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Abstract The 2009 swine-origin Influenza A virus sub-
type HIN1 (S-OIV) is generally believed to be a mixture of
human, bird and swine viruses, resulting from multiple re-
assortments. The evolutionary origin of the S-OIV is of high
interest but still remains obscure. In order to understand
the evolution of the new virus, we performed sequence
homology, segment stability and segment linkage analysis,
as well as analysis of the host and geographic distribution of
the evolutionarily related viruses. Stability analysis dem-
onstrated that segment 6 (NA) was the most unstable one,
followed by segment 4 (HA), while the other 6 segments
were relatively stable. Host and geographic distribution
analysis indicated that all 8 segments of the new virus were
closely related to those of swine influenza viruses circu-
lating either in North America or in Eurasia. Segment
linkage analysis showed that segments 1 (PB2), 2 (PB1), 3
(PA), 4 (HA), 5 (NP), and 8 (NS) are in linkage disequi-
librium exclusively with North American swine influenza
viruses, and segments 6 (NA) and 7 (M) are evolutionarily
linked solely with Eurasian swine influenza viruses. Two
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North American swine strains and 2 Eurasian swine strains
were identified as possible ancestors of S-OIV 2009. Based
on the most recent linkage analysis with the updated
influenza sequences, South Dakota avian strains were found
to be the closest known relatives of S-OIV 2009.

Introduction

A new influenza A virus outbreak occurred in North
America, originating in Mexico and the southwestern United
States in or before April 2009 [2, 6]. The United States
Centers for Disease Control and Prevention (CDC) reported
the earliest two HINI cases in different counties of Cali-
fornia on April 21, 2009 [1]. With thousands of suspected
and confirmed HIN1 cases and over one hundred HIN1-
attributed deaths in multiple countries around the world, the
World Health Organization (WHO) formally declared the
situation a “public health emergency of international con-
cern” and changed its pandemic alert phase to the highest
level, 6 [11]. The United States CDC has released sequence
data on the emerging influenza virus through the Global
Initiative on Sharing Avian Influenza Data (GISAID) and
GenBank since late April 2009, but the source of the path-
ogen still remains obscure. Various sources of information
have indicated that the emerging A(HIN1) virus appears to
be a reassortant of four influenza viruses, one human, one
bird and two swine strains [4]. Recent publications [2, 3, 9,
10] have suggested that S-OIV could be related to North
American and Eurasian swine influenza viruses.

To better understand the evolution of S-OIV, we per-
formed BLAST analysis to study the sequence homology
of the genome of the new influenza viruses. Instead of
employing a phylogenetic method, which involves col-
lecting and depositing a considerable number of influenza
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virus sequences and uses specialized software with elusive
algorithms to calculate genetic distances, we tried to use
some simple and easy-to-understand methods based on the
commonly used GenBank sequence database and BLAST
program to look into the evolution of the new virus. Two
quick approximate methods were developed based on the
NCBI BLAST analysis results: one to study the relative
evolutionary stability of individual genome segments and
the other to study the evolutionary linkage of each segment
with each of the others. To further understand the origin of
the new virus, we analyzed the hosts and circulating
regions of evolutionarily related influenza viruses. Our
study provides some novel data regarding the evolution of
the new virus and identifies several source virus strains
originally circulating in North America and Eurasia,
respectively.

Materials and methods
The S-OIV genomic sequence and BLAST analysis

The sequences of the first nearly complete genome of the
emerging influenza virus (A/California/04/2009(HINT1))
were submitted by the United States CDC to GenBank on
April 27, 2009, with accession numbers FI966079 through
FJ966086, representing segments 1 through segment 8,
which range from 2280 bp to 838 bp in size (Table 1). On
April 28, 2009, 1 day after the first S-OIV sequence was
published, we performed BLAST analysis against Gen-
Bank database “nr” on the website of the National Center
for Biotechnology Information (http://blast.ncbi.nlm.nih.
gov/) with the online nucleotide BLAST program
BLASTN [12]. The eight segments of the S-OIV strain
A/California/04/2009(HIN1) were analyzed individually
with default parameters, and one hundred targets for
each query were retrieved. Of the retrieved targets, the
newly submitted 2009 influenza A(HIN1) viruses were
excluded.

Relative evolutionary stability analysis of influenza
virus genome segments

The relative evolutionary stability analysis is based on the
BLAST analysis results. In the BLAST analysis, every
matched target was returned with an identity score repre-
senting the similarity of the target to the query sequence.
For every BLAST analysis with a particular segment query
sequence, the retrieved isolates (excluding the S-OIV
2009) were grouped. The highest identity score minus the
lowest identity score results in an “identity score discrep-
ancy”, which is normalized by dividing it by the total
number of the entries in the group and then multiplying by
10,000. The resulting value is used to calculate the
“instability index” by multiplying by a “frequency coef-
ficient” that is derived by dividing the total number of a
segment by the total number of PB1 (full-length,
non-S-OIV 2009) deposited in NCBI’s influenza virus
resource (http://www.ncbi.nih.gov/genomes/FLU/FLU html,
see Table 1). For a particular segment, if the instability
index is higher than that of another segment, it means the
evolutionary stability of the former is relatively lower.

Segment linkage analysis of the influenza virus genome

Like relative stability analysis, segment linkage analysis is
also based on the BLAST analysis results. The previous
isolates other than the 2009 A(HIN1) viruses retrieved
from BLAST analysis of each segment were grouped, and
each pair of groups was compared to check for shared
entries. The linkage index of each pair of segments was
calculated as the number of the shared entries divided by
the total entry number of the smaller group, and then
multiplied by the average “frequency coefficient” of the
two segments (for the calculation of “frequency coeffi-
cient”, see the stability analysis section above). For any
two segments, if the linkage index is higher, it means the
two segments are more closely linked in the progress of
evolution.

Table 1 BLAST analysis

of influenza ACHINI) virus Seg. no. Query Length 2009 PreYlous Identity Total no. f.l.
Gene strains strains - non-2009
genome segments Lowest Highest S-OIV*®
(%) (%)
1 PB2 FJ966079 2280 7 93 95.03 96.58 1062
2 PB1 FJ966080 2274 7 93 95.60 96.88 1090
3 PA FJ966081 2151 9 91 93.63 96.10 1083
4 HA FJ966082 1701 9 91 89.78 95.31 1764
5 NP FJ966083 1497 7 93 94.46 96.80 1162
6 NA FJ966084 1410 9 91 87.54 94.19 2028
7™ FJ966085 972 14 86 94.86 97.72 1530
Total number of full-length 8 NS FI966086 838 7 93 94.64 96.55 1126

sequences of non-2009 S-OIV
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Results

BLAST results and relative stability of S-OIV genome
segments

After the S-OIV was identified as a new pandemic influ-
enza strain, a large amount of sequence data on the new
virus was deposited into the public sequence databases,
making these databases very biased toward S-OIV 2009. In
order to study the genetics of the new virus with less effect
of the bias, we analyzed the BLAST results obtained at the
earliest possible time. For every BLAST analysis with a
genome segment of the S-OIV 2009 strain, the retrieved
100 targets included several entries of other S-OIV 2009
strains (Table 1, see Supplementary Materials for details).
These S-OIV 2009 sequences were almost identical to the
query sequences (with 99.6-100% identity) and obviously
represent the same pandemic virus. Thus, these strains
were excluded from the subsequent analyses. The previ-
ously isolated target strains (non-S-OIV 2009) shared
87.54-97.72% sequence identity with the query sequences
(Table 1). Specifically, segment 6 (NA) targets exhibited
the lowest sequence similarity (87.54-94.19%), and seg-
ment 4 (HA) showed the second-lowest similarity (89.78—
95.31%), while the other segments had much higher
sequence identity scores (Table 1). Segment stability
analysis (see Materials and Methods) also demonstrated
that segments 6 (NA) and 4 (HA) had the highest relative
instability indexes, while the other segments had much
lower instability indexes, which was in accordance with the
abovementioned sequence similarity data (Fig. 1; Table 1).
These results indicate that segments 6 (NA) and 4 (HA) are
more variable than the other segments in influenza
A(HINT1) virus evolution.

Host analysis of influenza A(HINT1) virus

In order to obtain more information about the host of the
new virus in the context of evolution, we looked into the
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host distributions of the BLAST targets. For all 8 segments
except segment 2 (PB1), the best-matched target was iso-
lated from a swine host (Table 2, see Supplementary
Materials for details). In the case of segment 2 (PB1), the
best-matched target was isolated from “a Wisconsin man
infected by a swine-like influenza virus” (GenBank
accession number AF342823), which means this strain is
actually a swine strain that accidentally infected a human
being. Furthermore, the second-best match of segment 2
(PB1) is also a swine virus, and there is only a small dif-
ference between the identity scores of the human-hosted
best target (2203/2274 = 96.88%) and the swine-hosted
second-best target (2195/2275 = 96.48%). Finally, of the
top 25 BLAST targets of segment 2, 20 sequences (80%)
were isolated from swine hosts. These data suggest that all
of the segments, including segment 2, actually have the
highest homology with swine influenza viruses, which
means the most likely source of the new virus may be
swine viruses.

As in the case of segment 2, the best BLAST match may
not necessarily be the closest evolutionary source of the
segment, due to the tiny differences in identity scores of the
top BLAST targets. In order to obtain a relatively safe
estimate, we further analyzed the host distributions of the
top 25 BLAST targets (non-S-OIV 2009) of each segment
and examined the host species frequencies. As shown in
Table 2 (see Supplementary Materials for details), for the
majority of the segments (segments 4, 5, 6, 7, and 8), more
than 90% of the target sequences come from swine viruses.
The lowest frequency of swine host (of segment 1 and 2) is
80%, which is still much higher than the frequencies of
avian host and human host, which are not greater than 20%.
These results further support the hypothesis that all of the
genome segments of the novel influenza virus may be
derived from swine influenza viruses.

In attempting to find further clues to the origin of the
new virus, we analyzed the geographic distributions of the
top 25 BLAST targets. The analysis revealed two clusters
of segments. The first cluster contains segment 1, 2, 3, 4, 5,
and 8, of which the majority of targets are from North
America, and the rest from Asia, with no targets from
Europe or other continents except for segment 2, of which
only one target comes from Europe (Table 2, see Supple-
mentary Materials for details). In this cluster, segments 1
and 8 have the highest percentages of North America
distribution, which are 76% (19/25) and 72% (18/25),
respectively. Segment 5 has the lowest North America
distribution percentage, which is 52%. The second cluster
contains segments 6 and 7, for which all the BLAST targets
are from Europe and Asia. Specifically, 16 (64%) of the top
25 targets of segment 7 are from Europe and 9 from Asia,
while for segment 6, all of the top 25 targets are from
Europe. The circulating region analysis combined with the
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Table 2 Host and geographic distribution of the top 25 BLAST targets

Seg. no. gene Best-matched target Host North America Europe Asia Total number

1 PB2 A/swine/Korea/INS06/2004(H3N2) Swine 14 6 20 (80%)
Avian 5 5 (20%)
Human
Subtotal 19 (76%) 6 (24%)

2 pB1 A/Wisconsin/10/98(HIN1) Swine 13 7 20 (80%)
Avian 2 2 (8%)
Human 1 1 1 3 (12%)
Subtotal 16 (64%) 1 8

3 PA A/Swine/Illinois/100084/01(H1N2) Swine 11 10 21 (84%)
Avian 4 4 (16%)
Human
Subtotal 15 (60%) 10 (40%)

4 HA A/Swine/Indiana/P12439/00(HIN2) Swine 17 7 24 (96%)
Avian 1 1 (4%)
Human
Subtotal 18 (72) 28 (28%)

5 NP A/Swine/lowa/533/99(H3N2) Swine 11 12 23 (92%)
Avian 1 1 (4%)
Human 1 1 (4%)
Subtotal 13 (52%) 12 (48%)

6 NA A/Swine/England/195852/92(HIN1) Swine 24 24 (96%)
Avian 1 1 (4%)
Human
Subtotal 25 (100%)

7™ A/swine/Hong Kong/5212/99(H3N2) Swine 16 8 24 (96%)
Avian
Human 1 1 (4%)
Subtotal 16 (64%) 9 (36%)

8 NS A/Swine/Minnesota/9088-2/98(H3N2) Swine 17 6 23 (92%)
Avian 2 2 (8%)
Human
Subtotal 19 (76%) 6 (24%)

above host analysis implies that the new virus may origi-
nate from at least one North American swine strain and one
Eurasian swine strain.

S-OIV are linked with North American and Eurasian
swine viruses

Influenza virus genome segments reassortment is a process
of homologous segment exchange between two influenza
viruses simultaneously infecting a single host [7]. The
combination of a set of 8 segments in a certain influenza
virus is the result of mutation and selection and comprises
numerous adaptive mutations distributed on different
segments. In order to understand the natural history of
influenza A(HIN1) evolution, we analyzed the linkage of
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different segments by looking for shared virus entries
among different segment groups. As shown in Table 1,
every segment group contains 86-93 non-S-OIV 2009
entries. It can be imagined that the more entries are shared
by two segment groups, the more closely the two segments
are evolutionarily linked, since these two segments have a
greater chance or propensity to co-exist after a reassort-
ment event. Our linkage analysis of all the retrieved non-S-
OIV 20009 strains revealed two linkage clusters of segment
groups. The first cluster includes groups of segments 1, 2,
3, 4, 5, and 8, while the second cluster is composed of
segment 6 and 7 groups. In the first cluster, segments 1, 3,
5, and 8 have very close mutual linkage (linkage indexes
>0.50; Table 3). Segments 2 and 4 are moderately linked
with each other and with segments 1, 3, 5 and 8, with the
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Table 3 Pairwise linkage of segments of influenza A(HIN1) virus
Seg. no. Gene  1-PB2 2-PB1 3-PA 4-HA 5-NP 6-NA 7-M
Count Index Count Index Count Index Count Index Count Index Count Index Count Index
2 PB1 25 0.27
3 PA 63 0.70 26 0.30
4 HA 27 0.40 13 0.16 26 0.39
5 NP 56 0.63 28 0.31 57 0.67 43 0.65
6 NA 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
7™M 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 25 0.49
8 NS 47 0.53 24 0.27 51 0.58 34 0.50 58 0.67 0 0.00 0 0.00

Italicized value indicates the existence of evolutionary linkage

linkage index varying from 0.20 to 0.50. In the second
cluster, the only two segments, segments 6 and 7, are also
moderately linked, with a linkage index of 0.49. Interest-
ingly, there is no entry shared by the two clusters, so the
linkage indexes between any one group in the first cluster
and any one group in the second cluster are zero. That
means the segments of the two clusters evolved separately.
These linkage analysis results are consistent with the
results of geographic distribution analysis regarding the
clustering of the segments and again suggest the possibility
of S-OIV coming from two virus strains, one from North
America, and the other from Eurasia.

Influenza A(HIN1) virus evolution and possible
progenitor viruses

The linkage analysis described above suggested that S-OI'V
could arise from reassortment of two swine strains: one
North American strain contributing segments 1, 2, 3, 4, 5,
and 8 and one Eurasian strain providing segments 6 and 7.
If this is the case, there should be strains containing seg-
ments that are highly homologous to S-OIV across all
target groups in a linkage cluster, especially for the first
cluster, which consists of 6 segments. To test this
hypothesis, we searched for target strains containing all 6
linked segments in the first linkage cluster. Analysis of all
the returned targets revealed that 12 target strains were
shared across all 6 segment groups, and all strains were of
swine origin (Table 4). If a certain strain is going to evolve
into S-OIV, all of its segments should have identity scores
very close to that of the best match. To find if such strains
exist, we checked the sequence identity scores of individual
segments of the shared strains. Again, we found that 6 of
the 12 shared target strains in the first cluster had very high
identity scores for all 6 segments (Tables 4, 5), and all 6 of
the highly homologous strains were from North America,
with two strains, A/Swine/Illinois/100084/01(H1N2) and
A/Swine/North Carolina/93523/01(HIN2), included in all
the top 25 targets across the first cluster. Similarly, analysis

of the second cluster revealed 25 strains shared by the
segment 6 and 7 groups, and 5 of them demonstrated high
sequence identity scores for both segments (Tables 4, 5).
All 5 of the highly homologous strains were from Eurasia
and were among the top 25 targets of both segment 6 and 7,
with two strains A/swine/England/WVL7/1992(HIN1) and
A/swine/Spain/WVL6/1991(HIN1), as the best matches
according to the sequence similarity. These results suggest
that the two abovementioned North American strains and
the two European strains are likely the ancestor strains of
the new influenza A(HIN1) virus emerging in 2009.

Naturally occurring reassortments resulting in new
circulating strains are not very frequent, and only a few
reassortments have successfully generated new major cir-
culating strains over a period of nearly one hundred years
[5]. The chance of a single reassortment event involving
only two viruses would be much greater than a multiple-
reassortment event, which would require that more than
two viruses infect a single host animal and contribute
genome segments. Based on this reasoning and on our
findings, we propose that the novel S-OIV is a reassortant
of two strains that evolved from the abovementioned can-
didate North American and European strains. Since these
North American candidate strains were already triple-re-
assortant viruses [13], S-OIV is thus composed of at least
four sources of genetic material. This may be the reason
why the current epidemic virus is regarded as a multiple
reassortant virus.

North American wild duck viruses are the closest
known relatives of S-OIV 2009

As the new S-OIV is rapidly spreading around the globe,
interest in this virus has stimulated intensive surveillance
and study of influenza viruses in human and other animals.
Recently, a large amount of influenza virus sequence data
has been submitted to public databases. Using our linkage
analysis of recent BLAST results, we were surprised to find
that, of the six North American segments of the emerging
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Table 4 BLAST targets shared across the segment linkage clusters

Cluster 1 (Segment 1, 2, 3, 4, 5, and 8)

Cluster 2 (Segment 6 and 7)

®A/Swine/Illinois/100084/01/H1N2/
4A/Swine/Illinois/100085A/01/HIN2/
4A/Swine/Indiana/9K035/99/HIN2/
#A/Swine/Indiana/P12439/00/H1N2/
A/Swine/lowa/930/01/HIN2/
A/swine/Korea/CANO01/2004/HIN1/
A/swine/Korea/CAS08/2005/HIN1/
A/Swine/Korea/CY02/02/HIN2/
A/Swine/Minnesota/55551/00/H1N2/
®A/Swine/North Carolina/93523/01/HIN2/
A/Swine/North Carolina/98225/01/HIN2/

A/swine/Belgium/1/1998/HIN1/
A/swine/Belgium/WVL2/1983/HIN1/
A/swine/Belgium/WVL5/1989/HIN1/

A/swine/Chachoengsao/NIAH587/2005/HIN1/

A/swine/Chonburi/NIAH589/2005/HIN1/
A/swine/Chonburi/NIAH9469/2004/HIN1/
A/swine/Chonburi/NIAH977/2004/HIN1/

A/swine/Cotesd Armor/1482/99/HIN1/

4A/swine/Denmark/WVL9/1993/HIN1/
4A/swine/England/WVL10/1993/HIN1/
*A/swine/England/WVL11/1994/HIN1/

A/swine/England/WVL16/1998/HIN1/
®A/swine/England/WVL7/1992/HIN1/
A/swine/France/WVL3/1984/HIN1/
A/swine/France/WVL4/1985/HIN1/
A/swine/France/WVL8/1992/HIN1/

A/swine/Ratchaburi/NIAH1481/2000/HIN1/
A/swine/Ratchaburi/NIAHS550/2003/HIN1/

A/swine/Scotland/WVL17/1999/HIN1/
®A/swine/Spain/WVL6/1991/HIN1/
A/swine/Virginia/670/1987/HIN1/
A/swine/Virginia/671/1987/HIN1/

*A/Swine/Ohio/891/01/HIN2/

A/swine/England/WVL14/1996/HIN1/

A/swine/Zhejiang/1/2007/HIN1/

A/swine/England/WVL15/1997/HIN1/

 Strains with relatively high sequence identity scores

® Candidate progenitor strains with the highest sequence identity scores

Table 5 Candidate progenitor strains with high sequence identity scores

Sequence identity score (%)

1-PB2 2-PB1 3-PA 4-HA 5-NA 6-NA 7-MP 8-NS
Highest identity 96.58 96.88 96.10 95.31 96.80 94.24 91.72 96.55
A/Swine/Illinois/100084/01/HIN2/ 96.01 96.18 96.10 94.49 96.26 95.84
A/Swine/Illinois/100085A/01/HIN2/ 96.10 96.31 95.64 94.66 96.26 95.48
A/Swine/Indiana/9K035/99/HIN2/ 96.19 96.48 95.31 95.19 96.40 96.19
A/Swine/Indiana/P12439/00/HIN2/ 96.49 96.18 95.82 95.31 96.66 95.12
A/Swine/North Carolina/93523/01/HIN2/ 96.19 95.96 95.87 93.61 95.99 95.84
A/Swine/Ohio/891/01/HIN2/ 96.10 96.26 95.18 94.89 96.53 95.84
A/swine/Denmark/WVL9/1993/HIN1/ 93.47 96.51
A/swine/England/WVL10/1993/HIN1/ 93.89 96.51
A/swine/England/WVL11/1994/HIN1/ 93.61 96.21
A/swine/England/WVL7/1992/HIN1/ 94.24 96.21
A/swine/Spain/WVL6/1991/HIN1/ 94.17 96.40

S-OIV, five (segment 1, 2, 3, 5, and 8) show closest identity
to North American avian strains (A/pintail duck/South
Dakota/Sg-00126/2007, A/mallard duck/South Dakota/Sg-
00125/2007, A/mallard duck/South Dakota/Sg-00128/
2007, A/mallard duck/South Dakota/Sg-00127/2007)
(Table 6). These strains were all isolated from wild birds in
South Dakota in 2007 and were presumed to result from
cross-species transmission from pigs [8]. Since the four
strains were isolated from different duck species in South
Dakota, it is most probable that these swine-origin H3N2
viruses had settled in water birds in North America. The
linkage of the best hits of five segments in the same cir-
culating strains cannot be a coincidence and suggests that
these strains circulating in birds are possible ancestors of
S-OIV 2009. Based on the currently available sequence
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data, these wild duck virus strains should be the closest
known relatives of the S-OIV emerging in 2009, which
indicates that S-OIV 2009 could have come from wild birds.
This hypothesis differs from the current mainstream opinion
that the emerging virus are from pigs. Further surveillance
of influenza in birds, especially in North American water
birds, will probably reveal more interesting results regard-
ing the evolutionary history of the 2009 pandemic virus.

Discussion
The source of the 2009 influenza A(HIN1) virus is of

concern internationally, and the answer is still uncertain.
Various media report that the new virus is a very unusual
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Table 6 South Dakota avian strains with the highest sequence identity scores
Strain Sequence identity scores (%)

1-PB2 2-PB1 3-PA 5-NA 8-NS
A/mallard duck/South Dakota/Sg-00125/2007(H3N2) 96.97 96.59 96.36 96.99 96.55
A/pintail duck/South Dakota/Sg-00126/2007(H3N2) 96.97 96.62 96.38 96.99 96.43
A/mallard duck/South Dakota/Sg-00127/2007(H3N2) 96.93 96.57 96.28 96.99 96.55
A/mallard duck/South Dakota/Sg-00128/2007(H3N2) 96.93 96.59 96.38 97.06 96.55

mixture resulting from multiple reassortments by a human
virus, a bird virus and two swine viruses. Our study dem-
onstrates that all 8 genome segments of this newly
emerging influenza virus are very closely related to those
of swine influenza viruses. Linkage analysis revealed two
major linkage groups: one group containing segments 1, 2,
3, 4, 5, and 8, dominated by North American swine flu
viruses, and the other containing segments 6 and 7, dom-
inated by Eurasian swine flu viruses. Furthermore, two
North American swine virus strains were identified with
highly homologous segments 1, 2, 3, 4, 5, and 8, and
similarly, two Eurasian swine virus strains were found with
highly homologous segments 6 and 7. These data suggest
that the newly emerging influenza virus could have resulted
from a single reassortment of two swine influenza viruses,
one North American strain and one Eurasian strain, which
is in accordance with recent publications [2, 3, 9, 10]. The
reason for the belief that the 2009 influenza A(HIN1)
resulted from multiple reassortment of human, bird and
swine viruses is probably that the North American source
strain is already a triple-reassortant virus that contains
genetic material from human, bird and swine influenza
viruses [13].

The highest sequence identity scores of the best-
matched strains vary from 94 to 97%, which suggests that
intermediate strains with higher sequence identity scores
may exist. These intermediate strains are evolutionary links
to the emerging virus. The reason for not finding these links
may be insufficient surveillance or the fact that the reas-
sortment is relatively new and the resultant virus evolved
so fast that surveillance could not be conducted before it
caused an outbreak. It is also possible that pigs passed the
virus to another animal host that was not under current
surveillance or that the new flu virus resulted from reas-
sortments in a laboratory.

Highly pathogenic influenza viruses pose a great threat
to human health. Due to the existence of numerous influ-
enza virus subtypes and their wide host range, as well as
the possibility of cross-species transmission, the evolution
of new reassortants is usually very complicated and diffi-
cult to track. Sophisticated analysis tools with elusive
algorithms can be used by researchers with specialized
knowledge. As an alternative, our simple and quick

approach with an easy-to-understand strategy can be
applied to most research settings and adopted by
researchers to draw approximate conclusions. With our
approach, it is also possible to reveal some interesting
characteristics of virus evolution, such as the relative
segment stability and linkage propensity, which are not
obtained with other established approaches.
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