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Fig. S1. Information of bird species identification



Table S1. Initial input of barcoding

AACGTGATCGTCACCGCTCACGCCTTCGTAATAATCTTCTTCATGGTAATGCCCATCATAATTGGAGGGTTCGGCAACTGATTGGTCCCCCTGATAATCGGTGCCCCCGACATAGCATTCCCACGAATAAACAACATAAGCTTCT
GACTCCTCCCACCATCATTCCTCCTTCTACTCGCCTCATCCACTGTAGAAGCTGGCGCTGGTACGGGTTGAACCGTATACCCACCTCTAGCAGGCAACCTAGCCCACGCCGGAGCCTCAGAGGACCTGGCTATCTTCTCACTTC
ACCTGGCTGGTGTCTCCTCCATCCTCGGAGCCATTAACTTCATTACCACAGCCATCAACATAAAACCCCCCGCACTCTCACAATACCAAACCCCACTTTTCGTCTGATCAGTCCTAATTACCGCCATCCTGCTCCTCCTATCACT
CCCCGTCCTCGCCGCCGGCATCACAATGCTACTAACCGACCGAAACCTAAACACCACATTCTTTGATCCTGCCGGAGGGCGAGACACAATCCTGTACCAACACCT



Table S2. Detailed NGS analysis

Reference Sequenced Sample R_ORF S_ORF
4 of R_O
o RF- | Con
#of Influe # of : s o ti
gen Pre- nza non- Virus Unig 2 9
Sam Segme e Accessio ref . Influe #M_Re ue S_Con. %Cov.( Len S_posit E_posi Len S_posit E_posi RF Cou
desc. desc. all proces Virus reads - n - - method lenat nt
ple nt# na n_ID bp nza o ads Matc _bp SIR) gth ion tion gth ion tion g
me sed extrac Virus % hes h
reads ted
reads
reads
gi[523793430|gb|KF260787|Influe
nza A virus
1 P8 KF20078 | (aduck/Guangdong/707/2000(H2 | 22 17148 | 0020 | 2292 1 2280 1 2080 | 2274 19 2292 6 1
N9)) segment 1 polymerase PB2
(PB2) gene, complete cds
gi[523792777|gb|KF260543]Influe
PB ;
1 nza Avirus
| KF26054 (A/duck/Guangdong/707/2000(H2 22
2 PlB 3 N9)) segment 2 polymerase PBL 77 17999 0.03 2280 1 2274 1 2274 2274 3 2276 0 1
= (PB1) and PB1-F2 protein (PB1-
F2) genes, complete cds
0i[523792051]gb|KF260299| Influe
PA nza Avirus
3 PA- KF2029 (A,\/“;UC"’G”&”Q"O"Q’ 707/2000(H2 | 21 16372 | 0027 | 2151 1 2151 1 2151 | 2151 1 2151 0 1
X )) segment 3 polymerase PA 51
(PA) and PA-X protein (PA-X)
genes, complete cds
gi|523788781|gb|KF258945|Influe
KF25894 nza A virus 16
4 HA 5 (A/duck/Guangdong/707/2000(H2 89 53303 0.089 1688 1 1689 1 1689 1689 1 1689 0 1
N9)) segment 4 hemagglutinin
(HA) gene, complete cds .
Al/duck/Guangdong/707/ - 23263 21866 21076 0.103 standard :se
K102 2000/H2N9 gi[523790757|gb| KF259811\ Influe 654 83 266 748 gment 8
KF25981 nza Avirus 14
5 NP 1 (A/duck/Guangdong/707/2000(H2 97 97019 0.162 1505 0.99 1497 1 1497 1506 1 1506 -9 1
N9)) segment 5 nucleocapsid
protein (NP) gene, complete cds
0i[523790579]gb|KF259722|Influe
KF25972 nza A virus 14
6 NA 2 (A/duck/Guangdong/707/2000(H2 13 4713 0.008 1419 0.9795 1413 1 1413 1395 5 1399 18 1
NO9)) segment 6 neuraminidase
(NA) gene, complete cds
0i[523789549]gb|KF259292|Influe
nza Avirus
M2, KF25929 (A/duck/Guangdong/707/2000(H2 98
7 M1 ) N9)) segment 7 matrix protein 2 2 333564 | 0.556 980 0.999 759 1 759 759 1 759 0 1
(M2) and matrix protein 1 (M1)
genes, complete cds
9i[523791319|gb|KF260055]Influe
NE nza Avirus
P KF26005 (A/duck/Guangdong/707/2000(H2 84
8 . N9)) segment 8 nuclear export 35329 0.059 822 0.9728 693 1 693 690 2 691 3 1
NS 5 f 5
1 protein (NEP) and nonstructural
protein 1 (NS1) genes, complete
cds




Table S3. Amino acid residues of the NA, PB2, PB1, PA, NP, NS1 and M1 gene of A/wild duck/ Korea/K102/2018 (H2N9)

Gene segments Amino acid K/2018% S/2013° A/2013°  H/MPL133" H/MPL961° Comments Reference
M261 I I I I I M261: Increased virulence in mice [1]
1107V \% \% \% \% \% 1107V: Increased virulence in mice 2]
NA R144K K K K K K R144K: Increased virulence in mice and mammals 3]
N146S S S S S S N147S: Increased virulence in mammals 1]
T2241 | | | | | T2241: Increased virulence in mammals [4-5]
L8oV Vv Vv Vv Vv Vv Lf_39V: Enhanced polymerase activity. Increased virulence in
mice [6-7]
K251R R R R R R K251R: Increased virulence in mice
(8]
PB2 - — -
G309D D D D D D _GBO?D. Enhanced polymerase activity. Increased virulence
in mice [71
H447Q: Increased polymerase activity. Increased virulence
HA47Q Q Q Q Q Q in mammals. [9-10]
DIA3Y v v v v v !I)/ASV: Increased polymerase activity. Increased virulence
in mammals. [9-10]
V13P P p P P P V13P: Increased po!ymerase activity. Increased virulence in
PB1 mammals. Mammalian host marker [11-12]
R207K K K K K K R207K: Increased polymerase activity in mammalian cells [13]
S375N/T: Increased polymerase activity. Increased virulence
SSTSN/T N N N N N in mammals. Human host marker [9-10, 14]
H266R R R R R R !—|266R: Increased_ polymerase activity. Increased virulence
in mammals and birds [15]
PA F277S s s s s s F277S:_ contributed to the virulence and mammalian
adaptation [16]
S515T T T T T T S515T: Increased polymerase activity. Increased virulence

in mammals and birds

[13, 15]




V41l | | |

V41l: Contribute to viral transmissibility

[17]
Al184K: Increased the replication and pathogenicity of
NP A184K K K K HENL [18-19]
D210E E E E D210E: Contribute to viral transmissibility [17]
NS1 P42S S S S P42S: Increased virulence in mice [20-21]
L N30D D D D N30D: Increased virulence in mice [22-23]
T215A A A A T215A: Increased virulence in mice [22-23]

#K/2018, A/wild duck/Korea/K102/2018 (H2N9);

vS/2013, A/Shanghai/1/2013 (H7N9-human isolate)

°A/2013, A/Anhui/1/2013 (H7N9-human isolate)

9H/MPL133, A/northern shoveler/Hong Kong/MPL133/2010 (H2N9);
*H/MPL961, A/northern shoveler/Hong Kong/MPL961/2011(H2N9);
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A/duck/Jiangsu/SE0261/2018(H5N3)

67

70 A/wild duck/Korea/K102/2018
b A/duck/Chongqing/S4362/2017(H5N3)

5 A/chicken/Jiangsu/1/2018(H7N4)

AlJiangsu/1/2018(H7N4)

81

86

0.0050

ast Asian

urasian lineage



14

99

68

79

2 = Alchicken/Rizhao/867/2013(H7N9)

¥ A/chicken/Rizhao/515/2013(H7N9)

"= Alchicken/Wuxi/04030201G/201 3(H7N9)

— A/Beijing/1/2013(H7N9)

| — Alsilkie chicken/Shenzhen/2134/2013(H7N9)

°| A/WuXi/0402/2013(H7N9)

| = Alsilkie chicken/Dongguan/988/2014(H7N9)

1k 1 A/chicken/Dongguan/1494/2014(H7N9)

+ A/chicken/Dongguan/1009/2014(H7N9)

o= A/Shenzhen/SP-W1/2014(H7N9)

— Al/environment/Henan/SC232/2013(H7N9)

- A/chicken/Guangdong/SD1/2013(H7N9)

- A/duck/Sunan/040802G/2013(H7N9)

* %! A/Guangdong/03/2013(H7N9)

A/Shenzhen/SP26/2014(H7N9)

m_l A/Anhui/1-YK RG38/2013(H7N9)
A/Anhui/1-YK RG37/2013(H7N9)

40

a1

97 65

91

99

85
53

30

98

m Rk O O R

Al/environment/Nanjing/2913/2013(H7N9)
., | /— AJchicken/Huaian/041/2014(H7N9)
» = Al/chicken/Shaoxing/5201/2013(H7N9)
A/chicken/Shanghai/S1055/2013(H7N9)

A/northern shoveler/Hong Kong/MPL133/2010 (KF259728 H2N9)

A/wild waterfowl/Hong Kong/MPP1311/2013 (KF259703 H2N9)

— A/northern shoveler/Hong Kong/MPL961/2011 (KF259726 H2N9)
- Alenvironment/Korea/\W410/2011(H7N9)

A/wild duck/Korea/CSM42-34/2011(H7N9)

03 A/wild bird/Korea/A9/2011(H7N9)

A/wild bird/Korea/A14/2011(H7N9)

A/wild duck/Korea/SH19-44/2010(H7N9)
A/wild duck/Korea/MHC35-41/2011(H7N9)
A/wild duck/Korea/SH19-50/2010(H7N9)

Al/environment/Korea/MA-410/2016(H7N9)

A/wild duck/Korea/SH19-27/2010(H7N9)

A/wild duck/Korea/MHC39-13/2011(H7N9)

o | Alwild duck/Korea/MHC39-26/2011(H7N9)

87
39

34 64

67

74

— A/common teal/Hong Kong/MPL1075/2011(H11N9)
- A/duck/Hunan/S4013/2011(H11N9)
Al/environment/Hunan/S11511/2012(H4N9)

A/duck/Hunan/S4474/2011(H11N9)

— A/mallard/Czech Republic/13438-29K/2010(H11N9)

A/mallard/Netherlands/32/2014(mixed)

78

A/guinea fowl/France/150207n/2015(H5N9)

A/mallard/Sweden/100635/2009(H11N9)

] {IA/malIard/Sweden/5098O/2OO6(H1 1N9)
A/mallard/Sweden/100669/2009(H11N9)

A/wild duck/Korea/K102/2018

98

78

34

99

A/duck/Bangladesh/26992/2015(H7N9)
A/duck/Bangladesh/8987/2010(H10N9)

A/Anas crecca/Spain/1460/2008(H7N9)

A/duck/Jiangxi/22537/2012(H11N9)
A/duck/Jiangxi/22620/2012(H11N9)

99

— A/duck/Bangladesh/24704/2015(H15N9)
— A/wild bird/Anhui Caizi Lake/L306/2014(H11N9)

82

99
58

i

e A/wild bird/Wuhan/CDHNO01/2015(H11N9)
A/black-headed gull/Netherlands/40/2009(H11N9)

2 A/mallard/Sweden/52837/2006(H10N9)
* 11 A/mallard/Sweden/51933/2006(H10N9)

A/mallard/Sweden/72/2005(H2N9)

L A/mallard/Sweden/43/2005(H2N9)

e A/mallard/Sweden/5812/2005(H10N9)
A/duck/Nanchang/2-0485/2000(H2N9)

97

A/swan/Shimane/227/01(H3N9)

58

34

54

99

99

56

66

98

79

12

99

51

A/wild waterfowl/Hong Kong/MPL696/2011(H2N9)
— A/mallard/Sweden/69912/2007(H11N9)
— A/mallard/Sweden/69639/2007(H11N9)

96
32

A/mallard duck/Netherlands/26/2011(H11N9)

; A/mallard/Czech Republic/15962-1T/2010(HEN9)

» | A/mallard/Czech Republic/15902-18K/2009(H11N9)

— A/Baikal teal/Hongze/14/2005(H11N9)
7 1 A/Oriental white stork/Zhalong/183/2006(H11N9)

I ‘I A/duck/Hokkaido/W245/2004(H11N9)

A/duck/Chiba/11/2006(H11N9)

— A/mallard/Sanjiang/148/2006(H11N9)

o ‘l_ A/duck/Tsukuba/239/2005(H11N9)
A/duck/Tsukuba/164/2005(H11N9)

-~ A/sharp-tailed sandpiper/Australia/6/2004(H11N9)

t= - A/lcommon teal/Hong Kong/MPD322/2007(H11N9)

a3 A/northern shoveler/Hong Kong/MPC657/2006(H10N9)

A/shorebird/Korea/S8/2006(H11N9)
) I_l-_— A/duck/Hokkaido/W215/2006(H4N9)

A/duck/Jiangxi/22041/2008(H4N9)
- A/duck/Vietnam/G32/2008(H11N9)

— A/duck/Vietnam/G30/2008(H11N9)
— A/northern shoveler/Hong Kong/MPE2531/2008(H10N9)
— Alenvironment/Jiangxi/26/2009(H11N9)

A/wild duck/Korea/SH20-27/2008(H7N9)

96

- A/duck/Hokkaido/WZ16/2008(H10N9)
Aleurasian wigeon/Hong Kong/MPK655/2009(H11N9)

80

A/duck/Vietnam/LBM81/2012(H11N9)

—— A/duck/Thailand/CU-11869C/2011(H1N9)

63

A/duck/Hunan/S4443/2011(H11N9)

20 A/mallard/Korea/LBM616/2007(H11N9)

89

27

95

30

0.010

98

A/duck/Guangdong/4323/2007(H11N9)
A/duck/Mongolia/119/2008(H7N9)

A/duck/Yunnan/1282/2007(H11N9)
A/duck/Hunan/1590/2007 (HEN9)

60

— A/duck/Jiangxi/3096/2009(H7N9)
—— A/northern shoveler/[Hong Kong/MPK276/2009(H11N9)
— A/muscovy duck/Thailand/CU-LM1984/2009(H4N9)

A/duck/Thailand/CU-12660T/2012(H11N9)

ast Asia

urasian lineage

NA



42

65

24

74

s = A/wild waterfowl/Korea/F14-5/2016(H6N1)
‘ L— A/duck/Bangladesh/31227/2016(H6N2)
A/aquatic bird/South Korea/sw001/2015(H7N1)
A/Anseriformes/Anhui/S107/2014(H1N1)

A/wild bird/Korea/SK14/2014(H1N1)

54

n

— Alwi

— A/Anser fabalis/China/Anhui/L256/2014(H6N1)
3 | A/Anser fabalis/China/Anhui/L9/2014(H6N2)

A/duck/Mongolia/211/2015(H3N8)

A/duck/Mongolia/208/2015(H3N8)

Id bird/Wuhan/WHHN16/2014(H1N1)

65

— A/duck/Vietham/LBM300/2012(H10N2)

A/duck/Thailand/CU-12943C/2013(H11N9)

44

92

— A/bean goose/Korea/F54-8/2017(H6N1)

A/bean goose/Korea/F27-6/2017(H6N1)

A/wild bird/Anhui Shengjin Lake/S119/2014(H11N9)
A/chicken/Vietnam/HU4-26/2015(H6N1)

% = Alduck/Ganzhou/GZ5/2015(H4NG)

A/duck/Miyazaki/CAD-1/2016(H4N2)

A/duck/Fujian/JF47/2014(H1N1)
A/wild bird/Jiangxi/P419/2016(HENS)

25

14

A/duck/Quang Ninh/220/2014(H3N2)
A/muscovy duck/Viet Nam/HN-2227/2015(H3N8)

71

A/wild waterfowl/Hong Kong/MPP1311/2013(H2N9)

24, A/Anser fabalis/China/Anhui/S20/2014(H6N2)

17

s = A/Anser fabalis/China/Anhui/S65/2014(HEN2)
A/wild bird feces/Anhui/S66/2014(HI9N2)

97

56

A/wild bird/Anhui/S66/2014(HON2)
A/Anser fabalis/China/Anhui/L180/2014(H6N2)
A/duck/Jiangsu/S1665/2015(H5N3)

100

11

56

A/white-fronted goose/Korea/F56-3/2017(HG6N2)
A/duck/Bangladesh/24268/2015(H10NG)

— A/baikal teal/Shanghai/SH-101/2013(H3N2)

A/mallard/Korea/M219/2014(HG6N2)

60

A/duck/Quang Ninh/14/2013(H3NG)

— Alduck/Bangladesh/24704/2015(H15N9)

1 Alduck/Viet Nam/QN-2623/2016(H6)

93

! A/muscovy duck/Viet Nam/QN-2614/2016(H3N2)
A/goose/Taiwan/TNO6/2015(H5N8)

A/goose/Taiwan/TNC4/2015(H5N8)
e — Algoose/Taiwan/01019/2015(H5N8)

74
11
11

47

A/duck/Bangladesh/24035/2014(H10N1)
A/duck/Bangladesh/14VIR1121-10/2013(H4NG)
A/duck/Mongolia/451/2013(H10N3)

Al/duck/Jiangxi/17142/2013(mixed)
Aleurasian curlew/Zhuanghe/ZH-65/2013(H3NG)

A/duck/Vietnam/LBM439/2013(H6ENG)
o — A/wild bird/Wuhan/CDHNO01/2015(H11N9)

76

6

b A/wild bird/Wuhan/CDHN22/2015(H11N9)
A/duck/Mongolia/996/2015(H3N8)

53

85

2
12

b A/duck/Mongolia/62/2013(H3N1)

A/duck/Anhui/FA258/2013(H1N3)
A/duck/Mongolia/123/2014(H10N8)

58

A/duck/Jiangxi/33775/2013(H10N3)

66

41

52'|_— A/wild bird/Jiangxi/34458/2013(H7N7)

A/migratory duck/Jiangxi/33038/2013(H10N7)
A/duck/Zhejiang/D5/2013(H1N2)

%3 b A/duck/Zhejiang/D6/2013(H1N2)

82

A/duck/Yunan/V286/2012(H1N2)

26
90

A/duck/Mongolia/129/2015(H3N3)
A/duck/Bangladesh/26992/2015(H7N9)

A/wild waterfowl/Dongting/C2383/2012(H1N2)
A/duck/Hunan/S1256/2012(H3N8)

76

“—— A/duck/Mongolia/200/2015(H3N8)

A/wild goose/Dongting/C1037/2011(H12N8)
A/duck/Hubei/S2213/2012(H4N2)

A/black-tailed godwit/Bangladesh/24734/2015(H7NS)

14 pe: A/WilD Waterfowl/Korea/M129/2014(HEN1)

99

28

A/duck/Hokkaido/W280/2014(H5N3)
13 == A/common teal/Nanji/NJ-280/2013(H6N1)
b Influenza A virus (A/duck/Jiangxi/JXA131986/2013(mixed)

| —— A/duck/Zhejiang/6D10/2013(H2N8)

A/wild waterfowl/Korea/M130/2014(HE6N2)
" l— A/common teal/Nanji/NJ-227/2013(H6N1)
A/duck/Bangladesh/24705/2015(H7N1)

94

66

A/duck/Mongolia/140/2015(H10N2)
A/duck/Thailand/CU-11836C/2011(H1N3)

35

A/muscovy duck/Viet Nam/QN-2529/2015(H3N2)
A/mallard/PT/27972-B139/2007(HON2)

16

96

11

60

A/turnstone/Netherlands/1/2010(H3N8)
A/mallard duck/Netherlands/78/2006(HENS8)

s — Alwild duck/Jiangxi/19831/2009(H7N7)
A/duck/Jiangxi/23008/2009(H7N7)

A/duck/Vietnam/LBM185/2012(HGNG)

31
81

89

55

90

— A/pintail/Korea/1173/2009(H7N7)

A/northern shoveler/Hong Kong/MPK276/2009(H11N9)
A/common teal/Hong Kong/MPM1740/2011(H7N7)

Alwild

waterfowl/Hong Kong/MPL696/2011(H2N9)

A/common teal/Hong Kong/MPM1645/2011(H7N1)
KF259824.1 A/wild waterfowl/Hong Kong/MPM2121/2011(H7N7)

77

90

MK592606.1 A/swan/Hokkaido/481109/2017(H4NG)
A/wild duck/Korea/K102/2018 (H2N9)

86

— A/d

86

uck/Hokkaido/X9/2016(H8N4)

— A/wild waterfowl/Hong Kong/MPM3375/2011(H7NG)

— Al/wild bird/Korea/A02/2011(H10N4)

7
93

46

0.0050

— A/wild bird/Korea/A01/2011(H10N4)

A/baikal teal/Xianghai/XH-28C/2012(H3N1)
A/mallard/Korea/1203/2010(H10N8)
— A/mandarin duck/Korea/K12-256/2012(HI9N2)

89

51

A/duck/Vietnam/LBM533/2013(H3NG)
A/duck/Vietnam/HU1-151/2014(H11N7)
= 1 Alenvironment/Vietham/HU1-1423/2014(HEN2)

71 L~ Al/environment/Vietnam/HU1-1426/2014(H6N2)

A/duck/Vietnam/HU1-632/2014(HGNG)
A/duck/Viet Nam/HU1-642/2014(H6NG)
2 A/duck/Viet Nam/HN-2515/2015(H6N1)

94

83

urasian lineage

ast Asia

NP



31

57

.+ A/Eurasian wigeon/Netherlands/2/2008(H7N4)

—| A/mallard duck/Netherlands/77/2008(H7N1)

““ A/mallard duck/Netherlands/78/2008(H7N1)
_l A/mallard duck/Netherlands/86/2008(H7N1)

s« | Alduck/Denmark/53-147-8/2008(H7N1)

— A/mallard/Netherlands/1/2006(H8N4)

A/mallard duck/Netherlands/32/2008(HG6N1)

A/Eurasian teal/Netherlands/1/2008(HEN1)

s| | % | A/Eurasian wigeon/Netherlands/1/2008(H6N1)

b A/mallard duck/Netherlands/13/2005(H6N2)

56

50

53

— A/aquatic bird/Korea/w74/2005(H5N2)
 A/mallard/Sweden/1985/2003(H7N7)

14
39

» | A/mallard/Sweden/64/2003(H7N7)
— A/mallard/Italy/4223-2/2006(H5N2)

b A/mallard/Sweden/58/2003(H11N1)
— A/northern shoveler/Hong Kong/MPC657/2006(H10N9)

IO ————

A/aquatic bird/Korea/w222/2007(H5N2)
A/duck/Shanghai/MH-2/2009(H4NG)

49
0 42

49

A/pintail/Aomori/1130/2008(H1N3)

— A/wild duck/Korea/SH5-26/2008(H4NG)
A/wild waterfowl/Korea/F94-10/2017(H4NG)

s | A/mallard/Korea/F94-16/2017(H4NG)
A/mallard/Korea/NHG187/2008(H7N7))
A/duck/Korea/A349/2009(H7N2)
A/duck/Korea/A14/2008(H5N2)
0 A/chicken/Korea/KNUWSJ09/2009(HI9N2)
T Lo A/chicken/Korea/KNUSWR09/2009(HIN2)

A/chicken/Korea/C36/2009(HI9N2)

— A/duck/Thailand/CU5388/2009(H11N3)
Al/environment/Korea/SH11-10/2009(H3N8)

A/avian/Japan/8KI0135/2008(HENS)

— A/duck/Yunnan/2908/2009(H11N9)

o A/duck/Thailand/CU-12677T/2012(H11NG6)

29
20 '

53

A/duck/Hubei/S2213/2012(HAN2)

A/spot-billed duck/Xianghai/427/2011(H5N2)

— A/Northern shoveler/Korea/SD175/2008(H7N3)

A/spot-billed duck/Korea/536/2008(HG6N1)
— A/duck/Hokkaido/W280/2014(H5N3)

32

A/muscovy duck/Vietnam/LBM687/2014(H4NG)
A/mallard duck/Korea/VI1511095/2015(H4NG)
A/mallard duck/Korea/VI160646/2016(HGNS)
A/mallard duck/Korea/VI160383/2016(H6N2)
A/green-winged teal/Korea/VI1160151/2016(H11N9)
A/mallard duck/Korea/VI1152533/2015(H5N3)

20
64

17

31

A/falcata teal/Korea/V1160246/2016(H11N9)
A/mallard duck/Korea/VI1160266/2016(H10N1)
A/grey heron/Korea/VI1511105/2015(H3N8)
A/mallard duck/Korea/CBU143781/2014(H1N8)
b A/duck/Miyazaki/CAD-1/2016(H4N2)

N O OO o o oo

——— AJduck/Hokkaido/229/2008(H10N7)
A/duck/Hokkaido/162/2013(H2N1)
——— A/duck/Hokkaido/56/2017(H12N2)

| Alchicken/Nanjing/B854-2/2011(H3N8)

s | A/duck/Nanjing/A1591-1/2010(H3N8)

; A/duck/Taiwan/DV1846/2010(H3N8)

A/duck/Hokkaido/W19/2013(H7N2)

31
21

A/wild waterfowl/Hong Kong/MPM3375/2011(H7NG)

A/duck/Hokkaido/491003/2014(H4N2)

. _l A/duck/Japan/110G1032/2011(H5N2)
e | Alduck/Japan/110G1083/2011(H5N2)

e A/Wild waterfowl/Korea/M54-F-1/2010(H6N2)

A/ruddy shelduck/Mongolia/436/2010(H7N1)

A/duck/Jiangxi/S21046/2012(H4N2)

2 A/duck/Mongolia/493/2010(H10N8)

A/duck/Mongolia/194/2011(H5N3)

10

27

° A/d

A/mallard/Mongolia/1581/2010(H3N8)

| ! A/duck/Thailand/CU-11869C/2011(H1N9)
A/duck/Mongolia/53/2011(H3N8)

— A/common teal/Hong Kong/MPL1075/2011(H11N9)

A/duck/Mongolia/675/2010(H1N1)

A/mandarin duck/Korea/K12-256/2012(HON2)

Alenvironment/Korea/W437/2012(H7N7)

s A/duck/Thailand/CU-11686T/2011(H3N8)

uck/Guangxi/GXd-1/2011(H1N2)

" ! A/duck/Guangxi/GXd-4/2011(H1N2)

[

65

2 A/lduck/Jiangxi/15846/2013(H10N3)
— A/duck/Zhejiang/D6/2013(H1N2)
A/duck/Hunan/HN2101/2013(H1N3)

66 A/eurasian curlew/Zhuanghe/ZH-64/2013(H3NG)

A/duck/Guangxi/113/20

53

Aleurasian curlew/Zhuanghe/ZH-65/2013(H3NG6)
b—— A/duck/Mongolia/565/2011(H8N4)

12(HBNS)

A/duck/Chongqing/S2086/2012(H4N8)

— A/duck/Mongolia/340/2011(H4N8)

— A/wild goose/Dongting/C1037/2011(H12N8)

84 A/duck/Vietham/HU5-481/2016(H3N8)
Al/environment/Vietnam/HU3-969/2015(H11N9)
A/duck/Quang Ninh/14/2013(H3NG6)

0 Al/duck/Jiangxi/27314/2012(H10N7)

A/wild duck/Korea/K102/2018

A/wild bird/Jiangxi/P419/2016(HENS)

w | =—— A/black-tailed godwit/Bangladesh/24734/2015(H7NS5)

12

—— AJduck/Zhejiang/727D9/2013(H11N3)
A/duck/Zhejiang/727D26/2013(H11N3)
e A/dUcCk/Hunan/HN2203/2013(H1N3)

10 12 I A/duck/Zhejiang/727D25/2013(H11N3)

s —— Al/duck/Vietnam/LBM300/2012(H10N2)

x| = Al/duck/Fujian/FJ1239/2014(H1N3)
? L, A/duck/Jiangxi/27793/2013(mixed)

* = A/duck/Jiangxi/21694/2013(H7N3)
% | =— A/duck/Jiangxi/S4770/2013(H7N7)
s = A/duck/Jiangxi/5444/2014(H7N3)

0.0050

ast Asia

urasian lineage

NS



o 1 A/duck/Bangladesh/26920/2015(H3N6)
& L A/duck/Bangladesh/26974/2015(H3N6)

« |l—— A/duck/Bangladesh/24704/2015(H15N9)

80

— A/black-tailed godwit/Bangladesh/24734/2015(H7N5)

11

45

A/duck/Bangladesh/31019/2016(H3N2)
b A/duck/Bangladesh/25891/2015(H4NG)

| A/northern shoveler/Egypt/MB-D-690C/2016(H7N3)

Alteal/Egypt/MB-D-698C/2016(H7N3)

1°‘15|- A/northern shoveler/Egypt/MB-D-6900P/2016(H7N3)

——— Alteal/Egypt/MB-D-1480P/2015(H10N7)

— A/mallard/Balkhash/6304 PA/2014(H1N1)
% A/duck/Bangladesh/24705/2015(H7N1)
w0 = Alteal/Egypt/MB-D-4870P/2016(H7N3)

99

65

L~ A/teal/Egypt/MB-D-621C/2016(H7N9)
- A/duck/Mongolia/518/2015(H10N3)

67 -I_A/duck/MongoIia/21 1/2015(H3N8)
A/duck/Mongolia/777/2015(H3N8)
— A/duck/Mongolia/30/2015(H3N8)
15 A/duck/Mongolia/742/2015(H10N7)
A/duck/Bangladesh/26918/2015(H3NG)

100

69

31

A/mallard duck/Georgia/10/2016(H7N7)

91

82

A/duck/Bangladesh/33676/2017(H4NG)
A/duck/Mongolia/575/2018(H3N1)

s - A/mallard duck/Netherlands/20/2012(H1N1)
A/mallard duck/Netherlands/37/2011(H1N1)

99

96

b A/mallard duck/Netherlands/10/2012(H6N1)
b A/greylag goose/lceland/0961/2011(HENS8)
— A/white-fronted goose/Mongolia/1-125/2008(H3N8)

26

A/duck/Mongolia/340/2011(H4N8)
A/mallard/Sweden/52405/2006(mixed)
] r Algarganey/Altai/1213/2007(H5N2)
s = A/gadwall/Altai/1202/2007(H5N2)
w0 = A/duck/Mongolia/179/2015(H3N8)

75

83

74

! A/duck/Mongolia/173/2015(H3N8)
ggzl A/duck/Zhejiang/4637/2013(H3N2)
A/duck/Zhejiang/4613/2013(H3N2)
I A/duck/Zhejiang/4625/2013(H3N2)
A/muscovy duck/Vietham/LBM201/2012(H3N2)

60

9 e A/duck/Hokkaido/W9/2015(H1N1)
> | A/duck/Hokkaido/56/2017(H12N2)
88 t— A/duck/Hokkaido/491003/2014(H4N2)
1 1 A/duck/Vietnam/LBM553/2013(H3N8)

99

w0 | A/muscovy duck/Quang Ninh/131/2013(H3N8)
— A/common teal/Mongolia/1920/2011(H4NG)
Al/environment/Hunan/SD009/2015(H7N9)

11— A/chicken/Jiangxi/C25/2014(H7N7)
A/duck/Jiangxi/34894/2013(mixed)
b A/wild bird/Jiangxi/34503/2013(H7N7)
o I— A/duck/Jiangxi/6584/2013(H10N8)
A/duck/Jiangxi/6556/2013(H10N8)

99

90

> I A/duck/Jiangxi/6450/2013(H10N8)
“|= | A/spot-billed duck/Shanghai/SH148/2014(H4NG6)
o || = A/baikal teal/Shanghai/SH-89/2013(H3N2)

A/duck/Mongolia/123/2014(H10N8)
| —— A/mallard/Korea/M174/2014(H4N6)

19

, % A/wild bird/Jiangxi/P419/2016(HENS8)
in | A/chicken/Jiangsu/YC/2015(H4N8)

0 | b A/Anseriformes/Anhui/L167/2014(H1N1)
+| = Alchicken/Jiangxi/10784/2014(H7N7)

Al/environment/Sichuan/315068/2015(H6N2)
w = Alenvironment/Sichuan/315069/2015(H6N2)
A/teal/Egypt/MB-D-1250P/2015(H7N3)

94 |

89

A/bean goose/Hubei/SZY200/2016(H11N9)

A/duck/Mongolia/129/2015(H3N3)

99

30 A/common redshank/Singapore/F83-1/2015(HINS)

~ A/mallard/Beijing/21/2011(H4N®6)

100

A/duck/Hunan/S11893/2012(H4NG)
A/duck/Bangladesh/33137/2017(H3N2)

100 A/duck/Bangladesh/31227/2016(H6N2)

A/duck/Bangladesh/35669/2018(H3N8)

88 — A/black-necked crane/Zhaotong/ZT-12/2013(H1N2)

49

wo 1 A/swan/Hokkaido/481109/2017(H4NG)
. I A/swan/Hokkaido/481107/2017(H4NG)
9 A/duck/Hokkaido/X9/2016(H8N4)

68

16

58

A/duck/Guangxi/S10712/2018(H5N3)
j A/duck/Hubei/ZYSYG15/2015(HEN2)
o | A/duck/Hubei/ZYSYG14/2015(HEN2)
—A/duck/Viet Nam/HN-2634/2016(HENG)
A/duck/Akita/51019/2017(H5N3)
wo 1 A/duck/Bangladesh/26980/2015(H7N9)
I— A/duck/Bangladesh/26992/2015(H7N9)
A/duck/Mongolia/124/2015(H3N2)
gl_l A/muscovy duck/Vietnam/LBM838/2015(H6N1)
o A/muscovy duck/Vietnam/LBM811/2015(HEN6)
i A/duck/Viet Nam/HN-2515/2015(H6N1)
A/duck/India/12CL22/2015(H6N2)
o 1 A/Anseriformes/Anhui/S3/2014(H1N1)

85

1 k= A/Anseriformes/Anhui/S107/2014(H1N1)

* = A/aquatic bird/South Korea/sw001/2015(H7N1)
A/Anser fabalis/China/Anhui/S45/2014(HEN2)

29 A/Anser fabalis/China/Anhui/S104/2014(H6EN2)

"¢ — A/Anser fabalis/China/Anhui/S148/2014(H6N2)
2 ¢ AJAnseriformes/Anhui/L25/2014(H1N1)
A/Anseriformes/Anhui/L259/2014(H1N1)

— A/Anser fabalis/China/Anhui/L144/2014(H6N1)

7 = A/wild bird/Korea/SK14/2014(H1N1)

E Aiwild bird/Anhui/L258/2014(HIN2)
w0 o 1 Alduck/Hokkaido/20/2015(H3N8)
| A/duck/Hokkaido/17/2015(H3N8)

67_| A/duck/Hokkaido/W154/2017(H3N2)

-|! A/duck/Hokkaido/W151/2017(H3N2)

| A/duck/Hokkaido/W103/2017(H5N2)

A/Whooper swans/Hokkaido/W78/2017(H5N2)

A/Whooper swans/Hokkaido/W80/2017(H5N2)

A/wild duck/Korea/K102/2018

1| = A/duck/Jiangsu/SE0261/2018(H5N3)

ss_l A/black-tailed gull/Weihai/42/2016(H13N2)
A/black-tailed gull/Weihai/115/2016(H13N2)

A/Duck/China/Weihai/2017(H13N8)

A/black-tailed gull/\Weihai/6/2016(H13N8)

" = A/black-tailed gull/Weihai/17/2016(H13N8)

97

68

I |

11

100

0.0050

A/muscovy duck/Vietham/LBM687/2014(H4NG)

ast Asia

urasian lineage

PA



o A/mallard/Sweden/79196/2008(mixed)
> I— A/mallard/Sweden/80195/2008(H4NG)
o A/Eurasian wigeon/Netherlands/1/2009(H5N2)
° Al/environment/Korea/UP0O218/2008(H1NG6)
j Alruddy turnstone/Netherlands/2/2009(H10N4)
w0 | Alruddy turnstone/Netherlands/1/2009(H10N4)
A/mallard/Sweden/1690/2002(H7N7) PB1
- . A/northern shoveler/Hong Kong/MPC657/2006(H10N9)
63 A/migratory duck/Jiangxi/10974/2005(H10NG6)
54 A/chicken/Nanjing/908/2009(H11N2)
o | A/Mallard/Netherlands/3/2013(H3N6)
! A/mallard duck/Netherlands/2/2013(H3N6)
- A/duck/Vietham/LBM533/2013(H3NG)
= — A/duck/Mongolia/572/2015(H3N8)
" A/duck/Mongolia/200/2015(H3N8)
" Algoose/Inner Mongolia/IM-192/2014(H5N 1)
s A/duck/Mongolia/97/2014(H10N6)
o — Al/duck/Jiangxi/22960/2008(H10N8)
| % A/duck/Yunnan/YN-1/2011(H4NG)
A/mallard duck/Netherlands/30/2011(HG6N4)
wo = A/ruddy shelduck/Mongolia/894V/2009(H4N3)
23 — A/surf scooter/Mongolia/878V/2009(H10N8)
A/duck/Mongolia/173/2015(H3N8)
— A/duck/Mongolia/123/2014(H10N8)
” A/Himantopus himantopus/Hebei/CZ-179/2014(HIN7)
o A/duck/Viet Nam/HN-2632/2016(H3)
wo  Aleurasian curlew/Zhuanghe/ZH-47/2013(H3N3)
® | A/baikal teal/Xianghai/XH-15F/2012(H3N8)
- A/Anser fabalis/China/664/2014(H11N8)
81 e A/duck/Hokkaido/W26/2012(H12N1)
A/duck/Bangladesh/33638/2017(H4N2)
s . |r— A/duck/Bangladesh/26918/2015(H3N6)
B » —— A/duck/Mongolia/179/2015(H3N8)
A/chicken/Hunan/S1267/2010(H4NG6)
o = Al/chicken/Hunan/S1248/2010(H4NG)
wo = A/duck/Mongolia/118/2015(H4NG)
- > b A/duck/Mongolia/405/2015(H3N6)
1] Al/duck/Bangladesh/24694/2015(H7N1)
; A/duck/Mongolia/565/2011(H8N4)
w0 = Al/duck/Mongolia/258/2011(H8N4)
1L 99_L— A/duck/Mongolia/194/2011(H5N3)
w |2 A/duck/Mongolia/53/2011(H3N8)
A/duck/Bangladesh/24268/2015(H10NG)
il A/duck/Bangladesh/14VIR1121-17/2013(H5N1)
] - A/duck/Bangladesh/14VIR1121-16/2013(H5N1)
— A/duck/Bangladesh/14VIR1121-12/2013(H5N1)
A/mallard duck/Netherlands/9/2014(HEN2)
v o — A/common teal/Netherlands/1/2015(H11N1)
— A/Mallard/Netherlands/37/2015(H3N8)
— A/mallard/Beijing/10/2016(H4NG)
0o = A/mallard/Beijing/6/2016(H4NG)
A/Cygnus atratus/Hubei/HF-1/2016(H5N8)
12, A/lcommon teal/Korea/\W549/2016(HS5N8)
il— A/common teal/Korea/W555/2017(H5N8)
| A/common teal/Korea/W550/2016(H5N8)

99

urasian lineage

52

91

51

-I__ Alchicken/Zimbabwe/Al4935/2017 (H5N8)
Allittle grebe/Egypt/10560P/2016(H5N3)
1 i[ A/Buteo buteo/Belgium/3022/2017(H5N8)
® A/Anas platyrhynchos/Belgium/1899/2017(H5N8)
- A/goose/Kalmykia/813/2016(HS5NS8)
” A/chicken/Moscow/94/2017(H5N8)
. |— Alteal/lEgypt /823C/2016(HSN8)
A/peacock/Belgium/1017/2017(H5NS8)
» | Alchicken/Belgium/807/2017(H5N8)
s 1 A/duck/Jiangxi/33629/2013(H10N3)
|1 A/duck/Jiangxi/33641/2013(H10N3)
* L A/duck/Jiangxi/33778/2013(H10N3)

b A/duck/Mongolia/262/2011(H4NG)
73 A/Anser fabalis/China/Anhui/L180/2014(H6N2)

| I A/duck/Thailand/CU-12943C/2013(H11N9)
Alchicken/Jiangxi/10784/2014(H7N7)
* | p— Alblack-necked crane/Zhaotong/ZT-12/2013(H1N2)
- ~ A/duck/Hubei/ZYSYF18/2015(H3N6)
w L A/duck/Hubei/ZYSYF4/2015(H3N6)
| A/duck/Bangladesh/30828/2016(H3N8)

28

w0 | Alduck/Bangladesh/30824/2016(H3N8)
o 1 A/duck/Mongolia/140/2015(H10N2)
! A/duck/Mongolia/66/2015(H10N2)
o 1 A/duck/Mongolia/850/2018(H12N3J)
» ! A/duck/Mongolia/703/2018(H12N5)
A/duck/Bangladesh/31019/2016(H3N2)
- A/bean goose/Korea/F54-8/2017(H6N1)

92

v 100 | A/bean goose/Korea/F27-6/2017(H6N1)

7 A/wild duck/Korea/K102/2018 ast Asia
A/duck/Chongqing/S4362/2017(H5N3)

— A/Duck/Dongting/D76-1/2016(H5N7)

51

%9 A/duck/Jiangsu/SE0261/2018(H5N3)
T A/wild waterfowl/Korea/F14-5/2016(H6N1)
) ‘ A/wild waterfowl/Korea/F7-18/2018(H4N8)

A/mallard/Korea/F94-16/2017(H4NG)
os = A/wild waterfowl/Korea/F94-10/2017(H4NG)

99

0.0050



36

99

99

o ——— A/duck/Viet Nam/HN-2634/2016(HENG)

) b A/duck/Hubei/ZYSYG1/2015(H6N2)
o = Alduck/Hokkaido/10/2015(H3NG)
A/duck/Hokkaido/W9/2015(H1N1)
2 A/duck/Hokkaido/W103/2017(H5N2)
4 A/bean goose/Hubei/SZY200/2016(H11N9)

e A/duck/Vietnam/LBM798/2014(H3NG)
— A/Anser fabalis/China/Anhui/L221/2014(H6N1)

13
21

80 A0

A/Anseriformes/Anhui/L259/2014(H1N1)
0 = A/Anseriformes/Anhui/L25/2014(H1N1)
L A/duck/Wuhan/WHYF05/2014(HIN2)

gjzl A/wild bird/Korea/A331/2009(H7N7)

A/pintail/Korea/1173/2009(H7N7)

I Alwild bird/Korea/A330/2009(H7N7)

— A/bean goose/Korea/F54-8/2017(H6N1)

100

A/bean goose/Korea/F27-6/2017(H6N1)

45

Alenvironment/Korea/W437/2012(H7N7)
A/swan/Hokkaido/481107/2017(H4NG)

|

L]

A/duck/Vietnam/LBM559/2013(H3N2)

— A/spot-billed duck/Shanghai/SH148/2014(H4NG)

92

A/duck/Vietnam/LBM533/2013(H3N6)
o Alduck/Jiangxi/6634/2013(H10N8)
Alduck/Jiangxi/6624/2013(H10N8)

il

98

I- A/duck/Jiangxi/6602/2013(H10N8)

A/duck/Mongolia/675/2010(H1N1)

o  A/wild duck/Korea/MHC35-41/2011(H7N9)
i A/wild duck/Korea/MHC35-25/2011(H7N9)
A/wild duck/Korea/MHC39-26/2011(H7N9)

— A/wild bird/Korea/A4/2011(H7N3)
e A/Wild duck/Korea/SH41-33/2011(H7N7)
= | A/wild duck/Korea/SH19-47/2010(H7N9)
- | Alwild duck/Korea/SH19-50/2010(H7N9)
1ooml A/duck/Bangladesh/821/2009(H10N7)
A/duck/Bangladesh/822/2009(H10N7)
- | Alchicken/Bangladesh/842/2009(H10N7)

A/duck/Bangladesh/8988/2010(H10N9)

100

87

A/ruddy shelduck/Mongolia/598C2/2009(H7N3)
A/duck/Korea/DY104/2007(H4NG)

56 A/wild duck/Korea/CSM4-28/2010(H4NG)

94

99

A/snow goose/Mongolia/1-29/2008(H3N8)
» — Al/greater white-fronted goose/Netherlands/3/2011(HEN2)

A/common shelduck/Mongolia/2185/2011(H3N8)
Al/environment/Dongting Lake/Hunan/3-9/2007(H10N8)

21

o7 A/mallard/Sweden/80348/2008(mixed)
A/mallard/Sweden/101564/2009(H4NG)

“3 | A/mallard/Czech Republic/13577-24K/2010(H3N8)
A/mallard duck/Netherlands/6/2012(H1N1)

98 |

- A/mallard/Sweden/80389/2008(H4NG)
- A/mallard/Sweden/80063/2008(H4NG)
» | A/mallard/Sweden/80299/2008(H4NG6)

i = A/mallard/Sweden/80051/2008(H4NG)

99

— A/mallard/Sweden/101900/2009(H4N3)
b A/mallard/Sweden/124228/2010(H4NG)
A/duck/Mongolia/279/2011(H3N8)

35

2

34

58

99

T

|_— A/wild waterfowl/Dongting/C2383/2012(H1N2)

A/duck/Miyazaki/CAD-1/2016(H4N2)

g-l— A/mallard/Mongolia/2377/2011(H3NG)

A/duck/Hainan/Q221/2012(H1N2)
A/common shelduck/Mongolia/2076/2011(H3N8)

{92

86

50

A/duck/Quang Ninh/19¢511/2013(H5N8)
A/common teal/Mongolia/1920/2011(H4NG)

— A/duck/Jiangxi/278/2013(mixed)
b A/duck/Jiangxi/S21055/2012(H4N2)

w0 1 A/muscovy duck/Quang Ninh/131/2013(H3N8)

28 ! A/duck/Vietnam/LBM553/2013(H3N8)

70

; A/lduck/Mongolia/709/2015(H10N7)
w0 | Alduck/Mongolia/626/2015(H10N7)
A/chicken/Jiangxi/C25/2014(H7N7)
A/duck/Zhejiang/D486/2013(HIN2)

s| —— A/wild goose/Dongting/C1037/2011(H12N8)

A/duck/Jiangxi/22597/2012(H11N9)
A/duck/Fujian/S4170/2014(H7N9)

100

% 22  A/baikal teal/Shanghai/SH-101/2013(H3N2)
36 A/wild waterfowl/Korea/M129/2014(HG6N1)
- A/duck/Mongolia/675/2015(H3N8)
20 A/mallard/Korea/M174/2014(H4NG)
— A/muscovy duck/Vietnam/HU3-1409/2015(HE6NG)

A/muscovy duck/Viet Nam/QN-2614/2016(H3N2)
il A/duck/Mongolia/140/2015(H10N2)
A/duck/Mongolia/141/2015(H10N2)

100 |

L— Al/chicken/Hubei/ZYSJF15/2016(HIN2)

85

94

31

A/duck/India/11CLO1/2014(HBN2)
A/wild duck/Korea/K102/2018

b A/duck/Jiangsu/SE0261/2018(H5N3)
— A/duck/Mongolia/769/2015(H4NG6)

0.0050

99

29

w0 A/duck/Bangladesh/30824/2016(H3N8)
L A/duck/Bangladesh/30828/2016(H3N8)

4 s A/common redshank/Singapore/F83-1/2015(HI9NS)
A/duck/Bangladesh/35669/2018(H3N8)
59 j A/duck/Mongolia/786/2017(H7N3)

w0 = A/Duck/Mongolia/751/2017(H7N3)

urasian lineage

ast Asia

PB2
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