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Supplementary Table S1 Avian influenza H5 subtype viruses isolated from avian species in China.
	[bookmark: _Hlk156604582]Name
	Location
	Host
	Date
	Subtype
	ID sequence

	A/Duck/Shandong/JC2204/2022/H5N1
	Shandong
	Duck
	2022
	H5N1
	EPI_ISL_15416306

	A/Goose/Anhui/B20/2022/H5N1
	Anhui
	Goose
	2022
	H5N1
	EPI_ISL_15393490

	A/Goose/Anhui/B104/2022/H5N1
	Anhui
	Goose
	2022
	H5N1
	EPI_ISL_15408099

	A/Swan/Yunnan/001/2022/H5N1
	Yunnan
	Swan
	2022
	H5N1
	EPI_ISL_15416307

	A/Goose/Henan/B1557/2021/H5N1
	Henan
	Goose
	2021
	H5N1
	EPI_ISL_15393489

	A/Goose/Shandong/B149/11/2022/H5N1
	Shandong
	Goose
	2022
	H5N1
	EPI_ISL_15393488

	A/Goose/Shandong/B201/2022/H5N1
	Shandong
	Goose
	2022
	H5N1
	EPI_ISL_15408135

	A/Goose/Shandong/B1479/2021/H5N1
	Shandong
	Goose
	2021
	H5N1
	EPI_ISL_15408152

	A/Goose/Henan/22B704/2022/H5N1
	Henan
	Goose
	2022
	H5N1
	EPI_ISL_15393470

	A/Duck/Guangxi/22B732/8/2022/H5N1
	Guangxi
	Duck
	2022
	H5N1
	EPI_ISL_15393469

	A/Duck/Hainan/B280/2022/H5N1
	Hainan
	Duck
	2022
	H5N1
	EPI_ISL_15392247

	A/Goose/Heilongjiang/B1359/6/2021/H5N1
	Heilongjiang
	Goose
	2021
	H5N1
	EPI_ISL_15408153

	A/Goose/Guangdong/B230/1/2022/H5N1
	Guangdong
	Goose
	2022
	H5N1
	EPI_ISL_15408101

	A/Duck/Chengdu/210462/2021/H5N6
	Chengdu
	Duck
	2021
	H5N6
	EPI_ISL_5797454 

	A/Chicken/Chongqing/001/2021/H5N6
	Chongqing
	Chicken
	2021
	H5N6
	EPI_ISL_5797453

	A/Goose/Guangdong/210520/2021/H5N6
	Guangdong
	Goose
	2021
	H5N6
	EPI_ISL_5797280

	A/Chicken/Guangdong/210518/2021/H5N6
	Guangdong
	Chicken
	2021
	H5N6
	EPI_ISL_5797279

	A/Chicken/Guangxi/210539/2021/H5N6
	Guangxi
	Chicken
	2021
	H5N6
	EPI_ISL_5797272

	A/Goose/Dongguan/D48/2021/H5N6
	Guangdong
	Goose
	2021
	H5N6
	EPI_ISL_5797238

	A/Duck/Dongguan/LD9/2021/H5N6
	Guangdong
	Duck
	2021
	H5N6
	EPI_ISL_5797237

	A/ENV/Dongguan/ED3/2021/H5N6
	Guangdong
	Environment
	2021
	H5N6
	EPI_ISL_5797236

	A/Duck/Dongguan/IBC54/2021/H5N6
	Guangdong
	Duck
	2021
	H5N6
	EPI_ISL_5797235

	A/Duck/Dongguan/IBC59/2021/H5N6
	Guangdong
	Duck
	2021
	H5N6
	EPI_ISL_5795871

	A/Duck/Chengdu/220086/2022/H5N6
	Sichuan
	Duck
	2022
	H5N6
	EPI_ISL_15389805

	A/Chicken/Guangxi/220108/2022/H5N6
	Guangxi
	Chicken
	2022
	H5N6
	EPI_ISL_15390073

	A/Chicken/Guangdong/220091/2022/H5N6
	Guangdong
	Chicken
	2022
	H5N6
	EPI_ISL_15390564

	A/Chicken/Shandong/B341/4/2022/H5N6
	Shandong
	Chicken
	2022
	H5N6
	EPI_ISL_15401126

	A/Duck/Anhui/B292/1/2022/H5N6
	Anhui
	Duck
	2022
	H5N6
	EPI_ISL_15400414

	A/Chicken/Shandong/220103/2022/H5N6
	Shandong
	Chicken
	2022
	H5N6
	EPI_ISL_15400416

	A/Chicken/Hunan/B425/2022/H5N6
	Hunan
	Chicken
	2022
	H5N6
	EPI_ISL_15400417

	A/Duck/Guangdong/22B732/4/2022/H5N6
	Guangdong
	Duck
	2022
	H5N6
	EPI_ISL_15393469

	A/Chicken/Henan/220087/2022/H5N6
	Henan
	Chicken
	2022
	H5N6
	EPI_ISL_15400489

	A/ENV/Guangdong/2021DGJC001/H5N8
	Guangdong
	Environment
	2021
	H5N8
	EPI_ISL_15402471

	A/Duck/Beijing/210598/2022/H5N8
	Beijing
	Duck
	2022
	H5N8
	EPI_ISL_15402660

	A/Duck/Sichuan/210464/2022/H5N8
	Sichuan
	Duck
	2022
	H5N8
	EPI_ISL_15408091

	A/Duck/Yunnan/21SJ0903/2021/H5N8
	Yunnan
	Duck
	2021
	H5N8
	EPI_ISL_15416304

	A/Duck/Ynnan/21SJ0901/2021/H5N8
	Yunnan
	Duck
	2021
	H5N8
	EPI_ISL_15416303

	A/Goose/Jiangxi/B16/4/2022/H5N8
	Jiangxi
	Goose
	2022
	H5N8
	EPI_ISL_15393491

	A/Chicken/Chongqing/210681/2022/H5N8
	Chongqing
	Chicken
	2022
	H5N8
	EPI_ISL_15408098

	A/Chicken/China/21GD001/2021/H5N8
	Guangdong
	Chicken
	2021
	H5N8
	EPI_ISL_15416305

	A/Goose/Henan/210387/2022/H5N8
	Henan
	Goose
	2022
	H5N8
	EPI_ISL_15408100



The table presents background information on the 41 H5 subtype avian influenza viruses isolated in China during 2021−2022 and their database numbers in GISAID.


Supplementary Table S2 Evolution rate of surface genes from H5 subtype avian influenza viruses in time scale.
	Subtype-Gene
	Year

	
	2015-2016
	2016-2017
	2017-2018
	2018-2019
	2019-2020
	2020-2021
	2021-2022

	H5N1-HA
	4.81E-03
	4.12E-03
	6.53E-03
	6.92E-03
	6.34E-03
	6.08E-03
	6.07E-03

	95%HPD
	3.6957E-3~6.0155E-3
	2.3351E-3~5.9547E-3
	2.1267E-3~0.0118
	3.2374E-3~0.0114
	1.9344E-3~0.0114
	4.9741E-3~7.197E-3
	4.9669E-3~7.1986E-3

	
	
	
	
	
	
	
	

	H5N1-NA
	4.95E-03
	6.10E-03
	6.97E-03
	5.14E-03
	3.39E-03
	7.10E-03
	6.53E-03

	95%HPD
	3.7331E-3~6.1403E-3
	3.9314E-3~8.4657E-3
	3.0772E-3~0.0114
	2.3778E-3~8.3925E-3
	1.6033E-3~5.2449E-3
	5.584E-3~8.674E-3
	5.3733E-3~6.678E-3

	
	
	
	
	
	
	
	

	H5N6-HA
	8.55E-03
	8.97E-03
	4.04E-03
	5.67E-03
	7.61E-03
	7.39E-03
	3.72E-03

	95%HPD
	6.98E-03
	7.0719E-3~0.0111
	3.3951E-3~5.4257E-3
	4.2846E-3~7.3118E-3
	4.6994E-3~0.0108
	5.5723E-3~9.2381E-3
	2.2444E-3~5.1847E-3

	
	
	
	
	
	
	
	

	H5N6-NA
	5.71E-03
	7.48E-03
	4.75E-03
	6.46E-03
	7.24E-03
	9.90E-03
	2.87E-03

	95%HPD
	4.6788E-3~6.7776E-3
	5.8065E-3~9.1295E-3
	3.5423E-3~6.0354E-3
	4.8908E-3~7.9802E-3
	4.6904E-3~0.0102
	6.1209E-3~0.0141
	1.18191E-3~3.9601E-3

	
	
	
	
	
	
	
	

	H5N8-HA
	8.58E-03
	6.33E-03
	5.59E-03
	5.80E-03
	9.79E-03
	7.38E-03
	6.62E-03

	95%HPD
	6.6114E-3~0.0107
	5.115E-3~7.5573E-3
	4.5315E-3~6.7414E-3
	3.6289E-3~7.8049E-3
	7.4033E-3~0.0122
	6.2322E-3~8.4683E-3
	5.3375E-3~7.8795E-3

	
	
	
	
	
	
	
	

	H5N8-NA
	7.32E-03
	7.07E-03
	6.52E-03
	6.72E-03
	1.02E-02
	9.26E-03
	9.16E-03

	95%HPD
	5.5603E-3~9.2789E-3
	5.786E-3~8.3593E-3
	5.1372E-3~8.0397E-3
	3.8809E-3~9.7664E-3
	7.918E-3~0.0129
	7.8645E-3~0.0108
	7.2713E-3~0.0112


The 95%HPD represents the upper and lower bounds of the highest posterior density. The HPD is the shortest interval that contains 95% of the sampled values.



Supplementary Table S3 Evolution rate of surface genes from H5 subtype avian influenza viruses in different continents.
	Subtype-Gene
	Continent

	
	Africa
	Asia
	Europe
	North America

	H5N1-HA
	4.25E-03
	4.88E-03
	5.66E-03
	9.98E-03

	95%HPD
	3.0573E-3,5.532E-3
	4.1545E-3,5.5984E-3
	4.6357E-3,6.8279E-3
	3.7125E-3,0.0183

	
	
	
	
	

	H5N6-HA
	7.16E-03
	3.68E-03
	8.23E-03
	6.37E-03

	95%HPD
	6.1975E-3,8.149E-3
	1.5837E-5,0.0105
	5.6703E-3,0.0109
	5.1647E-3,7.6661E-3

	
	
	
	
	

	H5N8-HA
	6.50E-03
	7.93E-03
	5.10E-03
	0.153

	95%HPD
	4.0789E-3,8.2645E-3
	6.538E-3,9.3979E-3
	4.2502E-3,6.0067E-3
	0.0208,0.3331



The 95%HPD represents the upper and lower bounds of the highest posterior density. The HPD is the shortest interval that contains 95% of the sampled values.


Supplementary Table S4 Hemagglutinin inhibition tests of antigen differences between influenza A (H5) viruses and vaccine strains.

	[bookmark: _Hlk156090346]Antise
	Antigen

	
	LD9
	B149_11
	B341_4
	220086
	220108
	B1557
	B201
	21GD001
	B291_1
	D48
	Re-13
(2.3.4.4h)
	Re-14
(2.3.4.4b)
	rGD59
(2.3.4.4h)
	rHN5801
(2.3.4.4b)

	LD9_H5N6
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	<10
	1024
	<10
	1024

	B149_11_H5N1
	256
	1024
	1024
	512
	128
	1024
	512
	256
	256
	512
	<10
	512
	<10
	1024

	B341_4_H5N6
	1024
	1024
	1024
	1024
	256
	1024
	1024
	512
	1024
	1024
	<10
	512
	<10
	1024

	220086_H5N6
	512
	1024
	1024
	1024
	512
	1024
	1024
	512
	512
	1024
	<10
	512
	<10
	1024

	220108_H5N6
	1024
	1024
	512
	1024
	1024
	1024
	512
	1024
	1024
	1024
	<10
	1024
	<10
	1024

	B1557_H5N1
	128
	256
	128
	256
	32
	1024
	512
	64
	256
	128
	<10
	128
	<10
	256

	B201_H5N1
	128
	256
	64
	64
	32
	1024
	1024
	128
	128
	128
	<10
	256
	<10
	512

	21GD001_H5N8
	1024
	256
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	<10
	512
	32
	1024

	B291_1_H5N6
	512
	1024
	512
	1024
	512
	1024
	1024
	512
	1024
	1024
	<10
	512
	<10
	1024

	D48_H5N6
	512
	512
	512
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	16
	1024
	<10
	1024

	Re-13(2.3.4.4h)
	128
	128
	128
	128
	256
	1024
	1024
	128
	256
	256
	1024
	128
	1024
	1024

	Re-14(2.3.4.4b)
	512
	256
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	16
	1024
	16
	1024

	rGD59(2.3.4.4h)
	128
	512
	128
	128
	256
	1024
	1024
	512
	128
	256
	1024
	256
	1024
	1024

	rHN5801(2.3.4.4b)
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	16
	1024
	64
	1024


Re-13, Re-14, rGD59 and rHN5801 are vaccine strains widely used in China. Both antigen and antiserum of Re-13 and Re-14 were purchased from the Harbin Weike Biotechnology Development Company (www.hvriwk.com). Both antigen and antiserum of rGD59 and rHN5801 were from Guangzhou South China Biologic Medicine (http://www.gzscbm.com).


Supplementary Table S5 Internal genes of H5 subtype avian influenza viruses isolated in China during 2021–2022.

	Name
	Brief Name
	HA
	NA
	PB2
	PB1
	PA
	NP
	NS
	M

	A/Duck/Shandong/JC2204/2022/H5N1
	JC2204_H5N1
	H5N8
	H5N1
	H10N5
	H5N8
	H4N6
	H7N3
	H10N7
	H5N8

	A/Goose/Anhui/B20/2022/H5N1
	B20_H5N1
	H5N8
	H5N1
	H10N5
	H5N8
	H4N6
	H7N3
	H5N1
	H5N8

	A/Goose/Anhui/B104/2022/H5N1
	B104_H5N1
	H5N8
	H5N1
	H10N5
	H5N8
	H4N6
	H5N1
	H10N7
	H5N8

	A/Swan/Yunnan/001/2022/H5N1
	YN001_H5N1
	H5N8
	H5N1
	H10N5
	H5N8
	H5N1
	H7N3
	H10N7
	H5N1

	A/Goose/Henan/B1557/2021/H5N1
	B1557_H5N1
	H5N8
	H5N1
	H10N5
	H5N8
	H4N6
	H7N3
	H7N7
	H5N8

	A/Goose/Shandong/B149/11/2022/H5N1
	B149_11_H5N1
	H5N8
	H5N1
	H10N5
	H5N8
	H4N6
	H10N5
	H10N4
	H5N8

	A/Goose/Shandong/B201/2022/H5N1
	B201_H5N1
	H5N8
	H1N1
	H10N5
	H5N8
	H4N6
	H10N5
	H10N7
	H5N8

	A/Goose/Shandong/B1479/2021/H5N1
	B1479_H5N1
	H5N8
	H5N1
	H10N5
	H5N8
	H4N6
	H7N3
	H7N7
	H5N1

	A/Goose/Henan/22B704/2022/H5N1
	B704_H5N1
	H5N8
	H5N1
	H10N5
	H5N8
	H5N1
	H7N3
	H1N1
	H9N2

	A/Duck/Guangxi/22B732/8/2022/H5N1
	B732_8_H5N1
	H5N8
	H5N1
	H10N5
	H5N8
	H4N6
	H7N3
	H1N1
	H5N8

	A/Duck/Hainan/B280/2022/H5N1
	B280_H5N1
	H5N8
	H5N1
	H10N5
	H5N8
	H5N1
	H7N3
	H10N7
	H5N8

	A/Goose/Heilongjiang/B1359/6/2021/H5N1
	B1359_6_H5N1
	H5N8
	H5N1
	H10N1
	H5N8
	H4N6
	H7N3
	H10N7
	H5N8

	A/Goose/Guangdong/B230/1/2022/H5N1
	B230_1_H5N1
	H5N8
	H5N1
	H4N6
	H3N8
	H4N6
	H7N7
	H1N1
	H5N8

	A/Duck/Chengdu/210462/2021/H5N6
	210462_H5N6
	H5N8
	H5N6
	H3N2
	H1N2
	H3N2
	H5N6
	H3N2
	H5N8

	A/Chicken/Chongqing/001/2021/H5N6
	CQ001_H5N6
	H5N8
	H5N6
	H3N2
	H1N2
	H3N2
	H5N6
	H3N2
	H5N8

	A/Goose/Guangdong/210520/2021/H5N6
	210520_H5N6
	H5N8
	H5N6
	H5N8
	H1N2
	H5N8
	H4N6
	H3N2
	H5N8

	A/Chicken/Guangdong/210518/2021/H5N6
	210518_H5N6
	H5N8
	H5N6
	H5N6
	H3N6
	H5N8
	H5N6
	H5N6
	H5N8

	A/Chicken/Guangxi/210539/2021/H5N6
	210539_H5N6
	H5N8
	H5N6
	H3N2
	H1N2
	H3N2
	H5N6
	H3N2
	H5N8

	A/Goose/Dongguan/D48/2021/H5N6
	D48_H5N6
	H5N8
	H5N6
	H5N8
	H1N2
	H5N8
	H4N6
	H3N2
	H5N8

	A/Duck/Dongguan/LD9/2021/H5N6
	LD9_H5N6
	H5N8
	H5N6
	H5N8
	H1N2
	H5N8
	H4N6
	H5N6
	H5N8

	A/ENV/Dongguan/ED3/2021/H5N6
	ED3_H5N6
	H5N8
	H5N6
	H1N2
	H1N2
	H9N2
	H5N6
	H5N6
	H5N8

	A/Duck/Dongguan/IBC54/2021/H5N6
	IBC54_H5N6
	H5N8
	H5N6
	H5N8
	H1N2
	H5N8
	H4N6
	H3N2
	H5N8

	A/Duck/Dongguan/IBC59/2021/H5N6
	IBC59_H5N6
	H5N8
	H5N6
	H5N8
	H1N2
	H5N8
	H3N2
	H4N6
	H5N8

	A/Duck/Chengdu/220086/2022/H5N6
	220086_H5N6
	H5N8
	H5N6
	H5N8
	H1N2
	H5N8
	H5N6
	H5N6
	H5N8

	A/Chicken/Guangxi/220108/2022/H5N6
	220108_H5N6
	H5N8
	H5N6
	H9N2
	H9N2
	H5N1
	H9N2
	H5N1
	H5N8

	A/Chicken/Guangdong/220091/2022/H5N6
	220091_H5N6
	H5N8
	H5N6
	H5N6
	H5N6
	H9N2
	H5N6
	H5N6
	H5N8

	A/Chicken/Shandong/B341/4/2022/H5N6
	B341_4_H5N6
	H5N8
	H5N6
	H5N6
	H5N6
	H3N8
	H5N6
	H5N6
	H5N8

	A/Duck/Anhui/B292/1/2022/H5N6
	B292_1_H5N6
	H5N8
	H5N6
	H4N6
	H4N3
	H9N2
	H5N6
	H4N3
	H5N8

	A/Chicken/Shandong/220103/2022/H5N6
	220103_H5N6
	H5N8
	H5N6
	H5N6
	H5N6
	H3N8
	H5N6
	H5N6
	H5N8

	A/Chicken/Hunan/B425/2022/H5N6
	B425_H5N6
	H5N8
	H5N6
	H5N6
	H5N6
	H3N8
	H5N6
	H5N6
	H5N8

	A/Duck/Guangdong/22B732/4/2022/H5N6
	B732_4_H5N6
	H5N8
	H5N6
	H5N6
	H5N6
	H9N2
	H5N6
	H5N6
	H5N8

	A/Chicken/Henan/220087/2022/H5N6
	220087_H5N6
	H5N8
	H5N6
	H5N1
	H5N6
	H3N8
	H5N6
	H5N6
	H5N8

	A/ENV/Guangdong/2021DGJC001/H5N8
	21DG001_H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8

	A/Duck/Beijing/210598/2022/H5N8
	I598_H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N6
	H5N8
	H5N8
	H5N8

	A/Duck/Sichuan/210464/2022/H5N8
	I464_H5N8
	H5N8
	H5N8
	H1N2
	H3N2
	H3N2
	H3N2
	H5N8
	H5N8

	A/Duck/Yunnan/21SJ0903/2021/H5N8
	0903_H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8

	A/Duck/Ynnan/21SJ0901/2021/H5N8
	0901_H5N8
	H5N8
	H5N8
	H3N2
	H1N2
	H3N2
	H5N6
	H3N2
	H5N8

	A/Goose/Jiangxi/B16/4/2022/H5N8
	B16_4_H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8

	A/Chicken/Chongqing/210681/2022/H5N8
	I681_H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8

	A/Chicken/China/21GD001/2021/H5N8
	21GD001_H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8

	A/Goose/Henan/210387/2022/H5N8
	210387_H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8
	H5N8




Supplementary Table S6 Key amino acid site changes of H5 subtype avian influenza viruses isolated in China during 2021-2022.					(Excel file) 
