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Table S1. Genetic similarity of H5N8 viruses isolated in 2021 compared to A/whooper 3 
swan/Shanxi/4-1/2020 (H5N8) (WS/SX/4-1/2020). 4 

Virus 
Identity to WS/SX/4-1/2020 at the nucleotide level (%) 

HA NA PB2 PB1 PA NP M NS 

WS/SX/4-2/2020 100 99.9 100 100 100 100 100 99.6 

MS/SD/1/2021 99.6 99.6 99.6 99.8 99.8 99.8 99.8 99.2 

GWT/GD/SD004/2021 99.5 99.4 99.6 99.6 99.6 99.7 100 99.2 

WS/SD/SC195/2021 96.0 95.0 95.8 94.2 95.4 95.3 97.7 95.0 

WG/SD/SC196/2021 99.6 99.9 99.8 99.5 99.8 99.7 99.9 99.3 

CC/SD/SC197/2021 99.6 99.9 99.8 99.5 99.7 99.7 99.8 99.2 

WS/SD/SC198/2021 99.6 99.9 99.7 99.6 99.8 99.7 99.8 99.3 

WS/SD/SC199/2021 99.6 99.9 99.7 99.5 99.8 99.7 99.9 99.3 

WS/SD/SC200/2021 99.6 99.7 99.7 99.4 99.8 99.7 99.8 99.2 

BS/BJ/1/2021 99.6 99.4 99.7 99.5 99.8 99.7 99.7 99.2 

WD/JS/SD019/2021 99.6 99.6 99.7 99.6 99.9 99.8 99.8 99.3 

ET/JS/SD021/2021 99.7 99.6 99.7 99.7 99.9 99.8 99.8 99.2 

DK/GX/S10099/2021 99.6 99.4 99.9 99.7 99.7 99.7 99.8 99.5 

DK/GX/S10263/2021 99.8 99.7 99.8 99.8 99.8 99.6 99.8 99.5 

DK/GX/S11043/2021 99.7 99.6 99.8 99.8 99.9 99.6 100 99.4 

WS/SD/SC176/2021 99.6 99.9 99.7 99.5 99.7 99.6 99.6 99.3 

WD/SD/SC177/2021 99.7 99.8 99.7 99.4 99.7 99.4 99.7 99.3 

GB/SD/SC184/2021 99.5 99.8 99.8 99.5 99.8 99.7 99.9 99.2 

WS/SD/SC185/2021 99.6 99.9 99.5 99.4 99.8 99.6 99.7 99.3 

WS/SD/SC188/2021 99.7 99.9 99.7 99.4 99.8 99.6 99.7 99.3 

BBGL/SD/SC189/2021 99.6 99.8 99.8 99.5 99.9 99.7 99.9 99.3 

DK/GD/S1269/2021 99.5 99.6 99.4 99.6 99.8 99.7 99.8 99.5 

DK/JX/S10252/2021 99.4 99.7 99.6 99.6 99.7 99.7 99.9 99.2 

GS/ZJ/S1266/2021 99.6 99.8 99.7 99.3 99.7 99.7 99.8 99.0 

GS/HuN/S11288/2021 99.8 99.6 99.8 99.6 99.7 99.9 99.9 99.2 

GS/JS/S1385/2021 99.6 99.6 99.7 99.5 99.8 99.8 99.8 99.2 

GS/LN/S1266/2021 99.2 99.5 99.6 99.3 99.6 99.7 99.6 99.2 

GS/HeN/S1315/2021 99.4 99.9 99.7 99.6 99.8 99.7 99.9 98.9 

DK/HeN/S1381/2021 99.4 99.9 99.8 99.7 99.8 99.7 99.9 99.3 

DK/HeB/S1070/2021 99.3 99.7 99.6 99.5 99.8 99.7 100 99.3 

DK/GX/S21194/2021 99.5 99.6 99.6 99.9 99.7 99.5 99.7 99.5 

GS/GX/S20601/2021 99.5 99.7 99.8 99.9 99.7 99.5 99.8 99.2 

BHGL/TB/1-1/2021 99.6 99.6 99.6 99.6 99.9 99.8 99.7 99.5 

GB/SN/SD001/2021 99.6 99.5 99.6 99.5 99.2 99.7 99.6 98.6 

GB/NX/SD001/2021 99.4 99.6 99.5 99.5 99.5 99.7 99.5 98.4 
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Table S2 Amino acids in the H5N8 viruses that contribute to the increased binding to human-type receptors, replication, and virulence in mammals, as well 7 
as to resistance to amantadine.  8 

Virus 

Amino acids in HA that increase 
affinity to human-type receptors 

Amino acids that increase the replication, virulence, transmission of avian influenza viruses in 
mammalian hosts, or that increase the resistance to amantadine 

PB2 NP M1 M2 NS1 

S137A S158N T160A T192I I292V K389R V598T V286A M437T N30D T215A V27A A30S P42S I106M 

WS/SX/4-1/2020 A N A I V R T A T D A V A S M 

WS/SX/4-2/2020 A N A I V R T A T D A V A S M 

MS/SD/1/2021 A N A M V R T A T D A V A S M 

GWT/GD/SD004/2021 A N A T V R T A T D A A A S M 

WS/SD/SC195/2021 A N A T V R T A T D A V A S M 

WG/SD/SC196/2021 A N A I V R T A T D A V A S M 

CC/SD/SC197/2021 A N A I V R T A T D A V A S M 

WS/SD/SC198/2021 A N A I V R T A T D A V A S M 

WS/SD/SC199/2021 A N A I V R T A T D A V A S M 

WS/SD/SC200/2021 A N A I V R T A T D A V A S M 

BS/BJ/1/2021 A N A I V R T A T D A V A S M 

WD/JS/SD019/2021 A N A I I R T A T D A V A S M 

ET/JS/SD021/2021 A N A I I R T A T D A V A S M 

DK/GX/S10099/2021 A N A I V R T A T D A V A S M 

DK/GX/S10263/2021 A N A I V R T A T D A V A S M 

DK/GX/S11043/2021 A N A I V R T A T D A V A S M 

WS/SD/SC176/2021 A N A I V R T A T D A V A S M 

WD/SD/SC177/2021 A N A I V R T A T D A V A S M 

GB/SD/SC184/2021 A N A I V R T A T D A V A S M 



WS/SD/SC185/2021 A N A I V R T A T D A V A S M 

WS/SD/SC188/2021 A N A I V R T A T D A V A S M 

BBGL/SD/SC189/2021 A N A I V R T A T D A V A S M 

DK/GD/S1269/2021 A N A I V R T A T D A V A S M 

DK/JX/S10252/2021 A N A I V R T A T D A V A S M 

GS/ZJ/S1266/2021 A N A I V R T A T D A V A S M 

GS/HuN/S11288/2021 A N A I V R T A T D A V A S M 

GS/JS/S1385/2021 A N A I V R T A T D A V A S M 

GS/LN/S1266/2021 A N A I V R T A T D A V A S M 

GS/HeN/S1315/2021 A N A I V R T A T D A V A S M 

DK/HeN/S1381/2021 A N A I V R T A T D A V A S M 

DK/HeB/S1070/2021 A N A I V R T A T D A V A S M 

DK/GX/S21194/2021 A N A I V R T A T D A V A S M 

GS/GX/S20601/2021 A N A I V R T A T D A V A S M 

BHGL/TB/1-1/2021 A N A I V R T A T D A V A S M 

GB/SN/SD001/2021 A N A I V R T A T D A V A S M 

GB/NX/SD001/2021 A N A I V R T A T D A V S S M 
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A/goose/Fujian/3.15 FZHX0007-C/2018(H5N6)
A/goose/Fujian/3.15 FZHX0006-O/2018(H5N6)

A/Guangdong/18SF020/2018-09-30(H5N6)
A/goose/Fujian/3.15 FZHX0005-C/2018(H5N6)

A/duck/Fujian/1.25 FZHX0043-O/2018(H5)
A/chicken/Vietnam/HU9-842/2018(H5N6)

A/Guangxi/32797/2018(H5N6)
A/common gull/Saratov/1676/2018(H5N6)

A/goose/Guangdong/7.20 DGCP010-C/2017(H5N6)
A/chicken/Anhui/2.22 YHZGS007-O/2019(H5N2)

A/chicken/Jiangxi/3.23 NCDZT63M3-OC/2018(H5N6)
A/goose/Hunan/1.11 YYGK92E3-OC/2018(H5N6)

A/Guangxi/13486/2017(H5N6)
A/duck/Guangdong/7.20 DGCP036-O/2017(H5N6)

A/Jiangsu/32888/2018(H5N6)

2.3.4.4h

A/teal/Tottori/1/2016(H5N6)
A/whooper swan/Niigata/13/2017(H5N6)

A/chicken/Nha Trang/NT3/2017(H5N6)
A/chicken/Hokkaido/002/2017(H5N6)

A/whooper swan/Fukushima/3/2016(H5N6)
A/black swan/Akita/1/2016(H5N6)

A/wild duck/South Korea/1920/2019(H5N6)
A/chicken/Zhejiang/102637/2016(H5N6)

A/tundra swan/Niigata/5112007/2016(H5N6)
A/mute swan/Hyogo/2801ITM001/2017(H5N6)

A/duck/Henan/01.01 LYGL003-O/2017(H5N6)
A/duck/Guangdong/11.18 SZBJ007-O/2016(H5N6)

A/Quail/Guangxi/GX-2/2017(H5N6)
A/goose/China/GS42-4.seq/2016(H5N6)

A/pigeon/Fujian/1.17 FZHX0104-O/2017(H5N6)
A/Duck/Zhanjiang/15577/2015(H5N6)

A/Environment/Fujian/28686/2016(H5N6)
A/Bean goose/Hubei/CH-I225/2017(H5N6)

2.3.4.4e

A/chicken/Hubei/XG18/2015(H5N6)
A/chicken/Henan/YB0597/2016(H5N6)
A/Hubei/29578/2016(H5N6)

A/chicken/Guangdong/GD1602/2016(H5N6)
A/chicken/Anhui/MZ34/2016(H5N6)

A/chicken/Zhejiang/13160/2016(H5N6)
A/Anhui/33162/2016(H5N6)

A/Shenzhen/1/2016(H5N6)
A/chicken/China/CK74/2016(H5N6)

A/wild bird/Jiangxi/P5/2015(H5N6)
A/chicken/Taishun/TS12/2016(H5N6)

A/chicken/Laos/LPQ001/2014(H5N6)
A/goose/Shantou/1763/2014(H5N6)

A/environment/Guangdong/QY208/2014(H5N6)
A/chicken/Shenzhen/552/2013(H5N6)

A/duck/Vietnam/LBM752/2014(H5N6)
A/duck/Hunan/HN242/2015(H5N6)

2.3.4.4d

A/duck/Vietnam/LBM816/2015(H5N6)
A/chicken/Vietnam/NCVD-15A59/2015(H5N6)

A/Moscovy duck/Viet Nam/4915 HA/2015(H5N6)
A/wildfowl/Shandong/SD01/2015(H5N6)

A/turtledove/Wuhan/WHBJ12/2014(H5N6)
A/duck/Eastern China/S0322/2014 (H5N6)

A/duck/Vietnam/LBM824/2015(H5N6)
A/muscovy duck/Vietnam/LBM1021/2017(H5N6)

A/chicken/Vietnam/NCVD-15A51/2015(H5N6)
A/chicken/Quang Tri/MT11/2016(H5N6)

A/chicken/Vietnam/QuangBinh/BD1113/2017(H5N6)

2.3.4.4f

A/chicken/Tonghai/802/2014(H5N1)
A/chicken/Tonghai/3/2014(H5N1)

A/tiger/Yunnan/tig1404/2014(H5N1)
A/wild bird/Jiangxi/P410/2015(H5N1)

A/chicken/Yunnan/1/2014(H5N1)
A/muscovy duck/Vietnam/LBM635/2014(H5N1)
A/duck/Viet Nam/HN-2431/2015(H5N1)

A/pigeon/Sichuan/NCXN29/2014(H5N1)
A/duck/Sichuan/NCXN11/2014(H5N1)

A/chicken/Anhui/QD1/2014(H5N1)
A/chicken/Wuxi/7765/2016(H5N6)

A/chicken/Japan/AnimalQuarantine-HE144/2016(H5N6)
A/goose/Hunan/118/2014(H5N6)

A/duck/Eastern China/S0908/2014(H5N6)
A/duck/Hunan/144/2014(H5N6)

2.3.4.4g

A/thrush/Taiwan/A234/2015(H5N2)
A/goose/Yunlin/15010009-1/2015(H5N2)

A/goose/Chiayi/16040007-1/2016(H5N2)
A/duck/Taichung/15010400-1/2015(H5N2)
A/chicken/Changhua/15010362-2/2015(H5N2)
A/duck/Taiwan/01006/2015(H5N2)

A/chicken/Changhua/15040037-2/2015(H5N8)
A/snowy owl/Wisconsin/198399/2015(H5N2)

A/chicken/Minnesota/15-012882-2/2015(H5N2)
A/turkey/Minnesota/15-017540-1/2015(H5N2)

A/American green-winged teal/Washington/195750/2014(H5N1)
A/chicken/California/15-004912/2015(H5N8)

A/American wigeon/Washington/195968/2014(H5N8)
A/Baikal teal/Korea/H68/2014(H5N8)

A/chicken/Miyazaki/7/2014(H5N8)
A/bean goose/Korea/H328/2014(H5N8)

A/broiler duck/Korea/Buan2/2014(H5N8)
A/mallard/Korea/W452/2014(H5N8)

2.3.4.4c

WS/SD/SC185/2021
WS/SD/SC176/2021

WS/SD/SC200/2021
WS/SD/SC198/2021

WS/SD/SC188/2021
WD/SD/SC177/2021

WS/SD/SC199/2021
WG/SD/SC196/2021

CC/SD/SC197/2021
A/crane/Kagoshima/KU-93/2021(H5N8)
WD/JS/SD019/2021
GS/ZJ/S1266/2021

A/wild duck/Korea/H331/2020(H5N8)
GS/HeN/S1315/2021
DK/HeN/S1381/2021

BBGL/SD/SC189/2021
GB/SD/SC184/2021

ET/JS/SD021/2021
DK/HeB/S1070/2021

GS/JS/S1385/2021
DK/JX/S10252/2021

GS/LN/S1266/2021
BS/BJ/1/2021

DK/GX/S10099/2021
DK/GX/S10263/2021

DK/GX/S21194/2021
GS/GX/S20601/2021

DK/GX/S11043/2021
MS/SD/1/2021

DK/GD/S1269/2021
WS/SX/4-1/2020
WS/SX/4-2/2020

BHGL/TB/1-1/2021
A/mute swan/Inner Mongolia/w2-1/2020(H5N8)

GS/HuN/S11288/2021
GB/SN/SD001/2021
GB/NX/SD001/2021

A/mallard/Korea/WA820/2020(H5N8)
A/wild bird/Korea/H467/2020(H5N8)

A/chicken/Russia Novosibirsk region/1910-1/2020(H5N8)
A/Eurasian wigeon/Italy/20VIR7301-31/2020(H5N8)

GWT/GD/SD004/2021
A/turkey/Rostov-on-Don/332-12/2021(H5N8)

A/mute swan/Czech Republic/4270/2021(H5N8)
A/Astrakhan/3212/2020(H5N8)

A/common teal/Italy/20VIR7439-191/2020(H5N8)
A/mute swan/Croatia/14/2021(H5N8)

A/Common Buzzard/Netherlands/4/2020(H5N8)
A/chicken/Iraq/1/2020(H5N8)

A/Chicken/Egypt/AI20286/2019(H5N8)
A/Chicken/Egypt/AR553/2018(H5N8)

A/Goose/Hungary/1030/2017(H5N8)
A/White-fronted Goose/AN/1-15-12/2016(H5N8)

WS/SD/SC195/2021
A/duck/Korea/H438/2020(H5N8)

A/spot-billed duck/Korea/WA612/2020(H5N8)
A/wild bird/Korea/H379/2020(H5N8)

A/northern pintail/Hokkaido/M13/2020(H5N8)
A/Mandarin duck/Kagoshima/KU-d57/2020(H5N8)

A/chicken/Poland/004/2020(H5N8)
A/Pheasant/Hungary/18731/2020(H5N8)

A/white-fronted goose/Germany-BB/AI00018/2020(H5N8)
A/guinea fowl/Nigeria/OG-GF11T 19VIR842-7/2019(H5N8)

A/chicken/South Africa/499723/2018(H5N8)
A/quail/South Africa/AI5930/2018(H5N8)

2.3.4.4b

A/duck/Viet Nam/HU1-2361/2014(H5N6)
A/duck/Vietnam/NCVD14-A503/2014(H5N6)

A/duck/Jiangxi/10160/2014(H5N6)
A/chicken/Vietnam/NCVD14-A324/2014(H5N6)

A/chicken/Sichuan/J1/2014(H5N6)
A/cat/Sichuan/SC18/2014(H5N6)
A/Sichuan/26221/2014(H5N6)
A/duck/Eastern China/S0711/2014(H5N6)

A/duck/Jiangxi/13475/2014(H5N6)
A/goose/Zhejiang/925108/2014(H5N6)

A/swan goose/Jilin/JL01/2014(H5N6)
A/Anas crecca/Hubei/Chenhu1623-5/2014(H5N6)

A/duck/Sichuan/NCJPL7/2014(H5N6)
A/goose/Zhejiang/77168/2014(H5N2)

2.3.4.4a

A/duck/Anhui/1/06(H5N1)
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Figure S1A
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Figure S1. Phylogenetic analyses of H5N8 viruses. The trees were generated by neighbor-joining

method using software MEGA 7.0.26 software package. The tree topology was evaluated by 1,000

bootstrap analysis. Viruses with names in black were downloaded from available databases, and viruses

with names in blue were our H5N8 isolates. The phylogenetic tree of HA (A) was rooted to

A/duck/Anhui/1/2006 (H5N1), and the phylogenetic trees of PB2 (B), PB1 (C), PA (D), NP (E), NA (F),

M (G), and NS (H) were rooted to A/breeder duck/Korea/Gochang1/2014(H5N8).
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A/chicken/Czech_Republic/4526/2021(H5N8)_2021-03-06

A/chicken/Astrakhan/2171-1/2020(H5N8)_2020-12-07

A/domestic_duck/Poland/219/2020(H5N8)_2020-02-20

A/chicken/Netherlands/20016597-026030/2020(H5N8)_2020-10-28

A/turkey/Stavropol/320-01/2020(H5N8)_2020-12-11

A/chicken/England/030720/2020(H5N8)_2020-11-02

A/duck/Poland/H160_21RS1385-1/2021(H5N8)_2021-03-05

A/barnacle_goose/Sweden/SVA201117SZ0468/KN003355/2020(H5N8)_2020-11-12

A/duck/Czech_Republic/6653-15/2021(H5N8)_2021-04-06

A/mute_swan/Croatia/14/2021(H5N8)_2021-03-01

A/chicken/Germany-BW/AI00049/2020(H5N8)_2020-02-06

A/spot-billed_duck/Korea/WA612/2020(H5N8)_2020-11-03

A/swan/Lithuania/1258PG1_21VIR2606-2/2021(H5N8)_2021-02-26

A/hawk/Poland/003/2020(H5N8)_2020-01-06

A/buzzard/Germany-SN/AI00285/2020(H5N8)_2020-03-20

A/mute_swan/Czech_Republic/4270/2021(H5N8)_2021-03-02

A/chicken/Northern_Ireland/2021-000067_21VIR114-19/2021(H5N8)_2021-01-05

A/geese/Romania/10206_21VIR849-3/2021(H5N8)_2021-01-13

A/greylag_goose/Italy/20VIR7660-6/2020(H5N8)_2020-11-29

A/peregrine_falcon/Denmark/14596-1/2020(H5N8)_2020-11-06

A/Turkey/Sweden/SVA201114SZ0001/20KN303106/2020(H5N8)_2020-11-13

A/pheasant/Wales/000252/2021(H5N8)_2021-01-26

A/Chicken/Hungary/29723/2020(H5N8)_2020-06-05

A/mute_swan/Kazakhstan/1-267-20-B/2020(H5N8)_2020-09-23

A/goose/Poland/H1036_21RS1385-6/2021(H5N8)_2021-05-03

A/mute_swan/Slovenia/1639-20_21VIR959-1/2020(H5N8)_2020-11-17

A/duck/England/043628/2020(H5N8)_2020-12-17

A/domestic_goose/Poland/274/2020(H5N8)_2020-03-01

A/duck/Henan/S1381/2021(H5N8)_2021-04-22 
A/goose/Henan/S1315/2021(H5N8)_2021-04-22

A/duck/Poland/H514_21RS1385-18/2021(H5N8)_2021-04-07

A/mute_swan/Romania/11981-2_21VIR3163-6/2021(H5N8)_2021-04-08

A/chicken/Poland/474/2020(H5N8)_2020-12-03

A/whooper_swan/Fukushima/0701B002/2021(H5N8)_2021-02-08

A/duck/Korea/H411/2020(H5N8)_2020-12-08

A/chicken/Bulgaria/297-2_21VIR4270-8/2021(H5N8)_2021-05-05

A/mute_swan/Czech_Republic/2600/2021(H5N8)_2021-02-04

A/Greylag_goose/England/033100/2020(H5N8)_2020-10-30

A/wild_bird/Korea/H357/2020(H5N8)_2020-11-23

A/whooper_swan/Shanxi/4-2/2020(H5N8)_2020-11-10 
A/whooper_swan/Shanxi/4-1/2020(H5N8)_2020-11-10

A/chicken/Poland/H712_21RS1385-12/2021(H5N8)_2021-04-16

A/mute_swan/England/263814/2020(H5N8)_2020-11-10

A/mute_swan/Austria/21051907_21VIR3291-6/2021(H5N8)_2021-04-27

A/Anser_albifrons/Belgium/11956_005/2020(H5N8)_2020-11-07

A/chicken/Poland/H1084_21RS1385-13/2021(H5N8)_2021-05-07

A/crane/Kagoshima/KU-93/2021(H5N8)_2021-01-19

A/mute_swan/Czech_Republic/1410-2/2021(H5N8)_2021-01-19

A/Eurasian_wigeon/Italy/20VIR7139-121/2020(H5N8)_2020-11-14

A/mute_swan/England/234135/2020(H5N8)_2020-12-01

A/domestic_duck/Kazakhstan/1-274-20-B/2020(H5N8)_2020-09-25

A/goose/Omsk/0002/2020(H5N8)_2020-08-13

A/turkey/Poland/H1168_21RS1385-15/2021(H5N8)_2021-05-13
A/white_stork/Poland/MB412_21RS1385-11/2021(H5N8)_2021-05-02

A/wild_goose/Poland/MB142/2020(H5N8)_2020-12-15

A/barnacle_goose/Denmark/14138-1/2020(H5N8)_2020-11-04

A/chicken/Kosovo/104_21VIR5162-7/2021(H5N8)_2021-06-01

A/chicken/Austria/21052483_21VIR3291-1/2021(H5N8)_2021-04-27

A/chicken/Netherlands/20016978-001/2020(H5N8)_2020-11-02

A/swan/Poland/MB141/2020(H5N8)_2020-12-16

A/chicken/Czech_Republic/1566-1/2021(H5N8)_2021-01-22

A/swan/Tumen/1479-2/2020(H5N8)_2020-09-10

A/common_buzzard/Italy/21VIR431-7/2020(H5N8)_2020-11-17

A/Meleagris_gallopavo/Belgium/11293_001/2021(H5N8)_2021-08-30

A/Chicken/Hungary/24596/2020(H5N8)_2020-05-13

A/chicken/Kagawa/11C/2020(H5N8)_2020-11-04

A/environment/Kagoshima/KU-ngr-J2/2020(H5N8)_2020-11-09

A/White_peacock/Korea/H533/2020(H5N8)_2020-12-28

A/mute_swan/Austria/21014124_21VIR1085-8/2021(H5N8)_2021-02-01

A/common_coot/Czech_Republic/3160-2/2021(H5N8)_2021-02-14

A/mute_swan/Netherlands/20015931-001/2020(H5N8)_2020-10-17

A/duck/Guangxi/S10099/2021(H5N8)_2021-02-01 
A/duck/Guangxi/S10263/2021(H5N8)_2021-02-01 
A/duck/Guangxi/S11043/2021(H5N8)_2021-02-01

A/peregrine_falcon/Ireland/20VIR7872-1/2020(H5N8)_2020-11-01

A/goose/Omsk/30001/2020(H5N8)_2020-09-03

A/Mallard_duck/Hungary/17319/2020(H5N8)_2020-04-07

A/chicken/Albania/2574_21VIR5387-1/2021(H5N8)_2021-05-31

A/laying_hen/Poland/002/2020(H5N8)_2020-01-01

A/chicken/Bulgaria/39_21VIR1454-3/2021(H5N8)_2021-02-01

A/Eurasian_Wigeon/Netherlands/7/2020(H5N8)_2020-10-16

A/duck/Kazakhstan/12-20-B-Talg-11/2020(H5N8)_2020-09-15

A/swan/Hungary/9638/2021(H5N8)_2021-03-08

A/greylag_goose/Netherlands/20016879-001/2020(H5N8)_2020-11-01

A/turkey/England/038115/2020(H5N8)_2020-12-02

A/whooper_swan/Shandong/SC185/2021(H5N8)_2021-02-22 
A/whooper_swan/Shandong/SC176/2021(H5N8)_2021-02-22 
A/wild_duck/Shandong/SC177/2021(H5N8)_2021-02-22
A/whooper_swan/Shandong/SC188/2021(H5N8)_2021-02-22

A/duck/Kosovo/107_21VIR5162-17/2021(H5N8)_2021-06-02

A/chicken/Poland/448/2020(H5N8)_2020-11-24

A/Common_Buzzard/Netherlands/4/2020(H5N8)_2020-11-06

A/chicken/Czech_Republic/1175-1/2020(H5N8)_2020-01-17

A/mute_swan/Inner_Mongolia/w2-1/2020(H5N8)_2020-10-17

A/Numenius_arquata/Belgium/11956_003/2020(H5N8)_2020-11-07

A/turkey/Omsk/0001/2020(H5N8)_2020-08-13

A/barnacle_goose/Germany-SH/AI02167/2020(H5N8)_2020-10-28

A/pekin_duck/Bulgaria/48-3_21VIR1454-7/2021(H5N8)_2021-02-04

A/Mute_Swan/Netherlands/1/2020(H5N8)_2020-11-06

A/turkey/Norway/FU496/2020(H5N8)_2020-11-30

A/mute_swan/North_Ossetia-Alania/325-01/2020(H5N8)_2020-12-31

A/common_teal/Italy/20VIR7439-191/2020(H5N8)_2020-11-28

A/seal/England/AVP-031141/2020(H5N8)_2020-12-08

A/wild_duck/Omsk/01111/2020(H5N8)_2020-08-17

A/mute_swan/Poland/MB131/2021(H5N8)_2021-02-15

A/chicken/Kazakhstan/220-B-2-H5N8-4/2020(H5N8)_2020-09-01

A/goose/Guangxi/S20601/2021(H5N8)_2021-05-11 
A/duck/Guangxi/S21194/2021(H5N8)_2021-05-10

A/Herring_Gull/Netherlands/1/2020(H5N8)_2020-11-06

A/egret/Jiangsu/SD021/2021(H5N8)_2021-01-26 
A/black_swan/Beijing/1/2021(H5N8)_2021-01-25

A/mute_swan/Slovenia/1756-20_21VIR959-3/2020(H5N8)_2020-12-02

A/turkey/Rostov-on-Don/332-08/2021(H5N8)_2021-01-29
A/green-winged_teal/Guangdong/SD004/2021(H5N8)_2021-01-20

A/grebe/Ningxia/SD001/2021(H5N8)_2021-06-15 
A/grebe/Shaanxi/SD001/2021(H5N8)_2021-06-05

A/chicken/Romania/12448_21VIR3734-3/2021(H5N8)_2021-05-05

A/Goose/Hungary/15267/2020(H5N8)_2020-03-26

A/swan/Lithuania/1842PG1_21VIR2606-5/2021(H5N8)_2021-03-19

A/goose/Jiangsu/S1385/2021(H5N8)_2021-03-24
A/black-backed_gull/Shandong/SC189/2021(H5N8)_2021-02-22

A/Mandarin_duck/Korea/H242/2020(H5N8)_2020-10-21

A/grebe/Shandong/SC184/2021(H5N8)_2021-02-22
A/duck/Jiangxi/S10252/2021(H5N8)_2021-03-09

A/swan/Kazakhstan/9-20-B-Talg-39/2020(H5N8)_2020-09-21

A/Duck/Hungary/14788/2020(H5N8)_2020-03-25

A/turkey/Germany-NI/AI00334/2020(H5N8)_2020-03-20

A/guinea_fowl/Italy/21VIR1293-20/2021(H5N8)_2021-02-23

A/brown-headed_gull/Tibet/1-1/2021(H5N8)_2021-05-16 
A/mute_swan/Shandong/1/2021(H5N8)_2021-01-14

A/wild_duck/Jiangsu/SD019/2021(H5N8)_2021-01-26
A/duck/Hebei/S1070/2021(H5N8)_2021-04-27

A/mallard/Kagoshima/KU-d89/2021(H5N8)_2021-01-16

A/domestic_goose/Kazakhstan/1-242_2-20-B/2020(H5N8)_2020-09-19

A/steamer_duck/Germany-SN/AI00346/2020(H5N8)_2020-03-26

A/whooper_swan/Inner_Mongolia/w1-1/2020(H5N8)_2020-10-17

A/goose/Kazakhstan/4-190-20-B-H5N8-1/2020(H5N8)_2020-09-01

A/common_teal/Italy/20VIR7608-73/2020(H5N8)_2020-12-04

A/goose/Liaoning/S1266/2021(H5N8)_2021-04-13 
A/goose/Zhejiang/S1266/2021(H5N8)_2021-03-09

A/chicken/Kazakhstan/1-20-B-Talg-67/2020(H5N8)_2020-10-09

A/wild_goose/Shandong/SC196/2021(H5N8)_2021-01-23     
A/whooper_swan/Shandong/SC199/2021(H5N8)_2021-01-23 
A/common_coot/Shandong/SC197/2021(H5N8)_2021-01-23 
A/whooper_swan/Shandong/SC200/2021(H5N8)_2021-01-23 
A/whooper_swan/Shandong/SC198/2021(H5N8)_2021-01-23

A/chicken/Korea/H001/2021(H5N8)_2021-01-01

A/duck/Italy/21VIR1293-15/2021(H5N8)_2021-02-23

A/duck/Chelyabinsk/1207-1/2020(H5N8)_2020-07-31

A/chicken/Kostroma/304-01/2020(H5N8)_2020-10-17

A/Goose/Hungary/22493/2020(H5N8)_2020-05-04

A/domestic_duck/Poland/285/2020(H5N8)_2020-03-03

A/mallard/Italy/20VIR7139-124_feather/2020(H5N8)_2020-11-14

A/turkey/Poland/182/2020(H5N8)_2020-02-07

A/falcon/England/041976/2020(H5N8)_2020-12-14

A/partridge/Kosovo/96_21VIR5162-14/2021(H5N8)_2021-05-31

A/barnacle_goose/Netherlands/20016935-002/2020(H5N8)_2020-11-01

A/Goose/Hungary/18325/2020(H5N8)_2020-04-10

A/turkey/Czech_Republic/3071/2020(H5N8)_2020-02-17

A/northern_pintail/Hokkaido/M13/2020(H5N8)_2020-10-24

A/chicken/Poland/H293_21RS1385-8/2021(H5N8)_2021-03-23

A/Pheasant/Hungary/18731/2020(H5N8)_2020-04-19

A/turkey/Hungary/1020_20VIR749-1/2020(H5N8)_2020-01-09

A/chicken/Czech_Republic/6527/2021(H5N8)_2021-04-01

A/goose/Korea/H449/2020(H5N8)_2020-12-14

A/Canada_goose/England/032697/2020(H5N8)_2020-11-03

A/wild_bird/Korea/H467/2020(H5N8)_2020-12-14

A/chicken/France/20P016448/2020(H5N8)_2020-11-10

A/anser_anser/Spain/102-8_21VIR1230-4/2021(H5N8)_2021-01-07

A/Duck/Hungary/17806/2020(H5N8)_2020-04-08

A/chicken/Kosovo/82_21VIR5162-1/2021(H5N8)_2021-05-19

A/house_sparrow/Romania/10327_21VIR849-5/2021(H5N8)_2021-01-19

A/domestic_goose/Poland/028/2020(H5N8)_2020-01-12

A/chicken/Omsk/30007/2020(H5N8)_2020-09-03

A/chicken/Krasnodar/334-01/2021(H5N8)_2021-01-05

A/Greylag_goose/England/032698/2020(H5N8)_2020-11-03

A/chicken/Germany-SN/AI00276/2020(H5N8)_2020-03-12

A/duck/Romania/10202_21VIR2593-31/2021(H5N8)_2021-01-13

A/whooper_swan/Shandong/SC195/2021(H5N8)_2021-01-23 
A/mandarin_duck/Korea/WA877/2020(H5N8)_2020-12-01
A/spot-billed_duck/Korea/WA889/2020(H5N8)_2020-12-01
A/quail/Korea/H394/2020(H5N8)_2020-12-07
A/chicken/Korea/H365/2020(H5N8)_2020-12-01
A/wild_bird/Korea/H379/2020(H5N8)_2020-12-02
A/duck/Korea/H385/2020(H5N8)_2020-12-04

A/turkey/Poland/464/2020(H5N8)_2020-12-01

A/muscovy_duck/Slovakia/Pah1_21VIR1086-1/2021(H5N8)_2021-01-08

A/chicken/Poland/003/2020(H5N8)_2020-01-02

A/duck/Korea/H338/2020(H5N8)_2020-11-26

A/Chicken/Hungary/18466/2020(H5N8)_2020-04-14
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Figure S2. The Bayesian time-resolved phylogenetic tree of HA gene of H5N8 viruses. The tree was

generated with the HA of the 40 H5N8 viruses detected in China and 202 H5N8 representative viruses

detected in other countries since 2020. The time to the most recent common ancestor and the dates of

divergence are labeled at the left of the tree, which was estimated by using the Bayesian Markov chain

Monte Carlo method in the BEAST v1.10.4 software package.
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