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Highly Pathogenic Avian Influenza A(HSN8)
Virus from Waterfowl, South Korea, 2014

Technical Appendix

Technical Appendix Figure 1 (following pages). Phylogenetic analysis of PB2, PB1, PA, HA, NP, NA, M,
and NS genes of influenza virus strain A/waterfowl/Korea/S005/2014 (H5N8) (indicated by triangles). The
trees were constructed using the neighbor-joining method in MEGAS (http://www.megasoftware.net) with

1,000 bootstrap replicates. Scale bars indicate nucleotide substitutions per site. The HA was rooted to
A/Goose/Guangdong/1/1996. The clade of HA gene was determined by BLAST search

(http://www.fludb.org/brc/h5ni1Classifier.spg?method=ShowCleaninputPage&decorator=influenza).

Underlines indicate recent HSN8 isolates. PB, polymerase basic subunit; PA, polymerase acidic subunit;

HA, hemagglutinin; NP, nucleoprotein; NA, neuraminidase; M, matrix; NS, nonstructural.
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PB2

100 | Ak A orea/S005/2014 HSN8
Albroiler duck/Korea/Buan2/2014 HONS
Alduck/Jiangsu/k1203/2010 H5N8
52|— AduckiJiangsu/m234/2012 HEN2
881 Afwild duck/Shandong/628/2011 H5N1
Aduck/Guangdong/wy11/2008 HENS
Algoose/Eastern China/1112/2011 H5N2
A/duck/Eastern China/1111/2011 HEN2
Alduck/Eastern China/108/2008 H5N1
A/goose/Shandong/k1204/2009 H5NS

5L Alduck/Eastern China/031/2009 H5NS
100~ Alwild duck/Korea/'SNU50-5/2009 HSN1

100

58 Alwild duck/Korea/CSM20-5/2009 HANG

7 Alspot-billed duckKorea/619/2008 HEN2
100 - Ajduck/Korea/A14/2008 H5N2

Aiwild duck/Korea/SH5-60/2008 HANG
193 L Afwhooper swan/Mongolia/1-25/2007 H3N8

10— Alduck/Beijing/61/05 HaNG

51

Alwaterfowl/Hong Kong/378.5/2001 HEN1
Atduck/Guangxilxa2001 HSN1

00 A/Chicken/Henan/16/2004 H5N1
A/Chicken/Henan/13/2004 H5N1

Alchicken/Viet Nam/DT-015/2004 H5N1
Alchicken/Cambodia/TKCMBS5T/2010 HSN1
Aleygnus olor/italy/808/2006 HEN1

Alcygnus olor/italy/742/2008 HEN1
Alchicken/Germany/R3234/2007 H5N1
A/domestic green-winged teal/Hunan/2036/2007 H3N6

Ell

47|

el iNDu:kaanchangMJBS.’ZDﬂO H4NE
100! A/Chicken/Nanchang/2-0527/2000 H4N6

A/duck/Korea/DY97/2007 HAN3

I? A/mallard/SwederV58112/2006 H2N2
Aiduck/Nanchang/1749/1992 H11N2

Aimallard/Netherlands/12/2001 H4N2

a7 A/mallard/Sweden/72/2005 HZN9

93|l — A/mallard/Sweden/68561/2007 H4NG

A/mallard/Netherlands/1/2007 H3N2

100 A/mallard/Netherlands/14/2007 H2N2
70 A/mallard/Sweden/59937/2007 H4NG
43— A/mallard/Netherlands/2/2005 H4N2

Aturkey/England/1963 HTN3

100 / 1any/2/1981 HIN1

[

lands/1/2002 HANG

100

52/2003 HEN2

56

ducl hang1/2014 HSNS
A 1/1968 H5N9

k|

y

&3 — A/mallard/Minnesota/Sg-01034/2008 H11N2
92|l A/blue-winged teal/Visconsin/2509/2009 HIN2
100 Alnorthemn pintailfinterior H4NG

100 110S3170/2011 HBN1

A
I— Alchicken/New York/14677-13/1998 HEN2
AlTennessee/F 10932010 HIN1

—W; Alswine/Texas/00867/2005 HIN1
4 A/swine/Te 264/2004 HIN1
100 Alturkey/Minnesota/3/1992 H5N2
97 E Aimallard/Ohio/37/1986 H2N1
Aavian/New York/Sg-00369/2001 HSN2

AlmallardWisconsin/11054115/2011 H11N9
A/mallard/New Jersey/AlD9-5361/2009 H11N9
A/mallard/New Brunswick/04400/2007 H3N8

/ in/4 9/2006 H5N2

77/2009 HANG

Aimallard/Alaska/256/2005 H3N8
A/mallard/Minnesota/AI06-1029/2006 H2N3
A/Canada goose/Colorado/473047-2/2006 H5N2
Amallard/Ohio/1501/2006 H4NG

A Y 52/2007 HEN2
Alnorth intail/A /TMP1092/2007 H3N8

Alr 5/2003 H11N9
Agreen-winged teal/New Brunswick/02630/2007 HANG
A/American green-winged teal/Interior HING
A/mallard/California/1 1353/2008 H10N2
Ablue-winged TealTexas/AI09-3464/2009 H4N8
72 |— A/mallard/Minnesota/Sg-00220/2007 HEN1
Amallard/California/2594V/2011 HANG

Eurasian lineage

North American
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P B1 100 1 & AWaterfowl/Korea/S005/2014 HEN8 -
% Abroiler duck/Korea/Buan2/2014 H5N8
Alduck/Jiangsu/1-15/2011 HAN2
100 1001 A/duck/Eastern China/1111/2011 H5N2
Alduck/Guangdongiwy11/2008 H5N5

A/goose/Guangdong/k0103/2010 H5N5

Alduck/Eastern China/809/2009 HSN1
97— A/duck/Eastern China/008/2008 H5NS
Alduck/Jiangsu/26/2004 H3N2
Alduck/Hokkaido/Vac-1/04 HSN1
A/mallard/italy/3401/2005 H5N1
A/mallard/Netherlands/3/2005 H3N8
A/mallard/Sweden/50108/2006 HANG
A/mallard/Netherlands/4/2006 H10NE
2 Algadwall/Netherlands/1/2006 HON2
Amallard/Sweden/33/2002 H2N3
Aimallard/Sweden/3272/2003 H4NE
A/mallard/Sweden/21/2002 H5N2

3/2002 H10NS
Alduck/T; HBN1

100 — Alruddy shelduck/Mongolia/P52/2005 H12N3
Aimallard/Yan chen/2005 HANG
g | Almallard/Sweden/112/2002 H2N7
%8| | Aimallard/Sweden/102/2002 H7NT

Eurasian lineage

Amallard/Sweden/91/2002 HTNG
Amallard/Sweden/55/2002 H11N2
Amallard/Sweden/81/2002 HEN1
Alduck/Mongolia/47/01 HTN1
s — A/mallard/Sweden/84/2003 H2N3
A/mallard/Sweden/d5/2002 H11N8
Amallard/Sweden/88/2002 H2N1
gg | |A/mallard/Sweden/622/2002 HANG

9 Aimallard/Sweden/111/2002 H2N6

92 — Alwild duck/Shandong/628/2011 H5N1
Alduck/Jiangsu/k1203/2010 HSN8
100

nang1/2014 H5N8 -

100 A/mallard duck/New York/180/1986 H4N9 -
100 Amallard duckiTennessee/11457/1985 H11Ng
A/mallard duck/ALB/302/1977 H10N7
——— Alpintail duck/Albertai210/2002 HiN1

78 Aimallard/Minnesota/313/2000 HING
WA—D A/mallard/Ohio/648/2002 HEN2

94

Alruddy /New H11N2
1/2004 HTN3
A/mallardiAlberta/270/2008 HANG
i 77/2000 HBN2
AmallardMinnesota/Sg-00643/2008 H3Ng
A/mallard/Mi H1N1
A/mallard/New Jersey/Al09-5121/2009 H3N8
Aimallard/Minnesota/Al09-1851/2009 H10N5S
A/mallard/Ohio/11052141/2011 H3N2
Algreen-winged teal/Ohio/1844/2005 H11N9
Ablue-winged tealiAlberta/222/2005 HIN8 North American
57| 331 Amallard/Minnesota/204/1999 HENE lineage
100 A/mallard/California/2571P/2011 H11N2
A/mallard/Wisconsin/110S3161/2011 H3N2
kS Almallard/California/6772/2008 H4NE
100 9 312006 H5N2
B 4430-148/2008 HANG
100 — A/blue-winged teal/Louisiana/Al09-5234/2009 H11N2
55 32 E A/mallard/interior Alaska/10BM12049R0/2010 H3N8
Alblue-winged tealMinnesota/Sg-00032/2007 H4NG
43— AlAmerican wigeon/California HKWIF 54172007 HENS
Algadwall/Mississippi/110S6084/2011 H11N2
A/mallard/California/2531V/2011 H5N1
Aimallard/Alberta/56/2004 H10NT
A/mallard/California/2745/2012 H2N3
Awaterfowl/Colorado/476466-2/2007 H5N2
A/mallard/Minnesota/Sg-00635/2008 H4NS

g

o

o0 43

HINZ -
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1001 A AWaterfowlKorea/S005/2014 HGNS
Albroiler duck/Korea/Buan2/2014 HSN8
A/duck/Jiangsw/1-15/2011 HAN2
ducl hang1/2014 H5N8

00|  A/duck/Jiangswk1203/2010 HEN8
Adwild duck/Shandong/628/2011 HSN1
Alduck/Eastern China/031/2009 H5NS
Alquail/Jiangswk0104/2010 HENS
77| Alduck/Eastern China/108/2008 H5N1
Algoose/Guangdong/k0103/2010 H5NS
100) L Ajwild duck/Hunan/021/2005 HEN1

93 (— Alchicken/Sichuan/81/2005 HSN1

PA

9%

Algoose/Hubeil65/2005 HoN1
6 A/Duck/Fujian/1734/05 H5N1
E‘: Alavian/Hong Kong/0828/2007 HSN1
5 53| ANietnam/HN1/2007 H5N1

Alchicken/Hong Kong/D-06-0947/2006 HSN1
Alchicken/Korea/USQ284/2008 H5N1

72| Alduck/Vietnam/218/2005 H5SN1

. Alchicken/Vietnam/212/2005 H5N1

Alduck/Vietnam/207/2005 HSN1

59896/2007 HANG

Ablack-headed gull/Netherlands/1/2005 HENS
A/mallard/Netherlands/31/2008 H2N2
Aimallard/Netherlands/2/2005 HAN2
10225012009 H4NE
A/mallard/Sweden/12/2003 H2N3
A/mallard/Sweden/74/2003 H5N2
Afwhite fronted goose/Netherlands/22/1999 H2N2
A i » 1999 H2N2
100 ~ A/mallard/Netherlands/37/2008 H2N3
A/mallard/Sweden/68940/2007 H4N2
A/mallard/Sweden/7925/2005 H4NE
100 221/2003 H4NG
© Aturkey/italy/23792000 HTN1
T Alturkey/italy/4 1691999 H7N1
56| Alchickenitaly/1 285/2000 HTN1
100 - Afturkey/italy/4580/1999 H7TN1
63— A/mallard/Alaska/44244-050/2006 H3N8
Almallard/Interior Alaska/8BM2967/2008 H12N5
A/mallard/interior Alaska/9BM11015R0/2009 H4NG
Almallard/Wisconsin/100S3941/2010 H14N6
Alpintail/Alaska/779/2005 H3N8

Alnorthern pintail/Alaska/TMP1092/2007 H3N8
A/mallard/California/1335-1/2010 H10N7
A/mallard/Wisconsin/11054383/2011 H3N8
A/mallard/Minnesota/Sg-00631/2008 HANS

91| A/mallard/Minnesota/Sg-01035/2008 H3N8
alifornial. H1N3

100 — A/avian/Massachuselts/25756/1990 H2N2
w

Alguinea fowliNew Jersey/26146/1990 H2N2

g5 A/blue-winged teal/Minnesota/Sg-00043/2007 H4NG
100} L- A/Canada goose/Alaska/44308-044/2007 H4NG
L 85 Ablue-winged tealTexas/Sg-00158/2007 HANG
100 A/blue-winged teal/Texas/Sg-00079/2007 H3N8
100 Algreen-winged teal/California/7972/2008 HEN2
——— A/mallard/Alberta/34/2001 H7TN1
e Alchi York/14677-13/1998 HEN2

York HEN2

A/mallard/Califomia/3036/2012 H3N8

Alruddy turnstone/New Jersey/Sg-00555/2008 H3N2
A/blue-winged teal/Canada/3285/2011 H3N8
Afblue-winged teal/Wisconsin/11083301/2011 H3N2
A/mallard/New Jersey/Al09-5405/2009 HEN2
Almallard/Wisconsin/11054493/2011 HIN3
A/mallard/California/2535V/2011 HaN1
A/mallard/California/2589P/2011 H4N1

om

g5 | AlAmerican black duck/New Brunswick/02629/2007 H3N8
38| | ArAmerican black duck/New Brunswick/02651/2007 H3N2
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1001 A Alwaterfowl/Korea/S005 H5N8

Adwild duck/Shandong/628/2011 HEN1
Alduck/Jiangsu/m234/2012 H5N2
Abbreeder duck/Korea/Gochang1/2014 H5N8
Alduck/Jiangswk1203/2010 HSNS
Algoose/Eastern China/1112/2011 H5N2
Alchicken/China/AH/2012 H5N1
Alduck/Eastern China/1111/2011 H5N2
Alduck/Guangdong/wy 19/2008 HSNS
Alquail/Jiangsu/k0104/2010 H5NS
A/goose/Shandong/k1204/2009 HSNS
Alchicken/Malaysia/5223/2007 H5N1
1007 A/chicken/Jiangsu/XZ/2010 HEN1
Alchicken/Tibet/LZ01/2010 HEN2
Alchicken/Fujian/1/2007 H5N1
Alchicken/Cao Bang/20/2007 HEN1
Alenvironment/Guizhou/4/2009 H5N1
FlleenwonmenllGuizﬂawzfmﬂg H5N1
100 ' AJAnhui/1/2006 HEN1
433|— Avduck/Hai Duong/07-40/2007 HEN1
Alchicken/Laos/Xaythiani 26/2006 H5SN1
Alduck/Nong-Khai/Thailand/KU-56/2007 H5N1
Alchicken/Hong Kong/D-06-0947/2006 HSN1
A/avian/Hong Kong/1993/2007 HEN1
Alchicken/Viet Nam/TMU004/2008 HSN1
Alduck/Phu Tho/07-92/2007 H5N1
. Afduck/Nam Dinh/07-88/2007 HEN1
Amuscovy duck/Son La/07-85/2007 H5N1
Achicken/Shantou/3840/2006 H5N1
A/goose/Hubei/65/2005 H5N1

EL

A/duck/Shandong/009/2008 HON1
& AJiangsu/1/2007 H5N1
A/Shanghai/ 172008 H5N1
Alchicken/Tibet/6/2008 H5N1
. 521 A/chicken/Sichuan/81/2005 H5N1

M _{NcrickenIGuiyang-':iDSSIZOOS HSN1

1001 A/goose/Guiyang/3422/2005 HHN1
— Alpigean/Zhejiang/17/2005 H5N1
A/duck/Yunnan/1126/2006 HSN1
A/goose/Guangxi/345/2005 HEN1
781 Alchicken/Korea/Gimje/2008 H5N1

Alwhooper swan/Akita/1/2008 HSN1
AHubei/1/2010 HEN1
Aleurasian eagle owl/Korea/23/2010 H5N1

3L Afmandarin duck/Korea/PSC24-24/2010 H5N1
0 AChicken/Deii Derdang/BBPVI/2005 H5N1
Alchicken/Jembrana/BBVD-300/2006 H5N1
Alchicken/Indonesia/7/2003 H5N1
Alchicken/zhengzhou/1/02/ H5N1
77r Alchicken/Yamaguehi/7/2004 H5N1

Alchicken/Korea/ES/03 HEN1
Alchicken/Egypt/1028/2010 H5N1

Alturkey/Suzdalka/12/05 H5N1
A/bar-headed goose/Qinghai/1/2007 HEN1
Russia_Ki /212007 H5N1

Alchicken/Bangladesh/1151-10/2010 H5N1
Ahblack-necked grebe/Germany/R1393/07 H5N1
100 L Alchicken/Czech Republic/11242-38/07 H5N1
A/mallard/Guangxi/wt/2004 H5N1
54 Alduck/Cambodia/D 1KP/2006 HSN1
158 | Alchicken/Thailand/CU-354/2008 H5N1
241 A/mynas/Ranong/Thailand/CU-209/04 H5N1

Algoose/Guangdong/xb/2001 HEN1
7‘;Eilgonsel(5mngdnngl1196 H5N1

a7 A/Hong Kong/483/1997 H5N1

Alwild duc| /PSC18-15/2010 HSN8

Adbroiler duck/Korea/Buan2/2014 H5N8

234

233

231

232

21

|24

25

22

o

Ablue-winged teal/Guatemala/CIP049-08/2010 H5N3 —
A/mallard/California/1496/2013 HGNS

0.02

100 Alnorthern pintail/Florida/480645-5/2007 H5N2

Too[ AVduck/New York/484680/2007 H5N2

55/ A/mallard/Minnesota/464334/2006 HSN2

831 Awild bird/Wisconsin/433163-2/2006 H5N2 .

Eurasian lineage

North American
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1001 & AWaterfowl/Korea/S005 H5N8
Albroiler duck/K 12/2014 HSNS
A/duck/Jiangswm234/2012 HSN2
Adwild duck/Shandong/1/2011 H5N1
AJduck/Jiangsu/k1203/2010 HENS
100 Albreeder duck/Korea/Gochang1/2014 HSNS
100 { Alduck/Jiangsu/1-15/2011 HANZ
Alduck/Eastern China/1111/2011 H5N2
AquaillJiangsuk0104/2010 HENS

50
48 = Alduck/Guangdong/wy24/2008 HSNS
ga| [A/duck/Eastern China/108/2008 HEN1
100 Alduck/Eastern China/008/2008 HENS

38/2003 HEN2
& Aiduck/Primorie/2633/2001 H5N3
9 Alduck/Mongolia/47/01 HTN1
Alchicken/Jilin/hk/2004 H5N1
A/duck/Nanchang/2-0485/2000 H2N9
AlduckrY q10/2003 H5N1

A/mallard/Jiangxi/6845/2003 HEN1
50 — A/swine/HuBei/06/2009 H4N1
Alenvironment/Korea/CSM3/2002 H3N6
Alduck/Taiwan/A68/03 HEN1
Alenvironment/Dongting Lake/Hunan/3-9/2007 H10N8
A/duck/Quang Ninh/17/2013 HENG
89 L Afaquatic bird/Korea/w16/2005 H5N3
Alguail/Lebanon/272/2010 HIN2
A/mallard/Sweden/101565/2009 HANG
Alduckiitaly/194659/2006 H3N2
Alavian/Egypt/920431/2006 HON2
A/mallard/Sweden/58/2003 H11N1
Almallard/Sweden/105/2002 HTN7

yatiyal ) HANG
“ i HBN2
a2 A/mallard/Sweden/88/2002 H2N1

2 Alcommon teal/Netherlands/10/2000 H1N1

6 A/duck/Zambia/10/2009 HENZ2
_! Alchic land/1995 HTN3

41&3'7 AsoftbillCalifornia/13907-21/1994 H7TN1
" Al HIN2

A/duck/Beijing/40/04 H3N8
A 92/1991 HEN1
Assharp-tailed sandpiper/Australia/10/2004 H11N9
Algreylag goose/lceland/1482/2011 HGNS
A/duck/Moscow/4182/2010 HEN3
Alduck/Hokkaido/Vac-1/04 H5N1
AJEurasian wige 00 HEN2
Alchicken/iran/ZMT-101/1998 HIN2

A/Anas platyrhynchos/Belgium/12827/2007 H3N8
¥ %6 A/duck/Singapore-Q/F119/Mar1997 H5N3
Alduck/M: i 1 HONZ
67 Afchicken/italy/312/1997 H5SN2
57 50 ,— Alpied megpie/Liaoning/7/2006 H5N1
% Alduck/Korea/AS117/2011 H5N1
Bl Alchi Al43/2009 HEN1
= Alduck/Parepare/BBVM/2005 HSN1
51 Alcrow/Osaka/102/2004 HSN1
100L A/chicken/Yamaguchi/7/2004 H5SN1
Alchicken/Pakistan/NARC-16945/2010 H3N1
1 H10NT
Alpekin duc BM377/2007 H3Ng

86 Alck HINZ
A/mallard/New York/6750/1978 H2N2
AJduck/Pennsylvania/1/1969 HEN1
A phis/546/1974 H11N9
Afwild bird/Minnesota/460613-12/2006 HSN2
Alruddy tumstone/New Jersey/Al03-128/2003 HIN7
Alenv/California/7335/2008 H2N3
Amallard/Missouri/10MO0253/2010 HIN2 North American
Ablue-winged teal/Alberta/387/2007 H3N8 lineage

Ajrorthern alifornia/HKWF 1367/2007 H3NT
Alruddy Delaware Bay/150/1994 H1N4

Alchi ish C: H7N3

Alruddy MNew Jersey HBNS
Ablue-winged teal/Texas/82/2001 H2N1 -

NP .

15

Eurasian lineage

18

B

oo
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NA

a3 A AWaterfowl/Korea/S005 H5NS
64 Albroiler duck/Korea/Buan2/2014 HSNS
= Albreeder duck/Korea/Gochang1/2014 HSNS
a9 Alduck/Jiangsu/k1203/2010 HSN8

AduckiGuangxi/2736/2006 HENS
Aduck/Vietnam/OIE-2577/2011 H3N8
Ajruddy shelduck/Mongolia/1787/2011 H3N8
Alenvironment/Korea/SH12-8/2008 H3N8
AlpintailiMongolia/2-65/2007 H3N8
Alcommon shelduck/Mongolia/2185/2011 H3N8
761 Alduck/Eastern China/90/2004 H3N8
Aiwild duck/Jiangxi/9157/2005 HTNG
Almallard/Korea/21-9/2008 HTN8
A/duck/Siberia/100/2001 H3Ng
Alduck/Beiling/61/05 HINS
Alduck/Hunan/3748/2004 HENE
Atteal/Tunka/7/2010 H3N8
A/duck/Thailand/CU-7518C/2010 H3N8
Alduck/Korea/GJ80/2007 H3N8
A/ducik/Eastern China/119/2005 H3N8
8 A/Duck/Chabarovsk/1610.72 H3N8
—— A/duck/Zambia/04/2008 H3N8

I:——-— Algoose/Zambia/06/2008 H3NS

A/Egyptian goose/South Africa/Al1448/2007 HINS

A/mallard/Netherlands/20/2005 H12N8

7

Alcomman eider/Netherlands/1/2006 H3N8
A/mallard/Netherlands/33/2006 HTNS
Algreylag goose/iceland/0980/2011 HENS
Almallard/Switzerland WV4060057/2006 H2N8
Alcommon eider/Netherlands2/2006 H4NS
25921 A/mallard/Sweden/50/2002 H3N8
Alturnstone/Netherlands/1/2007 H3N8
A/mallard/Sweden/45/2002 H11N8
Amallard/PT/28497-11/2006 H3N8
AMallard/65112/03 H3N8
Alcommon teal/Georgia/1/2011 H3N8
AlTeal/Norway/10_1745/2007 H4N8
Alcommon gull/Nerway/10_1602/2009 HENS
A/mallard/Jiangxi/4408/2005 HGNB
A/duck/Eastern China/50/2002 HEN8
A/Ostrich/South Africa/KK98/98 HEN8
A/gadwall/Altai/1325/2007 H3N8
A/Duck/Norway/1/03 HINS
Aimuscovy duck/Vietnam/LBM528/2013 HaN8
Almallard/Czech Republic/14333-1K/2011 H3N8
Almallard/Norway/10_779/2009 H3N8
A/mallard/Netherlands/17/2007 H11N8
Ajwild goose/Dongting/C1037/2011 H12N8
331 A/duck/Mongolia/OIE-241/2012 H4NS
Aimallard/Finland/12072/06 H3N8
Atteal/Chany/444/2009 HBNS
A/mallard/Netherlands/3/2005 H3N8
Aiwater/Dongting Lake/Hunan/3-9/2007 H10N8
A/mallard/Hungary/19616/2007 H3N8
A/Anas plathyrhynchos/Spain/0454/2006 H3N8
A/Anas platyrhynchos/Belgium/12827/2007 H3N8
Aduck/Spain/543/2006 HENS
g5 [ Ablack-headed gull/Netherlands/1/2005 HEN8
79 A/ltcommon teal/Netherlands/2/2005 HEN8
761 A/Bewicks Swan/Netherlands/2/2005 HENg

a7 A/blue-winged teal/New Brunswick/00281/2010 H3N8
8 Anwhite-winged scoter/Wisconsin/10053922/2010 H14N8

AJshorebird/Delaware Bay/379/2008 H10N8

b
002

84 A/mallard/Alberta/160/2001 H3N8
= u H3N8

ior 2007 H3N8
A/blue-winged teal/Texas/Sg-00078/2007 H3N8
A/mallard/California/2576P/2011 H3N8
A/mallard/Minnesota/Sg-00591/2008 H3N8
937 A/northern shoveler/Minnesota/Sg-00645/2008 H3N8
W/California/7¢ H11NB
Alblue-winged teal/Alberta/222/2005 H3N8
Aring-necked duck/California/K90/2005 HENB
Alenvironment/California/7862/2008 H3N8
53— Aiteal/Oregon/44336-122/2007 H3N8

Eurasian lineage

North American
lincage
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100 | 4k AWaterfowl/Korea/S005/2014 HSN8
Albroiler duck/Korea/Buan2/2014 H5N8
A/ducklJiangsu/1-15/2011 HAN2

Aiwild duck/Shandong/628/2011 H5N1
Alduck/Jiangsu/m234/2012 HEN2

Alquaill Jiangsu/k0104/2010 H5N5
A/goose/Shandong/k1204/2009 HENS

Alduck/Eastern China/031/2009 HSN5
Albreeder duck/Korea/Gochang1/2014 HSN8
Alduck/Guangdong/wy24/2008 H5N5
A/Shanghai/1/2006 H5N1
A/duck/HuBei/03/2010 HENS
Aiwild duckHunan/021/2005 HEN1
Alchicken/Hubei/3002/2007 H5N1
Alchicken/Anhui/1089/2007 HSN1
" 771 Awater/Hunan/a/2009 HSN1
— A/goose/Yunnan/3798/2006 H5N1
Alduck/Cambodia/D2KC167/2006 H5N1
Alquail/Viet Nam/TG-007B/2004 HEN1
33 | A/chicken/Viet Nam/1/2004 H5N1
Alopenbill stork/Thailand/VSMU-12-BKK/2003 HEN1
3], A/chicken/Thailand/vsmu-3-BKK/2004 H5N1
72| AfThailand/2(SP-33)/2004 H5N1
Alchicken/india/CA0302/2011 H5N1
A/Chicken/Hong Kong/86.3/2002 H5N1
A/Anas platyrhynchos/Slovenia/359/06 HSN1
Alchicken/Jiangsu/cz1/2002 H5N1
A/Duck/Hong Kong/573 4/01 HEN1
231 Arduck/Zhejiang/bj/2002 HSN1
Aimallard/Sweden/54/2003 HEN1
A/mallard/Sweden/99931/2009 H11N2
Ahurkey/italy/4169/1999 H7TN1
Ahturkey/italy/220158/2002 HTN3
Aldunlin/Sweden/1/2005 HANG
Alcommon teal/Netherlands/2/2008 H2N3
87L A/mallard/Netherlands/12/2008 H2N3
A/mallard/Sweden/105011/2009 H4N6
—931~ A/mallard/Sweden/105137/2009 H4NE
02/2000 H1ON7
Almallard/Sweden/95/2005 H7NT
A/mallard/Sweden/25/2002 H11N3
A'mallard/Sweden/7/2003 H10NS
n Alturkey/England/N28/1973 HSN2
A/mallard/Netherlands/15/1999 H1 1N9
53 Almallard/Sweden/59937/2007 HANE

77— Almallard/Sweden/80299/2008 HANG
Alnorthern shoveler\Washington/44249-675/2006 H10N2

Aimallard/Washingtor/44338-013/2007 H4NG
A/mallard/Minnesota/Al06-1029/2006 H2N3
Aimallard/California/20385 HiN1
A/mallard/Minnesota/Al09-3821/2009 HANG
A/blue-winged TealMinnesota/Al09-2977/2009 HANS
Aimallard/California/2594P/2011 H4NG
Aimallard/California/3418/2012 H4NG
A/mallard/California/6524/2008 H12NS
Anorthern shoveler/California/27943/2007 H10N7
Aimallard/interior Alaska/9BM12285R0/2009 H3N8
Arredhead/Alberta/192/2002 H3NG
Alenvironment/California/7871/2008 H4NG
A/American black duck/New Brunswick/00886/2010 HANO
Alruddy turnstone/New Jersey/171/2008 H7TN3
A/mallard/Chio/11052073/2011 HIN2
Allong-tailed duck/Wisconsin/11054520/2011 HENS
Alr 421/2009 H2N3
100 A/mallard/Wisconsin/2530/2009 H4N2
AAmerican wigeon/California/6610/2008 H12N5
Aflaughing gul/New Yori/AI00-2455/2000 HTN3
Alruddy turnstone/Delaware Bay/279/1995 H11NS
90— A/mallard/Alberta/114/1997 H3N8 -

Eurasian lineage
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North American
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NS

o

" 100 L—— Arduckiiangsu/m234/2012 H5N2
Amallard/Korea/GH171/2007 HTN7
Alduck/Guangxi/GXd-1/2011 HIN2
— NcanvaSback/MungullafZGQ.‘NﬂT H10N6

— A/mallard/Sweden/64/2003 HTN7

Abreeder duck/K /Gochang1/2014 HEN8
Alruddy shelduck/Mongolia/2-79/2007 H3NG
Alwild duck/Korea/SH5-60/2008 HANG
A/QuailNanchang/7-026/2000 H3NE

99 A& AWaterfowl/Korea/S005/2014 H5N8 A
50 Afbroiler duck/Korea/Buan2/2014 HEN8
AducklJiangsu/1-15/2011 H4N2
= A/duck/Eastern China/1111/2011 HSN2
100 - Awild duck/Shandong/628/2011 H5N1

Algoose/Eastern China/1112/2011 HSN2
‘—————————— AlduckiJiangsu/4/2010 H3NE

ged teal/Hi )07 HING
{Ncamasback!xnanghauﬂﬂmﬂu H5N2
Abaikal teal/Xianghai/426/2011 HSN2

NMMHUBEHWZUUB H4N1

£ NduckIT ‘aiwan/\WWB459/04 HENS Eurasian lincage

B—— A/Duck/Nanchang/8-174/2000 H3N6

4— Almallard/Sweden/39/2002 HEN3
LY

Alduck/Ji 004 H3IN2
Afteal/Germany/WVE32/2005 HEN1
A/mallard/Netherlands/7/2007 H4NZ
A/duckitaly/194659/2006 H3N2
A/mallard/Denmark/64650/03 HSNT
A/mallard/Sweder/8/2003 H8N4

‘mallard/Netherlands/14/2001 H2N3

100 - AVlgoose/Guangdong/xb/2001 H5N1
0 —““{ N

A ia/2001 HON2

Alduck/Guangxi/27/2003 HEN1

32

A/mallard/Netherlands/2/2005 H4N2
‘{L A/Duck/Nanchang/4-184/2000 HZN9
il

Aduck/Taf )3 HEN1
100 L g 1999 HBN2
‘greylag goo. 1999 HEN1
Aimallard/Sweden/6/2002 H2N3
A/mallard/Sweden/46/2002 HAN3
= A/mallard/Sweden/48/2002 H1 1N9
55| — Amallard/Sweden/64/2002 H5N2
621 Aimallard/Sweden/102/2002 HTN7

95

Alnorthem pintail 172003 H2N3
Alwild duck/Mongolia/1-241/2008 HTN9

g 1296426/2003 HIN1

A/Canada g York/475813-2/2007 H5N2 !
96~ A/American black duck/New Brunswick/00619/2010 H3N6
4 A/American black duck/New Brunswick/00953/2010 H3N8
Alshorebird/Delaware Bay/170/2008 H1N1
%8 6277-7/2006 H5SN2

bt
0.005

100

A/mallard/California/198/2012 H1 1N9
A/American black duck/New Brunswick/00886/2010 H4N9
53 Aimallard/New Brunswick/00879/2010 H4N9
Alruddy turnstone/New Jersey/Sg-00498/2008 H1ON7
Alblack duck/New Jersey/1580/1978 H2N3
Adturkey/Minnesota/3397-3/1992 H5N2
Alruddy 258911987 H11N1
36/1980 HBN2
59/1998 HON2
Alruddy yIAI09-937/2009 HEN1
Alruddy tumnstone/Delaware/527/2002 HIN4
Ajruddy tumnstone/New Jersey/1604/2002 HON9
5 A/mallard/interior Alaska/10BM09561R0/2010 H3N8
A/mallard/Mississippi/11055863/2011 H11N9
A/mallard/Wisconsin/10052918/2010 H4N6
Afwood duck/Wisconsin/11052912/2011 H3N6
A/American green-winged HTNT7
A/mallard/California/3134/2010 HIN1
Almallard/Alberta/527/2008 H3N8
Alnorthern shoveler/Mississippi/110S289/2011 H7N3 -

North American
lineage
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Avian H5N1 Avian H4N2

PB2, HA, NP PB1, PA, M, NS

~

Novel Avian H5N8 influenza virus

NA

Avian H5N8

Technical Appendix Figure 2. Schematic diagram of influenza virus strain A/waterfowl/Korea/S005/2014
(H5N8). Novel highly pathogenic avian influenza virus is likely to be created by genes from 3 avian
influenza viruses. PB, polymerase basic subunit; PA, polymerase acidic subunit; HA, hemagglutinin; NP,
nucleoprotein; NA, neuraminidase; M, matrix; NS, nonstructural.
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Technical Appendix Table. Identification of amino acids of influenza virus strain A/waterfowl/Korea/S005/2014 (H5N8) involved in
binding to human-type influenza receptor, enhancing antiviral drugs, and causing pathogenesis in poultry and mammals

Viral protein* Amino acid position Alwaterfowl/Korea/S005/2014 (H5N8)t Comments
PB2 627 E E627K: adaptation to mammalian host
HA 138 A S138A: Increased binding to
(H3 numbering) human-type influenza receptor
160 A T160A: N-glycosylation loss and increased
(H3 numbering) binding to human-type influenza receptor
226 Q Q226L: Increased binding to human-type
(H3 numbering) influenza receptor
228 G G228S: Increased binding to human-type
(H3 numbering) influenza receptor
339-348 RE RRRK R/GLF Polybasic amino acid insertion: high
pathogenesis in poultry and mammals
NA 69-72 No deletion Deletion of amino acids 69-73:Increased
(N9 numbering) pathogenesis in mice
292 R R292K: Resistance to oseltamivir and
(N2 numbering) zanamivir
M1 30 D N30D: Increased pathogenesis in mice
215 A T215A: Increased pathogenesis in mice
M2 31 N S31N: Resistance to amantadine and
rimantadine
NS1 42 S P42S: Increased pathogenesis in mice
218-230 No truncation Lack of PDZ domain binding motif: reduced
pathogenesis in mice

*PB, polymerase basic subunit; PA, polymerase acidic subunit; HA, hemagglutinin; NP, nucleoprotein; NA, neuraminidase; M, matrix; NS,
nonstructural.

TA, alanine; D, aspartic acid; E, glutamic acid; F, phenylalanine; G, glycine; K, lysine; L, leucine; N, asparagine; P, proline; Q, glutamine; R, arginine; S,
serine; T, threonine.
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