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A/duck/France/05057b/2005_H5N2

A/pigeon/Zhejiang/1120087/2014_H1N2

A/Muscovy duck/Vietnam/HN5481/2019_H3N2

A/duck/Bangladesh/1745/2010_H4N2

A/duck/Hunan/121/2014(H3N2)_H3N2

A/duck/Fujian/11.26_FZHX0162-C/2018_H9N2

A/Duck/Foshan/H51/2020_H9N2

A/Duck/Hong Kong/702/79_H9N2

A/chestnut teal/Victoria/1/2004(H3N2)_H3N2

A/duck/Thailand/AY-354/2008_H3N2

A/duck/Jiangsu/26/2004_H3N2
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A/chicken/China/2013/2020_H10N3

A/duck/Fujian/6380/2010_H7N3

A/migratory duck/Jiangxi/20960/2008_H10N3

A/duck/Sichuan/04.08 CDLQ021-P/2015(H4N3)_H4N3_China

A/duck/Jiangxi/18644/2013_H7N3

A/turkey/California/6878/79_H5N3

A/Environment/Chongqing/45279/2015_H4N3_China_CNIC

A/aquatic bird/Korea/CN-4/2006_H3N3

A/duck/Zhejiang/S4369/2016(H10N3)_H10N3

A/duck/Hong Kong/786/1979_H10N3

A/duck/Hunan/HN2101/2013_H1N3

A/migratory duck/Jiang Xi/13487/2005_H5N3

A/pintail/Primorie/625/76_H2N3

A/duck/Jiangxi/9711/2009_H7N3

A/turkey/Minnesota/1138/1980_H7N3
A/black duck/New Jersey/1580/1978_H2N3

A/mallard/Alberta/309/1979_H2N3

A/duck/Zhejiang/DK16/2013_H7N3

A/duck/Altai/1285/1991_H5N3

A/duck/Fujian/SD063/2017_H3N3

A/tern/South Africa/61_H5N3

A/duck/Hong Kong/22A/1976_H3N3

A/Bantam/Nanchang/9-366/2000_H3N3

A/chicken/China/81213/2017_H1N3

A/duck/Postdam/1689/85_H2N3

A/wild duck/Jiangxi/10179/2005_H7N3

A/duck/Rugen/79-6/1981_H2N3

A/duck/Germany/1215/1973_H2N3

A/duck/Zhejiang/1208/2009_H7N3

A/duck/Hong Kong/694/1979_H5N3

A/duck/Sichuan/04.08 CDLQ038-P/2015(H4N3)_H4N3_China

A/duck/Vietnam/OIE-2329/2009_H11N3

A/duck/Fujian/SD061/2017_H11N3

A/duck/Hong Kong/205/77_H5N3

A/mallard/Alberta/77/1977_H2N3

A/mallard duck/Netherlands/24/2005_H11N3

A/mallard/Rugen/26-4/1980_H2N3

A/mallard/New Zealand/449-81/2004_H2N3

A/whistling swan/Shimane/467/83_H5N3

A/chicken/Guangxi/04.10 NM140-O/2015(H4N3)_H4N3_China

A/chicken/Victoria/224/1992_H7N3

A/mallard/Berlin/452-6/1980_H2N3

A/duck/Chiba/1/06_H5N3

A/whistling swan/Shimane/580/2002_H5N3

A/duck/Sichuan/04.08 CDLQ 020-P/2015(H4N3)_H4N3_China

A/duck/Fujian/1.25_FZHX0009-O/2018_H7N3

A/duck/Fujian/S1487/2009_H4N3_China

A/duck/NZL/160/1976_H1N3

A/duck/Japan/AQ-HE30-1/2018_H7N3

A/duck/Zhejiang/12/2011_H7N3

A/duck/Cambodia/b0120501/2017_H7N3

A/duck/Jiangsu/10-d4/2011_H11N3

A/duck/New Zealand/164/76_H11N3

A/duck/Vietnam/OIE-0068/2012_H11N3

A/blue-winged teal/ALB/778/1978_H10N3

A/duck/Jiangxi/05.07  NCJD0032A-O/2015(H4N3)_H4N3_China

A/duck/Fujian/1761/2010_H10N3

A/mallard/Netherlands/12/00_H7N3

A/shearwater/Australia/751/1975_H5N3

A/swan/Shimane/183/1985_H11N3

A/duck/Hong Kong/229/1977_H4N3_China

A/chicken/China/146-6/2021_H10N3

A/chicken/Zhejiang/HY26/2021_H10N3

A/Turkey/Oregon/71 _H7N3

A/mallard/Ireland/PV46B/1993_H9N3

A/chicken/Zhejiang/2CP25/2014_H1N3

A/duck/Zhejiang/0611-8/2011_H1N3

A/mallard/Alberta/300/1977_H4N3

A/duck/Vietnam/68/2001_H9N3

A/duck/Singapore/F119/3/1997_H5N3
A/swan/Hokkaido/67/1996_H5N3

A/duck/Hunan/S11205/2012_H10N3

A/mallard duck/ALB/712/1978_H3N3

A/duck/Zhejiang/11/2011_H7N3

A/chicken/Huzhou/3916/2013_H7N3

A/duck/Yunnan/435/2002_H5N3

A/duck/Hunan/S12411/2014(H10N3)_H10N3
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A/duck/Vietnam/LBM439/2013_H6N6

A/pintail duck/ALB/159/1977_H4N6

A/bird/Japan/NIES-0000006/2022_H4N6

A/mallard duck/Netherlands/7/2006_H10N6

A/duck/Guizhou/01/2016_H6N6

A/duck/Thailand/CU-LM7291C/2010_H7N6

A/mallard/ZhaLong/88/2004_H4N6_China

A/duck/Guangdong/S4251/2010_H6N6

A/duck/Shanghai/44-2/2009_H4N6_China

A/duck/Mongolia/68/2010_H4N6

A/duck/Fujian/12.7_FZHX1273-C/2016_H6N6

A/teal/Egypt/09888-NAMRU3/2005_H4N6

A/Duck/Jiangxi/24831/2014_H4N6_China

A/duck/Tsukuba/1003/08_H4N6

A/duck/Henan/S1091/2010_H4N6_China

A/mallard duck/Alberta/331/1985_H3N6

A/duck/Thailand/CU-LM7289C/2010_H7N6

A/duck/Gunma/487/2011_H4N6

A/wild bird/Korea/GS26/2006_H4N6

A/duck/HK/231/1977_H3N6

A/duck/Jiangxi/S2443/2012_H4N6_China

A/duck/Siberia/378/2001_H4N6

A/duck/Bangladesh/1798/2010_H3N6

A/duck/Zhejiang/D9/2013_H4N6_China

A/duck/Cambodia/849W25M3/2013_H3N6

A/duck/Vietnam/OIE-3469/2012_H4N6

A/duck/Tottori/311018/2015_H3N6

A/chicken/India/WB-NIV101006/2009_H4N6

A/garganey/Altai/1216/2007_H3N6

A/duck/China/E1201-2/2015_H6N6

A/duck/Fujian/11.3_FZHX1128-O/2016_H6N6

A/duck/Jiangxi/25186/2009_H7N6

A/Muscovy duck/Fujian/FZ01/2008_H6N6

A/Common Teal/Amur region/30b/2019_H4N6

A/mallard/South Korea/JB21-22/2019_H4N6

A/mallard/Korea/1242/2010_H10N6

A/duck/Hunan/S11200/2012_H4N6_China

A/duck/Taiwan/5910/2006_H4N6_China

A/Pigeon/Nanchang/8-142/2000_H3N6

A/duck/Shimane/16/06_H4N6

A/wild waterfowl/Hong Kong/MPM3375/2011_H7N6

A/mallard duck/ALB/20/1976_H4N6

A/duck/Hunan/S1012/2009_H4N6_China

A/mallard/Sweden/770/2002_H10N6

A/duck/Jiangxi/32213/2013_H7N6

A/weiyangshui/Jiangxi/14/2009_H4N6_China_CNIC

A/mallard/Sweden/4514/2004_H4N6

A/Muscovy duck/Quang Ninh/353/2017_H5N6

A/duck/Hunan/S11090/2012_H4N6_China

A/duck/Gunma/85/2012_H7N6

A/duck/Jiangxi/02.05 YGYXG010-P/2015(H6N6)_H6N6

A/mallard/Jiangxi/413/2004_H6N6

A/mallard/Netherlands/1/1999_H4N6

A/wild duck/Taiwan/WB306/2002_H4N6_China

A/duck/Shiga/65/07_H4N6
A/mallard/Netherlands/73/2017_H4N6

A/Quail/Nanchang/4-034/2000_H4N6_China

A/mallard duck/Netherlands/30/2014_H4N6

A/duck/Hunan/1668/2007_H6N6

A/duck/Guizhou/S1167/2010_H4N6_China

A/mallard/Korea/M174/2014_H4N6

A/duck/Okinawa/471017/2015_H4N6

A/Anas platyrhynchos/Belgium/7921-H188508/2016_H4N6

A/duck/Potsdam/2216-4/1984_H5N6

A/duck/Zhejiang/D15/2013_H4N6_China

A/duck/Korea/A117/10_H7N6

A/mallard/Korea/CL45/2017_H4N6

A/duck/Taiwan/4262/2007_H4N6_China

A/duck/Shiga/8N/2004_H4N6

A/jilongshizi/Jiangxi/19/2009_H4N6_China_CNIC

A/duck/Hong Kong/365/1978_H4N6_China

A/red crested pochard/Mongolia/1915/2006_H3N6

A/wild duck/Korea/CSM4-28/2010_H4N6

A/duck/Mongolia/101/2015_H4N6

A/mallard/Beijing/6/2016_H4N6_China

A/environment/sichuan/322074/2015_H4N6_China_CNIC

A/Mallard(Anas platyrhynchos)/South Korea/KNU2021-46/2021_H4N6

A/chicken/Bangladesh/1896-17-NA/2017_H5N6

A/Environment/Hunan/22552/2019_H4N6_China_CNIC

A/duck/Hunan/11.30_YYGK54E3-OC/2017_H6N6

A/common teal/Mongolia/1920/2011_H4N6

A/common shelduck/Mongolia/2117/2011_H4N6

A/pochard/Buryatiya/1941/2000_H4N6

A/wildbird/Ibaraki/R-5W-12/2010_H4N6

A/blue-winged teal/ALB/286/1977_H3N6

A/duck/Tsukuba/196/07_H4N6

A/budgerigar/Hokkaido/1/1977_H4N6

A/duck/Hubei/ZYSYF4/2015_H3N6

A/duck/Taiwan/535/2006_H4N6_China

A/duck/Mongolia/1065/2009_H4N6

A/duck/Thailand/CU-11824T/2011_H3N6

A/duck/Sichuan/04.08 CDLQ033-O/2015(H4N6)_H4N6_China

A/duck/East_Java/Av39/2013_H3N6

A/Goose/  Guangdong /SSZYP/2015H5N6_H5N6

A/aquatic bird/South Korea/W20/2005_H4N6

A/wild duck/Korea/SH5-60/2008_H4N6

A/duck/Hong Kong/22B/1976_H3N6

A/chicken/Zhejiang/110102/2015_H6N6

A/Mallard(Anas platyrhynchos)/South Korea/KNU2021-1/2021_H4N6

A/duck/India/WB-NIV10736/2009_H4N6

A/duck/Niigata/6/2011_H4N6

A/duck/Thailand/CU-LM7302T/2010_H7N6

A/duck/Mongolia/720/2007_H7N6

A/duck/East_Java/Av681/2016_H4N6

A/duck/Mongolia/146/2010_H3N6

A/gray teal/Australia/3/1979_H4N6

A/duck/Eastern China/160/2002_H4N6_China

A/duck/China/J1/2012_H4N6_China

A/duck/Vietnam/OIE-0155/2012_H4N6

A/eurasian wigeon/Mongolia/340V/2009_H4N6

A/mallard/Beijing/16/2016_H4N6_China

A/common pochard/Aktau/1455/2006_H4N6

A/duck/Bangladesh/14VIR1121-10/2013(H4N6)_H4N6

A/duck/Cambodia/CAM09a/2019_H7N6

A/goose/Zhejiang/925106/2014_H5N6

A/duck/Korea/U10-2/2007_H3N6

A/gull/Minnesota/945/1980_H13N6

A/mallard/Sweden/5734/2005_H4N6

A/chicken/Hunan/S1267/2010_H4N6_China

A/wild duck/Taiwan/WB499/2004_H4N6_China

A/duck/Moscow/5163/2015_H3N6

A/duck/Korea/HP69/2007_H3N6

A/mallard/Alaska/984/2012_H4N6

A/duck/Mongolia/MN18-1/2018_H3N6

A/duck/Henan/S4179/2009_H4N6_China

A/Wild Duck/South Korea/KNU2020-11/2020_H4N6

A/wild duck/Taiwan/WB28/2000_H4N6_China

A/duck/China/21HY/2021_H6N6

A/blue-winged teal/Wisconsin/278/1975(H4N6)_H4N6

A/goose/Hunan/159/2014_H5N6

A/duck/Taiwan/5911/2006_H4N6_China

A/Larus argentatus/Astrakhan/458/1985_H13N6

A/duck/Chiba/4/2011_H4N6

A/duck/Yunnan/YN-1/2011_H4N6_China

A/duck/Zhejiang/D14/2013_H4N6_China

A/duck/Anhui/S4155/2009_H4N6_China

A/black headed gull/Astrakhan/44/1988_H13N6

A/duck/Vietnam/LBM1/2011_H4N6

A/duck/Eastern China/376/2004_H4N6_China

A/duck/China/F336-2/2016_H6N6

A/duck/Mongolia/314/2018_H3N6

A/common teal/Chany/893/2018_H3N6

A/gadwall/Heilongjiang/XKH2/2013(H10N6)_H10N6

A/duck/Vietnam/OIE-3071/2011_H4N6

A/duck/Eastern China/216/2007_H4N6_China

A/mallard/South Korea/N08-0188/2008_H4N6

A/duck/Korea/JJ72/2007_H3N6

A/mallard/Sweden/41/2002_H10N6

A/gull/Massachusetts/26/1980_H13N6

A/duck/Jiangsu/4/2010_H3N6

A/duck/Mongolia/543/2015_H4N6

A/duck/Hunan/S1166/2010_H4N6_China

A/duck/Moscow/5169/2015_H3N6

A/laughing gull/New Jersey/180/1990_H3N6

A/duck/Korea/LPM36/2005_H3N6

A/duck/Shimane/321114/2012_H4N6

A/duck/Mongolia/826/2019_H4N6

A/duck/Mongolia/652/2019_H4N6

A/wild duck/Korea/SH5-26/2008_H4N6

A/duck/Tsukuba/86/05_H4N6

A/duck/Kumamoto/431119/2014_H4N6

A/goose/Xinjiang/12.18_WLMQXL001-C/2016_H5N6

A/mallard duck/Netherlands/6/2006_H4N6

A/duck/Thailand/CU-12659T/2012_H4N6

A/Environment/Chongqing/19499/2021_H4N6_China_CNIC

A/duck/Shiga/8/2004_H4N6

A/duck/Taiwan/0648/2006_H4N6_China

A/goose/Jiangsu/S2433/2011_H4N6_China
A/duck/Jiangsu/S2447/2011_H4N6_China

A/duck/Vietnam/OIE-1232/2012_H3N6

A/duck/Shanghai/408-1/2009_H4N6_China

A/ruddy turnstone/NJ/47/1985_H4N6

A/duck/Tsukuba/121/08_H4N6

A/duck/Yamaguchi/351201/2016_H4N6

A/mallard/Novosibirsk region/988k/2018_H4N6

A/duck/Chiba/26/2008_H4N6

A/duck/Taiwan/146/2006_H4N6_China

A/teal/Buryatia/57/2018_H4N6

A/duck/China/B1994-2/2012_H6N6

A/duck/Ibaraki/402/05_H4N6

A/mynah/Tokyo/229/77_H4N6

A/duck/Wisconsin/480/1979_H12N6

A/duck/Zhejiang/409/2013_H4N6_China

A/duck/Shandong/1/2010_H4N6_China

A/northern pintail/Alaska/44500-126/2009_H4N6

A/Tadorna_tadorna/Belgium/1260_0003/2022_H4N6

A/duck/Vietnam/HN5337/2019_H4N6

A/duck/Tsukuba/177/08_H4N6

A/duck/Mongolia/372/2010_H4N6

A/chicken/Shandong/36/2016_H4N6_China

A/duck/Tsukuba/271/2009_H1N6

A/duck/Ishikawa/13/2009_H4N6

A/Duck/Nanchang/4-165/2000_H4N6_China

A/duck/Hokkaido/138/2007_H4N6

A/wild bird/Hubei/01.24 FHC172-1/2017(H6N6)_H6N6

A/duck/Ganzhou/GZ5/2015_H4N6_China

A/norther pintail/Korea/H895-3/2017_H7N6

A/wild duck/Taiwan/WB1162/2006_H4N6_China

A/duck/Yunnan/87/2007_H7N6

A/pigeon/Guangxi/020P/2009_H3N6

A/duck/Taiwan/5906/2006_H4N6_China

A/mallard duck/Egypt/MB-D-1041OP/2016_H7N6

A/teal/Croatia/86-25/2012_H4N6

A/duck/Shanghai/67-2/2009_H4N6_China

A/duck/Anhui/S2193/2012_H4N6_China

A/duck/Thailand/CU-12679C/2012_H4N6

A/chicken/Hunan/S1248/2010_H4N6_China

A/duck/Bangladesh/1521/2009_H4N6

A/budgerigar/Hokkaido/1/77_H4N6

A/duck/Vietnam/LBM798/2014_H3N6

A/Chicken/Nanchang/7-010/2000_H3N6

A/muscovy duck/Vietnam/LBM687/2014_H4N6

A/duck/Korea/U1-5/2007_H3N6

A/coot/Aktau/1454/2006_H4N6

A/gadwall duck/ALB/53/1977_H4N6

A/spot-billed duck/Shanghai/SH148/2014(H4N6)_H4N6_China

A/common teal/Mongolia/2299/2011_H4N6

A/shoveler/Buryatiya/1898/2001_H4N6

A/goose/Shandong/12.05 YG-GS/2014(H5N6)_H5N6

A/mallard/Wisconsin/607/1977(H4N6)_H4N6

A/wild bird/Korea/YS109/2007_H4N6

A/duck/Chiba/5/2011_H4N6

A/duck/Guangxi/S1211/2010_H4N6_China

A/duck/Viet Nam/HU1-642/2014_H6N6

A/Mallard/Denmark/19753-36p1w/2016_H4N6

A/ruddy shelduck/Mongolia/592/2010_H8N6

A/mallard/Yan chen/2005_H4N6_China

A/duck/Guangxi/S2090/2012_H4N6_China

A/mallard/Czech Republic/12652/2007_H4N6

A/duck/Guangxi/S1107/2010_H4N6_China

A/duck/Zhejiang/D1-3/2013_H3N6

A/mallard duck/Netherlands/19/2012_H4N6

A/duck/Taiwan/3353/2007_H4N6_China

A/duck/Korea/DY104/2007_H4N6

A/Environment/Guangxi/32049/2017_H4N6_China_CNIC

A/duck/Chiba/8/2008_H4N6

A/duck/Guangxi/149D24/2013_H4N6_China

A/muscovy duck/Thailand/CU-LM1983/2009_H4N6

A/wild duck/Taiwan/WB551/2005_H4N6_China

A/duck/Bangladesh/1283/2008_H4N6

A/mallard/Sweden/101924/2009_H4N6

A/duck/Shanghai/421-2/2009_H4N6_China

A/Environment/Hubei/02/2009_H4N6_China_CNIC

A/mallard/Moscow/4771/2012_H4N6

A/domestic green-winged teal/Hunan/2036/2007_H3N6

A/duck/Eastern China/166/2004_H4N6_China

A/gull/Maryland/704/1977(H13N6)_H13N6

A/pochard/Fukui/131816/2013_H4N6

A/duck/Korea/A122/10_H3N6

A/duck/Hokkaido/W165/2015_H11N6

A/Duck/Nanchang/8-174/2000_H3N6

A/duck/Taiwan/C59/2006_H4N6_China

A/murre/Alaska/305/76_H1N6

A/duck/Guangxi/S4312/2011_H4N6_China
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Figure S2. Phylogenetic tree of neuraminidase (NA) genes. (a) N2 gene (n=385); (b) N3
gene (n=77); (c) N6 gene (n=386); (d) N8 gene (n=213). H4 strains sequenced in this study
are in steel blue. Other H4 AIVs in China are in red. Branch lengths are scaled according to
the number of substitutions per site. Branch support values of selected nodes are shown.
Lineages, sublineages and subgroups are labeled with vertical lines on the right.


