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10 Abstract

11 The H5N8 influenza subtype has been involved in the global spread of the Guangdong 

12 variant of the H5 hemagglutinin. The sequence data from all of the complete genomes 

13 from the H5N8 subtype was used to analyse the genotype diversity. Clustering analysis 

14 was used to assign lineages to each of the segments where different lineages were 

15 present. The results show that there have been multiple reassortment events both within 

16 the Guangdong and non-Guangdong H5 hemagglutinin containing variants. The 

17 Guangdong H5 variants can be subdivided further into two sub-lineages 2.3.4.4.A and 

18 2.3.4.4.B that have undergone reassortment in both the far east and the United States.

19 Keywords: influenza; H5N8; reassortment, genotype.
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21 Introduction
22 The H5N8 influenza subtype is of considerable interest because of its potential global 
23 impact in spreading the Guangdong variant of the H5 hemagglutinin[1]. 

24

25 The highly pathogenic avian influenza virus (HPAIV) H5 hemagglutinin originated in a 
26 goose in Guangdong in 1996 [2]. This lineage has subsequently been classified into 
27 subgroups/clades by the World Health Organisation [3,4]. This H5-HPAIV nomenclature 
28 can be used to examine the diversity of the viral proteins in the H5N8 subtype.

29

30 Previously the HPAIV H5 Guangdong lineage had been limited to Asia but the 2014 H5N8 
31 outbreak in Korea was spread through wild bird migration to Western Europe and North 
32 America [5–9].  The H5N8 subtype was spread via long range bird migration [10,11]. In 
33 North America there was a rapid reassortment that produced the H5N2 subtype which then 
34 spread across the US during 2015 [12,13].  Since the winter 2014/2015 European outbreak 
35 there have been several subsequent introductions of new isolates that originated in Asia 
36 [7,14–16]. 

37

38 Clade 2.3.4.4 of H5N8 subtype can be broken down into at least two distinct groups, clade 
39 2.3.4.4.A and 2.3.4.4.B. These were first identified during the 2014 South Korean 
40 outbreak. Previously, these were identified as the Buan (A) and Gochang (B) clades 
41 [17,18].

42

43 Pairwise distance methods can be used in order to calculate the diversity of the nucleotide 
44 or protein sequences and in order to cluster the sequences into groups [19]. Where there is 
45 considerable diversity and where the functional properties of the gene are being analysed 
46 it makes more sense to use the protein sequence rather than the nucleotide sequence. 

47

48 Within the sequence alignments there are patterns of conserved and variable amino acids 
49 that can be used to define sub-groups for the different proteins. These sub-groups can be 
50 identified rapidly by carrying out cluster analysis using the matrix of pairwise distances 
51 between sequences [20]. For the H5 hemagglutinin protein these sub-groups can be 
52 checked against the existing WHO H5 sub-clade nomenclature [3]. For the other viral 
53 proteins there is no currently available classification but it is possible to measure the within 
54 group diversity of the clusters to show that the clustering is reliable. 
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55

56 The clusters specify the different lineages and sub-lineages and we can use these to 
57 assign a genotype to the particular H5N8 virus.

58 .
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60 Materials and Methods 
61 The complete set of H5N8 protein sequences for all of the viral proteins were downloaded 
62 from the Influenza Research Database [21]. These sequences were downloaded as 
63 FASTA files with a customized header that included;

64

65 Accession

66 Protein

67 Subtype

68 Date

69 Country

70 Host

71 H5 Clade 

72 Strain

73

74 Only complete length sequences were used. 

75

76 Sequences were aligned using Muscle within Mega 7.0.26 [22,23].The alignment was then 
77 visually checked for missing amino acids and for truncated sequences. Any sequences 
78 that were not full length were removed, as were any sequences which contained a large 
79 number of unassigned amino acids. A summary of the dataset used in the analysis is given 
80 in table 1.

81

82 Table One: Summary of the dataset used for analysis.

83

Protein HA M1 M2 NA NP NS1 NS2 PA PB1 PB2

Number of 
Sequences

236 219 205 218 216 199 207 217 205 216

84

85 Pairwise sequence distances were calculated within Mega from the final set of aligned 
86 sequences. Distances were calculated using the Poisson correction model within Mega7. 
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87 Distances are given as the number of amino acid substitutions per site. Excel was used to 
88 calculate the mean and maximum pairwise sequence distances for each protein.

89

90 Mega produces only the triangular matrix of the pairwise distances. In order to create a 
91 complete distance matrix the matrix was imported into R, after removing the sequence 
92 names to a separate file in Excel,  and the complete matrix generated [24]. From the 
93 complete distance matrix a k-means clustering analysis was carried out in R, by firstly 
94 finding the number of clusters present in the data. This was determined by calculating the 
95 within group sum of the square distances for 2-14 clusters and finding where this falls to a 
96 minimum and then levels off. The k-means clustering can then be carried out for the 
97 optimum number of clusters and the clustering can used to annotate the pairwise distance 
98 matrix. The R-scripts used to carry out the analysis are available as supplementary 
99 materials (script files S1-S10). Finally the names of the sequences were added back to the 

100 data analysis within Excel.

101

102 The genotypes for H5N8 strains were assigned manually based on the clustering. Each 
103 genotype corresponds to a unique combination of cluster numbers for the different 
104 segments. Where there are segments missing these are provisionally assigned to a 
105 distinct genotype dependent on the other cluster numbers being distinctive.

106
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108 Results
109 The maximum, mean, median and variance in the amino acid distances between 
110 sequences are given in table 2.

111

112 Table 2: The summary statistics for the percentage pairwise distances between the 
113 sequences for each protein.

114

Protein HA M1 M2 NA NP NS1 NS2 PA PB1 PB2

Maximum 16.40% 7.00% 14.40% 19.00% 4.30% 44.60% 25.20% 4.90% 3.40% 4.60%

Median 2.40% 1.20% 1.00% 1.90% 0.60% 1.30% 2.50% 1.60% 1.30% 1.20%

Average 3.36% 1.72% 3.00% 3.11% 0.70% 5.05% 4.00% 1.67% 1.19% 1.48%

Variance 0.16% 0.04% 0.12% 0.17% 0.00% 0.64% 0.20% 0.02% 0.01% 0.02%

115

116 HA (hemagglutinin), NA (neuraminidase), M1 (matrix-1), M2 (matrix-1), NP (nucleoporin), 
117 NS1 (nonstructural-1), NS2 (nonstructural-2), PA (polymerase acidic), PB1 (polymerase 
118 basic-1) PB2 (polymerase basic-2). 

119

120 The number of clusters identified for each protein are given in table 3.

121

122 Table 3: The number of clusters for each of the proteins.

123

Protein HA M1 M2 NA NP NS1 NS2 PA PB1 PB2

Number of 
Clusters

3 3 3 6 1 3 7 3 2 2

124

125 HA (hemagglutinin), NA (neuraminidase), M1 (matrix-1), M2 (matrix-1), NP (nucleoporin), 
126 NS1 (nonstructural-1), NS2 (nonstructural-2), PA (polymerase acidic), PB1 (polymerase 
127 basic-1) PB2 (polymerase basic-2). 

128

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 10, 2018. ; https://doi.org/10.1101/492470doi: bioRxiv preprint 

https://doi.org/10.1101/492470
http://creativecommons.org/licenses/by/4.0/


8 of 18

129 The plots of the within group sum of the squares against the number of clusters are shown 
130 for the hemagglutinin (HA), neuraminidase(NA) and nucleoporin (NP) proteins in figures 1-
131 3 respectively.

132

133

134 Figure 1: The within group sum of the squares for the hemagglutinin protein.

135

136
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137 Figure 2: The within group sum of the squares for the neuraminidase protein.

138

139

140 Figure 3: The within group sum of the squares for the nucleoporin protein.

141

142 The plots of within group sums of the squares for the other proteins can be found in 
143 supplementary materials figures S11-S17

144

145 The cluster numbers were assigned to the sequences for each of the different segments. 
146 These clusters represent different lineages of the viral protein segments. From cluster 
147 assignment the unique genotypes were determined. Each genotype represents a different 
148 combination of clusters (lineages) for the different viral protein segments. 

149

150 The 31 complete or almost complete genotypes are shown in Table 4 along with their 
151 representative strains. Representative strains are the first occurrences of that specific 
152 combination of viral protein segment lineages.

153
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155 Table 4: The unique H5N8 genotypes.

Strain Name
H5 Clade

HA M1 M2 NA 
NS
1 

NS
2 PA 

PB
1 

PB
2 

A/Baikal_teal/Korea/H62/2014 2.3.4.4 1 2 NA 6 1 4 2 2 1

A/goose/Taiwan/01003/2015 2.3.4.4 1 3 1 4 1 4 2 1 1

A/duck/Taiwan/A3400/2015 2.3.4.4 1 3 1 4 2 3 2 1 2

A/environment/Korea/W482/2015 2.3.4.4 1 3 1 6 1 3 2 1 1

A/baikal_teal/Korea/1441/2014 2.3.4.4 1 3 1 6 1 3 2 2 1

A/Canada_goose/Oregon/AH0012452/2015 2.3.4.4 1 3 1 6 1 4 1 1 1

A/bean_goose/Korea/H53/2014 2.3.4.4 1 3 1 6 1 4 2 1 1

A/broiler_duck/Korea/Buan2/2014 2.3.4.4 1 3 1 6 1 4 2 2 1

A/American_wigeon/California/UCD58P/2015 2.3.4.4 1 3 1 6 1 4 3 1 1

A/Anser_cygnoides/Hubei/FW44/2016 2.3.4.4 2 1 3 1 2 6 3 1 2

A/swan/Voronezh/2/2017 2.3.4.4 2 1 3 1 NA 5 3 1 2

A/duck/Jiangsu/k1203/2010 2.3.4.4 2 2 1 NA 2 7 NA 1 NA

A/goose/Eastern_China/S0408/2014 2.3.4.4 2 2 2 1 2 1 2 1 2

A/goose/Guangdong/s13124/2013 2.3.4.4 2 2 2 1 2 7 2 1 1

A/duck/Eastern_China/S1210/2013 2.3.4.4 2 2 2 3 2 1 1 1 2

A/goose/Eastern_China/CZ/2013 2.3.4.4 2 2 2 3 2 1 2 1 2

A/goose/Zhejiang/925037/2014 2.3.4.4 2 2 2 3 2 2 1 1 2

A/duck/Eastern_China/S1109/2014 2.3.4.4 2 2 2 3 2 6 1 1 2

A/duck/Zhejiang/6D18/2013 2.3.4.4 2 2 2 3 2 6 2 1 2

A/duck/Eastern_China/L0405/2010 2.3.4.4 2 2 2 3 2 7 2 1 1

A/breeder_duck/Korea/Gochang1/2014 2.3.4.4 2 2 2 3 NA 1 2 1 2

A/Von_Schrencks_bittern/Jiangxi/Y9/2014 2.3.4.4 2 2 NA 3 2 1 2 1 2

A/duck/Eastern_China/L0423/2011 2.3.4.4 2 2 NA 3 2 7 2 1 1

A/Baikal_teal/Korea/H52/2014 2.3.4.4 2 NA 2 3 2 1 2 1 2

A/mallard/Maryland/07OS864/2007
Am_non
GsGD 3 1 3 2 1 2 1 1 2

A/quail/California/K1400794/2014
Am_non
GsGD 3 1 3 2 2 2 1 1 2

A/ruddy_turnstone/New_Jersey/828227/2001
Am_non
GsGD 3 1 3 2 2 2 3 1 2

A/avian/Colorado/456648/2006
Am_non

3 1 3 2 3 7 3 1 2
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GsGD

A/duck/Quang_Ninh/19c511/2013 2.3.2.1c 3 1 3 2 3 7 3 1 2

A/turkey/Ireland/1378/1983
Am_non
GsGD 3 1 3 5 2 2 1 1 2

A/mallard/California/2559P/2011
Am_non
GsGD 3 1 3 NA 1 2 1 1 2

156

157 HA (hemagglutinin), NA (neuraminidase), M1 (matrix-1), M2 (matrix-1), NP (nucleoporin), 
158 NS1 (nonstructural-1), NS2 (nonstructural-2), PA (polymerase acidic), PB1 (polymerase 
159 basic-1) PB2 (polymerase basic-2). The numbers represent the cluster numbers for each 
160 of the different viral protein segments. NA indicates that there is no sequence data 
161 available for this segment.
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163 Discussion
164 From the summary statistics for the pairwise distances between the sequences it is clear 
165 that there is very little variation between the matrix 1 (M1), NP, polymerase acidic (PA), 
166 polymerase basic 1 (PB1) and polymerase basic 2 (PB2 proteins. These proteins are well 
167 conserved as they are not under the same degree of selection as the other proteins. The 
168 polymerase genes need to be conserved in order to form a functional polymerase together. 
169 The M1 and M2 proteins are on the same viral segment but evolve at different rates. This 
170 suggests that it is more appropriate to classify the virus at the protein rather than the viral 
171 segment level and to look at evolution on a gene by gene basis. 

172

173 The biggest differences are in the non-structural proteins (NS), but these differences are 
174 very skewed and this indicates one or two clusters of sequences that are distant from the 
175 others. The NS1 protein is responsible for inhibiting cellular gene expression as it is an 
176 RNA binding protein [25,26]. The role of the NS2 protein is less clear but it is involved in 
177 regulating viral replication and it is also known as the nuclear export protein [27–29]. In all 
178 of these roles increased diversity of the non-structural proteins may play an important part 
179 in viral evolution. 

180

181 The HA and NA proteins exhibit very similar amounts of variation along with the M2 protein 
182 which forms the ion selective proton channel. The glycoproteins HA and NA are well 
183 known for their variability through antigenic drift and antigenic shift [30]. The M2 protein is 
184 the target for amantadine and rimantadine based anti influenza drugs and this might 
185 explain its higher level of variation compared to the M1 protein. 

186

187 The number of clusters for the K-means clustering of the protein sequences was 
188 determined from the graph of the within group sum of the squares (WGSS) against the 
189 number of clusters (figures 1-3). The WGSS is initially high when there is only a single 
190 cluster as this reflects the total diversity of the sequences, it then falls sharply as the 
191 number of clusters increases as the diversity within clusters falls. Once it reaches a 
192 minimum then increasing the number of clusters does not reduce the diversity within the 
193 clusters and you are then over-fitting the data. 

194

195 It is important in looking at the graphs of the WGSS to look at the scale of the y-axis. For 
196 the HA and NA proteins the WGSS ranges between 0 and 40 (figures 1 and 2). However, 
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197 for the NP protein the WGSS is between 0 and 0.8 which is over an order and nearly two 
198 orders of magnitude less. This very small WGSS in the case of the NP protein reflects the 
199 small average pairwise differences between sequences for this segment and shows that 
200 there is very little diversity. This indicates that the NP protein contains only a single cluster. 
201 The number of clusters for the other proteins is summarized in table 3 and the graphs of 
202 WGSS for each protein are given in supplementary figures S11-S17.

203

204 Given the number of clusters for each protein there are 40824 possible genotype 
205 combinations, but only 31 unique genotypes are observed. This is not surprising because 
206 of the temporal and geographical limits on the possible reassortments. Of these genotypes 
207 24 are within the 2.3.4.4 Guangdong H5 clade and the other 7 are either in the American 
208 non-Guangdong (Am_nonGsGD, or 2.3.1.2c Guangdong clades. 

209

210 The clustering of the H5 HA protein identified 3 different clusters. These correspond to the 
211 non-2.3.4.4 (cluster 3) sequences and two clusters within the 2.3.4.4 clade. This sub-
212 division of the 2.3.4.4 clade has been reported previously in the studies of the 2014 South 
213 Korean outbreak where the HA sequences were divided into the A (Buan) and B Gochang 
214 lineages [17,18]. These correspond to cluster 1 (A/Buan) and cluster 2 (B/Gochang) in the 
215 current study. There are 9 Buan genotypes and 15 Gochang genotypes. 

216

217 The presence of a single cluster for the HA sequences containing non-Guangdong H5 
218 sequences as well as Guangdong sequences coupled with the division of the 2.3.4.4. 
219 clades into two distinct clusters shows that there is more variability within the Guangdong 
220 2.3.4.4 clade than there is between Guangdong and non-Guangdong sequences. This 
221 suggests that the nomenclature for H5 HA needs to be revisited in order to take the non-
222 Guangdong sequences into account. 

223

224 The first outbreak of H5N8 was in a goose Ireland in 1983 is found in cluster 3 of the HA 
225 clusters. This is the only genotype containing the cluster 5 lineage of the N8 
226 neuraminidase, which indicates that reassortment occurred shortly after the origin of the 
227 H5N8 subtype. This cluster contains seven different genotypes, most of which are 
228 represented by single sequences, or sequences from a single location and year. This 
229 agrees with previous work based on the HA and NA phylogenetic trees that showed that in 
230 North America H5N8 occurs sporadically and is formed by the reassortment of an H5 and 
231 N8 containing subtype, but that it often does not persist [31,32].

232
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233 This H5 cluster 3 group also contains the cluster 1 and cluster 3 M1 and M2 lineages, 
234 which are also present in two recent genotypes from within the Gochang sub-clade in 
235 China/Russia. The Quang Ninh genotype is identical to the avian Colorado 2006 genotype 
236 except that it contains a 2.3.1.2c H5 and not an Am_nonGsGD hemagglutinin. This 
237 evidence suggests that there is extensive long-range movement of avian influenza within 
238 the wild bird population. 

239

240 Almost all of the Buan genotypes contain the 1.3.1.6.1 pattern for the HA, M1, M2, NA and 
241 NS1 genes. There was a significant reassortment of the virus from the Buan group during 
242 the 2015 Taiwanese out-break where there are different lineages for the N8 neuraminidase 
243 and NS1 proteins [33,34]. All of the other genotype variations are in the NS2 and 
244 polymerase genes. These show that new lineages of these internal genes were 
245 incorporated as H5N8 migrated to North America, but this only formed a single new 
246 lineage. The continuing circulation of the H5 2.3.4.4 sub-clade in North America has been 
247 disputed [35,36]. Based on the evidence of the current study there has not been a 
248 widespread diversification of the H5N8 H5 2.3.4.4 containing genotypes.

249

250 There is much more diversity in the Gochang genotypes than in the Buan genotypes. This 
251 clade actually originated in Eastern China in 2010 and there were 7 Chinese genotypes 
252 before the Gochang genotype evolved during the 2014 South Korean outbreak. There 
253 have only been two post 2014 novel Gochang cluster genotypes, one in Russia and the 
254 second in China, both of these contain the M protein variants from the original Irish 
255 genotypes. The pattern of reassortment for the NS1, NS2 and polymerase proteins is more 
256 complex than expected. The NS2 protein is particularly variable and forms 7 different 
257 clusters. The polymerase proteins can be classified into fewer clusters but they combine 
258 together in different ways more often than the other proteins.

259

260 This study has shown that clades 2.3.4.4.A and 2.3.4.4.B containing variants of the H5N8 
261 subtype have been isolated from wild birds and that these have spread to the domestic 
262 flocks. A large number of the genotypes identified in the paper originated in wild migratory 
263 birds, such as teal, widgeon, swans and geese. None of the genotypes were originally 
264 isolated in chickens and only the original outbreak in Ireland in 1984 can be 
265 unambiguously assigned to domestic poultry (turkey). Where ducks are the host it is 
266 difficult to distinguish between birds that are farmed and those that are wild.

267
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269 Supplementary Materials 

270 Script S1: The R-script for the analysis of the HA sequences, Script S2: The R-script for 

271 the analysis of the M1 sequences, Script S3: The R-script for the analysis of the M2 

272 sequences, Script S4: The R-script for the analysis of the NA sequences, Script S5: The 

273 R-script for the analysis of the NP sequences, Script S6: The R-script for the analysis of 

274 the NS1 sequences, Script S7: The R-script for the analysis of the NS2 sequences, Script 

275 S8: The R-script for the analysis of the PA sequences, Script S9: The R-script for the 

276 analysis of the PB1 sequences, Script S10: The R-script for the analysis of the PB2 

277 sequences . 

278 Figure S11: The within group sum of the squares for the Matrix 1 protein, Figure S12: The 

279 within group sum of the squares for the Matrix 2 protein, Figure S13: The within group sum 

280 of the squares for the Non-Structural 1 protein, Figure S14: The within group sum of the 

281 squares for the Non-Structural 2 protein, Figure S15: The within group sum of the squares 

282 for the polymerase A protein, Figures S16: The within group sum of the squares for the 

283 polymerase B1 protein, Figure S17: The within group sum of the squares for the 

284 polymerase B2 protein. 

285
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