sakha/1/2014(H5N8)

A/broiler duck/Korea/H651/2014(H5N8)
A/breeder chicken/Korea/H818/2014(H5N8)
A/broiler duck/Korea/Buan2/2014(H5N8)
A/tundra swan/Korea/H411/2014(H5N8)
A/breeder chicken/Korea/H503/2014(H5N8)
A/Baikal teal/Korea/Donglim3/2014(H5N8)
A/mallard/Korea/W452/2014(H5N8)
A/chicken/Kumamoto/1-7/2014(H5N8)

A/crane/Kagoshima/KU1/2014(H5N8) Nov 23, 2014
A/crane/Kagoshima/KU13/2014(H5N8) Dec 7, 2014
A/American green-winged teal/Washington/195750/2014(H5N1)
A/guinea fowl/Oregon/41613-1/2014(H5N8)
A/gyrfalcon/Washington/41088-6/2014(H5N8)
A/chicken/Oregon/41613-2/2014(H5N8)
A/Northern pintail/Washington/40964/2014(H5N2)
A/turkey/BC/FAV10/2014(H5N2)
A/turkey/Washington/61-22/2014(H5N2)
A/chicken/Washington/61-9/2014(H5N2)
A/domestic duck/Washington/61-16/2014(H5N2)
A/chicken/Miyazaki/7/2014(H5N8)
A/crane/Kagoshima/KU21/2014(H5N8) Dec 17, 2014
A/crane/Kagoshima/KU41/2014(H5N8) Dec 24, 2014
A/crane/Kagoshima/KU53/2015(H5N8) Jan 3, 2015
A/mallard duck/Kagoshima/KU70/2015(H5N8) Jan 14, 2015
A/mallard duck/Kagoshima/KU116/2015(H5N8) Feb 13, 2015

A/duck/Beijing/FS01/2014(H5N8)
A/duck/Jiangsu/m234/2012(H5N2)

A/wild duck/Shandong/628/2011(H5N1)
A/duck/Shandong/Q1/2013(H5N8)

A/duck/Jiangsu/k1203/2010(H5N8)
A/duck/Zhejiang/W24/2013(H5N8)
A/Baikal teal/Korea/H52/2014(H5N8)
A/breeder duck/Korea/Gochang1/2014(H5N8)

A/duck/Eastern China/1111/2011(H5N2)
A/chicken/China/AH/2012(H5N1)

A/goose/Eastern China/1112/2011(H5N2)
A/peregrine falcon/Hong Kong/810/2009(H5N1)-2.3.4.5

A/chicken/Fujian/1/2007(H5N1)-2.3.4.5
A/environment/Guizhou/2/2009(H5N1)-2.3.4.2

A/Anhui/1/2005(H5N1)2.3.4.1
A/chicken/Sichuan/81/2005(H5N1)2.3.4.1
A/chicken/Guiyang/3055/2005(H5N1)-2.3.3
A/goose/Guiyang/3422/2005(H5N1)-2.3.3

A/chicken/Korea/Gimje/2008(H5N1)-2.3.2.1
A/whooper swan/Hokkaido/3/2011(H5N1)-2.3.2.1

A/goose/Guangxi/345/2005(H5N1)-2.3.2
A/duck/Hunan/70/2004(H5N1)-2.3.1
A/pigeon/Zhejiang/17/2005(H5N1)2.3.1

A/chicken/Thailand/CU-354/2008(H5N1)1
A/mynas/Ranong/Thailand/CU-209/2004(H5N1)-1

A/Cambodia/U0417030/2010(H5N1)1.1
A/chicken/Yunnan/447/2005(H5N1)-2.4

A/chicken/Zhengzhou/1/2002(H5N1)-2.4
A/chicken/Central Java/UT3091/2005(H5N1)2.1

A/chicken/East Java/BL-IPA/2003(H5N1)2.1
A/bar headed goose/Qinghai/1A/2005(H5N1)2.2

A/turkey/Turkey/1/2005(H5N1)2.2.1
A/chicken/Korea/IS/2006(H5N1)2.2.2

A/chicken/Korea/ES/2003(H5N1)2.5
A/chicken/Yamaguchi/7/2004(H5N1)-2.5
A/crow/Kyoto/53/2004(H5N1)-2.5

A/environment/Hong Kong/156/1997(H5N1)-0
A/Hong Kong/483/1997(H5N1)-0

A/goose/Guangdong/1/1996(H5N1)
A/wild duck/Korea/PSC18-15/2010(H5N8)

A/mule duck/Bulgaria/328/2011(H5N8)
A/duck/Ireland/113/1983(H5N8)
A/turkey/Ireland/1378/1983(H5N8)

A/avian/Colorado/456648/2006(H5N8)
A/duck/NY/191255-59/2002(H5N8)

A/ruddy turnstone/New Jersey/828227/2001(H5N8)
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Figure 2b
Phylogenetic trees of the HA and NA genes of the H5N8 HPAIVs isolated at the Izumi plain, Japan, 2014/15 (n = 8)

HA: haemagglutinin; HPAIV: highly pathogenic avian influenza viruses; NA: neuraminidase.
The nucleotide sequences of the HA (A) and NA (B) genes from our H5N8 isolates were phylogenetically analysed with counterparts from other 

H5 and N8 subtype viruses, respectively, using the neighbour-joining method with a bootstrapping set of 1,000 replicates. Our isolates in 
Groups A, B and C are indicated in green, blue and red, respectively (see main text for details), with the dates of sampling. Bootstrap values 
of > 90% are shown at the nodes. The scale bar indicates the number of nucleotide substitutions per site.

(B) NA gene
A/duck/Chiba/26-372-48/2014(H5N8)
A/duck/Chiba/26-372-61/2014(H5N8)
A/turkey/Germany-MV/R2472/2014 (H5N8)
A/environment/Kagoshima/KU-ngr-H/2014(H5N8)   Dec 1, 2014
A/duck/England/36254/2014(H5N8)
A/Eurasian wigeon/Netherlands/emc-1/2014(H5N8)
A/wigeon/Sakha/1/2014(H5N8)
A/chicken/Netherlands/14015526/2014(H5N8)
A/chicken/Netherlands/14015531/2014(H5N8)
A/mallard/Korea/H297/2014(H5N8)
A/chicken/Kumamoto/1-7/2014(H5N8)
A/chicken/Miyazaki/7/2014(H5N8)
A/crane/Kagoshima/KU21/2014(H5N8) Dec 17, 2014
A/crane/Kagoshima/KU41/2014(H5N8) Dec 24, 2014
A/crane/Kagoshima/KU53/2014(H5N8) Jan 3, 2015
A/mallard duck/Kagoshima/KU70/2015(H5N8) Jan 14, 2015
A/mallard duck/Kagoshima/KU116/2015(H5N8) Feb 13, 2015

A/common teal/Korea/H455-30/2014(H5N8)
A/mallard/Korea/W452/2014(H5N8)
A/tundra swan/Korea/H411/2014(H5N8)
A/Baikal teal/Korea/Donglim3/2014(H5N8)
A/waterfowl/Korea/S005/2014(H5N8)
A/broiler duck/Korea/Buan2/2014(H5N8)
A/duck/Beijing/CT01/201 (H5N8)
A/white-fronted goose/Korea/H231/2014(H5N8)

A/crane/Kagoshima/KU1/2014(H5N8) Nov 23, 2014
A/crane/Kagoshima/KU13/2014(H5N8) Dec 7, 2014

A/chicken/Oregon/41613-2/2014(H5N8)
A/guinea fowl/Oregon/41613-1/2014(H5N8)
A/gyrfalcon/Washington/41088-6/2014(H5N8)

A/duck/Jiangsu/k1203/2010(H5N8)
A/duck/Shandong/Q1/2013(H5N8)
A/mallard/Shanghai/SH-9/2013(H5N8)
A/duck/Zhejiang/W24/2013(H5N8)
A/Baikal teal/Korea/H52/2014(H5N8)
A/breeder duck/Korea/Gochang1/2014(H5N8)

A/environment/Korea/SH12-6/2008(H3N8)
A/duck/Eastern China/19/2004(H3N8)
A/common shelduck/Mongolia/2185/2011(H3N8)
A/duck/Eastern China/90/2004(H3N8)

A/black-headed gull/Norway/10 1459/2006(H13N8)
A/black-headed gull/Sweden/1/2005(H13N8)

A/shearwater/Australia/2/1972(H10N8)
A/turkey/Ireland/1378/1983(H5N8)
A/duck/Thailand/CU-7518C/2010(H3N8)

A/red-necked stint/Bunbury/4500/1980(H3N8)
A/duck/Hubei/126/1985(H7N8)

A/mule duck/Bulgaria/328/2011(H5N8)
A/black-headed gull/Netherlands/1/2005(H6N8)
A/common teal/Netherlands/2/2005(H6N8)
A/Anas platyrhynchos/Belgium/12827/2007(H3N8)
A/mallard/Hungary/19616/2007(H3N8)
A/environment/Dongting Lake/Hunan/3-9/2007(H10N8)

A/mallard/Netherlands/20/2005(H12N8)
A/mallard/Finland/12072/06(H3N8)

A/mallard/Netherlands/17/2007(H11N8)
A/duck/Hunan/S1256/2012(H3N8)
A/wild goose/Dongting/C1037/2011(H12N8)
A/ruddy turnstone/New Jersey/828227/2001(H5N8)

A/duck/Eastern China/n91/2009(H3N8)
A/duck/Thailand/CU-12205C/2012(H5N8)
A/chicken/Vietnam/G14/2008(H3N8)

A/duck/NY/191255-59/2002(H5N8)
A/mallard/Alberta/6/1994(H6N8)

A/mallard/Ohio/1801/2005(H3N8)
A/American black duck/New Brunswick/02375/2007(H4N8)
A/northern pintail/Alberta/8/2009(H3N8)
A/mallard/California/2559P/2011(H5N8)
A/mallard/Alberta/30/2001(H4N8)
A/avian/Japan/8KI0150/2008(H3N8)
A/avian/Japan/8KI0195/2008(H6N8)

A/mallard/Interior Alaska/6MP0124/2006(H3N8)
A/aquatic bird/Korea/CN9/2009(H6N8)

A/northern pintail/Interior Alaska/6MP0817/2006(mixed)
A/avian/Colorado/456648/2006(H5N8)
A/mallard/California/19524-001/2005(H6N8)

A/shorebird/Delaware Bay/13/2004(H6N8)
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Figure 3a
Phylogenetic trees of six non-envelope genes of the H5N8 HPAIVs isolated at the Izumi plain, Japan, 2014/15 (n = 8)

HPAIV: highly pathogenic avian influenza viruses.
The nucleotide sequences of the PB2 (A), PB1 (B), PA (C), NP (D), M (E) and NS (F) genes from our H5N8 isolates were phylogenetically analysed 

with counterparts from the representative avian viruses of various subtypes by using the neighbour-joining method with a bootstrapping 
set of 1,000 replicates. Our isolates in Groups A, B and C are indicated in green, blue and red, respectively (see main text for details). 
Bootstrap values of > 90% are shown at the nodes. The scale bar indicates the number of nucleotide substitutions per site.

(A) PB2 gene A/duck/Chiba/26-372-48/2014(H5N8)
A/duck/Chiba/26-372-61/2014(H5N8)
A/environment/Kagoshima/KU-ngr-H/2014(H5N8)
A/duck/England/36254/14(H5N8)
A/chicken/Netherlands/14015526/2014(H5N8)
A/chicken/Netherlands/14015531/2014(H5N8)

A/Baikal teal/Korea/Donglim3/2014(H5N8)
A/mallard/Korea/W452/2014(H5N8)
A/chicken/Kumamoto/1-7/2014(H5N8)
A/broiler duck/Korea/Buan2/2014(H5N8)
A/common teal/Korea/H455-30/2014(H5N8)
A/waterfowl/Korea/S005/2014(H5N8)
A/duck/Beijing/FS01/2014(H5N8)

A/mallard/Korea/H297/2014(H5N8)
A/white-fronted goose/Korea/H231/2014(H5N8)
A/chicken/Miyazaki/7/2014(H5N8)
A/crane/Kagoshima/KU21/2014(H5N8)
A/crane/Kagoshima/KU41/2014(H5N8)
A/crane/Kagoshima/KU53/2015(H5N8)
A/mallard duck/Kagoshima/KU70/2015(H5N8)
A/mallard duck/Kagoshima/KU116/2015(H5N8)
A/crane/Kagoshima/KU1/2014(H5N8)
A/crane/Kagoshima/KU13/2014(H5N8)
A/American green-winged teal/Washington/195750/2014(H5N1)
A/chicken/Oregon/41613-2/2014(H5N8)
A/guinea fowl/Oregon/41613-1/2014(H5N8)
A/gyrfalcon/Washington/41088-6/2014(H5N8)
A/turkey/BC/FAV10/2014(H5N2)
A/Northern pintail/Washington/40964/2014(H5N2)
A/turkey/Washington/61-22/2014(H5N2)
A/domestic duck/Washington/61-16/2014(H5N2)
A/chicken/Washington/61-9/2014(H5N2)

A/duck/Shandong/Q1/2013(H5N8)
A/chicken/Jiangsu/cz1/2002(H5N1)

A/chicken/Vietnam/G14/2008(H3N8)
A/shearwater/Australia/2/1972(H10N8)

A/turkey/Ireland/1378/1983(H5N8)
A/avian/Japan/8KI0150/2008(H3N8)
A/avian/Japan/8KI0195/2008(H6N8)

A/Baikal teal/Korea/H52/2014(H5N8)
A/breeder duck/Korea/Gochang1/2014(H5N8)
A/duck/Zhejiang/W24/2013(H5N8)
A/mallard/Shanghai/SH-9/2013(H5N8)

A/black-headed gull/Netherlands/1/2005(H6N8)
A/mallard/Netherlands/17/2007(H11N8)
A/dunlin/Sweden/1/2005(H4N6)

A/Anas platyrhynchos/Belgium/12827/2007(H3N8)
A/turkey/Italy/4169/1999(H7N1)
A/duck/Hunan/S1256/2012(H3N8)
A/wild goose/Dongting/C1037/2011(H12N8)
A/aquatic bird/Korea/CN9/2009(H6N8)
A/environment/Dongting Lake/Hunan/3-9/2007(H10N8)
A/mallard/Sweden/105011/2009(H4N6)

A/northern pintail/Interior Alaska/6MP0817/2006(mixed)
A/northern shoveler/Washington/44249-675/2006(H10N2)
A/American black duck/New Brunswick/00886/2010(H4N9)

A/mallard/Alberta/6/1994(H6N8)
A/avian/Colorado/456648/2006(H5N8)

A/mallard/Wisconsin/2530/2009(H4N2)
A/mallard/California/20385-002/2007(H1N1)

A/mallard/Ohio/1801/2005(H3N8)
A/redhead/Alberta/192/2002(H3N6)
A/ruddy turnstone/New Jersey/1851/2001(H5N8)
A/duck/NY/191255-59/2002(H5N8)
A/mallard/Alberta/30/2001(H4N8)

A/mallard/Interior Alaska/6MP0124/2006(H3N8)
A/quail/California/K1400794/2014(H5N8)

A/mallard/California/2559P/2011(H5N8)
A/northern pintail/Alberta/8/2009(H3N8)
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Figure 3b
Phylogenetic trees of six non-envelope genes of the H5N8 HPAIVs isolated at the Izumi plain, Japan, 2014/15 (n = 8)

HPAIV: highly pathogenic avian influenza viruses.
The nucleotide sequences of the PB2 (A), PB1 (B), PA (C), NP (D), M (E) and NS (F) genes from our H5N8 isolates were phylogenetically analysed 

with counterparts from the representative avian viruses of various subtypes by using the neighbour-joining method with a bootstrapping 
set of 1,000 replicates. Our isolates in Groups A, B and C are indicated in green, blue and red, respectively (see main text for details). 
Bootstrap values of > 90% are shown at the nodes. The scale bar indicates the number of nucleotide substitutions per site.

(B) PB1 gene A/duck/Chiba/26-372-48/2014(H5N8)
A/duck/Chiba/26-372-61/2014(H5N8)
A/environment/Kagoshima/KU-ngr-H/2014(H5N8)
A/chicken/Netherlands/14015526/2014(H5N8)
A/chicken/Netherlands/14015531/2014(H5N8)
A/duck/England/36254/2014(H5N8)
A/duck/Beijing/FS01/2014(H5N8)

A/mallard/Korea/W452/2014(H5N8)
A/Baikal teal/Korea/Donglim3/2014(H5N8)
A/mallard/Korea/H297/2014(H5N8)
A/waterfowl/Korea/S005/2014(H5N8)
A/white-fronted goose/Korea/H231/2014(H5N8)
A/broiler duck/Korea/Buan2/2014(H5N8)
A/common teal/Korea/H455-30/2014(H5N8)
A/chicken/Kumamoto/1-7/2014(H5N8)
A/crane/Kagoshima/KU21/2014(H5N8)
A/crane/Kagoshima/KU41/2014(H5N8)
A/crane/Kagoshima/KU53/2015(H5N8)
A/chicken/Miyazaki/7/2014(H5N8)
A/mallard duck/Kagoshima/KU70/2015(H5N8)
A/mallard duck/Kagoshima/KU116/2015(H5N8)
A/crane/Kagoshima/KU1/2014(H5N8)

A/crane/Kagoshima/KU13/2014(H5N8)
A/gyrfalcon/Washington/41088-6/2014(H5N8)
A/guinea fowl/Oregon/41613-1/2014(H5N8)
A/chicken/Oregon/41613-2/2014(H5N8)

A/duck/Shandong/Q1/2013(H5N8)
A/Baikal teal/Korea/H52/2014(H5N8)
A/breeder duck/Korea/Gochang1/2014(H5N8)
A/duck/Zhejiang/W24/2013(H5N8)
A/mallard/Shanghai/SH-9/2013(H5N8)

A/avian/Japan/8KI0150/2008(H3N8)
A/mallard/Interior Alaska/6MP0124/2006(H3N8)
A/chicken/Vietnam/G14/2008(H3N8)

A/turkey/Italy/4169/1999(H7N1)
A/duck/Hunan/S1256/2012(H3N8)
A/wild goose/Dongting/C1037/2011(H12N8)
A/aquatic bird/Korea/CN9/2009(H6N8)

A/avian/Japan/8KI0195/2008(H6N8)
A/black-headed gull/Netherlands/1/2005(H6N8)

A/dunlin/Sweden/1/2005(H4N6)
A/Anas platyrhynchos/Belgium/12827/2007(H3N8)

A/environment/Dongting Lake/Hunan/3-9/2007(H10N8)
A/mallard/Netherlands/17/2007(H11N8)
A/mallard/Sweden/105011/2009(H4N6)

A/chicken/Jiangsu/cz1/2002(H5N1)
A/turkey/Ireland/1378/1983(H5N8)

A/shearwater/Australia/2/1972(H10N8)
A/duck/NY/191255-59/2002(H5N8)

A/mallard/Alberta/6/1994(H6N8)
A/redhead/Alberta/192/2002(H3N6)
A/northern shoveler/Washington/44249-675/2006(H10N2)
A/ruddy turnstone/New Jersey/1851/2001(H5N8)

A/mallard/California/2559P/2011(H5N8)
A/quail/California/K1400794/2014(H5N8)

A/mallard/Wisconsin/2530/2009(H4N2)
A/mallard/Alberta/30/2001(H4N8)

A/mallard/Ohio/1801/2005(H3N8)
A/avian/Colorado/456648/2006(H5N8)

A/mallard/California/20385-002/2007(H1N1)
A/northern pintail/Alberta/8/2009(H3N8)

A/American black duck/New Brunswick/00886/2010(H4N9)
A/northern pintail/Interior Alaska/6MP0817/2006(mixed)
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Figure 3c
Phylogenetic trees of six non-envelope genes of the H5N8 HPAIVs isolated at the Izumi plain, Japan, 2014/15 (n = 8)

HPAIV: highly pathogenic avian influenza viruses.
The nucleotide sequences of the PB2 (A), PB1 (B), PA (C), NP (D), M (E) and NS (F) genes from our H5N8 isolates were phylogenetically analysed 

with counterparts from the representative avian viruses of various subtypes by using the neighbour-joining method with a bootstrapping 
set of 1,000 replicates. Our isolates in Groups A, B and C are indicated in green, blue and red, respectively (see main text for details). 
Bootstrap values of > 90% are shown at the nodes. The scale bar indicates the number of nucleotide substitutions per site.

(C) PA gene
A/duck/Chiba/26-372-48/2014(H5N8)
A/duck/Chiba/26-372-61/2014(H5N8)
A/environment/Kagoshima/KU-ngr-H/2014(H5N8)

A/duck/England/36254/2014(H5N8)
A/chicken/Netherlands/14015526/2014(H5N8)
A/chicken/Netherlands/14015531/2014(H5N8)

A/crane/Kagoshima/KU21/2014(H5N8)
A/crane/Kagoshima/KU41/2014(H5N8)
A/crane/Kagoshima/KU53/2015(H5N8)
A/chicken/Miyazaki/7/2014(H5N8)
A/mallard duck/Kagoshima/KU70/2015(H5N8)
A/mallard duck/Kagoshima/KU116/2015(H5N8)

A/Baikal teal/Korea/Donglim3/2014(H5N8)
A/waterfowl/Korea/S005/2014(H5N8)
A/white-fronted goose/Korea/H231/2014(H5N8)
A/mallard/Korea/H297/2014(H5N8)

A/duck/Beijing/FS01/2014(H5N8)
A/crane/Kagoshima/KU1/2014(H5N8)
A/crane/Kagoshima/KU13/2014(H5N8)
A/chicken/Oregon/41613-2/2014(H5N8)
A/guinea fowl/Oregon/41613-1/2014(H5N8)
A/gyrfalcon/Washington/41088-6/2014(H5N8)
A/Northern pintail/Washington/40964/2014(H5N2)
A/turkey/BC/FAV10/2014(H5N2)
A/domestic duck/Washington/61-16/2014(H5N2)
A/turkey/Washington/61-22/2014(H5N2)
A/chicken/Washington/61-9/2014(H5N2)

A/broiler duck/Korea/Buan2/2014(H5N8)
A/common teal/Korea/H455-30/2014(H5N8)
A/mallard/Korea/W452/2014(H5N8)
A/chicken/Kumamoto/1-7/2014(H5N8)

A/duck/Shandong/Q1/2013(H5N8)
A/duck/Zhejiang/W24/2013(H5N8)
A/mallard/Shanghai/SH-9/2013(H5N8)
A/Baikal teal/Korea/H52/2014(H5N8)
A/breeder duck/Korea/Gochang1/2014(H5N8)

A/chicken/Vietnam/G14/2008(H3N8)
A/duck/Hunan/S1256/2012(H3N8)

A/Anas platyrhynchos/Belgium/12827/2007(H3N8)
A/dunlin/Sweden/1/2005(H4N6)

A/chicken/Jiangsu/cz1/2002(H5N1)
A/turkey/Italy/4169/1999(H7N1)

A/black-headed gull/Netherlands/1/2005(H6N8)
A/mallard/Sweden/105011/2009(H4N6)
A/wild goose/Dongting/C1037/2011(H12N8)

A/mallard/Netherlands/17/2007(H11N8)
A/aquatic bird/Korea/CN9/2009(H6N8)

A/environment/Dongting Lake/Hunan/3-9/2007(H10N8)
A/turkey/Ireland/1378/1983(H5N8)

A/shearwater/Australia/2/1972(H10N8)
A/avian/Japan/8KI0150/2008(H3N8)

A/avian/Japan/8KI0195/2008(H6N8)
A/mallard/Interior Alaska/6MP0124/2006(H3N8)
A/ruddy turnstone/New Jersey/1851/2001(H5N8)

A/mallard/Alberta/6/1994(H6N8)
A/mallard/Alberta/30/2001(H4N8)
A/northern pintail/Interior Alaska/6MP0817/2006(mixed)

A/duck/NY/191255-59/2002(H5N8)
A/mallard/California/20385-002/2007(H1N1)

A/quail/California/K1400794/2014(H5N8)
A/American black duck/New Brunswick/00886/2010(H4N9)
A/mallard/California/2559P/2011(H5N8)

A/northern shoveler/Washington/44249-675/2006(H10N2)
A/redhead/Alberta/192/2002(H3N6)

A/mallard/Ohio/1801/2005(H3N8)
A/avian/Colorado/456648/2006(H5N8)

A/mallard/Wisconsin/2530/2009(H4N2)
A/northern pintail/Alberta/8/2009(H3N8)
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Figure 3d
Phylogenetic trees of six non-envelope genes of the H5N8 HPAIVs isolated at the Izumi plain, Japan, 2014/15 (n = 8)

HPAIV: highly pathogenic avian influenza viruses.
The nucleotide sequences of the PB2 (A), PB1 (B), PA (C), NP (D), M (E) and NS (F) genes from our H5N8 isolates were phylogenetically analysed 

with counterparts from the representative avian viruses of various subtypes by using the neighbour-joining method with a bootstrapping 
set of 1,000 replicates. Our isolates in Groups A, B and C are indicated in green, blue and red, respectively (see main text for details). 
Bootstrap values of > 90% are shown at the nodes. The scale bar indicates the number of nucleotide substitutions per site.

(D) NP gene

A/duck/Chiba/26-372-61/2014(H5N8)
A/duck/Chiba/26-372-48/2014(H5N8)
A/environment/Kagoshima/KU-ngr-H/2014(H5N8)
A/chicken/Netherlands/14015526/2014(H5N8)
A/chicken/Netherlands/14015531/2014(H5N8)
A/duck/England/36254/14(H5N8)

A/broiler duck/Korea/Buan2/2014(H5N8)
A/Baikal teal/Korea/Donglim3/2014(H5N8)
A/common teal/Korea/H455-30/2014(H5N8)
A/waterfowl/Korea/S005/2014(H5N8)
A/mallard/Korea/W452/2014(H5N8)
A/mallard/Korea/H297/2014(H5N8)
A/chicken/Kumamoto/1-7/2014(H5N8)
A/white-fronted goose/Korea/H231/2014(H5N8)

A/crane/Kagoshima/KU1/2014(H5N8)
A/crane/Kagoshima/KU13/2014(H5N8)
A/American green-winged teal/Washington/195750/2014(H5N1)

A/chicken/Oregon/41613-2/2014(H5N8)
A/guinea fowl/Oregon/41613-1/2014(H5N8)
A/gyrfalcon/Washington/41088-6/2014(H5N8)

A/crane/Kagoshima/KU41/2014(H5N8)
A/crane/Kagoshima/KU53/2015(H5N8)
A/crane/Kagoshima/KU21/2014(H5N8)
A/chicken/Miyazaki/7/2014(H5N8)

A/mallard duck/Kagoshima/KU70/2015(H5N8)
A/mallard duck/Kagoshima/KU116/2015(H5N8)

A/duck/Beijing/FS01/2014(H5N8)
A/duck/Shandong/Q1/2013(H5N8)

A/Baikal teal/Korea/H52/2014(H5N8)
A/breeder duck/Korea/Gochang1/2014(H5N8)

A/duck/Zhejiang/W24/2013(H5N8)
A/mallard/Shanghai/SH-9/2013(H5N8)

A/mallard/Sweden/105011/2009(H4N6)
A/dunlin/Sweden/1/2005(H4N6)

A/environment/Dongting Lake/Hunan/3-9/2007(H10N8)
A/chicken/Jiangsu/cz1/2002(H5N1)

A/duck/Hunan/S1256/2012(H3N8)
A/wild goose/Dongting/C1037/2011(H12N8)

A/Anas platyrhynchos/Belgium/12827/2007(H3N8)
A/black-headed gull/Netherlands/1/2005(H6N8)

A/chicken/Vietnam/G14/2008(H3N8)
A/mallard/Netherlands/17/2007(H11N8)

A/avian/Japan/8KI0150/2008(H3N8)
A/avian/Japan/8KI0195/2008(H6N8)
A/aquatic bird/Korea/CN9/2009(H6N8)

A/turkey/Italy/4169/1999(H7N1)
A/shearwater/Australia/2/1972(H10N8)

A/turkey/Ireland/1378/1983(H5N8)
A/northern pintail/Interior Alaska/6MP0817/2006(mixed)
A/northern shoveler/Washington/44249-675/2006(H10N2)
A/mallard/Interior Alaska/6MP0124/2006(H3N8)

A/avian/Colorado/456648/2006(H5N8)
A/northern pintail/Alberta/8/2009(H3N8)

A/mallard/California/20385-002/2007(H1N1)
A/mallard/California/2559P/2011(H5N8)
A/quail/California/K1400794/2014(H5N8)

A/mallard/Ohio/1801/2005(H3N8)
A/mallard/Wisconsin/2530/2009(H4N2)

A/ruddy turnstone/New Jersey/828227/2001(H5N8)
A/mallard/Alberta/6/1994(H6N8)

A/American black duck/New Brunswick/00886/2010(H4N9)
A/duck/NY/191255-59/2002(H5N8)

A/mallard/Alberta/30/2001(H4N8)
A/redhead/Alberta/192/2002(H3N6)
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Figure 3e
Phylogenetic trees of six non-envelope genes of the H5N8 HPAIVs isolated at the Izumi plain, Japan, 2014/15 (n = 8)

HPAIV: highly pathogenic avian influenza viruses.
The nucleotide sequences of the PB2 (A), PB1 (B), PA (C), NP (D), M (E) and NS (F) genes from our H5N8 isolates were phylogenetically analysed 

with counterparts from the representative avian viruses of various subtypes by using the neighbour-joining method with a bootstrapping 
set of 1,000 replicates. Our isolates in Groups A, B and C are indicated in green, blue and red, respectively (see main text for details). 
Bootstrap values of > 90% are shown at the nodes. The scale bar indicates the number of nucleotide substitutions per site.

(E) M gene
A/duck/Chiba/26-372-48/2014(H5N8)
A/duck/Chiba/26-372-61/2014(H5N8)
A/environment/Kagoshima/KU-ngr-H/2014(H5N8)
A/chicken/Netherlands/14015531/2014(H5N8)
A/chicken/Netherlands/14015526/2014(H5N8)
A/duck/England/36254/2014(H5N8)

A/broiler duck/Korea/Buan2/2014(H5N8)
A/mallard/Korea/W452/2014(H5N8)
A/white-fronted goose/Korea/H231/2014(H5N8)

A/crane/Kagoshima/KU21/2014(H5N8)
A/crane/Kagoshima/KU41/2014(H5N8)
A/crane/Kagoshima/KU53/2015(H5N8)
A/mallard duck/Kagoshima/KU70/2015(H5N8)
A/mallard duck/Kagoshima/KU116/2015(H5N8)

A/chicken/Miyazaki/7/2014(H5N8)
A/chicken/Oregon/41613-2/2014(H5N8)
A/guinea fowl/Oregon/41613-1/2014(H5N8)
A/gyrfalcon/Washington/41088-6/2014(H5N8)
A/chicken/Washington/61-9/2014(H5N2)
A/turkey/Washington/61-22/2014(H5N2)
A/domestic duck/Washington/61-16/2014(H5N2)
A/common teal/Korea/H455-30/2014(H5N8)
A/crane/Kagoshima/KU1/2014(H5N8)
A/Baikal teal/Korea/Donglim3/2014(H5N8)
A/mallard/Korea/H297/2014(H5N8)
A/American green-winged teal/Washington/195750/2014(H5N1)
A/chicken/Kumamoto/1-7/2014(H5N8)
A/waterfowl/Korea/S005/2014(H5N8)
A/turkey/BC/FAV10/2014(H5N2)
A/Northern pintail/Washington/40964/2014(H5N2)
A/crane/Kagoshima/KU13/2014(H5N8)

A/duck/Beijing/FS01/2014(H5N8)
A/duck/Shandong/Q1/2013(H5N8)

A/duck/Zhejiang/W24/2013(H5N8)
A/mallard/Shanghai/SH-9/2013(H5N8)

A/Baikal teal/Korea/H52/2014(H5N8)
A/breeder duck/Korea/Gochang1/2014(H5N8)

A/chicken/Jiangsu/cz1/2002(H5N1)
A/duck/Hunan/S1256/2012(H3N8)

A/avian/Japan/8KI0150/2008(H3N8)
A/turkey/Italy/4169/1999(H7N1)

A/aquatic bird/Korea/CN9/2009(H6N8)
A/Anas platyrhynchos/Belgium/12827/2007(H3N8)

A/dunlin/Sweden/1/2005(H4N6)
A/environment/Dongting Lake/Hunan/3-9/2007(H10N8)

A/mallard/Sweden/105011/2009(H4N6)
A/wild goose/Dongting/C1037/2011(H12N8)

A/black-headed gull/Netherlands/1/2005(H6N8)
A/turkey/Ireland/1378/1983(H5N8)

A/chicken/Vietnam/G14/2008(H3N8)
A/avian/Japan/8KI0195/2008(H6N8)

A/mallard/Netherlands/17/2007(H11N8)
A/shearwater/Australia/2/1972(H10N8)

A/northern pintail/Alberta/8/2009(H3N8)
A/mallard/Alberta/30/2001(H4N8)
A/mallard/California/20385-002/2007(H1N1)
A/northern shoveler/Washington/44249-675/2006(H10N2)
A/mallard/California/2559P/2011(H5N8)

A/quail/California/K1400794/2014(H5N8)
A/mallard/Alberta/6/1994(H6N8)

A/mallard/Wisconsin/2530/2009(H4N2)
A/avian/Colorado/456648/2006(H5N8)
A/American black duck/New Brunswick/00886/2010(H4N9)
A/mallard/Interior Alaska/6MP0124/2006(H3N8)

A/redhead/Alberta/192/2002(H3N6)
A/duck/NY/191255-59/2002(H5N8)

A/ruddy turnstone/New Jersey/1851/2001(H5N8)
A/mallard/Ohio/1801/2005(H3N8)

A/northern pintail/Interior Alaska/6MP0817/2006(mixed)
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Figure 3f
Phylogenetic trees of six non-envelope genes of the H5N8 HPAIVs isolated at the Izumi plain, Japan, 2014/15 (n = 8)

HPAIV: highly pathogenic avian influenza viruses.
The nucleotide sequences of the PB2 (A), PB1 (B), PA (C), NP (D), M (E) and NS (F) genes from our H5N8 isolates were phylogenetically analysed 

with counterparts from the representative avian viruses of various subtypes by using the neighbour-joining method with a bootstrapping 
set of 1,000 replicates. Our isolates in Groups A, B and C are indicated in green, blue and red, respectively (see main text for details). 
Bootstrap values of > 90% are shown at the nodes. The scale bar indicates the number of nucleotide substitutions per site.

(F) NS gene

A/duck/Beijing/FS01/2014(H5N8)
A/waterfowl/Korea/S005/2014(H5N8)
A/duck/Chiba/26-372-48/2014(H5N8)
A/duck/Chiba/26-372-61/2014(H5N8)
A/environment/Kagoshima/KU-ngr-H/2014(H5N8)
A/duck/England/36254/2014(H5N8)
A/chicken/Netherlands/14015531/2014(H5N8)
A/chicken/Netherlands/14015526/2014(H5N8)
A/wigeon/Sakha/1/2014(H5N8)
A/crane/Kagoshima/KU1/2014(H5N8)
A/chicken/Oregon/41613-2/2014(H5N8)
A/mallard/Korea/H297/2014(H5N8)
A/Baikal teal/Korea/Donglim3/2014(H5N8)
A/common teal/Korea/H455-30/2014(H5N8)
A/tundra swan/Korea/H411/2014(H5N8)
A/gyrfalcon/Washington/41088-6/2014(H5N8)
A/turkey/BC/FAV10/2014(H5N2)
A/broiler duck/Korea/Buan2/2014(H5N8)
A/mallard/Korea/W452/2014(H5N8)
A/guinea fowl/Oregon/41613-1/2014(H5N8)
A/Northern pintail/Washington/40964/2014(H5N2)
A/crane/Kagoshima/KU13/2014(H5N8)
A/chicken/Kumamoto/1-7/2014(H5N8)
A/white-fronted goose/Korea/H231/2014(H5N8)
A/crane/Kagoshima/KU21/2014(H5N8)
A/crane/Kagoshima/KU41/2014(H5N8)
A/crane/Kagoshima/KU53/2015(H5N8)
A/chicken/Miyazaki/7/2014(H5N8)
A/mallard duck/Kagoshima/KU116/2015(H5N8)
A/mallard duck/Kagoshima/KU70/2015(H5N8)

A/turkey/Washington/61-22/2014(H5N2)
A/domestic duck/Washington/61-16/2014(H5N2)
A/chicken/Washington/61-9/2014(H5N2)

A/black-headed gull/Netherlands/1/2005(H6N8)
A/Anas platyrhynchos/Belgium/12827/2007(H3N8)
A/aquatic bird/Korea/CN9/2009(H6N8)
A/chicken/Vietnam/G14/2008(H3N8)
A/environment/Dongting Lake/Hunan/3-9/2007(H10N8)
A/wild goose/Dongting/C1037/2011(H12N8)
A/chicken/Jiangsu/cz1/2002(H5N1)

A/duck/Shandong/Q1/2013(H5N8)
A/avian/Japan/8KI0195/2008(H6N8)
A/mallard/California/2559P/2011(H5N8)

A/Baikal teal/Korea/H52/2014(H5N8)
A/breeder duck/Korea/Gochang1/2014(H5N8)
A/duck/Zhejiang/W24/2013(H5N8)
A/mallard/Shanghai/SH-9/2013(H5N8)

A/shearwater/Australia/2/1972(H10N8)
A/northern shoveler/Washington/44249-675/2006(H10N2)

A/ruddy turnstone/New Jersey/1851/2001(H5N8)
A/American black duck/New Brunswick/00886/2010(H4N9)
A/mallard/California/20385-002/2007(H1N1)
A/mallard/Alberta/6/1994(H6N8)

A/mallard/Wisconsin/2530/2009(H4N2)
A/quail/California/K1400794/2014(H5N8)

A/duck/Hunan/S1256/2012(H3N8)
A/mallard/Netherlands/17/2007(H11N8)

A/turkey/Italy/4169/1999(H7N1)
A/dunlin/Sweden/1/2005(H4N6)
A/mallard/Sweden/105011/2009(H4N6)

A/avian/Japan/8KI0150/2008(H3N8)
A/avian/Colorado/456648/2006(H5N8)

A/mallard/Interior Alaska/6MP0124/2006(H3N8)
A/mallard/Ohio/1801/2005(H3N8)
A/northern pintail/Interior Alaska/6MP0817/2006(mixed)
A/redhead/Alberta/192/2002(H3N6)
A/duck/NY/191255-59/2002(H5N8)

A/mallard/Alberta/30/2001(H4N8)
A/northern pintail/Alberta/8/2009(H3N8)
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