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The aim of the study is to do a very wide analysis of HA, NA and M
influenza gene segments to find short nucleotide regions, which differentiate
between strains (i.e. H1, H2, ... etc.), hosts, geographic regions, time when
sequence was found and combination of time and region using a simple
methodology. Finding regions differentiating between strains has as its
goal the construction of a Luminex microarray which will allow quick and
efficient strain recognition. Discovery for the other splitting factors could
shed light on structures significant for host specificity and on the history
of influenza evolution. A large number of places in the HA, NA and M
gene segments were found that can differentiate between hosts, regions,
time and combination of time and region. Also very good differentiation
between different Hx strains can be seen. We link one of our findings to a
proposed stochastic model of creation of viral phylogenetic trees.
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1. Introduction

Statistical studies have provided interesting insights into the past in-
fluenza epidemics and pandemic. Every year the spreading of seasonal in-
fluenza causes significant mortality, and it cost billions of euros in health
care expenses and with the risk of hospital-acquired infections [1-3]. Should
the strains of influenza mutate to a strain that can quickly pass between
birds and humans and then humans—humans it could cause a pandemic as it
could spread to different parts of the world through human travel, migratory
birds and in each place rapidly between humans.

The influenza virus is a common cause of respiratory infection all over the
world. It infects not only humans, but also other species including avian and
swine. Influenza A subtype (HIN1) could cause the next pandemic, if a new
influenza A subtype has the ability to spread between humans efficiently.
We have performed bioinformatic analysis to investigate the evolution of
the HA, M and NA gene among different species. It would be important to
know specific combination of viral RNA segments, hosts, regions, time and
combination of time and region which have significant for host specificity and
on the history of influenza evolution. Here we present a statistical analysis of
influenza, and discuss how these statistics can provide insights on structures
significant for host specificity and on the history of influenza evolution.

2. Data

Sequences of influenza strains were downloaded from GISAID [4]. Se-
quences from the HA, M and NA gene segments were downloaded. Each gene
segment was considered separately. As some HA sequences were extremely
short compared to the others these were removed. Each gene segment was
downloaded with related information to it (e.g. its time period, geographical
region and host). Unfortunately, for the sequences from the HA gene seg-
ment we did not have any information other than their strains. A summary
of the downloaded gene segment sequences is presented in Table I.

In Table I the numbers of sequences do not always add up, there are
two reasons for this. One is that for some sequences there is missing data
e.g. host information but this was negligible. The main reason was that
there were also sequences from the Australia and Oceania region and these
were not considered in the regional analysis. The motivation was that there
were relatively few of them compared to the other regions and when they
were included nothing interesting was seen for them. Also a word is needed
to motivate the method of regional splitting and temporal splitting. The
temporal splitting was done in a fashion to have a equal balance between
time bins. Unfortunately, the further we go back in time the fewer and fewer
sequences we have. This type of binning has the consequence of ignoring
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TABLE 1

Breakdown of downloaded sequences. Abbreviations are: EA — FEastern Asia,
CA — Central Asia, NA — North America, AO — Australia and Oceania, MEI
— Middle East,Indian Peninsula, WE — Western Europe, SA — South America,
EES — Eastern Europe Scandinavia, UKII — UK, Ireland, Iceland, A — Africa,
EuA — Eurasia, As — Americas, Av — Avian, Sw — Swine, H — Human, Eq
— Equine, Env — Environment, Om — Other mammals, Un — Unknown (these
abbreviations will be used in subsequent tables).

HA gene segment

6052 sequences alignment length: 2063 bases
H1 H2 H3 H4 H5 H6 H7 HS8
904 132 1608 158 1833 286 509 17
H9 H10 HI11 H12 H13 H14 H15 H16
387 65 71 26 27 4 7 15

HA gene segment H1IN1

1851 sequences alignment length: 2063 bases
EA CA NA AO MEI WE SA EES UKII A
217 51 980 192 23 64 83 96 107 22
Human Swine Avian Lab
1570 191 " 10
M gene segment
6775 sequences alignment length: 1101 bases
EuA+Africa As 1902-1999  2000-2004 2005-2009
2670 3243 2051 2227 2494
EuA-+Africa EuA-+Africa EuA+Africa
1902-1999 2000-2004 2005-2009
616 956 1053
As 1902-1999  As 2000-2004 As 2005-2009
1346 650 1247
Av Sw H Eq Env Om Un
2578 320 3650 90 101 18 18
NA gene segment
9661 sequences alignment length: 1741 bases
EuA As 1902-1999  2000-2004 2005-2009
4475 4160 2433 3244 3984
EuA 1902-1999 EuA 2000-2004 EuA 2005-2009
815 1729 1931
As 1902-1999  As 2000-2004 As 2005-2009
1502 842 1816
Av Sw H Eq Env Om Un

3827 461 5121 89 102 30 19
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any changes that happened inside the time bins. The main motivation for
geographic splitting was land and water masses. The whole of Eurasia (and
effectively with Africa) is connected by land while it is separated from the
Americas (the South and North also connected by land) and Australia and
Oceania by water. These divisions of time and space are very rough and are
such to keep the number of bins at a low level.

3. Method

The method employed to analyze a set of sequences is a very preliminary
one. The aim is to have a first look at the data and see whether anything
new can be discovered without explicit mathematical modelling. For com-
putational reasons mathematical models (e.g. Markov models) of alignment
data nearly always assume independence of columns. We are not aware of
any satisfactory and computationally effective model that considers even
short dependencies between columns in such a large alignment. Therefore
we want to see how much can be discovered without the additional knowl-
edge a model would bring. In this paper we will introduce the following
terminology, a metasubsequence of length k will be vector of k consecutive
positions in the alignment and by the value of the metasubsequence we will
mean the actual values (for a given sequence, A, C, G, T in a nucleotide
alignment) that are observed in the respective columns of the alignment.

3.1. Alignment

The alignment of the sequences was done in Clustal 2.0.10 [5]. Due to
the large number of sequence it was done with the option approximate and
all others default. Prior to the alignment sequences which were considerably
shorter than the others had to be removed. In the case of the HIN1 sequences
this was roughly 1500 sequences. Had this not been done the contingency
table test did not look at splits between hosts, regions, etc. but between
short and long sequences.

3.2. Contingency table

The contingency table test (or chi-square test) is described in detail in
e.g. [6] but we will make a short overview of it here. Let us assume we
have N objects in a two-way categorization table with an arbitrary number
of rows and columns. In our case the rows will be the different possible
values of metasubsequences the regions take and the columns will describe
the different possible categories the sequences can take). Such a table can
look like the one in [6].
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Under the null hypothesis that there is no association between row and
column categories each entry Yj; will be a random variable with mean value

. B2
of Ejp, = % The test statistic is ij (ijEiszk) and under the null
J

hypothesis has a chi-square with (r—1)(c—1) degrees of freedom distribution.
An important assumption of this test is that the observations leading up to
the counts are independent. In our case they are not due to the phylogenetic
history. Taking this into account is a topic for further study and due to this
we cannot assign any formal statistical significance to the results. This
problem of dependence has been very recently looked in a simulation study
in [7] however the authors consider alignment columns independently. The
procedure of working with the contingency table is described in the following
algorithm

1: for metasubsequence length ¢ = 0 to n do

2:  for column j =1 to length of alignment do

3: build contingency table for metasubsequence at position j to j + @
{7 is from 0}

4: calculate p-value of contingency table
5. end for

6: end for

7

return those contingency tables with their positions and metasubse-
quences that are below some cut-off p-value

8: go through the returned contingency tables and see whether they are
interesting.

The cut-off p-value has to be extremely low (it was taken to be 17183) due to
the fact that we have at each position very often one sequence which is totally
different from the others and such a sequence could immediately generate
a significant table. Unfortunately very often we have a huge number of
tables, in fact in some cases every single consecutive metasubsequence of the
alignment was significant due to this effect. Our choice of scoring is presented
in the next section. Up until now most analysis have been treating positions
independently e.g. [8] (nucleotide alignment) [9] (protein alignment). An
independent site analysis by a direct application of entropy [9-11] methods
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is straightforward, quick and the results are immediate and do not require
any postprocessing. The problem is that it might miss columns that are
significant only when a combination of them is considered. Here we make
an attempt to do a large scale sequence analysis to find metasubsequences of
up to 25 bases which categorize the sequences. We are especially interested
in metasubsequences of up to 25 bases because this is what we expect that
the length of the probe on the Luminex microarray will be.

3.8. Scoring contingency tables

The difficulty with the contingency table is that if the alignment is very
“noisy” (either due to misalignment or a large number of sequences that
have mutations) nearly all positions in the alignment will turn significant.
Therefore some other method than the p-value of scoring each contingency
table has to be used. We adopted the following strategy for each contingency
table,

1: remove all rows that have in total less than p% of the sequences

2: remove all columns that have in total less than p% of the sequences
3: N = number of rows

4 for each column i do

- Zeach row jpij lOg Dij
log N

Score; = 1 —

6: end for
7: return max; Score;.

We look at each column of the contingency table (which represents some
grouping of the sequences) and see what is the estimated entropy of the
sequences in this group — > ., 1 row i Dij log p;; dividing by log NV the maxi-
mal entropy possible. The score will be 1 if we can predict the value of the
metasubsequence perfectly, ¢.e. there is exactly one value of a given meta-
subsequence in the given group and 0 if we cannot say anything. To get the
score for a given position (in Figs. 2, 3, 4 and 5) we take the maximum over
all metasubsequences of length 1...25. In our analysis we decided to ignore
gaps in the HA and M gene segment alignments as these were aligned with
very few gaps (except on the edges) while in the analysis of the NA gene
segment gaps were treated as a fifth residue (here there was a large number
of gaps inside the alignment). The methodology presented is naturally very
heuristic due to the large computational intensity and complexity of the
problem. However, it guarantees that if a given metasubsequence is present
in enough sequences and its values split perfectly between groups then the
method will find it.
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3.4. Implementation

The described method was implemented as a Perl [12] script. For work-
ing with the alignments it uses BioPerl [13] and for calculating the p-value
of the x? statistic the module Statistics::Distributions [14] was used.

3.5. Phylogenetic tree

HA gene segment of 6052 sequences was aligned using Clustal 2.0.10
tool [5]. This alignment of 2063 bases length from H1 to H16 viral strains
was used to generate the phylogenetic tree which describing the evolution of
strains from one to another (see figure 1). Colour coding of the parenthesis
in Fig. 1 represents strains from H1 to H16 and Dendroscope 2.4 tool [15]
was used to visualize the phylogenetic tree.

e

Fig.1. Phylogeny tree of influenza strains; Each colour represents each strain of
influenza virus.

4. Results

The biological questions posed in the analysis are the following (each
item is done on a different sequence set),

e Can we find regions of length 20-25 bases the distinguish between Hx
strains (for the Luminex microarray)?
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e Can we find short regions up to 25 bases which will distinguish between
hosts and regions in HIN1 sequences?

e Can we find short regions up to 25 bases which will distinguish between
hosts, regions, time periods in M sequences, can any temporal and
geographical interactions be found?

e Can we find short regions up to 25 bases which will distinguish between
hosts, regions, time periods in NA sequences, can any temporal and
geographical interactions be found?

In all cases interesting places were found.

4.1. Hz analysis

Only H1, H2, H3, H4, H5, H6 and H7 sequences were considered. The
other ones were too few in numbers compared to these, so were discarded in
the analysis as they only acted as “noise”. All in all 292 places of length 20—
25 bases were found in the HA genomes that split (nearly perfectly) between
the strains. Some of them built up together to form a larger region so we
could actually distinguish about 6 regions in the genome where differences
between the strains can be found. It is not possible to present all the results
but a nice example contingency table can be shown, Table II. The values
inside the table are the fraction of the number of strains having the given
value of the metasubsequence. The fact that for a strain a column does not
add up to 1 is due to it having less than 100 sequences in some rows and for
clarity of the presentation if a row contained less than 100 sequences it was
not written out. The scoring function failed to cut-down on the number of
positions as all of the splits were perfect. In Fig. 2 we can see how that the
scores were nearly 1 all along the gene segment.

TABLE II

Example contingency table splitting Hx strains of HA gene segment, 292 such
places were found. We can see that combinations of different positions are needed
to differentiate between all.

Position 1687 H1 H2 H3 H4 H5 H6 HT7
TGGGACTTATGACCATGATGTATAC| 0 0 007 0O 0O 0 O
CAACACTTATGACCATACTCAATAC| 0 0 0O 0 0 0 024
CAACACGTATGACCATACTCAATAC| 0 0 O O 0 0 0.21
TGGAACTTATGACCATGATGTATAC| 0 0 053 0 0 0 O
TGGAACTTATGACCACGATGTATAC| 0 0 01 0 O 0 O
TGGAACTTATGACTATCCAAAATAT|063 0 0 O 0 0 O
CGGAACGTATGACTACCCGCAGTAT| 0 0 O 0 069 0 O
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H strains maximal scores

Score
I

0.85 0.90 0.95 1.00

T T T T T
0 500 1000 1500 2000

Position

Fig. 2. Scores along the alignment of the HA gene segment. We can see that nearly
all along the gene segment we have a score of 1. The visible gaps in the graph are
due to gaps in the alignment in those places.

4.2. HIN1 analysis

Two types of analysis were done, whether any place specific for hosts or
region can be found.

In the host analysis (Table III) five places specific for human hosts were
found. They were at positions 282-307, 1085-1110, 1133-1158, 1219-1244
and 1570-1575 in the alignment. About 83% of all human had the same
sequence.

H1N1 host maximal scores H1N1 region maximal scores

Score
Score
0.992 0.996 1.000

0.990 0.994 0.998

T T T T T T - T T T
0 500 1000 1500 2000 0 500 1000 1500 2000

Position Position

Fig.3. Top: scores along the alignment of the HA HIN1 gene segment for splits
between hosts. All along the gene segment we have positions achieving high scores
(cut-off for graph is 0.99). A few of the interesting examples are in Table III. Bot-
tom: scores along the alignment of the HA HIN1 gene segment for splits between
regions. All along the gene segment we have positions achieving high scores (cut-off
for graph is 0.99). A few of the interesting examples are in Table IV.

As previously the columns do not add up to 1 due to many rows having
very small numbers of sequences and we can see changes specific for all three
hosts. When the analysis was done according to regions the North American
region stood out significantly (Table IV) in the HA gene segment.
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4.8. M results

The M gene segment sequences were analyzed to find differences between
hosts, regions, time periods and geographical and temporal interactions. The

results are presented in Fig. 4 and Tables V, VI, VII and VIII.

Score

Score

0.994 0.998

0,990

0.98 1.00

0.96

M hosts maximal scores

M regions maximal scores

Score

0.97 0.99

0.95

400 600 800 1000

Position

M time period maximal scores

200 400 600 800 1000

Position

M regions and time period maximal scores

Score

0.996 1.000

0.992

400 600 800 1000

Position

T
200 400 600 800 1000

Position

Fig. 4. Top left: scores along the alignment of the M gene segment for splits between
hosts, cut-off for graph is 0.99. Top scoring examples are in Table VII. Top right:
scores along the alignment of the M gene segment for splits between regions, cut-off
for graph is 0.95. Top scoring examples are in Table V. Bottom left: scores along
the alignment of the M gene segment for splits between time periods, cut-off for
graph is 0.95. Top scoring examples are in Table VI. Bottom right: scores along
the alignment of the M gene segment for splits between regions combined with time
periods, cut-off for graph is 0.99. Top scoring examples are in Table VIII.
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TABLE V

Top scoring (above 0.95) region specific changes of M gene segment.

Position 143 Eurasia Americas Position 242 Eurasia Americas
Score 0.99 & Africa Score 0.98 & Africa
CAGAGACT 0.709 0.994 ATTTT 0.867 0.985
CAGAAACT 0.278 0 ATGTT 0.067 0
Position 538 Eurasia Americas Position 683 Eurasia Americas
Score 0.99 & Africa Score 0.95 & Africa
TC 0.9 0.999 TTGC 0.627 0.99
GC 0.1 0.001 TCGC 0.369 0.005
Position 768 Eurasia Americas Position 944 Eurasia Americas
Score 0.96 & Africa Score 0.99 & Africa
CTTGAAAATTT | 0.826 0.977 CCTTCTACGGCAGG 0.059 0
ATTGAAAATTT 0.149 0 CCTGCTACGGCAGG 0.071 0
CCTTCTACGGAAGG 0.814 0.984
TABLE VI

Top scoring (above 0.95) time period specific changes of M gene segment.

Position 143 Until  2000- 2005- Position 242 Until  2000- 2005-
Score: 0.97 1999 2004 2009 Score: 0.96 1999 2004 2009
CAGAGACT | 0.987 0.920 0.761 ATTTT 0973  0.972 0.861
CAGAAACT | 0.001 0.072  0.232 ATGTT 0.0005 0.002 0.07
Position 326 Until  2000-  2005— Position 571 Until  2000- 2005-
Score: 0.97 1999 2004 2009 Score: 0.96 1999 2004 2009
AATGG 0.893 0.991  0.996 AC 0.996  0.888 0.765
AACGG 0.106  0.009 0.0036 AT 0.004 0.106 0.235
Position 871 Until 2000~  2005- Position 939 Until  2000- 2005-
Score: 0.95 1999 2004 2009 Score: 0.95 1999 2004 2009
GATATTG 0.982 0.899  0.966 GAGGCCCTTCTAC | 0.001 0.146 0.233
GATACTG 0.003 0.093 0.0008 || GAGGGCCTTCTAC | 0.956 0.764 0.676
GAGGGCCTGCTAC 0 0.042  0.031
Position 1023 | Until 2000- 2005-
Score: 0.98 1999 2004 2009
GTCAT 0.992 0994 0.827
ATCAT 0.001 0.002 0.164
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4.4. NA results

The NA gene segment sequences were analyzed to find differences be-
tween hosts, regions, time periods and geographical and temporal interac-
tions. The results are presented in Fig. 5 and Tables I1X, X, XI and XIII.
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NA regions and time period maximal scores
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0.95
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Fig.5. Top left: scores along the alignment of the NA gene segment for splits
between hosts, cut-off for graph is 0.95. Top scoring examples are in Table XII.
Top right: scores along the alignment of the NA gene segment for splits between
regions, cut-off for graph is 0.95. Top scoring examples are in Table X. Bottom

left: scores along the alignment of the NA gene segment for splits between time

periods, cut-off for graph is 0.95. Top scoring examples are in Table XI. Bottom

right: scores along the alignment of the NA gene segment for splits between regions

combined with time periods, cut-off for graph is 0.95. Top scoring examples are in
Table XII.
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TABLE IX

Top scoring (above 0.85) region specific changes of NA gene segment. Regions
with gaps were included. Even though regions with gaps are not visible, they were
present in sequences that had too few representatives, excluding them would leave
only positions 328, 504, 512, 1191, 1249, 1300.

Position 94 Eurasia Americas Position 201 Eurasia Americas
Score 0.98 Score 0.96
T 0.9 0.995 — 0.299 0.002
C 0.088 0.001 A 0.675 0.983
Position 328 Eurasia Americas Position 504 Eurasia Americas
Score 0.91 Score 0.96
T 0.009 0.087 T 0.857 0.995
C 0.983 0.913 C 0.141 0.004
Position 512 Eurasia Americas || Position 1191 Eurasia Americas
Score 0.92 Score 0.85
AG 0.991 0.894 AG 0.81 0.951
CG 0.009 0.106 TC 0.025 0.034
AA 0.095 0.009
GA 0.062 0
Position 1249 | Eurasia Americas || Position 1300 | Eurasia Americas
Score 0.89 Score 0.96
A 0.013 0.1 GGTC 0.903 0.975
C 0.984 0.9 CGTC 0.064 0
Position 1493 | Eurasia Americas || Position 1497 | Eurasia Americas
Score 0.94 Score 0.83
— 0.086 0.007 — 0.09 0.008

GG 0.901 0.99 C 0.907 0.992
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4.5. Column entropy

We also looked at how variable all of our gene segments were. To do this
we calculated the entropy of each site in the alignment. Sites with gaps were
excluded. The formula used to estimate the entropy for the j-th column is

naturally, n n

> R R

L=— >  —log—, (1)

n n
RE{A,C,G.T}

where n is the amount of sequences, and np is the count of the given residue
in the considered column. This famous formula can be thought to represent
how “random” the column is. If the column is constant it will be 0 and if all
residues are equally present (i.e. for all R ng/n = 0.25) then it will obtain
its maximum of log4. The results are in Figs. 6, 7 and 8.
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Fig.6. Estimated entropies at individual sites in alignment of HA gene segment
sequences and compared with breaking the sequences according to hosts and geo-
graphical regions.

What can be seen from the figure is that there is not that much differ-
ence between hosts and regions in each gene segment but there are differences
between the gene segments. This could be because of different selective pres-
sures on the different gene segments due to the M protein being an internal
protein while the HA and NA are external proteins. External proteins in
viruses are more liable for change as they are responsible for the virus hav-
ing the ability to infect. Therefore the difference between gene segments is
rather obvious but the lack of difference between hosts and regions could be
interesting for further biological and modelling insight.
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Fig.7. Estimated entropies at individual sites in alignment of M gene segment
sequences and compared with breaking the sequences according to hosts and geo-
graphical regions. Entropy not calculated for columns with gaps.
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5. Discussion

Our aim was to using a simple methodology to find regions of up to 25
base pairs in influenza viral gene segment sequences that differentiate be-
tween certain factors (host, geography, time period, Hx strain). We wanted
to see whether anything novel could be found using a rather “rough look” at
data. The aim was achieved in a sense that a number of promising places
in the gene segments were found. Because the methodology is very simple
and requires some heuristic scoring mechanism its drawbacks have to be
discussed.

5.1. Sequence acquisition

The sequences were downloaded from GISAID [4]. Therefore the meth-
odology is dependent on us obtaining a random sample of sequences which
when looking at the sequence breakdown can be seen to be immediately vio-
lated. It is clear that the majority of sequences have been collected from the
past ten years and from human hosts. Another issue is that sometimes the
lengths of the downloaded sequence were drastically different. For example
in the HA gene segment of HIN1 about 1000 sequences were less than half
the length of the others (so one third of the sequences). They had to be dis-
carded as they made the alignment unsure and also the program was finding
only differences between these two groups i.e. gaps/no gaps. It cannot be
assessed therefore whether this could have caused any bias. One issue with
the downloaded sequences is that we do not have all the information for
every single one, sometimes region, host or time is missing. This then cuts
down the sample sizes in some parts of the study.

5.2. Method

The first step of the analysis is to align the acquired sequences. This was
done in Clustal 10.2 [5]. Due to the huge number of sequences (a couple of
thousand in each case) the alignment has to be done approximately. Visual
inspection of it showed extremely high similarity between all of the sequences
and no clear misaligned regions could be seen. But this is the grand picture,
small regions/individual bases could be very well misaligned which can have
profound effects on the method of searching for characteristic differences. It
was noticed very often that in most places one had a huge number (around
200) of different values of the metasubsequence that had one, two, less than
ten sequences. This could be due to mutations in those individual sequences
(which could very well be important) but just as well due to a misalign-
ment. Another observation made is that especially in the M and NA gene
segments nearly every single metasubsequence of length 25 was seen by the
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contingency table test (at a p-value of 17¥3) to be significant in the spatial
and temporal analysis. Such a huge number of positions has to be cut down
naturally. At the moment this is done first by only considering those values
of the metasubsequence that have at least 2% of the sequences altogether
and then assigning scores to each contingency table and we are left with
the presented results. Because of the non-independence the p-values should
be treated as a cut-off value and not understood in the statistical sense.
A last issue is how to combine factors, e.g. countries, time — periods. The
division of time-periods should be sequential. Here we divided the time into
three periods to keep the number of sequences in each bin approximately
the same. But this might cause us to miss some effects inside these bins and
there also comes the potential problem should the bins be the same for every
geographical region. An issue in the creation of categories is computational,
for this to be feasible there cannot be too many, we considered a maximum
of 12 categories (with approximately 10000 sequences). Our analysis does
not address these issues. It is not its aim. The aim is to find as many
as possible potentially interesting sites in the flu gene segments that show
differentiation between hosts, geography and time by a simple first glance.

5.2.1. Scoring method

To cut down on the huge number of significant tables we devised a scoring
method described in Section 3.3. The intuition behind it is that it will highly
score those tables where given the group we get a lot of information about
the sequence. An obvious issue with the method is to decide the cut-off
value. At the moment we choose a level such that the number of results
would be manageable to look through. When looking at Table XIII we can
see that positions 201 and 202 are in it separately. This is because together
they did not generate a significant contingency table. Something else that
can be noticed in the presented results is that they show positions which
start and end with constant columns. These of course do not influence the
score but they might play a role in the p-value. We have to remember
that to calculate the score we remove those rows that have less than 2% of
the sequences. There could be changes on these “constant” positions in the
removed rows which decide that the table is significant.

5.3. Evolution model

In a recently published paper [16] the authors present a mathematical
model which they claim well describes the creation of viral phylogenetic
trees. From our perspective when analyzing the influenza differentiating
metasubsequences, the important conclusion from [16] is that one small
change can create a virus version which will be present in significant num-
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bers. This is strikingly visible (unless this is due to a sampling bias over
which we have no control) when looking at the values of the metasubsequence
at position 1023 of the M gene segment. We have a version of the virus that
in the Americas was very scarce and then recently started to become visible
in a huge proportion. When we looked at the contingency tables in every
single sequence of positions in the alignment we observed that there could
be around 200 realizations in those positions that had 1, 2, 3 below 10 se-
quences having that value of the metasubsequence. We said that this could
be due to a misalignment but in view of the model and the result in the M
gene segment they could just as well be real changes that might or might
not become dominant. At the moment this was noticed only in one place.

6. Further developments

The analysis done here is a very superficial first glance at differentiation
between influenza viruses due to factors like host, geography or time period.
Interactions between time and region were also looked at. The next steps
should be introducing models of strain evolution, especially to consider the
phylogenetic dependence between them.

K.B. is partially funded by the Kungliga Vetenskapsakademien.
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