
From sporadic to global: The changing face of H5N8
Andrew Dalby

The H5N8 influenza subtype is a relatively new highly pathogenic avian influenza. Until the
recent Korean outbreak of H5N8 the viral subtype had only been detected sporadically.
This paper looks at the multiple reassortment events between H5 hemagglutinin and N8
neuraminidase segments that explain the breaks in the history of the H5N8 subtype,
especially in the United States and that show that the recent reassortment has produced
an outbreak that has very different characteristics to previous H5N8 outbreaks.
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8  Introduction

9

10 Recently H5N8 has emerged as a widely circulating highly pathogenic avian influenza (HPAI).  

11 The H5N8 influenza A subtype was first isolated from a turkey in Ireland in 1983 (Murphy 

12 1986). After that initial outbreak there was not another case of H5N8 until 2001 when a case was 

13 identified during environmental monitoring in a wild bird in New Jersey. There were then a few 

14 more sporadic detections in the United States and Thailand until the first sustained outbreak of 

15 H5N8 that began in Korea in 2013 (Lee et al. 2014). 

16

17 The Korean outbreak was preceded by cases in Eastern China in 2010 that are distinct from the 

18 American and Irish virus. Although the Korean outbreak strains are of the same H5N8 subtype as 

19 the earlier Asian cases, the current outbreak seems to have been the product of another 

20 reassortment event, where another H5 containing subtype such as H5N1 or H5N5 has undergone 

21 reassortment with a N8 containing subtype (Lee et al. 2014; Zhao et al. 2013). 

22

23 The 2013 Korean outbreak has been subdivided into two lineages one of which is closely related 

24 to the Chinese sequences and that has only been identified in a small number of samples in 

25 Gochang and a second that contains all the other cases and that was originally identified in Buan 

26 (Fan et al. 2014; Jeong et al. 2014). In the winter of 2014 the virus also spread to Europe and the 

27 US via migratory birds (Bouwstra et al. 2015; Hanna et al. 2015; Lee et al. 2015). There were 

28 only a limited number of European and US cases, but there has been widespread infection of 

29 domestic geese in Taiwan. 
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30

31 There are a large number of gaps in the history of H5N8 subtype and multiple years when it has 

32 not been isolated. These breaks in detection could be explained by inadequate sampling. The 

33 virus might have been present in wild birds, but because it is often asymptomatic it was not 

34 reported. However, some of the H5N8 cases have been detected as part of a systematic 

35 environmental study of bird diseases in the Delaware Bay, the Southeastern Cooperative Wildlife 

36 Disease Study, and if the virus had been present then it is likely that it would have been sampled 

37 (Brown et al. 2007). 

38

39 Another possibility is that the H5N8 virus occurs sporadically as a result of multiple 

40 reassortment events, but that it does not circulate widely as it is not competitive with other avian 

41 influenza subtypes. The aim of this paper is to demonstrate that this second explanation is the 

42 actual cause for the sporadic nature of the detection of H5N8 sequences, by showing that 

43 reassortment has played a major role in the history of the H5N8 subtype.

44
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46 Materials and Methods

47 All of the available H5N8 hemagglutinin and neuraminidase nucleotide sequences were 

48 downloaded from the NCBI Influenza Virus Resource on the 29th of June 2015. Both sets of 

49 sequences were aligned with Muscle v3.8.31 (Edgar 2004) within Mega6.06. 

50

51 Manual inspection and editing of the sequences was carried out using Mega6.06 (Tamura et al. 

52 2013). During manual editing the 5’ end of the sequence was edited to remove the un-translated 

53 region. All sequences were trimmed to the start codon and stop codons. Sequences with missing 

54 nucleotides were removed (table 1). 

55

56 The test for the appropriate evolutionary model was carried out in Mega6.06 and showed that the 

57 general time reversible with gamma correction and invariant sites model was optimal (GTR+G+I) 

58 (Posada & Crandall 1998; Tavaré 1986). Alignment was carried out using Muscle within 

59 Mega6.06 (Edgar 2004). Maximum likelihood phylogenetic trees for the H5N8 hemagglutinin 

60 and neuraminidase sequences were calculated using the GTR+G+I evolutionary model with 1000 

61 bootstrap repetitions using Mega6.06. These trees provide the reference for further comparisons. 

62

63 Trees for the H5N8 subtype were also created using alignment with MAFFT v6.864b using the 

64 default settings and then FastTree2.1 was used to create a maximum likelihood tree using the 

65 GTR + gamma evolutionary model (Katoh & Standley 2013; Price et al. 2010). The command 

66 for the tree generation are given below:
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67 Fasttree –nt –gtr –gamma –quote filename.fas > filename.tree

68

69 All of the available H5 hemagglutinin subunits (4007 sequences) and N8 neuraminidase subunits 

70 (1840 sequences) were downloaded from the NCBI Influenza Virus Resource on the 27th of June 

71 2015 (Bao et al. 2008). The search was restricted to full-length sequences from any host. This 

72 data was used to carry out a complete phylogenetic analysis for both the H5 hemagglutinin and 

73 N8 neuraminidase segments. The sequences were aligned using the default settings within 

74 MAFFT v6.864b (Katoh & Standley 2013). FastTree2.1 was used to create a maximum 

75 likelihood tree for all of the sequences using the GTR + gamma evolutionary model (Price et al. 

76 2010). Given the large number of taxons it is computationally challenging to calculate realistic 

77 boot-strapped trees, instead FastTree calculates a local support values of each of the splits within 

78 the tree using the Shimodaira-Hasegawa (SH) log likelihood test (Shimodaira & Hasegawa 1999). 

79 This has been shown to have a high correlation to conventional bootstrap values (Price et al. 

80 2010). 

81

82 The resulting trees were edited, visualised and annotated with FigTree 1.4.2 (Rambaut 2007). All 

83 trees were displayed as cladograms to aid clarity. The full name, chronological and geographical 

84 information was included in the trees because these are essential for the interpretation of the 

85 results. Nodes were labelled with the support values calculated by FastTree, which are a Log 

86 Likelihood Ratio.

87
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88 Supplementary data-files for the phylogenetic analysis of the H5 hemagglutinin are available 

89 from http://dx.doi.org/10.5281/zenodo.20653 and for the N8 neuraminidase from 

90 http://dx.doi.org/10.5281/zenodo.20655.
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91 Results and Discussion

92 The Mega maximum likelihood phylogenetic tree for the H5N8 hemagglutinin is shown in figure 

93 1. Very low bootstrap values are often a result of sequence identity. Sequence degeneracy is 

94 frequent in viral data and cannot be resolved using maximum-likelihood or distance based 

95 measures, but it is important in Bayesian and coalescent analysis, where tip ages can be used. For 

96 this reason identical sequences were not removed. This tree shows that the US H5N8 sequences 

97 prior to the current outbreak (2001-2011) form the most distinctive clade. This is then followed 

98 by the sequences from the Irish outbreak in 1983. There are then a series of singleton clades 

99 before the Gochang clade and the final clade contains the rest of the sequences from the current 

100 outbreak. There is some evidence for sub-clades within the current outbreak and appears to have 

101 broken into 3 or four different sub-lineages, one of which contains the 2014 US sequences. 

102

103 The Mega maximum phylogenetic tree for the H5N8 neuraminidase dataset (figure 2) contains 

104 fewer features when compared to the hemagglutinin trees but the overall topology is the same. 

105 For the Irish cluster there is only a single full-length sequence available. There is also less clade 

106 structure in the recent outbreak, although there is still a distinct sub-lineage for the US 2014 

107 sequences. Apart from this clade there is very little recent evolutionary change in the 

108 neuraminidase sequences. 

109

110 These trees are in good agreement with the much more detailed and rigorous coalescent analysis 

111 carried out previously (Dalby & Iqbal 2015). They show that the maximum likelihood trees 

112 using the general time reversible model is appropriate for creating phylogenetic trees oh H5N8. 
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113 These trees provide a reference set for the approximate maximum likelihood trees produced by 

114 FastTree. This allows a comparison to be made of the SH local branch support values to the 

115 bootstrap values for the same tree. The trees for hemagglutinin and neuraminidase are shown in 

116 figures 3 and 4 respectively. It can be seen that there is a very strong correlation between the 

117 FastTree local support values and the calculated bootstrap values in the Mega maximum 

118 likelihood tree. There is almost complete agreement in the most important nodes which divide 

119 the US and Ireland clades from the Korean outbreak.

120

121 These trees give an overview of the pattern of H5N8 evolution. However they do not contain 

122 information about the reassortment of the hemagglutinin and neuraminidase genes. To discover 

123 reassortment events phylogenetic trees for all of the H5 hemagglutinin and N8 neuraminidases 

124 have to be constructed.

125

126 The phylogenetic trees for all of the N8 neuraminidase segments and all of the H5 hemagglutinin 

127 segments are very large (supplementary data files 1 and 2) and so they have been edited in order 

128 to focus on only the clusters that contain the H5N8 sequences (figures 5 to 13). These clusters 

129 show good agreement in the geographical location and chronology of the possible reassortments 

130 in both the hemagglutinin and neuraminidase trees. This consistency of trees between 

131 independent genes is strong evidence that the phylogenetic analysis is valid. 

132
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133 These trees show that the apparently simple H5N8 phylogenetic trees for the two envelope 

134 segments (figures 1-4) are actually more complex and that multiple reassortment events have 

135 occurred resulting in the creation of novel H5N8 subtype lineages. These events cannot be seen 

136 in the structure of the H5N8 only trees but they need to be taken into account if the phylogenetic 

137 trees are going to be calculated correctly, especially if coalescent methods are going to be used.

138

139 Out of the 7 hemagglutinin and neuraminidase clusters 5 of them are singletons, New Jersey 

140 2001, California 2011, Thailand 2012, Quang Ninh 2013 and California 2014 (quail). Of these 

141 the most surprising are the US sequences as it was expected that these would be from a single 

142 lineage, and that the gaps in time between collected sequences reflect a lack of sampling. 

143

144 However it is clear from the trees presented here that the sporadic appearance on H5N8 has 

145 arisen from multiple reassortment events. This is made especially clear in figure 5, which shows 

146 three reassortment events that have produced the H5N8 subtype in Colorado in 2006 and in 

147 California in 2011 and 2014. These three H5N8 reassortments had a hemagglutinin that 

148 originated in the H5N2, H5N1 and H5N5 subtypes.

149

150 The first cases of H5N8 avian influenza were in turkeys in Ireland in 1983 (figure 6). From the 

151 clusters of sequences for the neuraminidase and hemagglutinin, the neuraminidase is most 

152 closely related to those found in H3N8 infected ducks in the Ukraine in 1963 and the 

153 hemagglutinin is most closely related to H5N2 found in an Italian turkey in 1982. Considering 
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154 the geographical spread and the gaps in the timeline it is impossible to state for sure that this is a 

155 reassortment of the H5N2 and H3N8. There are also German sequences from 1984 and 1985 

156 with a similar hemagglutinin from the H5N6 and H5N2 subtypes respectively. This lends further 

157 support to believing that the H5N2 subtype is the most likely source of the H5 hemagglutinin.

158

159 The New Jersey 2001 H5N8 is derived from either an H5N7 or H5N2 hemagglutinin in 

160 shorebirds in New Jersey/Delaware Bay (figure 7). The next closest hemagglutinin sequences are 

161 for Japanese H5N3 ducks in 2002 but these are geographically very distant and it is difficult to 

162 imagine a migratory connection without further evidence of widespread dispersal. This 

163 hemagglutinin most likely combined with an H6N8 or possibly an H11N8, which were also 

164 circulating in Delaware Bay from 1993. The absence of H6N8 sequence data from Delaware Bay 

165 between 1993 and the occurrence of H5N8 in 2001 is of some concern. This location is a focus 

166 of the South-eastern Cooperative Wildlife Disease Study that carries out regular sampling. If the 

167 virus was present during this period it would be expected that it would be sampled more 

168 frequently.

169

170 The California 2011 H5N8 case is less ambiguous and it is clearly a reassortment of an H5N1 

171 viral subtype with and H3N8 subtypes in mallards in California (figure 8). The H5N1 and H3N8 

172 sequences seem to have been the dominant subtypes in this location and might the reason for 

173 there not being a wider distribution of H5N8.

174
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175 The Thailand 2012 reassortment is more complex (figure 9). The sequence is part of a H5N2 

176 cluster in wild birds in Xianghai but there are also some H5N3 cases. The neuraminidase clusters 

177 with a group of H3N8 sequences mostly from ducks in Eastern China. This group also includes a 

178 Vietnamese duck sequence. From 2013 onwards this cluster is dominated by H10N8 sequences 

179 and these could have replaced H5N8. This would fit with the reassortment event having taken 

180 place in the Xianghai region.

181

182 Quang Ninh is a coastal region of North Vietnam that border with China. The Quang Ninh 

183 cluster for hemagglutinin is mostly H5N1 subtype sequences from Vietnamese Muscovy ducks 

184 (figure 10). The neuraminidase cluster is from a mixed group that also includes H3 

185 hemagglutinins in ducks from Jiangxi and Vietnam. This is consistent with the reassortment 

186 having occurred in Vietnamese wild ducks between the H5N1 and H3N8 subtypes.

187

188 The California 2014 reassortment is also unambiguous. Almost all of the sequences in the 

189 hemagglutinin cluster are of the H5N5 subtype from mallards in California (figure 11). The 

190 neuraminidase cluster is similarly almost homogeneous for H3N8 sequences also from mallard in 

191 California and so it seems clear that the reassortment took place in Californian wild ducks that 

192 then spread the virus to quail. This reassortment event complicated the monitoring of H5N8 and 

193 the spread of the Korean H5N8 lineage by wild birds. When multiple lineages coincide 

194 geographically this can make a coherent response to the spread of the virus more difficult as 

195 there is uncertainty about how the virus is spreading. 

196
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197 In the past H5N8 outbreaks have been short lived and localised, but in the recent outbreak the 

198 subtype has persisted through two breeding seasons and spread over three continents (figures 12 

199 and 13). This new outbreak contains the Guangdong H5 hemagglutinin that has become the 

200 predominant form of the H5 hemagglutinin in China and the H5N8 sequences are part of the 

201 2.3.4.4 H5 clade (Donis & Smith 2015). While the current outbreak came to prominence in 

202 Korea there were earlier cases in China. The tree structure shows the presence of at least two 

203 distinct lineages. One lineage probably originated around Jiangsu in 2010 from a possible 

204 reassortment of H5N1 and H3N8 (Kang et al. 2015). This has been named the Gochang lineage 

205 after the region in Korea where the most recent sequence was detected (Jeong et al. 2014). This 

206 lineage forms a distinctive cluster (figures 1-4 and 12-13, shown in red) in all of the 

207 neuraminidase and hemagglutinin trees. The Shandong 2013 neuraminidase sequence is also 

208 particularly distinct to other members of the current outbreak.

209

210 A second Korean lineage has been named the Buan lineage (Jeong et al. 2014) from the Buan 

211 region of Korea where it was isolated. From the phylogenetic trees the hemagglutinin from this 

212 lineage appears to be splitting into two sub-lineages in Korea (figures 1,3 and 12 shown in 

213 magenta and blue) and a third in North America (figures 1-4 and 12-13, shown in green). The 

214 presence of sub-clades or sub-lineages has also been proposed in recent work by Hill et al. in a 

215 study that combines ecological data with the phylogenetic data (Hill et al. 2015). They propose 

216 that the lineages are dependent on geographical location, but they only used the H5 

217 hemagglutinin in the analysis.
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218 Even more intriguing is that there has been a reassortment in North America to produce a new 

219 H5N2 virus, which contains the Guangdong H5 lineage hemagglutinin. It is possible that this 

220 hemagglutinin might undergo further reassortment allowing the Guangdong H5 hemagglutinin to 

221 displace the existing US H5 hemagglutinin in other influenza subtypes (Verhagen et al. 2015). 

222

223 Conclusions

224 The H5N8 subtype is made up of at least 7 distinct lineages that have each been produced by a 

225 distinct reassortment event. The presence of these recombination events affects the phylogenetic 

226 analysis and has to be accounted for in the H5N8 phylogenetic trees. This is likely to be a more 

227 general observation when constructing phylogenetic trees of influenza sub-types where 

228 reassortment will mean that segments can have a very different evolutionary history. A recent 

229 study of Dengue virus has called into question to idea of serotype in that virus because there is 

230 greater variation in antigen response within serotypes than between them, indicating a pattern of 

231 reassortment affecting antigenicity (Katzelnick et al. 2015).

232

233 Reassortment events need to be accounted for before any reliable phylogenetic analysis can be 

234 carried out. These events can have a significant effect on coalescent analysis and should be taken 

235 into account in building evolutionary hypotheses. Analysis that does not explicitly account for 

236 reassortments is likely to be unreliable, especially if it is used for calculating varying mutation 

237 rates along different branches. 

238
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239 The results here have shown an unexpected degree of reassortment, especially amongst the 

240 sequences from the United States. These events happen very rapidly. Mostly reassortment does 

241 not produce a persistent new subtype as shown by the presence of a high proportion of singleton 

242 sequences. For H5N8 the most recent reassortment has finally generated a viable subtype that 

243 will continue to circulate but it is still possible that it might die out once again and that H5N8 

244 will only return sporadically.

245

246 These results show that breaks in the historical record of a viral strain can be the product of 

247 extinction and then subsequent regeneration via reassortment rather than the effect of limited 

248 sampling. Sampling still remains an issue and we need to make influenza monitoring in the wild 

249 bird populations more systematic, but in this case it does not appear to have been the main reason 

250 for the absence of the virus.

251
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318 Tables

319

320

Segment Deleted Sequence Identifiers.

HA KR233690, AY296086, KR233674, 

KR232364, KR233682, KJ413855, 

KJ413856, EF607893.

NA CY054463, GU052855, GU052862, 

KP101006, KR233692, JQ973696, 

KR233676, KR232366, KR233684,

321

322 Table 1: The sequences that were removed from the phylogenetic analysis because of truncation.

323
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325 Figures

326

KJ756631 A/baikal teal/Korea/2399/2014 2014/01/20 4 (HA) H5N8

KJ509132 A/mallard/Korea/H297/2014 2014/01/29 4 (HA) H5N8

KJ756636 A/baikal teal/Korea/2416/2014 2014/01/20 4 (HA) H5N8

KJ509108 A/breeder duck/Korea/H249/2014 2014/01/28 4 (HA) H5N8

KJ509052 A/breeder duck/Korea/H128/2014 2014/01/25 4 (HA) H5N8

AB932556 A/chicken/kumamoto/1-7/2014 2014/04/13 4 (HA) H5N8

KJ508972 A/bean goose/Korea/H53/2014 2014/01/20 4 (HA) H5N8

KJ756634 A/baikal teal/Korea/2406/2014 2014/01/20 4 (HA) H5N8

KJ756624 A/baikal teal/Korea/1448/2014 2014/01/20 4 (HA) H5N8

KP851843 A/baikal teal/Korea/K14-E016/2014 2014/02/15 4 (HA) H5N8

KJ509004 A/Baikal teal/Korea/H68/2014 2014/01/22 4 (HA) H5N8

KJ756637 A/baikal teal/Korea/2417/2014 2014/01/20 4 (HA) H5N8

KJ509140 A/bean goose/Korea/H328/2014 2014/02/01 4 (HA) H5N8

KJ509068 A/broiler duck/Korea/H145/2014 2014/01/25 4 (HA) H5N8

KJ508996 A/Baikal teal/Korea/H66/2014 2014/01/21 4 (HA) H5N8

KJ756619 A/baikal teal/Korea/1437/2014 2014/01/20 4 (HA) H5N8

KJ509028 A/Baikal teal/Korea/H84/2014 2014/01/22 4 (HA) H5N8

KJ756628 A/baikal teal/Korea/1456/2014 2014/01/20 4 (HA) H5N8

KJ756621 A/baikal teal/Korea/1445/2014 2014/01/20 4 (HA) H5N8

KJ756633 A/baikal teal/Korea/2403/2014 2014/01/20 4 (HA) H5N8

KJ756629 A/baikal teal/Korea/1457/2014 2014/01/20 4 (HA) H5N8

KJ756635 A/baikal teal/Korea/2414/2014 2014/01/20 4 (HA) H5N8

KJ508924 A/bean goose/Korea/H40/2014 2014/01/19 4 (HA) H5N8

KJ508948 A/broiler duck/Korea/H48/2014 2014/01/20 4 (HA) H5N8

KJ508956 A/broiler duck/Korea/H49/2014 2014/01/20 4 (HA) H5N8

KJ508932 A/Baikal teal/Korea/H41/2014 2014/01/19 4 (HA) H5N8

KJ509100 A/white-fronted goose/Korea/H231/2014 2014/01/28 4 (HA) H5N8

KJ756623 A/baikal teal/Korea/1447/2014 2014/01/20 4 (HA) H5N8

KJ509092 A/mallard/Korea/H207/2014 2014/01/27 4 (HA) H5N8

KJ509044 A/breeder chicken/Korea/H122/2014 2014/01/24 4 (HA) H5N8

KJ508988 A/broiler duck/Korea/H65/2014 2014/01/21 4 (HA) H5N8

Buan I

KJ509156 A/common teal/Korea/H455-30/2014 2014/02/08 4 (HA) H5N8

KJ509148 A/tundra swan/Korea/H411/2014 2014/02/06 4 (HA) H5N8

KJ509164 A/spot-billed duck/Korea/H455-42/2014 2014/02/08 4 (HA) H5N8

KJ413842 A/broiler duck/Korea/Buan2/2014 2014/01/17 4 (HA) H5N8

KJ756625 A/baikal teal/Korea/1449/2014 2014/01/20 4 (HA) H5N8

KJ756626 A/baikal teal/Korea/1452/2014 2014/01/20 4 (HA) H5N8

KJ511812 A/waterfowl/Korea/S005/2014 2014/02/15 4 (HA) H5N8

KJ756630 A/baikal teal/Korea/1458/2014 2014/01/20 4 (HA) H5N8

KJ756627 A/baikal teal/Korea/1454/2014 2014/01/20 4 (HA) H5N8

KJ413850 A/baikal teal/Korea/Donglim3/2014 2014/01/17 4 (HA) H5N8

KJ509124 A/Korean native chicken/Korea/H257/2014 2014/01/28 4 (HA) H5N8

KJ509060 A/broiler duck/Korea/H133/2014 2014/01/25 4 (HA) H5N8

KJ756622 A/baikal teal/Korea/1446/2014 2014/01/20 4 (HA) H5N8

KJ508908 A/broiler duck/Korea/H31/2014 2014/01/19 4 (HA) H5N8

KJ508900 A/broiler duck/Korea/H29/2014 2014/01/18 4 (HA) H5N8

KJ508940 A/broiler duck/Korea/H47/2014 2014/01/20 4 (HA) H5N8

KJ756620 A/baikal teal/Korea/1441/2014 2014/01/20 4 (HA) H5N8

KJ746111 A/mallard/Korea/W452/2014 2014/02/05 4 (HA) H5N8

KJ509012 A/Baikal teal/Korea/H80/2014 2014/01/22 4 (HA) H5N8

KJ509020 A/Coot/Korea/H81/2014 2014/01/22 4 (HA) H5N8

KJ508980 A/Baikal teal/Korea/H62/2014 2014/01/21 4 (HA) H5N8

KJ509084 A/breeder duck/Korea/H200/2014 2014/01/27 4 (HA) H5N8

KJ508916 A/broiler duck/Korea/H32/2014 2014/01/19 4 (HA) H5N8

Buan II

KJ756632 A/baikal teal/Korea/2402/2014 2014/01/20 4 (HA) H5N8

KJ509116 A/breeder chicken/Korea/H250/2014 2014/01/28 4 (HA) H5N8

KJ509036 A/Baikal teal/Korea/H96/2014 2014/01/23 4 (HA) H5N8

KR150901 A/turkey/California/K1500169-1.2/2015 2015/01/21 4 (HA) H5N8

KP739413 A/guinea fowl/Oregon/41613-1/2014 2014/12/16 4 (HA) H5N8

KP739405 A/chicken/Oregon/41613-2/2014 2014/12/16 4 (HA) H5N8

KP307984 A/gyrfalcon/Washington/41088-6/2014 2014/12/08 4 (HA) H5N8

US Clade

KJ509076 A/breeder duck/Korea/H158/2014 2014/01/26 4 (HA) H5N8

JQ973694 A/duck/Jiangsu/k1203/2010 2010/12/05 4 (HA) H5N8

KJ476669 A/duck/Zhejiang/W24/2013 2013/11/14 4 (HA) H5N8

KJ476657 A/mallard/Shanghai/SH-9/2013 2013/11/13 4 (HA) H5N8

KJ476670 A/duck/Zhejiang/6D18/2013 2013/12/14 4 (HA) H5N8

KJ508961 A/Baikal teal/Korea/H52/2014 2014/01/20 4 (HA) H5N8

KJ413834 A/breeder duck/Korea/Gochang1/2014 2014/01/16 4 (HA) H5N8

Gochang

KM504101 A/duck/Shandong/Q1/2013 2013/04/25 4 (HA) H5N8

LC053460 A/duck/Quang Ninh/19c511/2013 2013/04/10 4 (HA) H5N8

KJ161951 A/duck/Thailand/CU-12205C/2012 2012/02/08 4 (HA) H5N8

CY015089 A/turkey/Ireland/1378/1983 1983// 4 (HA) H5N8

GU052860 A/turkey/Ireland//1983 1983// 4 (HA) H5N8

GU052853 A/duck/Ireland/113/1983 1983// 4 (HA) H5N8

M18450 A/duck/Ireland/113/1983 1983// 4 (HA) H5N8

M18451 A/turkey/Ireland/1378/1983 1983// 4 (HA) H5N8

CY144236 A/ruddy turnstone/New Jersey/828227/2001 2001// 4 (HA) H5N8

GQ923573 A/avian/Colorado/456648/2006 2006// 4 (HA) H5N8

CY134101 A/mallard/California/2559P/2011 2011/08/12 4 (HA) H5N8

KP101004 A/quail/California/K1400794/2014 2014/04/ 4 (HA) H5N896
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327 Figure 1: The Mega Maximum Likelihood H5N8 hemagglutinin phylogenetic tree. Internal 
328 nodes are labelled with the bootstrap values. The Buan Clades are in blue and magenta and the 
329 Gochang clade is in red. The US clade is in green.
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KJ508958 A/broiler duck/Korea/H49/2014 2014/01/20 6 (NA) H5N8

KJ509134 A/mallard/Korea/H297/2014 2014/01/29 6 (NA) H5N8

KJ509150 A/tundra swan/Korea/H411/2014 2014/02/06 6 (NA) H5N8

KJ509078 A/breeder duck/Korea/H158/2014 2014/01/26 6 (NA) H5N8

KJ508902 A/broiler duck/Korea/H29/2014 2014/01/18 6 (NA) H5N8

KJ509118 A/breeder chicken/Korea/H250/2014 2014/01/28 6 (NA) H5N8

KJ509158 A/common teal/Korea/H455-30/2014 2014/02/08 6 (NA) H5N8

KJ508974 A/bean goose/Korea/H53/2014 2014/01/20 6 (NA) H5N8

KJ509102 A/white-fronted goose/Korea/H231/2014 2014/01/28 6 (NA) H5N8

KJ756675 A/baikal teal/Korea/2417/2014 2014/01/20 6 (NA) H5N8

KJ413852 A/baikal teal/Korea/Donglim3/2014 2014/01/17 6 (NA) H5N8

KJ508950 A/broiler duck/Korea/H48/2014 2014/01/20 6 (NA) H5N8

KJ509166 A/spot-billed duck/Korea/H455-42/2014 2014/02/08 6 (NA) H5N8

KJ756674 A/baikal teal/Korea/2416/2014 2014/01/20 6 (NA) H5N8

KJ509094 A/mallard/Korea/H207/2014 2014/01/27 6 (NA) H5N8

KJ509142 A/bean goose/Korea/H328/2014 2014/02/01 6 (NA) H5N8

KJ509046 A/breeder chicken/Korea/H122/2014 2014/01/24 6 (NA) H5N8

KJ756672 A/baikal teal/Korea/2406/2014 2014/01/20 6 (NA) H5N8

KJ509054 A/breeder duck/Korea/H128/2014 2014/01/25 6 (NA) H5N8

KJ509070 A/broiler duck/Korea/H145/2014 2014/01/25 6 (NA) H5N8

KJ756669 A/baikal teal/Korea/2399/2014 2014/01/20 6 (NA) H5N8

KP851844 A/baikal teal/Korea/K14-E016/2014 2014/02/15 6 (NA) H5N8

KJ756668 A/baikal teal/Korea/1458/2014 2014/01/20 6 (NA) H5N8

KJ756667 A/baikal teal/Korea/1457/2014 2014/01/20 6 (NA) H5N8

KJ756673 A/baikal teal/Korea/2414/2014 2014/01/20 6 (NA) H5N8

KJ756665 A/baikal teal/Korea/1454/2014 2014/01/20 6 (NA) H5N8

AB932558 A/chicken/kumamoto/1-7/2014 2014/04/13 6 (NA) H5N8

KJ509086 A/breeder duck/Korea/H200/2014 2014/01/27 6 (NA) H5N8

KJ756664 A/baikal teal/Korea/1452/2014 2014/01/20 6 (NA) H5N8

KJ511814 A/waterfowl/Korea/S005/2014 2014/02/15 6 (NA) H5N8

KJ756662 A/baikal teal/Korea/1448/2014 2014/01/20 6 (NA) H5N8

KJ413844 A/broiler duck/Korea/Buan2/2014 2014/01/17 6 (NA) H5N8

KJ756661 A/baikal teal/Korea/1447/2014 2014/01/20 6 (NA) H5N8

KJ756671 A/baikal teal/Korea/2403/2014 2014/01/20 6 (NA) H5N8

KJ756659 A/baikal teal/Korea/1445/2014 2014/01/20 6 (NA) H5N8

KJ756670 A/baikal teal/Korea/2402/2014 2014/01/20 6 (NA) H5N8

KJ756658 A/baikal teal/Korea/1441/2014 2014/01/20 6 (NA) H5N8

KJ508926 A/bean goose/Korea/H40/2014 2014/01/19 6 (NA) H5N8

KJ508910 A/broiler duck/Korea/H31/2014 2014/01/19 6 (NA) H5N8

KJ509030 A/Baikal teal/Korea/H84/2014 2014/01/22 6 (NA) H5N8

KJ508990 A/broiler duck/Korea/H65/2014 2014/01/21 6 (NA) H5N8

KJ509126 A/Korean native chicken/Korea/H257/2014 2014/01/28 6 (NA) H5N8

KJ756666 A/baikal teal/Korea/1456/2014 2014/01/20 6 (NA) H5N8

KJ508982 A/Baikal teal/Korea/H62/2014 2014/01/21 6 (NA) H5N8

KJ508942 A/broiler duck/Korea/H47/2014 2014/01/20 6 (NA) H5N8

KJ509110 A/breeder duck/Korea/H249/2014 2014/01/28 6 (NA) H5N8

KJ508918 A/broiler duck/Korea/H32/2014 2014/01/19 6 (NA) H5N8

KJ508934 A/Baikal teal/Korea/H41/2014 2014/01/19 6 (NA) H5N8

KJ509038 A/Baikal teal/Korea/H96/2014 2014/01/23 6 (NA) H5N8

KJ756657 A/baikal teal/Korea/1437/2014 2014/01/20 6 (NA) H5N8

KJ509006 A/Baikal teal/Korea/H68/2014 2014/01/22 6 (NA) H5N8

KR150903 A/turkey/California/K1500169-1.2/2015 2015/01/21 6 (NA) H5N8

KP739407 A/chicken/Oregon/41613-2/2014 2014/12/16 6 (NA) H5N8

KP739415 A/guinea fowl/Oregon/41613-1/2014 2014/12/16 6 (NA) H5N8

KP307986 A/gyrfalcon/Washington/41088-6/2014 2014/12/08 6 (NA) H5N8

US Clade

KJ509014 A/Baikal teal/Korea/H80/2014 2014/01/22 6 (NA) H5N8

KJ509022 A/Coot/Korea/H81/2014 2014/01/22 6 (NA) H5N8

KJ756660 A/baikal teal/Korea/1446/2014 2014/01/20 6 (NA) H5N8

KJ508998 A/Baikal teal/Korea/H66/2014 2014/01/21 6 (NA) H5N8

KJ746113 A/mallard/Korea/W452/2014 2014/02/05 6 (NA) H5N8

KJ756663 A/baikal teal/Korea/1449/2014 2014/01/20 6 (NA) H5N8

KJ509062 A/broiler duck/Korea/H133/2014 2014/01/25 6 (NA) H5N8

KJ476659 A/mallard/Shanghai/SH-9/2013 2013/11/13 6 (NA) H5N8

KJ508962 A/Baikal teal/Korea/H52/2014 2014/01/20 6 (NA) H5N8

KJ413836 A/breeder duck/Korea/Gochang1/2014 2014/01/16 6 (NA) H5N8

KJ476674 A/duck/Zhejiang/6D18/2013 2013/12/14 6 (NA) H5N8

KJ476673 A/duck/Zhejiang/W24/2013 2013/11/14 6 (NA) H5N8

Gochang

KM504103 A/duck/Shandong/Q1/2013 2013/04/25 6 (NA) H5N8

CY015091 A/turkey/Ireland/1378/1983 1983// 6 (NA) H5N8

CY144238 A/ruddy turnstone/New Jersey/828227/2001 2001// 6 (NA) H5N8

KJ161964 A/duck/Thailand/CU-12205C/2012 2012/02/08 6 (NA) H5N8

AY300948 A/duck/NY/191255-59/2002 2002// 6 (NA) H5N8

CY134103 A/mallard/California/2559P/2011 2011/08/12 6 (NA) H5N8

GQ923575 A/avian/Colorado/456648/2006 2006// 6 (NA) H5N8

LC053462 A/duck/Quang Ninh/19c511/2013 2013/04/10 6 (NA) H5N899
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331 Figure 2: The Mega Maximum Likelihood H5N8 neuraminidase phylogenetic tree. Internal 
332 nodes are labelled with the bootstrap values. The Gochang clade is in red and the US clade is in 
333 Green. 
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KJ509148_A/tundra_swan/Korea/H411/2014_2014/02/06_4_

JQ973694_A/duck/Jiangsu/k1203/2010_2010/12/05_4_

KJ756632_A/baikal_teal/Korea/2402/2014_2014/01/20_4_

KJ413842_A/broiler_duck/Korea/Buan2/2014_2014/01/17_4_

CY144236_A/ruddy_turnstone/New_Jersey/828227/2001_2001//_4_

KJ508948_A/broiler_duck/Korea/H48/2014_2014/01/20_4_

KR150901_A/turkey/California/K1500169-1.2/2015_2015/01/21_4_

KJ509108_A/breeder_duck/Korea/H249/2014_2014/01/28_4_

KJ756637_A/baikal_teal/Korea/2417/2014_2014/01/20_4_

KJ161951_A/duck/Thailand/CU-12205C/2012_2012/02/08_4_
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KJ756628_A/baikal_teal/Korea/1456/2014_2014/01/20_4_

KJ756629_A/baikal_teal/Korea/1457/2014_2014/01/20_4_

KP101004_A/quail/California/K1400794/2014_2014/04/_4_

KJ509028_A/Baikal_teal/Korea/H84/2014_2014/01/22_4_

LC053460_A/duck/Quang_Ninh/19c511/2013_2013/04/10_4_
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KJ508996_A/Baikal_teal/Korea/H66/2014_2014/01/21_4_

KJ756623_A/baikal_teal/Korea/1447/2014_2014/01/20_4_

KJ509076_A/breeder_duck/Korea/H158/2014_2014/01/26_4_

KJ509140_A/bean_goose/Korea/H328/2014_2014/02/01_4_

KJ476657_A/mallard/Shanghai/SH-9/2013_2013/11/13_4_
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335 Figure 3: The FastTree Maximum Likelihood H5N8 hemagglutinin phylogenetic tree. Internal 
336 nodes are labelled with the node support values. The Buan Clades are in blue and magenta and 
337 the Gochang clade is in red. The US clade is in green. The nodes are labelled with the Sh local 
338 support values.

PeerJ PrePrints | https://dx.doi.org/10.7287/peerj.preprints.1489v1 | CC-BY 4.0 Open Access | rec: 10 Nov 2015, publ: 10 Nov 2015



339

KJ508958_A/broiler_duck/Korea/H49/2014_2014/01/20_6_

KJ508962_A/Baikal_teal/Korea/H52/2014_2014/01/20_6_

KJ509094_A/mallard/Korea/H207/2014_2014/01/27_6_

KP307986_A/gyrfalcon/Washington/41088-6/2014_2014/12/08_6_

KJ756675_A/baikal_teal/Korea/2417/2014_2014/01/20_6_

KJ756663_A/baikal_teal/Korea/1449/2014_2014/01/20_6_

AY300948_A/duck/NY/191255-59/2002_2002//_6_

AB932558_A/chicken/kumamoto/1-7/2014_2014/04/13_6_

KJ756665_A/baikal_teal/Korea/1454/2014_2014/01/20_6_

KJ508998_A/Baikal_teal/Korea/H66/2014_2014/01/21_6_

CY015091_A/turkey/Ireland/1378/1983_1983//_6_

KJ509062_A/broiler_duck/Korea/H133/2014_2014/01/25_6_

KJ508918_A/broiler_duck/Korea/H32/2014_2014/01/19_6_

KJ476673_A/duck/Zhejiang/W24/2013_2013/11/14_6_

KJ756666_A/baikal_teal/Korea/1456/2014_2014/01/20_6_

KJ509022_A/Coot/Korea/H81/2014_2014/01/22_6_

KJ756664_A/baikal_teal/Korea/1452/2014_2014/01/20_6_

KJ756657_A/baikal_teal/Korea/1437/2014_2014/01/20_6_

KJ509126_A/Korean_native_chicken/Korea/H257/2014_2014/01/28_6_

KJ746113_A/mallard/Korea/W452/2014_2014/02/05_6_

KJ756670_A/baikal_teal/Korea/2402/2014_2014/01/20_6_

KJ509102_A/white-fronted_goose/Korea/H231/2014_2014/01/28_6_

KJ508950_A/broiler_duck/Korea/H48/2014_2014/01/20_6_

KJ756674_A/baikal_teal/Korea/2416/2014_2014/01/20_6_

KJ476674_A/duck/Zhejiang/6D18/2013_2013/12/14_6_

KJ756667_A/baikal_teal/Korea/1457/2014_2014/01/20_6_

KJ509134_A/mallard/Korea/H297/2014_2014/01/29_6_

KJ756671_A/baikal_teal/Korea/2403/2014_2014/01/20_6_

KJ508910_A/broiler_duck/Korea/H31/2014_2014/01/19_6_

KJ509142_A/bean_goose/Korea/H328/2014_2014/02/01_6_

KJ508934_A/Baikal_teal/Korea/H41/2014_2014/01/19_6_

KJ509158_A/common_teal/Korea/H455-30/2014_2014/02/08_6_

KJ508902_A/broiler_duck/Korea/H29/2014_2014/01/18_6_

KJ509014_A/Baikal_teal/Korea/H80/2014_2014/01/22_6_

KP739407_A/chicken/Oregon/41613-2/2014_2014/12/16_6_

KJ509078_A/breeder_duck/Korea/H158/2014_2014/01/26_6_

CY134103_A/mallard/California/2559P/2011_2011/08/12_6_

KM504103_A/duck/Shandong/Q1/2013_2013/04/25_6_

KJ756673_A/baikal_teal/Korea/2414/2014_2014/01/20_6_

KJ476659_A/mallard/Shanghai/SH-9/2013_2013/11/13_6_

KJ509030_A/Baikal_teal/Korea/H84/2014_2014/01/22_6_

CY144238_A/ruddy_turnstone/New_Jersey/828227/2001_2001//_6_

KJ509046_A/breeder_chicken/Korea/H122/2014_2014/01/24_6_

KJ509118_A/breeder_chicken/Korea/H250/2014_2014/01/28_6_

KJ508974_A/bean_goose/Korea/H53/2014_2014/01/20_6_

KJ508990_A/broiler_duck/Korea/H65/2014_2014/01/21_6_

KJ756661_A/baikal_teal/Korea/1447/2014_2014/01/20_6_

KJ508942_A/broiler_duck/Korea/H47/2014_2014/01/20_6_

KJ509150_A/tundra_swan/Korea/H411/2014_2014/02/06_6_

KJ509054_A/breeder_duck/Korea/H128/2014_2014/01/25_6_

KJ756668_A/baikal_teal/Korea/1458/2014_2014/01/20_6_

KJ509166_A/spot-billed_duck/Korea/H455-42/2014_2014/02/08_6_

KP851844_A/baikal_teal/Korea/K14-E016/2014_2014/02/15_6_

KJ509070_A/broiler_duck/Korea/H145/2014_2014/01/25_6_

KJ161964_A/duck/Thailand/CU-12205C/2012_2012/02/08_6_

KJ756658_A/baikal_teal/Korea/1441/2014_2014/01/20_6_

KJ509110_A/breeder_duck/Korea/H249/2014_2014/01/28_6_

KJ508926_A/bean_goose/Korea/H40/2014_2014/01/19_6_

KJ413844_A/broiler_duck/Korea/Buan2/2014_2014/01/17_6_

KJ756660_A/baikal_teal/Korea/1446/2014_2014/01/20_6_

KJ509086_A/breeder_duck/Korea/H200/2014_2014/01/27_6_

KJ756662_A/baikal_teal/Korea/1448/2014_2014/01/20_6_

KJ508982_A/Baikal_teal/Korea/H62/2014_2014/01/21_6_

KJ756659_A/baikal_teal/Korea/1445/2014_2014/01/20_6_

KR150903_A/turkey/California/K1500169-1.2/2015_2015/01/21_6_

KJ413836_A/breeder_duck/Korea/Gochang1/2014_2014/01/16_6_

KJ509006_A/Baikal_teal/Korea/H68/2014_2014/01/22_6_

KP739415_A/guinea_fowl/Oregon/41613-1/2014_2014/12/16_6_

KJ509038_A/Baikal_teal/Korea/H96/2014_2014/01/23_6_

KJ413852_A/baikal_teal/Korea/Donglim3/2014_2014/01/17_6_

KJ756669_A/baikal_teal/Korea/2399/2014_2014/01/20_6_

KJ756672_A/baikal_teal/Korea/2406/2014_2014/01/20_6_

GQ923575_A/avian/Colorado/456648/2006_2006//_6_

LC053462_A/duck/Quang_Ninh/19c511/2013_2013/04/10_6_

KJ511814_A/waterfowl/Korea/S005/2014_2014/02/15_6_
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340 Figure 4: The FastTree Maximum Likelihood H5N8 neuraminidase phylogenetic tree. Internal 
341 nodes are labelled with the node support values. The Gochang clade is in red and the US clade is 
342 in Green. The nodes are labelled with the SH local support values.
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CY133809 A/gadwall/Missouri/10MO0280/2010 2010/11/16 4 (HA) H5N2

CY132822 A/American green-winged teal/Mississippi/11OS98/2011 2011/01/08 4 (HA) mixed,H5

CY133153 A/American green-winged teal/Wisconsin/10OS3127/2010 2010/10/20 4 (HA) H5N2

GQ923341 A/mallard/Arkansas/473507-9/2006 2006// 4 (HA) H5N2

GU050174 A/wild bird/Wisconsin/439436/2006 2006// 4 (HA) H5N2

CY096720 A/blue-winged teal/Guatemala/CIP049-09/2010 2010/01/31 4 (HA) H5N3

CY096680 A/blue-winged teal/Guatemala/CIP049-13/2010 2010/01/31 4 (HA) H5N4

GQ923149 A/wild bird/Minnesota/460613-12/2006 2006// 4 (HA) H5N2

CY120587 A/mallard/California/2396/2010 2010/10/30 4 (HA) H5N2

CY095268 A/northern pintail/British Columbia/07813/2005 2005/08/26 4 (HA) H5N2

GQ923253 A/avian/Missouri/466554-6/2006 2006// 4 (HA) H5N2

CY076880 A/cinnamon teal/California/JN1504/2007 2007/02/03 4 (HA) H5N3

CY134021 A/mallard/California/2542V/2011 2011/08/12 4 (HA) H5N1

CY133997 A/mallard/California/2536P/2011 2011/08/12 4 (HA) H5N1

CY094181 A/mallard/California/8834/2008 2008/10/19 4 (HA) H5N9

GQ923573 A/avian/Colorado/456648/2006 2006// 4 (HA) H5N8

CY134005 A/mallard/California/2536V/2011 2011/08/12 4 (HA) H5N1

H5N3 California 2008

CY133785 A/mallard/Missouri/10MO084/2010 2010/11/16 4 (HA) H5N9

CY094157 A/mallard/California/8035/2008 2008/10/18 4 (HA) H5N2

CY134101 A/mallard/California/2559P/2011 2011/08/12 4 (HA) H5N8

CY133949 A/mallard/California/2531P/2011 2011/08/12 4 (HA) H5N1

DQ826532 A/mallard/BC/373/2005 2005// 4 (HA) H5N2

CY047496 A/mallard/British Columbia/07826/2005 2005/08/30 4 (HA) H5N2

CY132620 A/mallard/California/2559V/2011 2011/08/12 4 (HA) mixed,H5

CY166776 A/northern shoveler/Mississippi/11OS5875/2011 2011/12/08 4 (HA) H5N2

GU052829 A/environment/California/508249/2007 2007// 4 (HA) H5N3

CY096704 A/blue-winged teal/Guatemala/CIP049-08/2010 2010/01/31 4 (HA) H5N3

CY133989 A/mallard/California/2535V/2011 2011/08/12 4 (HA) H5N1

CY096672 A/blue-winged teal/Guatemala/CIP049-12/2010 2010/01/31 4 (HA) H5N4

CY133941 A/mallard/California/2527V/2011 2011/08/12 4 (HA) H5N1

H5H5 California 2013

CY133981 A/mallard/California/2535P/2011 2011/08/12 4 (HA) H5N1

H5N2 California 2009

H5N2 Alaska 2006-7

KP101004 A/quail/California/K1400794/2014 2014/04/ 4 (HA) H5N8

CY133957 A/mallard/California/2531V/2011 2011/08/12 4 (HA) H5N1

H5N2 Oregon and Canada 2006

GU050258 A/wild bird/Wisconsin/433163-1/2006 2006// 4 (HA) H5N2

CY133909 A/northern shoveler/California/2815/2011 2011/10/29 4 (HA) H5N2

CY033444 A/American green-winged teal/California/HKWF609/2007 2007/11/10 4 (HA) H5N2

CY120627 A/American wigeon/California/3180/2010 2010/11/27 4 (HA) H5N2

CY167175 A/American green-winged teal/Mississippi/12OS191/2012 2012/01/16 4 (HA) H5N3

GU050002 A/waterfowl/Colorado/462963/2006 2006// 4 (HA) H5N2
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345 Figure 5: The three reassortment events in the H5 tree that produce the Colorado 2006, 
346 California 2011 and California 2014 quail sequences. The nodes are labelled with the SH local 
347 support values.
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CY006036 A/duck/Potsdam/2216-4/1984 1984// 4 (HA) H5N6

CY014984 A/tern/South Africa/1961 1961// 4 (HA) H5N3

GU052822 A/tern/South Africa/1961 1961// 4 (HA) H5N3

CY045255 A/shearwater/Australia/751/1975 1975// 4 (HA) H5N3

U20460 A/tern/South Africa/1961 1961// 4 (HA) H5N3

GU052548 A/turkey/England/N28/1973 1973// 4 (HA) H5N2

CY015081 A/chicken/Scotland/1959 1959// 4 (HA) H5N1

AY500365 A/turkey/England/N28/73 1973// 4 (HA) H5N2

CY015089 A/turkey/Ireland/1378/1983 1983// 4 (HA) H5N8

GU052518 A/chicken/Scotland/1959 1959// 4 (HA) H5N1

GU052860 A/turkey/Ireland/?/1983 1983// 4 (HA) H5N8

HF563055 A/duck/Potsdam/619/1985 1985// 4 (HA) H5N2

CY077685 A/duck/Victoria/26/1981 1981// 4 (HA) H5N2

M18451 A/turkey/Ireland/1378/1983 1983// 4 (HA) H5N8

CY021381 A/turkey/Italy/1980 1980// 4 (HA) H5N2

GU052853 A/duck/Ireland/113/1983 1983// 4 (HA) H5N8

M18450 A/duck/Ireland/113/1983 1983// 4 (HA) H5N8
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1

0.999
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350 Figure 6A: The hemagglutinin clade for Ireland in 1983. The nodes are labelled with the SH 
351 local support values.
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EU429797 A/duck/Ukraine/1/1963 1963// 6 (NA) H3N8

CY015091 A/turkey/Ireland/1378/1983 1983// 6 (NA) H5N8

L06576 A/duck/Ukraine/1/1963 1963// 6 (NA) H3N8

CY130016 A/duck/Ukraine/1/1963 1963// 6 (NA) H3N8

AB292669 A/duck/Ukraine/1/1963 1963// 6 (NA) H3N8

CY014648 A/duck/Ukraine/1/1963 1963/12/12 6 (NA) H3N8

0.998

1

0.857

353

354 Figure 6B: The neuraminidase clade for Ireland in 1983. The nodes are labelled with the SH 
355 local support values.

356

PeerJ PrePrints | https://dx.doi.org/10.7287/peerj.preprints.1489v1 | CC-BY 4.0 Open Access | rec: 10 Nov 2015, publ: 10 Nov 2015



357
AY296064 A/Chukkar/MN/14951-7/1998 1998// 4 (HA) H5N2

EF607889 A/shorebird/DE/1346/2001 2001// 4 (HA) H5N7

CY144236 A/ruddy turnstone/New Jersey/828227/2001 2001// 4 (HA) H5N8

GQ923565 A/mallard/Montana/458329-2/2006 2006// 4 (HA) H5N3

CY144244 A/ruddy turnstone/New Jersey/828212/2001 2001// 4 (HA) H5N2

AB558458 A/duck/Shizuoka/40/2002 2002// 4 (HA) H5N3

AB241623 A/duck/Hokkaido/84/2002 2002// 4 (HA) H5N3

1
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0.982
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0.999

358 Figure 7A: The hemagglutinin clade for New Jersey in 2001. The nodes are labelled with the SH 
359 local support values.
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CY102342 A/mallard/Alberta/242/1998 1998/08/11 6 (NA) H3N8

CY127002 A/ruddy turnstone/Delaware Bay/36/1993 1993/05/01 6 (NA) H11N8

CY101791 A/mallard/Alberta/196/1992 1992/08/24 6 (NA) mixed,N8

CY127010 A/ruddy turnstone/Delaware Bay/37/1993 1993/05/01 6 (NA) H6N8

CY102142 A/mallard/Alberta/85/1994 1994/08/12 6 (NA) H3N8

CY102238 A/mallard/Alberta/114/1997 1997/08/05 6 (NA) H3N8

CY102690 A/mallard/Alberta/160/2001 2001/08/06 6 (NA) H3N8

CY004672 A/blue-winged teal/ALB/569/1985 1985/08/22 6 (NA) H3N8

CY101685 A/mallard/Alberta/32/1991 1991/08/09 6 (NA) H3N8

CY127018 A/shorebird/Delaware Bay/222/1993 1993/05/01 6 (NA) H6N8

CY101440 A/pintail/Alberta/128/1987 1987/08/12 6 (NA) H3N8

CY101448 A/blue-winged teal/Alberta/130/1987 1987/08/12 6 (NA) H3N8

CY102246 A/mallard/Alberta/117/1997 1997/08/05 6 (NA) H3N8

AY633134 A/mallard/Alberta/117/1997 1997// 6 (NA) H3N8

CY101605 A/mallard/Alberta/20/1989 1989/08/02 6 (NA) H3N8

CY101249 A/sanderling/Delaware Bay/70/1999 1999/05/23 6 (NA) H3N8

CY144238 A/ruddy turnstone/New Jersey/828227/2001 2001// 6 (NA) H5N8

CY004704 A/mallard/Alberta/156/2001 2001/08/06 6 (NA) H3N8

CY004268 A/Mallard/Alberta/206/1996 1996/08/ 6 (NA) H6N80.994
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362 Figure 7B: The neuraminidase clade for New Jersey in 2001. The nodes are labelled with the SH 
363 local support values.
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CY133957 A/mallard/California/2531V/2011 2011/08/12 4 (HA) H5N1

CY134005 A/mallard/California/2536V/2011 2011/08/12 4 (HA) H5N1

CY133981 A/mallard/California/2535P/2011 2011/08/12 4 (HA) H5N1

CY133989 A/mallard/California/2535V/2011 2011/08/12 4 (HA) H5N1

CY132620 A/mallard/California/2559V/2011 2011/08/12 4 (HA) mixed,H5

CY134021 A/mallard/California/2542V/2011 2011/08/12 4 (HA) H5N1

CY134101 A/mallard/California/2559P/2011 2011/08/12 4 (HA) H5N8

CY120627 A/American wigeon/California/3180/2010 2010/11/27 4 (HA) H5N2

CY133941 A/mallard/California/2527V/2011 2011/08/12 4 (HA) H5N1

CY120587 A/mallard/California/2396/2010 2010/10/30 4 (HA) H5N2

CY133949 A/mallard/California/2531P/2011 2011/08/12 4 (HA) H5N1

CY133997 A/mallard/California/2536P/2011 2011/08/12 4 (HA) H5N1
0

0

0.998

0.987

0
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366 Figure 8A: The hemagglutinin clade for California in 2011. The nodes are labelled with the SH 
367 local support values.
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CY120503 A/mallard/California/1475/2010 2010/08/10 6 (NA) H3N8

CY134200 A/mallard/California/2576V/2011 2011/08/12 6 (NA) H3N8

CY132622 A/mallard/California/2559V/2011 2011/08/12 6 (NA) mixed,N8

CY157561 A/mallard/California/2923/2012 2012/07/23 6 (NA) H3N8

CY157056 A/mallard/California/2744/2012 2012/07/11 6 (NA) H3N8

CY133927 A/mallard/California/2521V/2011 2011/08/12 6 (NA) H3N8

CY134192 A/mallard/California/2576P/2011 2011/08/12 6 (NA) H3N8

CY094687 A/mallard/California/5255/2009 2009/07/28 6 (NA) H3N8

CY134095 A/mallard/California/2556V/2011 2011/08/12 6 (NA) H3N8

CY134151 A/mallard/California/2568V/2011 2011/08/12 6 (NA) H3N8

CY157096 A/mallard/California/2783/2012 2012/07/13 6 (NA) H3N8

CY157208 A/mallard/California/2904/2012 2012/07/20 6 (NA) H3N8

CY134159 A/mallard/California/2569P/2011 2011/08/12 6 (NA) H3N8

CY134047 A/mallard/California/2550P/2011 2011/08/12 6 (NA) H3N8

CY134111 A/mallard/California/2561P/2011 2011/08/12 6 (NA) H3N8

CY134208 A/mallard/California/2578P/2011 2011/08/12 6 (NA) H3N8

CY157216 A/mallard/California/2945/2012 2012/07/23 6 (NA) H3N8

CY157128 A/mallard/California/2823/2012 2012/07/16 6 (NA) H3N8

CY134031 A/mallard/California/2547V/2011 2011/08/12 6 (NA) H3N8

CY157272 A/mallard/California/3036/2012 2012/07/27 6 (NA) H3N8

CY134135 A/mallard/California/2566P/2011 2011/08/12 6 (NA) H4N8

CY134143 A/mallard/California/2568P/2011 2011/08/12 6 (NA) H3N8

CY157569 A/mallard/California/2924/2012 2012/07/23 6 (NA) H3N8

CY134087 A/mallard/California/2556P/2011 2011/08/12 6 (NA) H3N8

CY157416 A/mallard/California/3304/2012 2012/08/10 6 (NA) H3N8
CY157296 A/mallard/California/3072/2012 2012/08/06 6 (NA) H3N8

CY157088 A/mallard/California/2762/2012 2012/07/11 6 (NA) H3N8

CY134039 A/mallard/California/2549V/2011 2011/08/12 6 (NA) H3N8

CY157072 A/mallard/California/2752/2012 2012/07/11 6 (NA) H3N8

CY157048 A/mallard/California/2743/2012 2012/07/09 6 (NA) H3N8

CY133919 A/mallard/California/2521P/2011 2011/08/12 6 (NA) H3N8

CY134216 A/mallard/California/2578V/2011 2011/08/12 6 (NA) mixed,N8

CY134103 A/mallard/California/2559P/2011 2011/08/12 6 (NA) H5N8

CY134055 A/mallard/California/2550V/2011 2011/08/12 6 (NA) H3N8
CY134063 A/mallard/California/2552V/2011 2011/08/12 6 (NA) H4N8

CY157304 A/mallard/California/3083/2012 2012/07/31 6 (NA) H3N8

CY134015 A/mallard/California/2540P/2011 2011/08/12 6 (NA) H3N8

CY134167 A/mallard/California/2569V/2011 2011/08/12 6 (NA) H3N8

CY132613 A/mallard/California/2540V/2011 2011/08/12 6 (NA) H3N8
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371 Figure 8B: The neuraminidase clade for California in 2011. The nodes are labelled with the SH 
372 local support values.
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AB830628 A/tundra swan/Shimane/3211A001/2011 2011/11/07 4 (HA) H5N2

JX570863 A/green-winged teal/Xianghai/430/2011 2011/10/ 4 (HA) H5N2

JX570839 A/spot-billed duck/Xianghai/427/2011 2011/10/ 4 (HA) H5N2

AB677936 A/duck/Mongolia/194/2011 2011/08/ 4 (HA) H5N3

JX570855 A/little grebe/Xianghai/429/2011 2011/10/ 4 (HA) H5N2

KM213391 A/ruddy turnstone/Iceland/2899/2013 2013/05/23 4 (HA) H5N1

JX570847 A/canvasback/Xianghai/428/2011 2011/10/ 4 (HA) H5N2

JX570831 A/baikal teal/Xianghai/426/2011 2011/10/ 4 (HA) H5N2

KJ161951 A/duck/Thailand/CU-12205C/2012 2012/02/08 4 (HA) H5N8

AB677937 A/duck/Mongolia/195/2011 2011/08/ 4 (HA) H5N3
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0.998
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0.273

0.854

0.992
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0.295
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376 Figure 9A: The hemagglutinin clade for Thailand in 2012. The nodes are labelled with the SH 
377 local support values.
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KP287015 A/duck/Jiangxi/5575/2013 2013/01/27 6 (NA) mixed,N8

KC683705 A/duck/Nanjing/1102/2010 2010/11/ 6 (NA) H4N8

CY004056 A/mallard duck/ALB/761/1978 1978/08/25 6 (NA) H6N8

HM370123 A/duck/Eastern China/n94/2009 2009/04/ 6 (NA) H3N8

CY146758 A/environment/Hunan/S4350/2011 2011/11/13 6 (NA) H3N8

KP286894 A/duck/Jiangxi/278/2013 2013/01/07 6 (NA) mixed,N8

KJ579958 A/pigeon/Anhui/08/2013 2013/08/03 6 (NA) H3N8

KP286865 A/duck/Jiangxi/262/2013 2013/01/07 6 (NA) mixed,N8

KP286906 A/duck/Jiangxi/285/2013 2013/01/07 6 (NA) mixed,N8

KP287034 A/duck/Jiangxi/5581/2013 2013/01/27 6 (NA) mixed,N8

KP286980 A/duck/Jiangxi/3961/2013 2013/01/20 6 (NA) mixed,N8

HQ647011 A/duck/Guangxi/69/2009 2009/03/12 6 (NA) H3N8

H10N8 China 2013

KJ161964 A/duck/Thailand/CU-12205C/2012 2012/02/08 6 (NA) H5N8

HM370122 A/duck/Eastern China/n91/2009 2009/01/ 6 (NA) H3N8

KP287025 A/duck/Jiangxi/5576/2013 2013/01/27 6 (NA) mixed,N8

HM370129 A/goose/Eastern China/s94/2009 2009/04/ 6 (NA) H3N8

AB593433 A/duck/Vietnam/G119/2006 2006/11/ 6 (NA) H3N8

CY109652 A/duck/Guizhou/1560/2007 2007/03/ 6 (NA) H6N8

CY100444 A/Mallard/SanJiang/90/2006 2006// 6 (NA) H3N8
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381 Figure 9B: The neuraminidase clade for Thailand in 2012. The nodes are labelled with the SH 
382 local support values.
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AB828097 A/muscovy duck/Vietnam/LBM335/2013 2013/01/07 4 (HA) H5N1

LC050607 A/muscovy duck/Quang Ninh/7c121/2013 2013/04/13 4 (HA) H5N1

AB827991 A/muscovy duck/Vietnam/LBM330/2013 2013/01/07 4 (HA) H5N1

AB824263 A/muscovy duck/Quang Ninh/6/2013 2013/04/10 4 (HA) H5N1

LC053460 A/duck/Quang Ninh/19c511/2013 2013/04/10 4 (HA) H5N8

LC050615 A/duck/Quang Ninh/15c111/2013 2013/04/13 4 (HA) H5N1

AB824271 A/muscovy duck/Quang Ninh/9/2013 2013/04/10 4 (HA) H5N1

KM821637 A/duck/Khanhhoa/CVVI-32/2014 2014/02/08 4 (HA) H5N1

LC010704 A/duck/Quang Ninh/13c1-2-1/2013 2013/04/10 4 (HA) H5N2
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0.962

0

0.814

386 Figure 10A: The hemagglutinin clade for Quang Ninh in 2013. The nodes are labelled with the 
387 SH local support values.
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KP286994 A/duck/Jiangxi/5423/2014 2014/01/19 6 (NA) mixed,N8

KP286878 A/duck/Jiangxi/27793/2013 2013/11/24 6 (NA) mixed,N8

KC609790 A/duck/Korea/GJ56/2007 2007/11/ 6 (NA) H7N8

LC053462 A/duck/Quang Ninh/19c511/2013 2013/04/10 6 (NA) H5N8

LC028154 A/duck/Vietnam/LBM553/2013 2013/12/10 6 (NA) H3N8

KP287006 A/duck/Jiangxi/5460/2014 2014/01/19 6 (NA) mixed,N8

LC028122 A/muscovy duck/Vietnam/LBM348/2013 2013/02/06 6 (NA) H3N8

KP286472 A/chicken/Jiangxi/18474/2013 2013/08/04 6 (NA) mixed,N8

AB769129 A/duck/Vietnam/OIE-2747/2012 2012/08/14 6 (NA) H3N8

LC028186 A/muscovy duck/Vietnam/LBM721/2014 2014/10/13 6 (NA) H3N8

KP284927 A/chicken/Jiangxi/18399/2013 2013/08/04 6 (NA) H10N8

KP416887 A/duck/Jiangxi/27810/2013 2013/11/24 6 (NA) mixed,N8

KP286929 A/duck/Jiangxi/29301/2013 2013/11/17 6 (NA) mixed,N8
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391 Figure 10B: The neuraminidase clade for Quang Ninh in 2013. The nodes are labelled with the 
392 SH local support values.
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CY177207 A/mallard/California/1376/2013 2013/07/22 4 (HA) H5N5

CY177329 A/mallard/California/1435/2013 2013/07/24 4 (HA) H5N5

KP101004 A/quail/California/K1400794/2014 2014/04/ 4 (HA) H5N8

H5N5 California July-August 2013

CY177191 A/mallard/California/1371/2013 2013/07/22 4 (HA) H5N5

CY177231 A/mallard/California/1395/2013 2013/07/23 4 (HA) H5N5

CY176965 A/mallard/California/1402/2013 2013/07/23 4 (HA) H5N5
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00.923

0.987 0.788

0
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397 Figure 11A: The hemagglutinin clade for California in 2014. The nodes are labelled with the SH 
398 local support values.
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JX081126 A/American green-winged teal/Alaska/44493-588/2009 2009/08/15 6 (NA) H3N8

CY144121 A/northern pintail/Interior Alaska/10BM12603R0/2010 2010/08/14 6 (NA) H3N8

JX081173 A/spectacled eider/Alaska/44173-055/2006 2006/08/03 6 (NA) H3N8

KM374028 A/mallard/Alaska/ND0006301/2013 2013/09/08 6 (NA) H3N8

CY075951 A/double-crested cormorant/California/20119-001/2007 2007/01/22 6 (NA) H3N8

CY045441 A/northern shoveler/Alaska/7MP1708/2007 2007/09/03 6 (NA) H3N8

KP101006 A/quail/California/K1400794/2014 2014/04/ 6 (NA) H5N8

H3N8 USA 2006-2007

JX081120 A/American green-winged teal/Alaska/44419-342/2008 2008/08/14 6 (NA) H3N8

CY143558 A/American green-winged teal/Interior Alaska/10BM08222R0/2010 2010/08/04 6 (NA) H3N8
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403 Figure 11B: The neuraminidase clade for California in 2014. The nodes are labelled with the SH 
404 local support values.
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KJ509028 A/Baikal teal/Korea/H84/2014 2014/01/22 4 (HA) H5N8

KP739405 A/chicken/Oregon/41613-2/2014 2014/12/16 4 (HA) H5N8

KJ508940 A/broiler duck/Korea/H47/2014 2014/01/20 4 (HA) H5N8

KP286574 A/duck/Ningbo/3262/2013 2013/10/20 4 (HA) mixed,H5

KP414809 A/duck/Shaoxing/5240/2013 2013/10/28 4 (HA) mixed,H5

JX534565 A/wild duck/Shandong/628/2011 2011/04/14 4 (HA) H5N1

KJ509156 A/common teal/Korea/H455-30/2014 2014/02/08 4 (HA) H5N8

KP307984 A/gyrfalcon/Washington/41088-6/2014 2014/12/08 4 (HA) H5N8

KJ756632 A/baikal teal/Korea/2402/2014 2014/01/20 4 (HA) H5N8

KJ511812 A/waterfowl/Korea/S005/2014 2014/02/15 4 (HA) H5N8

KJ756620 A/baikal teal/Korea/1441/2014 2014/01/20 4 (HA) H5N8

KJ509052 A/breeder duck/Korea/H128/2014 2014/01/25 4 (HA) H5N8

H5N1 China 2014

KJ509148 A/tundra swan/Korea/H411/2014 2014/02/06 4 (HA) H5N8

KJ746111 A/mallard/Korea/W452/2014 2014/02/05 4 (HA) H5N8

KJ509004 A/Baikal teal/Korea/H68/2014 2014/01/22 4 (HA) H5N8

KJ509068 A/broiler duck/Korea/H145/2014 2014/01/25 4 (HA) H5N8

KJ509100 A/white-fronted goose/Korea/H231/2014 2014/01/28 4 (HA) H5N8

KJ756633 A/baikal teal/Korea/2403/2014 2014/01/20 4 (HA) H5N8

KJ509020 A/Coot/Korea/H81/2014 2014/01/22 4 (HA) H5N8

KJ509132 A/mallard/Korea/H297/2014 2014/01/29 4 (HA) H5N8

KJ509036 A/Baikal teal/Korea/H96/2014 2014/01/23 4 (HA) H5N8

KJ509108 A/breeder duck/Korea/H249/2014 2014/01/28 4 (HA) H5N8

H5N6 Asia 2013-2014

KJ756625 A/baikal teal/Korea/1449/2014 2014/01/20 4 (HA) H5N8

KJ508980 A/Baikal teal/Korea/H62/2014 2014/01/21 4 (HA) H5N8

KJ509012 A/Baikal teal/Korea/H80/2014 2014/01/22 4 (HA) H5N8

KJ508956 A/broiler duck/Korea/H49/2014 2014/01/20 4 (HA) H5N8

KJ508932 A/Baikal teal/Korea/H41/2014 2014/01/19 4 (HA) H5N8

KJ508996 A/Baikal teal/Korea/H66/2014 2014/01/21 4 (HA) H5N8

KJ476670 A/duck/Zhejiang/6D18/2013 2013/12/14 4 (HA) H5N8

KJ509124 A/Korean native chicken/Korea/H257/2014 2014/01/28 4 (HA) H5N8

KJ508948 A/broiler duck/Korea/H48/2014 2014/01/20 4 (HA) H5N8

KJ508908 A/broiler duck/Korea/H31/2014 2014/01/19 4 (HA) H5N8

KJ756628 A/baikal teal/Korea/1456/2014 2014/01/20 4 (HA) H5N8

KJ756637 A/baikal teal/Korea/2417/2014 2014/01/20 4 (HA) H5N8

KJ509060 A/broiler duck/Korea/H133/2014 2014/01/25 4 (HA) H5N8

KJ413850 A/baikal teal/Korea/Donglim3/2014 2014/01/17 4 (HA) H5N8

KJ476669 A/duck/Zhejiang/W24/2013 2013/11/14 4 (HA) H5N8

KJ509116 A/breeder chicken/Korea/H250/2014 2014/01/28 4 (HA) H5N8

KJ756631 A/baikal teal/Korea/2399/2014 2014/01/20 4 (HA) H5N8

KJ413842 A/broiler duck/Korea/Buan2/2014 2014/01/17 4 (HA) H5N8

KJ509164 A/spot-billed duck/Korea/H455-42/2014 2014/02/08 4 (HA) H5N8

KJ756623 A/baikal teal/Korea/1447/2014 2014/01/20 4 (HA) H5N8

KP851843 A/baikal teal/Korea/K14-E016/2014 2014/02/15 4 (HA) H5N8

KJ508972 A/bean goose/Korea/H53/2014 2014/01/20 4 (HA) H5N8

KP739421 A/American green-winged teal/Washington/195750/2014 2014/12/29 4 (HA) H5N1

KJ508961 A/Baikal teal/Korea/H52/2014 2014/01/20 4 (HA) H5N8

KJ756626 A/baikal teal/Korea/1452/2014 2014/01/20 4 (HA) H5N8

KJ509044 A/breeder chicken/Korea/H122/2014 2014/01/24 4 (HA) H5N8

KJ509076 A/breeder duck/Korea/H158/2014 2014/01/26 4 (HA) H5N8

H5N1 Vietnam 2014

KJ509092 A/mallard/Korea/H207/2014 2014/01/27 4 (HA) H5N8

KP739413 A/guinea fowl/Oregon/41613-1/2014 2014/12/16 4 (HA) H5N8

H5N2 USA 2015

KR150901 A/turkey/California/K1500169-1.2/2015 2015/01/21 4 (HA) H5N8

KJ756630 A/baikal teal/Korea/1458/2014 2014/01/20 4 (HA) H5N8

KJ756634 A/baikal teal/Korea/2406/2014 2014/01/20 4 (HA) H5N8

KJ756621 A/baikal teal/Korea/1445/2014 2014/01/20 4 (HA) H5N8

KJ508916 A/broiler duck/Korea/H32/2014 2014/01/19 4 (HA) H5N8

JQ973694 A/duck/Jiangsu/k1203/2010 2010/12/05 4 (HA) H5N8

KJ756622 A/baikal teal/Korea/1446/2014 2014/01/20 4 (HA) H5N8

KJ509140 A/bean goose/Korea/H328/2014 2014/02/01 4 (HA) H5N8

KP417067 A/duck/Jiangxi/23970/2013 2013/10/20 4 (HA) mixed,H5

KJ509084 A/breeder duck/Korea/H200/2014 2014/01/27 4 (HA) H5N8

KJ508900 A/broiler duck/Korea/H29/2014 2014/01/18 4 (HA) H5N8

KJ756619 A/baikal teal/Korea/1437/2014 2014/01/20 4 (HA) H5N8

KJ413834 A/breeder duck/Korea/Gochang1/2014 2014/01/16 4 (HA) H5N8

JX507355 A/duck/Jiangsu/m234/2012 2012/01/18 4 (HA) H5N2

KJ756624 A/baikal teal/Korea/1448/2014 2014/01/20 4 (HA) H5N8

KM504101 A/duck/Shandong/Q1/2013 2013/04/25 4 (HA) H5N8

KP735806 A/goose/Shandong/k1201/2009 2009/12/10 4 (HA) H5N1

KJ508988 A/broiler duck/Korea/H65/2014 2014/01/21 4 (HA) H5N8

H5N1 China 2014

KJ508924 A/bean goose/Korea/H40/2014 2014/01/19 4 (HA) H5N8

KJ756635 A/baikal teal/Korea/2414/2014 2014/01/20 4 (HA) H5N8

KJ756636 A/baikal teal/Korea/2416/2014 2014/01/20 4 (HA) H5N8

KJ756627 A/baikal teal/Korea/1454/2014 2014/01/20 4 (HA) H5N8

AB932556 A/chicken/kumamoto/1-7/2014 2014/04/13 4 (HA) H5N8

KJ476657 A/mallard/Shanghai/SH-9/2013 2013/11/13 4 (HA) H5N8

KJ756629 A/baikal teal/Korea/1457/2014 2014/01/20 4 (HA) H5N8
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407 Figure 12: The hemagglutinin clade for the current outbreak of H5N8. The nodes are labelled 
408 with the SH local support values. The Buan Korean clades are coloured in blue (I) and magenta 
409 (II), the Gochang clade is coloured in red and the US clade is coloured in green.
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411

412

413

KJ509006 A/Baikal teal/Korea/H68/2014 2014/01/22 6 (NA) H5N8

KJ509062 A/broiler duck/Korea/H133/2014 2014/01/25 6 (NA) H5N8

CY109260 A/duck/Guangxi/2736/2006 2006/07/ 6 (NA) H6N8

KJ756660 A/baikal teal/Korea/1446/2014 2014/01/20 6 (NA) H5N8

H3N8 Vietnam 2008

H5N8 Korea 2014

KJ476659 A/mallard/Shanghai/SH-9/2013 2013/11/13 6 (NA) H5N8

JN087314 A/environment/Korea/SH12-6/2008 2008/11/03 6 (NA) H3N8

KM504103 A/duck/Shandong/Q1/2013 2013/04/25 6 (NA) H5N8

GU052331 A/muscovy duck/Victoria/9211-18-1400/1992 1992// 6 (NA) H3N8

AB289332 A/duck/Hong Kong/438/1977 1977// 6 (NA) H4N8

KJ476674 A/duck/Zhejiang/6D18/2013 2013/12/14 6 (NA) H5N8

KJ413836 A/breeder duck/Korea/Gochang1/2014 2014/01/16 6 (NA) H5N8

KJ756664 A/baikal teal/Korea/1452/2014 2014/01/20 6 (NA) H5N8

EU429698 A/duck/Eastern China/19/2004 2004// 6 (NA) H3N8
KF667707 A/common shelduck/Mongolia/2185/2011 2011/10/09 6 (NA) H3N8

H5N8 USA 2014-2015

H10N8 Sweden 2003

KJ476673 A/duck/Zhejiang/W24/2013 2013/11/14 6 (NA) H5N8

KP414812 A/duck/Shaoxing/5240/2013 2013/10/28 6 (NA) mixed,N8

EU429700 A/duck/Eastern China/90/2004 2004// 6 (NA) H3N8

CY028253 A/duck/Victoria/5384/2002 2002// 6 (NA) H4N8

KJ509054 A/breeder duck/Korea/H128/2014 2014/01/25 6 (NA) H5N8

KJ508962 A/Baikal teal/Korea/H52/2014 2014/01/20 6 (NA) H5N8

CY028646 A/duck/Victoria/1992 1992// 6 (NA) H3N8

H10N8 1965 Italy and Australia

KP417072 A/duck/Jiangxi/23970/2013 2013/10/20 6 (NA) mixed,N8

KJ511814 A/waterfowl/Korea/S005/2014 2014/02/15 6 (NA) H5N8

KJ509070 A/broiler duck/Korea/H145/2014 2014/01/25 6 (NA) H5N8

0.759

0.362

0.871

0

0.045

0.388

0
0.182

1

1

0.784

0.742

0.816

0.941

0

0.872

0.921

1

0.99

1

0.986

1

0.876

1

1

0.813

0.938

0.991

0.389

0

0.775

414

415 Figure 13: The neuraminidase clade for the current outbreak of H5N8. The nodes are labelled 
416 with the SH local support values. The Gochang clade is coloured in red, and the US clade is 
417 coloured in green.
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