Supplemental Data
Networks of Genomic Co-occurrence Capture Characteristics of Human Influenza A
Evolution

Xiangjun Du, Zhuo Wang, Aiping Wu, Lin Song, Yang Cao, Haiying Hang, Tajiao
Jiang*

Figure S1. Evolutionary relationships of influenza A MP, NS, NP, PA, PB1 and
PB2 from influenza A viruses sampled from season 1997 to 2006.

The clades for strains from 2000 to 2006 were labeled using the season from which
majority of the isolates come. MP evolves very slowly in K from season 1998 to 2004
and its K only changed remarkably from 2004 to 2005 (Figure 3A), which is
consistent with the existence of a long side lineage for 7 seasons from 1998 to 2004 in
its phylogenetic tree analysis. Evolution of NS appears more complicated during
1999-2000 season (Figure 3A), where H3NZ2 isolates of 2000-2001 split into two
distant clades: the majority clade has a closer phylogenetic relationship with those in
2005-2006 rather than those in 2002-2004; the minor clade came from those in 1999
(shown in the phylogenetic tree analysis of NS). NP, PA, PB1 and PB2 have similar
evolving topology patterns as NA has (Figure 3B). In addition to a significant network
topology change from season 2004 to 2005, they have another one from season 2001
to 2002, suggesting the emergence of new side lineages in season 2002 and 2005 in
their phylogenetic tree analysis.

Figure S2. Heat map of the distribution of transient and transition modules from
1968 to 2006 subject to hierarchical clustering based on the strain—-module
profile.

Rows correspond to transient and transition modules, and columns correspond to the
indicated season. Transient modules are labelled as predominant (green) or not
predominant (gray). Transition modules are labelled according to which of the two
member modules is predominant (first member, green; second member, red). The
conserved predominant modules not shown in the figures are
0,1,2,5,6,8,13,16,18,21,22,26,29,31,34,38,41,43,45,48,50,52,53,54,56,58,59,65,66,69,
71,72,75,77,79,80,81,86,89,91,92,93,94,95,97,98,99,100,101,103,104,107,110,111,11
2,113,114,117,118,119,120,121,122,124,126,128,129,131,132,133,136,137,138,139,1
41,143,147,148,149,154,155,156,158,159,160,164,165,167,169,170,176,178,181,183,
184,186,187,189,190,191,194,197,198,199,201,202,206,208,210,212,213,216,217,21
9,227,228,229,230,231,232,233,234,236,237,238,240,242,244,245,247,249,250,251,2
52,253,254,255,257,258,259,261,263,264,268,269,270,271,274,276,277,278,279,280.

Figure S3. Module-based amino acid changes corresponding to the nucleotide
changes in transient and transition modules from 1968-2006.

Each row represents a single amino position in a viral protein that is labelled on the
right of the figure. Amino acids (single-letter abbreviations) are also color-coded so



that mutations can be seen as changes in both amino acid identity and color.
Figure S4. Comparison of connectivity and HA sequence clusters

Sequence clusters for 1032 HA sequences are obtained using method developed by
Plotkin et al (Plotkin et al. 2002). Different threshold d (d=2, 3, 4, 5, 6, 8) were
attempted. For each threshold d, we first exclude those clusters consist of a single
sequence. Then we assign remaining clusters to seasons using season information of
their member sequences. Finally, we find sequence clusters, which match the most of
corresponding seasons for each antigenic cluster, and assign same color with antigenic
clusters (Smith et al. 2004). Grey areas indicate seasons out of best-matched clusters’,
while blank spaces indicate absence of sequences in those seasons among our dataset.
Through counting right assignment according to antigenic clusters for both
connectivity and sequence clusters, we can see that sequence clusters with threshold
d=4(star bold, 18 out of 32 total clusters contain only single sequence and 9 of the
remaining 14 clusters match most for corresponding antigenic clusters), which match
antigenic clusters best (68%, 21 out 32 season), has a remarkable correspondence
(66%, 23 out of 35 season) with connectivity clusters. In contrast, the connectivity
clusters matches the antigenic clusters up to 84%.

Figure S5. Comparison of the season-wise average connectivity changes (AK) and
the rate of network changes (S) of simulated H3N2 networks of nucleotide
co-occurrence from 1968-2006 over time.

The AK from season m to n is calculated by subtracting the average connectivity of
simulated H3N2 networks of nucleotide of co-occurrence in season n to that in season m. Similar
to R, the S from season m to n, is computed as:

S(m,n) = Zn: X, /EY‘

i=m+1

where i is time in seasons, Xi is the number of nucleotide pairs changed when a

network evolves from season i-1 to season i, and Y is the number of total edges of a
network in season i.
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