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Table S1. Individual cellular transcript assays for mouse RT-gPCR array. Individual RT-gPCR

assays are available online (www.lifetechnologies.com).

Cellular Transcript Tagman® Assay ID

18S

Hs99999901_s1

Gapdh Mm99999915 g1
Hprtl MmO00446968 _m1
Gusb MmO00446953 m1
Ifna2 MmO00833961_s1
Ifnad MmO00833969_s1
Ifnbl MmO00439546_s1
lgng MmO00801778_m1l
1128b Mm00663660_g1

Tnf MmO00443259 g1
Tnfsf10 MmO00437174_m1
l11b MmO01336189_m1
116 MmO00446190_m1
1110 MmO00439615 g1
117b MmO00444686_m1
Cxcll MmO00433859_m1

Cxcl10 MmO00445235 m1l
Ccl2 MmO00441242_m1
Ccl3 MmO00441259 g1
Ccl4 MmO00443111 m1l
Csfl MmO00432686_m1
Csf3 Mm00438335_g1

Ifitl MmO00515153 m1
Ifit3 MmO01704846_s1
Ifihl MmO00459183 m1l
Irf7 MmO00516788_m1
Isg15 MmO01705338_s1

Oaslb MmO00449297_m1l
Mx1 MmO01217998 m1l

Ddx58 MmO00554529 m1
Fasl MmO00438864_m1
Statl MmO00439531 m1l




Table S2: Distribution of Sequences

NS sequences from GenBank with unique isolate names and Host, Subtype and Location information.
Excludes environmental samples and mixed subtype samples.

Lineage AvianA AvianB ClassicalSwine HumanSeasonal = Pandemic2009 All
Total 10914 2725 1872 7213 6098 28822
Host AvianA AvianB ClassicalSwine HumanSeasonal  Pandemic2009 All
Avian 9613 2717 22 2 5 12359
Swine 519 4 1807 72 561 2963
Human 325 1 38 7136 5518 13018
Equine 178 1 1 0 0 180
Canine 232 0 0 2 6 240
OtherMammal 47 2 4 1 8 62
Continent AvianA AvianB ClassicalSwine HumanSeasonal Pandemic2009 All
Asia 5263 351 431 1700 1762 9507
Europe 1038 378 7 523 1241 3187
Africa 372 11 0 67 62 512
NorthAmerica 4092 1945 1434 3277 2408 13156
SouthAmerica 36 25 0 757 438 1256
Oceania 109 15 0 889 187 1200
Antarctica 4 0 0 0 0 4
H-subtype AvianA AvianB ClassicalSwine HumanSeasonal = Pandemic2009 All
H1 769 172 1176 1616 5924 9657
H2 321 87 3 98 0 509
H3 1294 648 692 5498 174 8306
H4 876 494 0 0 0 1370
H5 2981 337 0 1 0 3319
H6 1131 275 0 0 0 1406
H7 845 374 1 0 0 1220
H8 113 25 0 0 0 138
H9 1359 64 0 0 0 1423
H10 580 63 0 0 0 643
H11 387 141 0 0 0 528
H12 116 37 0 0 0 153
H13 92 1 0 0 0 93
H14 8 6 0 0 0 14
H15 8 1 0 0 0 9
H16 34 0 0 0 0 34
N-subtype AvianA AvianB ClassicalSwine HumanSeasonal = Pandemic2009 All
N1 3492 453 767 1575 5811 12098
N2 2763 681 1101 5638 287 10470
N3 751 135 3 0 0 889
N4 206 43 0 0 0 249
N5 228 93 0 0 0 321
N6 1111 467 0 0 0 1578
N7 677 66 0 0 0 743
N8 1113 652 1 0 0 1766
N9 573 135 0 0 0 708




Fig S1. Neighbour joining tree of a subsample of Avian A sequences with sub-lineages
highlighted.
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Table S3 : Details of mammalian introductions - source information obtained by analysing sequences returned by BLAST

Domestic Source

(Ancestral State 1 Blast S y (of sequences between 3 and 0 years older if possible)
Allele/Clade Accession IsolateName Host Subtype Region Year AvianAncestor Probability | #BLAST Host HostType Subtype Region Year
Avian A MB80968 A/swine/China/8/1978(H3N2) Swine H3N2  EasternAsia 1978 Dom-ans 0.46 13  Avian:100% Dom-ans:69% HE6N1:15%  EasternAsia:77% 1977:1976-1978
Avian A (magenta on lilac) CY037902  Afswine/Belgium/WVL1/1979(H1N1) Swine HIN1 WoesternEurope 1979 Dom-ans 0.89 30 Avian:97% Dom-ans:57% HIN9:20%  EasternAsia:63% 1977:1976-1979
Avian A GQ176140  A/mink/Sweden/3900/1984(H10N4) Mink H10N4 NorthernEurope 1984 Dom-ans 0.93 4 Avian:100%  Wild-ans:100%  H2N1:50%  WesternEurope:50% 1982:1981-1983
Avian B M65020 Afequine/lilin/1/1989(H3N8) Equine H3N8 EasternAsia 1989 Dom-ans 0.98 2 Avian:100% Dom-ans:50% H5N2:50% EasternAsia:50% 1986:1986-1987
Avian A CY085013 Afswine/Hong Kong/644/1993(H1N1) Swine HIN1 EasternAsia 1993 Dom-ans 0.33 4 Avian:50% Dom-ans:50% H1N1:50% EasternAsia:100% 1992:1992-1993
Avian A GUO053113  A/England/AV877/1996(H7N7) Human H7N7  NorthernEurope 1996 Dom manual 3 Avian:100% Dom-ans:67% H4AN4:33%  EasternAsia:67% 1993:1993-1994
Avian A CY115892 A/swine/Eire/89/1996(H1N1) Swine HIN1 NorthernEurope 1996 Dom-ans 0.66 2 Avian:50% Dom-ans:50% H7N4:50%  EasternAsia:50% 1994:1993-1996
Avian A (red/peach on yellow) AF084285  A/Hong Kong/482/97(H5N1) Human H5N1  EasternAsia 1997 Dom-gal manual 21 Avian:52% NonAvian:48% H5N1:81%  EasternAsia:100% 1997:1997-1997
Avian A CY073456 A/swine/KU/2/2001(H11N6) Swine H11N6 EasternAsia 2001 Dom no close 5 Avian:80% Dom-ans:40% HIN2:40%  EasternAsia:60% 2000:1998-2001
Avian B CY067690 Afswine/KU/16/2001(H7N2) Swine H7N2  EasternAsia 2001 Dom-ans 0.98 11 Avian:100%  Wild-ans:55% H6N2:18% WesternEurope:55% 2000:1999-2001
Avian A (red on pink) EF587281 A/Beijing/01/2003(H5N1) Human H5N1  EasternAsia 2003 Dom-ans 0.61 108 Avian:96% Dom-gal:58% H5N1:100% EasternAsia:93% 2002:2000-2003
Avian A AY342423 A/Netherlands/033/03(H7N7) Human H7N7  WoesternEurope 2003 Dom-gal 1.00 25 Avian:96% Wild-ans:60% H7N7:20% NorthernEurope:60% 2002:2000-2003
Avian B EU587374  A/New_York/107/2003(H7N2) Human H7N2  NorthernAmerica 2003 Dom-gal 0.83 6 Avian:100% Dom-gal:100% H7N2:100% NorthernAmerica:100%  2002:2001-2003
Avian A CY015010  A/Canada/rv504/2004(H7N3) Human H7N3  NorthernAmerica 2004 Dom-gal 1.00 12 Avian:100%  Wild-ans:67% H7N3:33%  NorthernAmerica:100%  2003:2001-2004
Avian A AY790309  A/swine/Korea/S452/2004(HIN2) Swine HON2  EasternAsia 2004 Dom-gal manual 19  Avian:95% Dom-gal:37% HIN2:42%  EasternAsia:47% 2003:2001-2004
Avian A 1X500447 Afswine/Hubei/10/2008(H10N5) Swine H10N5 EasternAsia 2008 Dom-ans 0.72 13 Avian:100%  Wild-ans:69% H4AN6:23% EasternAsia:77% 2007:2005-2008
Avian A 10815882 A/swine/Yangzhou/080/2009(H6N6) Swine HE6NG  EasternAsia 2009 Dom-ans 0.99 45  Avian:100% Dom-ans:98% HEN6:58%  EasternAsia:100% 2007:2006-2009
Avian A JX151011 Afswine/Guangdong/K4/2011(HANS8) Swine HAN8  EasternAsia 2011 Dom-ans 0.49 33 Avian:94% Wild-ans:55% H3N2:21%  EasternAsia:88% 2010:2008-2011
Avian A CY125732 A/Mexico/INDRE7218/2012(H7N3) Human H7N3  CentralAmerica 2012 Dom manual 7 Avian:100%  Wild-ans:71% H10N7:29% NorthernAmerica:71% 2011:2010-2012
Avian A (blue within yellow) K1406559 A/liangxi/IPB13/2013(H10N8) Human H10N8 EasternAsia 2013 Dom-gal 0.72 31 Avian:87% Dom-gal:77% HIN2:81%  EasternAsia:90% 2011:2010-2013
Avian A (purple within yellow) KC896778  A/Nanjing/1/2013(H7N9) Human H7N9  EasternAsia 2013 Dom-gal 0.98 109 Avian:65% Dom-gal:59% H7N9:42%  EasternAsia:98% 2012:2010-2013
Wi Id Source (Ancestral State 1 [Blast y (of sequences between 3 and 0 years older if possible)
Allele Accession IsolateName Host Subtype Region Year AvianAncestor Probability | #BLAST Host HostType Subtype Region Year
Avian A (brown on yellow) CY028840 A/equine/Miami/1/1963(H3N8) Equine H3N8  NorthernAmerica 1963 Wild-ans 0.99 4 Equine:100% NonAvian:100% H3N8:100% NorthernAmerica:50% 1963:1963-1963
Avian A AB284067  Afseal/Massachusetts/1/1980(H7N7) Seal H7N7  NorthernAmerica 1980 Wild-ans 1.00 17  Avian:100%  Wild-ans:76% H2N3:24%  NorthernAmerica:100%  1978:1977-1980
Avian A M80947 A/seal/Massachussetts/133/1982(H4NS) Seal H4NS5  NorthernAmerica 1982 Wild-ans 1.00 19 Avian:100%  Wild-ans:79% H4AN2:21%  NorthernAmerica:100%  1980:1979-1982
Avian A KI372724 Afwhale/Maine/328B/1984{H13N2) Whale H13N2 NorthernAmerica 1984 Wild-other 0.98 5 Avian:100%  Wild-ans:60% H13N6:40% WesternEurope:60% 1983:1981-1983
Avian A GUO052287  Afseal/Massachusetts/3911/1992(H3N3) Seal H3N3  NorthernAmerica 1992 Wild-ans 0.98 86  Avian:100%  Wild-ans:88% H11IN9:13% NorthernAmerica:100%  1980:1974-1990
Avian A AF285889 A/swine/Ontario/01911-1/99(H4N6) Swine H4AN6  NorthernAmerica 1999 Wild-ans 1.00 7 Avian:100%  Wild-ans:100% H6N8:29% NorthernAmerica:100%  1998:1996-1999
Avian B GU052363  A/muskrat/Buryatiya/1944/2000(H4NG) Muskrat HANG  EasternEurope 2000 wild manual 10  Avian:100% Dom-gal:30% HANG6:30%  EasternEurope:40% 1999:1998-2000
Avian A AY619965  Afswine/Ontario/K01477/01(H3N3) Swine H3N3  NorthernAmerica 2001 Wild-ans 0.92 9 Avian:100%  Wild-ans:100% H4N6:22%  NorthernAmerica:100%  1999:1998-1999
Avian B AY619957 Afswine/Saskatchewan/18789/02(H1N1) Swine HIN1 NorthernAmerica 2002 Wild-ans 1.00 31 Avian:100% Wild-ans:77% H2N1:16% NorthernAmerica:100%  2001:1999-2002
Avian A K1847690 A/Caspian_seal/Russia/1884/2002(H4N6) Seal H4N6  EasternEurope 2002 wild-ans 0.96 10 Avian:100%  Wild-ans:80% H10N9:20% NorthernEurope:60% 2002:2001-2002
Avian A (green on green) GU433352  Afcanine/Guangdong/1/2006(H3N2) Canine H3N2  EasternAsia 2006 Wild-ans 0.50 32 Avian:97% Wild-ans:91% H4N6:38%  NorthernEurope:72% 2005:2003-2006
Avian B FJ461601 A/swine/Korea/C13/2008(H5N2) Swine H5N2  EasternAsia 2008 Wild-ans 0.92 35  Avian:97% Wild-ans:63% H5N2:40%  EasternAsia:91% 2006:2005-2008
Avian A GU215038  Afswine/Jilin/37/2008(H3N2) Swine H3N2  EasternAsia 2008 Wild-ans 0.49 24 Avian:100%  Wild-ans:62% H4N6:29%  EasternAsia:71% 2007:2005-2008
Avian A 1X878679 Afswine/HuBei/06/2009(H4N1) Swine H4N1 EasternAsia 2009 Wild-ans 0.96 32 Avian:100%  Wild-ans:53% H4N6:16%  EasternAsia:66% 2008:2006-2009
Avian A 10433883 A/harbor_seal/Massachusetts/1/2011(H3N8) Seal H3N8 NorthernAmerica 2011 Wild-ans 1.00 35  Avian:100% Wild-ans:100% HANG6:29%  NorthernAmerica:94% 2010:2008-2011
Undetermined Ancestral State Esti y |Blast$ v (of sequences between 3 and 0 years older if possible)
Allele Accession  IsolateName Host Subtype Region Year | AvianAncestor Probability | #BLAST Host HostType Subtype Region Year
Avian A AF333238 A/Brevig_Mission/1/1918(H1N1) Human HIN1  NorthernAmerica 1918 Avian no close 39 Human:56% NonAvian:56% H1N1:59% NorthernAmerica:67% 1957:1933-2007
Avian A (brown) CY087820  Afequine/Prague/2/1956(H7N7) Equine H7N7  EasternEurope 1956 Avian no close 2 Equine:100% NonAvian:100% H7N7:100% EasternEurope:100% 1956:1956-1956




RNA Binding Domain (1-73) Short Linker (74-84)
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Fig S2. NS1 protein alignment. NS1 protein sequences from selected IAV strains

were aligned using clustal omega (http://www.ebi.ac.uk/Tools/msa/clustalo/) using



default parameters. Alignments were processed using Boxshade Server
(http://www.ch.embnet.org/software/BOX_form.html).

a — ’RFADQELG?® and 2LLSMRDMC? conserved within A- and B- alleles,
respectively (1).

b — 35-41 nuclear localisation signal (2-4).

¢ — R38 essential for RNA binding. K41 plays important role. (5).

d — S42 is a phosphorylation site (6).

e — S48 and T49 are phosphorylation sites (7). T49 phosphorylation inhibits IFN-
antagonism (8).

f — K70 SUMOylation site (9).

g — Y89 mediates PI3K binding (10, 11).

h — E96 and E97 mediate TRIM25 binding and inhibition (12).

i —F103 and M106 required for CPSF30 binding and inhibition (13, 14).

] —123-127 involved in PKR binding and inhibition (15).

k — D125G mutation (GAT > GTT) forms splice acceptor site and NS3 expression (16).
| — 138-147 nuclear export signal (17).

m — P164 and P167 involved in PI3K binding (10, 18).

n — E186 involved in CPSF30 binding and inhibition (19-21).

0 — W187 required for effector domain dimerisation (22).

p — E196K mutation fails to inhibit IRF3 activation (23).

g - T197 phosphorylation site (7).

r - 2"GPPLPPKQKRYMARRV??6 A2 rabbit polyclonal antiserum epitope.

s — 22PPLPPK CRKL?Y motif binds CRKI/lIl and CRKL proteins to prevent strong
activation of INK-AFT2 pathway (24, 25).

t — T215 phosphorylation site (25).



u — 216-229 second nuclear localisation signal (2-4).

v — K219 and K221 are SUMOylation sites (9, 26).

w — 223-230 involved in PABPII binding and inhibition (20, 27).

X — 22"ESEV?%° motif for PDZ-domain binding and virulence factor (28, 29).
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