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Figure S1. Phylogenetic tree analysis on the internal gene segments. Phylogenetic tree analysis was based
on A) the PB2, B) PB1, C) PA, D) NP, E) M and F) NS gene segment containing H5 clade 2.3.4.4, other clades,
and outgroups. The red-colored strain indicates HSN8 HPAIV isolated in Japan and Korea, 2020, of which
A/northern pintail/Hokkaido/M13/2020 (H5MS8) is underlined. The green- , yellow- , and blue-colored
strains indicate the HSN8 HPAIVs isolated in Europe in the winter of 2019-2020, HSN6 HPAIVs isolated in
Japan and Korea in the winter season of 2017-2018, and H5Nx HPAIVs isolated in Europe in October and
November, 2020, respectively. The numbers below or above the node indicate bootstrap values greater than
60%.
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Figure S1. Phylogenetic tree analysis on the internal gene segments. Phylogenetic tree analysis was based
on A) the PB2, B) PB1, C) PA, D) NP, E) M and F) NS gene segment containing H5 clade 2.3.4.4, other clades,
and outgroups. The red-colored strain indicates HSN8 HPAIV isolated in Japan and Korea, 2020, of which
A/northern pintail/Hokkaido/M13/2020 (H5MS8) is underlined. The green- , yellow- , and blue-colored
strains indicate the HSN8 HPAIVs isolated in Europe in the winter of 2019-2020, HSN6 HPAIVs isolated in
Japan and Korea in the winter season of 2017-2018, and H5Nx HPAIVs isolated in Europe in October and
November, 2020, respectively. The numbers below or above the node indicate bootstrap values greater than
60%.
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Figure S1. Phylogenetic tree analysis on the internal gene segments. Phylogenetic tree analysis was based
on A) the PB2, B) PB1, C) PA, D) NP, E) M and F) NS gene segment containing H5 clade 2.3.4.4, other clades,
and outgroups. The red-colored strain indicates HSN8 HPAIV isolated in Japan and Korea, 2020, of which
A/northern pintail/Hokkaido/M13/2020 (H5MS8) is underlined. The green- , yellow- , and blue-colored
strains indicate the HSN8 HPAIVs isolated in Europe in the winter of 2019-2020, HSN6 HPAIVs isolated in
Japan and Korea in the winter season of 2017-2018, and H5Nx HPAIVs isolated in Europe in October and
November, 2020, respectively. The numbers below or above the node indicate bootstrap values greater than
60%.
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Figure S1. Phylogenetic tree analysis on the internal gene segments. Phylogenetic tree analysis was based
on A) the PB2, B) PB1, C) PA, D) NP, E) M and F) NS gene segment containing H5 clade 2.3.4.4, other clades,
and outgroups. The red-colored strain indicates HSN8 HPAIV isolated in Japan and Korea, 2020, of which
A/northern pintail/Hokkaido/M13/2020 (H5MS8) is underlined. The green- , yellow- , and blue-colored
strains indicate the HSN8 HPAIVs isolated in Europe in the winter of 2019-2020, HSN6 HPAIVs isolated in
Japan and Korea in the winter season of 2017-2018, and H5Nx HPAIVs isolated in Europe in October and
November, 2020, respectively. The numbers below or above the node indicate bootstrap values greater than
60%.



A/duck/Hungary/1565 20VIR749-2/2020 (H5N8)
A/turkey/Czech Republic/3071/2020 (H5N8)
A/chicken/Slovakia-Pah 14/2020 (H5N8)
69| A/white-fronted goose/Germany-BB/A100018/2020 (H5NS8)
A/chicken/Slovakia-Pah 14/2020 (H5N8)
A/hawk/Poland/003/2020 (H5NS8)
A/mandarin duck/Korea/H242/2020(H5N8)
A/northern pintail/Hokkaido/M13/2020 (H5N8
A/environment/Kagoshima/KU-ngr-J2/2020 (H5N8)
A/guinea fowl/Nigeria/OG-GF11T 19VIR8424-7/2019 (H5N8)
A/bar-headed Goose/Qinghai/a218/2017 (H5N8)
A/Fujian-Sanyuan/21099/2017 (H5N6)
A/grey headed gull/Uganda/MUWRP 538/2017 (H5N8)
I A/Muscovy duck/DR Congo/KAF1/2017 (H5NS8)
A/goose/Russian Federation/Omsk/1680-6/2020 (H5N5)
A/Eurasian wigeon/Netherlands/1/2020 (H5NT)
A/domestic duck/Kazakhstan/1-274-20-B/2020 (H5NS8)
A/barnacle goose/Germany-SH/AI02167/2020 (H5NS8)
A/buzzard/Germany-MV/AI02166/2020 (H5N5)
A/chicken/England/030720/2020 (H5N8)
A/mute swan/Netherlands/20015931-001/2020 (H5N8)
100 A/great black-backed gull/Netherlands/1/2017 (H5N6)
L— A/duck/ Nigeria/SK28T_19VIR8424-2/2019 (H5N6)
99r A/tufted duck/Shimane/3211TY001/2017 (H5N6)
84 A/wild duck/South Korea/1801/2018 (H5N6)
78| ~ A/chicken/Tatarstan/7/2018 (H5N8)
91LL,fA/chicken/Egypt/ARSS3/2018 (H5NB)
5 99— A/chicken/Egypt/A120286/2019 (H5MS)
A/chicken/Kumamoto/1-7/2014 (H5N8)
A/gyrfalcon/Washington/41088 6/2014 (H5N8)
771 A/duck/Chiba/26-372-48/2014 (H5N8)
A/duck/England/36254/14 (H5NS)
1 A/duck/Taiwan/A3400/2015 (H5NS8)
L A/mallard/Alaska/AH0088535/2016 (H5N2)
A/duck/Eastern China/S0131/2014 (H5N2)
J—Bji A/goose/Guangdong/k0103/2010 (H5N5)
L A/duck/Eastern China/51109/2014 (H5N8)
A/Anhui/1/2005 (H5N1)
981 A/environment/Zhenjiang/C13/2013 (H5N6)
99 A/Sichuan/26221/2014 (H5N6)
A/common pheasant/Hunan/11/2015 (H5N6)
100 A/whooper swan/Mongolia/25/2020 (H5N6)
M <{ E A/Guangdong/18SF020/2018 (H5N6)
A/whooper swan/Hunan/4/2016 (H5N6)
76 —— A/greylag goose/Hunan/1/2017 (H5NG6)
 A/duck/Vietnam/LBM758/2014 (H5N6)
A/Guangzhou/39715/2014 (H5N6)
~ A/duck/Guangdong/GD01/2014 (H5N6)
— A/chicken/Vietnam/NCVD-15A59/2015 (H5N6)
66— A/Muscovy duck/Vietnam/LBM631/2014 (H5NT1)
A/pigeon/Sichuan/NCXN29/2014 (H5N1)
A/wild duck/South Korea/1908/2019 (H5N®6)
A/duck/Hyogo/1/2016 (H5N6)
86| A/black swan/Akita/1/2016 (H5N6)
52| A/teal/Tottori/1/2016 (H5N6)
A/mandarin duck/Korea/K16-187-3/2016 (H5N6)
———— A/tern/South Africa/1961 (H5N3)

E) M

104

A/Hubei/29578/2016 (H5N6)

0.020

Figure S1. Phylogenetic tree analysis on the internal gene segments. Phylogenetic tree analysis was based
on A) the PB2, B) PB1, C) PA, D) NP, E) M and F) NS gene segment containing H5 clade 2.3.4.4, other clades,
and outgroups. The red-colored strain indicates HSN8 HPAIV isolated in Japan and Korea, 2020, of which
A/northern pintail/Hokkaido/M13/2020 (H5MS8) is underlined. The green- , yellow- , and blue-colored
strains indicate the HSN8 HPAIVs isolated in Europe in the winter of 2019-2020, HSN6 HPAIVs isolated in
Japan and Korea in the winter season of 2017-2018, and H5Nx HPAIVs isolated in Europe in October and

November, 2020, respectively. The numbers below or above the node indicate bootstrap values greater than
60%.
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Figure S1. Phylogenetic tree analysis on the internal gene segments. Phylogenetic tree analysis was based
on A) the PB2, B) PB1, C) PA, D) NP, E) M and F) NS gene segment containing H5 clade 2.3.4.4, other clades,
and outgroups. The red-colored strain indicates HSN8 HPAIV isolated in Japan and Korea, 2020, of which
A/northern pintail/Hokkaido/M13/2020 (H5MS8) is underlined. The green- , yellow- , and blue-colored
strains indicate the HSN8 HPAIVs isolated in Europe in the winter of 2019-2020, HSN6 HPAIVs isolated in
Japan and Korea in the winter season of 2017-2018, and H5Nx HPAIVs isolated in Europe in October and
November, 2020, respectively. The numbers below or above the node indicate bootstrap values greater than
60%.



Table S1. Cross-reactivity of H5 high pathogenicity avian influenza viruses clade 2.3.4.4

Antisera
Clade Virus Subtype Ck/Kum/ MDk/CD/ BS/Aki/  Dk/VIN/ PF/HK/  Mal/Hok/
1-7/14 KAF1/17  1/16 1151/14  810/09 24/09
2344c  Ck/Kum/1-7/14 H5N8 640 320 40 320 160 20
23.44b  NP/Hok/20 H5N8 640 1280 40 640 1280 40
2.3.44b  MDK/CD/KAF1/17 H5N8 640 1280 80 320 1280 40
234.4e  BS/Aki/1/16 H5N6 80 80 320 160 80 20
2344a Dk/VIN/1151/14 H5N6 160 160 160 640 80 40
234  PF/HK/810/09 H5N1 20 80 20 40 1280 <20
- Mal/Hok/24/09 H5N1 80 80 20 80 40 1280

Underlined numbers indicate homologous titers for each virus and the corresponding antiserum.



