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To gain insight into the possible origins of the 2009 outbreak of
new influenza A(HIN1), we performed two independent analyses
of genetic evolution of the new influenza A(HIN1) virus. Firstly,
protein homology analyses of more than 400 sequences revealed
that this virus most likely evolved from recent swine viruses.
Secondly, phylogenetic analyses of 5,214 protein sequences of
influenza A(HIN1) viruses (avian, swine and human) circulating
in North America for the last two decades (from 1989 to 2009)
indicated that the new influenza A(H1N1) virus possesses a
distinctive evolutionary trait (genetic distinctness). This appears
to be a particular characteristic in pig-human interspecies
transmission of influenza A. Thus these analyses contribute to
the evidence of the role of pig populations as “mixing vessels” for
influenza A(HIN1) viruses.

Introduction

On 24 April, the World Health Organization (WHO) released
the first alert indicating the occurrence of confirmed human cases
of swine influenza A(H1N1) in North America [1]. A few days
later, the Centers for Disease Control and Prevention in the United
States confirmed that these human influenza cases were caused
by the same new influenza A(HIN1) virus [2]. Soon after, it was
proposed that the current flu outbreak is caused by a new influenza
A(HIN1) virus generated from a triple reassortment of human,
swine and avian viruses [2-8]. Other publications, including our
study presented here, demonstrate that this new influenza A(HIN1)
virus most likely evolved from recent swine viruses [9-11].

Methods and results

Protein homology analysis

We used more than 400 protein sequences to analyse the genetic
evolution of the new influenza A(H1N1) virus. This set of protein
sequences included polymerases PB2, PB1 and PA, hemagglutinin
(HA), nucleocapsid (NP), neuraminidase (NA), matrix 1 (MP1),
nonstructural 1 (NS1) encoded by the new influenza A(HIN1) virus
as well as other homologous proteins from influenza viruses from
past flu seasons. Phylogenetic tree topologies revealed that the
closest homologies for the new influenza A(HIN1) virus are swine
influenza viruses that have been circulating in the United States
and Asia for the last decade (Figure 1, Supplementary materials:
Figure 1 and Table 1).

Figure 1. Possible origins of the influenza 2009 A(H1N1) virus:
a) hemagglutinin and b) neuraminidase proteins

(See Below)

These findings indicate that domestic pigs in North America
may have a central role in the generation and maintenance of this
virus. This idea is also supported by the observation that protein
sequences of the new influenza A(H1IN1) virus have close homology
to proteins of swine influenza viruses that infected humans in the
recent past (Supplementary materials: Figure 1, Figure 2 and Table
2). In fact, a common element of these swine influenza zoonotic
transmissions was that humans (mostly swine farm workers) were
in direct contact with infected pigs [12-15].

Phylogenetic analysis

To further examine the possible genetic origins of the new
influenza A(H1N1) virus, we compared all the available sequences
of influenza A(H1N1) viruses circulating in North America for the
last two decades (from 1989 to 2009). Protein sequences from
avian, swine and human influenza viruses were obtained from
the Influenza Virus Resource [16], a database that integrates
information gathered from the Influenza Genome Sequencing
Project of the National Institute of Allergy and Infectious Diseases
(NIAID) and the GenBank of the National Center for Biotechnology
Information (NCBI). A total of 5,214 protein sequences were found
in this database. After removing identical sequences, a set of 1,699
influenza A proteins including PB2, PB1, PA, HA, NP, NA, MP1,
and NS1 proteins were used for analyses of the genetic evolution
of influenza A(HIN1) viruses. These analyses provide additional
evidence of the role of pig populations as “mixing vessels” for
influenza A(H1N1) viruses (Figure 2).

Figure 2. Genetic distinctness of the influenza 2009 A(HIN1)
virus: a) hemagglutinin (HA) and b) neuraminidase (NA) proteins;
¢) phylogenetic trees for PB2, PB1, PA, NP, MP1, and NS1 proteins

(See Below)

Secondly, our analyses also revealed that the new influenza
A(H1IN1) virus possesses a distinctive evolutionary trait (genetic
distinctness), that seems to be characteristic in pig-human
interspecies transmission of influenza A (reported cases occurred
in lowa, Maryland and Wisconsin, United States between 1991 and
2006) (Figure 2, Supplementary materials: Figure 2 and Table 3).

Discussion and conclusion
Although limited in sample size, our analyses substantiate
the value of molecular screening and phylogenetic assessment
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for understanding the evolution of influenza viruses and, most
importantly, for the early detection of emerging novel viruses that
could lead to influenza pandemics. Notably, our analyses revealed
that the new influenza A(HIN1) virus is genetically distinct from
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other influenza A(H1N1) viruses that have been circulating for the 2.
last twenty flu seasons (Figure 2 and Supplementary materials:
Figure 2). Influenza viruses with novel antigens (genetic drift) 3
can escape from immune responses induced by prior infection or ’
vaccination and can lead to a pandemic [17]. 4

These observations also reiterate the potential risk of pig
populations as the source of the next influenza virus pandemic. 5
Although the role of swine as “mixing vessels” for influenza 6
A(HIN1) viruses was established more than a decade ago [18,19], ’
it appears that the policy makers and scientific community have
underestimated it. In fact, in 1998 influenza experts proposed the ¢
establishment of surveillance in swine populations as a major part
of an integrated early warning system to detect pandemic threats g,
for humans [18,19] but, to some extent, this task was overlooked.

For example, a search of influenza sequences in the Influenza Virus
Resource [16] revealed that the total number of swine influenza
A sequences (as of 19 May 2009) is ten-times smaller than the
corresponding number of human and avian influenza A sequences
(4,648 compared to 46,911 and 41,142 sequences, respectively).
More significantly, in some countries, such as the United States, the 1.
national strategy for pandemic influenza [20] assigned the entire
preparedness budget (3.8 billion US dollars) for the prevention and 1.
control of avian A(H5N1) influenza, overlooking the swine threat
[20-22]. In our (the authors’) opinion, in this plan, a substantial
effort was dedicated to prevent and contain the foreign threat of >
Asian avian flu, neglecting the influenza threat that the North
American swine population presents [23]. Specifically, we believe 14
that the aforementioned strategy ignores the swine farm and
industry workers which constitute the population at higher risk of
contracting and spreading the hypothetical pandemic influenza 1
virus [24-26].

16.

The current new influenza A(H1N1) outbreak caused by a virus
of swine origin represents a new challenge for animal and human  17.
health experts. Our institution, the College of Veterinary Medicine
at the National Autonomous University of Mexico (Universidad 18
Nacional Autonoma de Mexico, UNAM) is placing a strong emphasis 19
on the establishment of influenza surveillance in swine and avian
species to identify novel genetic assortment of the new influenza
A(H1IN1) and other influenza viruses circulating in Mexico. For
example, since 2002, we have been monitoring the genetic
evolution of influenza A viruses circulating in Mexican poultry 21
farms [27]. Now, a similar surveillance system will be applied to
swine farms. This effort prioritises the use of genetic distinctness 22
as a marker for the detection of novel viruses that could lead to .
influenza pandemics.

The recent influenza pandemic threat in North America reveals 24
that it is time to take action towards the development of a systemic
surveillance system which integrates phylogenetic information of 2
influenza viruses circulating in humans and livestock. '

Supplementary materials: Figure 1, Figure 2, Table 1, Table  26.
2, Table 3:

(See Below) -
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Figure 1. Possible origins of the influenza 2009 A(H1N1) virus: a) hemagglutinin and b) neuraminidase proteins
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GenBank and used for phylogenetic tree reconstruction using the maximum parsimony method. Phylogenetic trees were rooted using the earliest influenza virus found with the analysis.

Figure 1.

Proteins from the 2009 A(H1N1) virus (red circles) showed close homology to proteins from swine influenza viruses circulating in Asia, Europe and US (blue circles) and swine influenza
viruses that have infected humans in recent past (red squares). Protein relationships with avian influenza virus (green circles) were more distant. Scale bar indicates the number of changes
over the whole sequence. Phylogenetic trees for PB2, PB1, PA, NP, MP1, and NS1 proteins, and details of statistical significance of branch order are provided in Supplementary Materials -



Figure 2. Genetic distinctness of the influenza 2009 A(H1N1) virus: a) hemagglutinin (HA) and b) neuraminidase (NA)
proteins; c) phylogenetic trees for PB2, PB1, PA, NP, MP1, and NS1 proteins
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Legend:

a) and b)

Protein sequences from avian, swine and human influenza A(H1N1) viruses circulating in North
America from 1989 to 2009 were retrieved from the Influenza Virus Resource. Sequences were
used for the reconstruction of unrooted phylogenetic trees with the maximum parsimony method.
Proteins from the influenza 2009 A(H1N1) virus (red triangles), earlier human (red and pink
circles) swine (navy blue and purple circles) and avian (green circles) viruses are shown. Light
colors (pink, purple and green) correspond to viruses found between 1989 and 1999 and dark
(red, navy blue and green) colors to viruses found between 2000 and 2009. Arrow indicates the
influenza swine cluster containing an assortment of avian and human viruses. Genetic
distinctness between pig-human interspecies transmission of influenza A viruses (orange squares;
cases occurred in lowa, Maryland and Wisconsin, US between 1991 and 2006) and the main
cluster of human influenza viruses are indicated with the left bracket. Similar noticeable
phylogenetic differences are observed between the influenza 2009 A(H1N1) virus and the main
human influenza virus cluster. Scale bar indicates the number of changes over the whole
sequence.

c)
Detailed phylogenetic tree topology, protein accession numbers, virus strains and serotypes, and
statistical significance of branch order are presented in Supplementary Materials - Figure 1.



Supplementary Fig. 1. Possible origins of influenza 2009 A(H1N1) virus. a, PB2; b, PB1 and
¢, PA polymerases; d, hemagglutinin; e, nucleocapsid protein; f, neuraminidase; g, matrix
protein 1; h, nonstructural protein 1. Protein sequences from the 2009 A(H1N1) virus were
used for BLAST searches versus the all-species NCBInr protein database. Top fifty best hits
were retrieved from GenBank and used for phylogenetic tree reconstruction using the
maximum parsimony method. Phylogenetic trees were constructed with the maximum
parsimony method using the MEGA software version 4.0 and rooted using the earliest
influenza virus isolates obtained with the analyses. The statistical significance of branch order
was estimated by the generation of 100 replications of bootstrap resampling of the originally-
aligned amino acid sequences. Scale bar indicates the number of changes over the whole

sequence.



PB2

a
z
S
z
<
Y
3
S
Q
[ J

1N2))
/ NOO»AIwZNvu

A i A
“ >m\<w$ﬂ\mﬁw:o_%\w8\8e.;zwd
i0/7500
4/04(HINL))

(N
ArsnionEd) 10
olﬁ“ﬁmm@m
GETAIN
2331/
ms 7y ®
%msm:m\zo.\ﬂr
Carolin
a/93523
/01
(HIN2)
)

A/swine/K
A/swi orea/Pz7/2006(HLNZ
ws_.:m\xo_\mm\urom\woomﬁxpzmvv
AN m,z._:m\ fc_\mw\ 10:@wo:mw\ Nooﬁ::w_wuu
06! 3N
NEL nel wored/ o2/ No\wwooc\,wzwuu.
m\/\/oqmw\ﬂ\ﬁ.wxw OO&O»P/APJJ YA
N l? o) ine
et ) a4y SMin
v,:O/zv\ 200 @¢VJ b swi e/sh ol
&ovmow_ Q_OV Q//v?/,/;\ N .A\M\Vm:m\w«m\ko m:@:mm\.zm\wmmmm
of® o ¢ A op. e 1/, /0
v_%%? %_2_% %o.e%o%o@y R o @m\u%ﬁ\\qowm\oﬂ@ow\mmoowase 1(Hinzy)
& W DD e i 2o 00 2)
L N\l 272 Lo & o o 2007 )
Of X R %:W S 2 6 res o, Cy. 00 (H3
»%_ zoos ,%e i & E o m%%%mﬂ@%aﬂqxu e, ry, 107 7Chig N2))
V_n\,é 3\&@_ ®Z/ 0&6& 3\00«\u OOou ,Nm% & Qﬂﬂ_mwn%v%abﬂw\wf\ﬂqu/\l/mo\@% %%Mv\v\ ?@.w\\v.wo Cap NQQV %Npp
IR ,9(1 18/319/9<I 027, % o O,
y ¢oém, & »%o, mv,e» oo;v eooq Nmo/o mmmmM SRR «l,m%o »%W @Mvo &oM& &@e\moo Vg, 12,
& & F 3 9 /.m_o/w43ago\l % o Hei <
t@é & & 6ec, S §55= Mﬂm.hwnwtww W»%ld‘b(o\d %2, 220, 03,
¥ R ) tmOhk_wBIlooll(vwoo\@\\,s@ S s,
(2 Qll 9 %I/OchLK,\éeOIo 6\0\ e ) o
NN 3 S 275 N > S %. )
RIS S S hwrdwmlu“o(aeééw«éo . )
&S N mtmmdmada\\oa&o@é ) e, D
snwlwe cdﬂlreudﬁ,\av“@\o &,
S & ww;m{dawmg&\\@ 5
N TERST L=2% " 5%
AR I y b
S TeE? A
ry 7 o A
3 g 2 rd
2
o
2



PB1

lew
*\ﬂ\mﬂ York/697/1995(H3N2))

[ ;st\ <01A\mwm\pwwmAIw2va

.M\M\ ey, Yory Hanzy,
A\\_\ Sy, Yo, 8e, \Nb.cm
e, 1o, JGEP
A\@v V@x.\ me\N,o D)
%, * 1, They %
S #
P 0\,+\ %\&b %%A.Vb
4 % % %
% S % %,
o bb% &) )
ECNCS
AAQ 5 o 5
7 % &, D
22 . %
<)
2

A/New York/756/1993(H3N2)) W

A/New York/264/1999



PA

(e T -
& (s
0 %, CACY
%A\C @% nn@ %
555, S @«ov 2N
(¢ 8. S o %2
Ner, < % 9 2
Az, e, D, Tk, T, R
Fug 1, Voo Yo A X
W e 9, % ey 2
:wno:m\o\:,w \:c b@%@s b{% o\wo
/323 D oy s s\@e
A’shorep \moo%ww g
bi 7Q\Dm\.~N QI\NQQ/ 2
A/norther, /200, q
n sh 4(H )
oveler/Interior >.mwxm\m mzmvv\ﬁ
;e

A/American widgeon/ Interior Alaska/1/- ..

6)
Zaw:wa\mma. Pwm\w@oo@%\z
vard/ deqao\ 0 @%94@@“
et o2 2D
T ICRIRNSS
na'd o & Y
e ol Py °
o/ lag RO
i e @ F S ~
& A AV & & 2
N SV S EFIFE
o | ) S & L S0 @
et o SIS
Ay
o S ESESA
e o S Yy > o 2 g Q
o W < A AN <
AGO S g k\/ O Qv o L o
W O @ F o 8 e 8z
& Ob 0/ ) N N g ¥
omw»/ P> N /W Dv I 2 2
KU SN N
2 N O N N
& N ind X > M )
& 2 ¢ § 5§ ¢ ©
N 4w U+ IS ~ o a_u
4w ~ .rd n.w A’ﬁ 2
S s T Y o
$ T § = g
N ~ S
S & ¢ F oz
A £ g
s Py
4
I~
3
-
2

A/duck/Hokkail d0/120/2001(H6N2)) °

@ 2009 A(HIN1)

P A/swi :w\xogw\o,«om\wooq (HIN2))

PY NEH)S002/162/Pue Aty sonp | P

° (N gy, ”
\ETDQ Nwm\m4<\xu:
(] ﬂﬁ MwmwN\ P pae
.o\_\ow\,c See, on, Hew,y,
((c b9, 70,
./ﬂé@,\b 61, 0p, > UQL\T
€. 787,
R “1ony,
e® tL %, g, ey
< &
0% o o Ny T,
~% % Y 4 »
~n oY % g, Y, Ly,
% 2 CN TN T %, ws#.
2 Z @ & 2 % ., N 2w
2 % 9 D % %, > 9
T3 3 2> 2 Lol w\s “s
92 % 5 < 3 Y S
2% o % T >, ) 10,
L 9 <« < 2, % >, %s
3 2 2 5 % > ) ¢
QB % < A <, % N
3 9 < (2 2 e, 'y %
id < Z 2 4 7, %, o,
T T N .,
g % R e % 7 6
Z e < . ’, %,
< rel - © (Y “,
3 % % % 2 “
[] )
s z 2 =z 2
< g
= % £
g 9
< °
%
[
Q)
<
«Q



HA

=
g
<
3
<
<
o
S
=3
2

c
ﬂv\v
%
)
%, .
(e <z,
« <, %,
W%N\é \uc@,o. S
9 & “
. 0
Coppy s,
\l\bh m‘N\ 0, -,
O0e, g, on e
(3% *n 5 %\v
- .. 0 ([ ]
] (Cry g, >
o ty o o, s, @
00226 6701, Ing, [
A/Swi e o g
s.sm\_:nmm:howmcc. coom.
9K035/85° ol
99
s mﬂm&% o:;w\@wmwm\ow EEBV
iy “ .Zmz._am\zﬁ_;: car
Zw,z._:m\os.-O\wop\owhxwzwvu : _ ° asswine/! Korea/ cyo02/ 02(HIN2))
swin i
- ;ooomiow O\Szwuu . P e/Minnesota/3786!
_ &::ao_m ) i .
NEIA job o i o :
oowm_y [ J 4 i =
o119 o) T4 7o 0L o
Wi o feTpgdy 78 o
" ot ([ T2 6L 680 sy
v,\m/zaﬁ VPV@_\N 4?4/?JJ \,Cvm \mmw HN\«G\
o ot O S, iy,
- B0 @)\ P 5. >, V2, <e, T2 1y
N »o_ev o_oo @;w »\@ﬁw 2 = e
o ¥ \ c
V_wéw%_ —oo..vo ,eooo J No,\/\o,ov\b Wwwww 9\0\,\\ o
: 7 / + 0 - S,
A/I 9 7 . » (] Uy,
\A/@—o \%00./\ SOO ) < S, 87 ,~ka~ .sw\_x
N X ,\/ NG > o . e
N 0 s <& S ; . -
& N N\ NS [ } oo k @ Q
) S ¢ § 5 A [ J 7 20 2
) S o S A o ® %, < S
s & & ¥ FUNPAN ~ - %y, 25 “b
R ,w% $ %oo.%z))»ﬂﬂﬂ,%\v C?
Q% s/e(m\z,azﬂmnw» -
NVS ; Wo g g g Z Z 4 2 J s
e §§5 R T Y N2 “b
r § &2 £ %% 2 B 2
£ & v 8 ¥ ¥ % 8 ¢ % S
Aﬂ ¢ 3 S ] s o [= O, [@} —_—
e I g 8 g Q 2 £
< i < g N Sy
& § 83 SRS *
F & 5 3 2 3% tR %
Aw AN o N v 2 H E k 3 A
§E&5d8 40 T
: § 3 3 g 7] ) ® = A
N IS S g 2 % 3 5
5 : E 3 M c ¢ o) > Z
W : é g = 2 < S )
; : g 3 5 < kS % (2
N P £33 R P
= % X 5] 2 E 0\ k
& £ S S i g t ’
I I
: 3 L =z 0z
¢ ) p
7 =
2 3
2



NP

% 3
\v&\ Z =~ B
S z 3 3 F
P 2) a & P4 =5 <
& % 2 £ g 7 & F
\N\m, ) ) < =] = <9 <
% Ty 2 % s 5§ £ ¢ S
%, 4, iy I 3 N AN D
(2) Z 4. o N~ >3} ) S >
Qs 2 Q =] Ty %) N & D &
29 % & 2 s & 5§ ¢ 3 &
s, <, % ° & £ g E $
@ () o % - s & ¢
Vi, <0 oy, %, B £ 527 5 &
1 %, o, %, % o Q2 I X S
O 7%, %, ) <2 2 5 & Q>
A 25, (] s %, @ 2 5 9 o & & D
Swine, Core,, Y, *e s,wv g g < /% %@ /x%
Minne, oz, %oy, ° b4 M ) n.wy P .@&&/ A/‘«%wd
Otay 17 Y, S N
/5, s . N o N
5551, 0 0%\@@ 7 .W @7\\/\« 0/.«@&
A 0 (1 g, ® S g
Vswij e4%) b N )
e/, ) (] &S & S
ainap, ° ¢ o o
e 12005, o @oo %@r )\4/9
Swine/Guang (Hing) Ov/» /@%@? %%@@
1Xil R
17120051 ° toéo 2%@9 )
IN2 O ol
Alswil ) g mﬂ@?&
'swine/Guangxi/13/2006(H1N ¢ 2.”6.643_)\‘_ ;oowcﬁzg
2 e "y zw,zam_z%&mx%
2,25:&xoaao»,zgwoomﬁxwzy, ° ° st..zm:osaﬁmoi58?22
@ A/Swine/Wi
SC i
Zmﬁ.a%%wam@_o@ N @ Q A5, “ b\mssm\mm_.? onsINIEIST(HING)
o @ i D/ 9/94/1.
3% o & W 121199 991(H1NT))
) %_6%_ ® g kg g (N,
NE %, A, e, %195, R
o Ut L2 8k,
=) 0} O L4 s W, QNQ\N Wy,
poom@e g oy, e s,
2 N G 5
‘LON/QN\ " ‘v/?/@ ° 9 % o@\& 2, 2
o @ S S 2 Sy
./ON/® /W,xuﬁ/ [ ] A\\\ﬁ V\&
we N o) Y %, %,
N &L % * ,
o RN A P Y
O A e %
& & £ 255 13% 3, 2
@ & W s ¥ g < 2 S % %9
& & =) ¥ 2 ¥ 8 2 % 2 %
¥ § S S 5§ T § © z 2 2 %
N & S 2 5 3 &5 T T 9
@ & & S s 2 = T 9 3 %
& > o S $ €& g 3T 2 2 ?
g § Q& 8 0 8 S 2 Q Z 5,
& & ¢ ¢ £ £ 28 § % o %
N < S s s 2 = S g N
N s & & N £ ] 2 9 % 2
& S S ¢} .2 s S = [ 2 o
® N < s g 4 IS £ Z 5 &
& s s ¢ = & R
S § 2 s 3 g %
< g S 2 % £
s g g < 3
7 < e
g < g
£
=
0
<



NA

g
E]
T
<
>
S
s
(] d
sso,e y
& @
J o< y)
R o W)
& W% i
& s W
i %@_eo
N & @
~ \a
_m% cxf_¢v anyckm%u
Aaaa mw_@v
@ we
A AN
@, oV %2&; Boom@%@g
. o
. e _m%%_ o\z,%mﬁ
o . N 5om¢0m®
.o o - p &Q&o
. ewtum . . Zmé.:,
i, L6, e, 20, L] )
vmmmw\n ~umm;u>v¥o&ﬂq . 42rm\w©@wﬁiwzwq
b/16e, n< s\«omn\ﬂ? el mcw:i
Wy
onp 1 ° :m\mé_%&%\rﬁ\pooﬂxpzp&
.>\w<::m\mga_m:a\pommmw\om (HIND))
@ //swine/en
1
g1and/WL10/1993(H
INL))

@ ~swin
©/Fra,
Nce/yy 4 /1985

(HIng
D)

Qazw:vk\mﬁ%&%. e
e

A/
mallard/Stralsun
p/chicken/Hong Kong/17/1977 (RO
N
A c,cnf\ Hong %c:@\ 202/ 77(H6
. RZwa?Cﬁzﬂb ®
I z,oaoo:v\ 0\/\_4544 Py
Zacnf mmi\woos /»?¢VJJ. ® Vswi,
%%:& _so%\r ) ° 0 /Finis
Z%ofz 46_««@ o@nﬂé a/ﬁe»%f\ « Crye, tere g6
” A « SR ® ) Y e, 1678401,
9604: 90&? OGO 900 n%\ y %\hv €8, Cesg N1y
7_ (@//,_ 74\@ Sng’ vi,/ Oww« % ./O\N \\sz Néb chw\w
o! S w
m.s_/ & W K) SEFE e 5 .
o < & SRS SIS ® ] \<
o N & S S oL 2 ) §
W ¢& %e,znvnw(ﬁ»» )
ST IEEFEES o s,
AVO & 4%w s A RS 2z .
o 4 %o%%ng/zwwm g
47/ > $ NN Q5883 > e
&S 3588 i,
& > o W S g 2 3 )
o Oh < T~ () & S , \
S N S g § 2 \ .
\ A S & ¥ @ 3 ) i
oy g 5 3 8 .
N 13 N [N I e )
S 5 NN £ . .
NI X
S 5 & T i
|93
§ 753
§ 8 5
~ c =
[~ S =
N £
2 <
<C

A/blue wi



MP1

Ny
%)
3 S
> H
3 Z ; .
) 2 % g
R © z 3 S 2 3 E .
o) - : : 0}
N R [ @ ~ z z ) 3 3 .
2 [0} % R, o 5 - S 2 &
Q 4’; . [0} - o ? g s 3 g 3
S ) S Z > =Y o & E 3 2 E
k k : k 3 3 G 3 = N 3 Q » \A
S S, = “ 3 Zz ¢ 9 B 3 3 5 2 g
% v % 5 % 5 oo B3 AN
® “ %’ Z 3 S g 3 k ]
) © =232 2 3 ¢ 3z S &
2 - - (-1 % & S 5
Z 2 285 2 ¢ A ;
= 2388 :28N¢ 5 ¢
A R 2 3C 823D
B % 5 8 X Q8 &5 N A R
2 W 9 o KXW S & N &5 5 i
fe) . O ~ N\ £ & & o3 g §
2 WL TT 8RS EF K3 »
$53282588F 8 af & -
e N
9. 98 28YEEVYC 8 o D)
%9 %85 EE VSR @ o\
SR Y% U5 - \f]/ ef A\
0T I8 Tee, 53 JRCAIYL
¥ I
o " o
1 o5
5“‘“8 A2
2)
sit® og(mm))(
\ \ifomi
a/Ca
ascatiforni 2/10/2009 (HIND))

17705 (h3y, 2) ).

A/swi .
/swnne/Spaln/53207/2004(H1N1))
@ ~/californ ia/04/2009(HIN1))

P A/Texas/05/2009 (HiN1))

A/swine/Nordwalde/IDT2197/03(H1N2)) Y
® VCaliry, .

[ en/\DT2530/2003(H1N2)) P
N S\Nine/Loenmg 50’\1‘\\2)) 4 : n,a/07/20
: " 09(H
ad o) ifor, . 1Nz))
oppen® Al06( g\k’m 2 .
o ™ AN i 009,
) - o™ ® iy, ey M)
ot g T D @ g
e (e o O “ J
o™ I ¢ R Sp. 2%, )
N\ \} 00\/ N - - 0
NE N @ e }
N N ©) Ve 0y . .
o © L (> S " -
IG‘(\O‘\ o P \QQJL Q@k [ ] > ;8 17), 05 (7 3(/714/
N\ 055(’3 o ~ T ?u‘ S A 900 50 .
i e ,&& &S es I3® 3t TR Y N % 5,
A R \ = N X = B o @ 2 . y
] ) &8 S 2 A 2 ® 0, 4, Y-
) 2 S ~ A ~ N %, ) 0 O e
?J Nl 2 T A o '~ D 3 2 _ e , )
d S 22 3 3 2 % %,
A @ ) y S & F AT S 3 2w 2 Y . )
< () ~ S < ® A 2 5 S 2 z > 1 , )
! g s 4 ¥ § ¥ 5§ o ¢ <l > O e} (22 9
. (\e\ Q"ﬂ @*9 N sy & ¥ 3 > b % e % 2, ., 3 )
O ) GJ Y s T o 8 =} © e >, R 3 y
& v} N ~ 3 g & 3 9 ° = uy ° % <)
?'\ A s\ N I 5 % 3 2 3 y : 3
9 S ~ 2] [} N < e ) 3 5, 5
v\ X & 5 [} ] S 3 3 3 {J
g £ & ¢ 5§ ¢ = %%
\ s 2§ & ¢ o =
@ 2 () -3 3 = g 3 @
§ S S g 3 = S B %
S > N ] S 3 3 : ,
vs” & 7 5 g : : 3
§ % 3 ¢ ¢
g £ 8
) 8 :
S 3 S

A/swin



NS1

(&Y
EH)S002/v0NYD /2310y 70U sy ®

(CTNEH) 0002/1-2LZd/e?d o31/3UIMS/Y ®

innesota/366767/2005(H3N2))

° A/turkey/M
A/swi
° ine/0H/511445/2007 (HiN1))

/swine, We 98( H. ®
A /10 a’/17672/1 8(I\.{LN)1))) ®

_3/1990(HIND)) @

Aty
rk
YINC/19765,
1988

A/turkey/lA/10271

m:m\_osw\owO\OPﬁxwzwvu

A/SW
[ J




Supplementary Fig. 2. Genetic distinctness of the influenza 2009 A(H1N1) virus. a, PB2; b,
PB1 and c, PA polymerases; d, hemagglutinin (HA); e, nucleocapsid protein (NP); f,
neuraminidase (NA); g, matrix protein 1 (MP1); h, nonstructural protein 1 (NS1). Protein
sequences from avian, swine and human influenza A (HLN1) viruses circulating in North-
America from 1989 to 2009 were retrieved from the Influenza Virus Resource. Sequences were
used for unrooted phylogenetic tree construction with the maximum parsimony method.
Proteins from the influenza 2009 A(H1N1) virus (red triangles), earlier human (red and pink
circles) swine (navy blue and purple circles) and avian (green circles) viruses are shown. Light
colors (pink, purple and green) correspond to viruses found between 1989 and 1999 and dark
colors (red, navy blue and green) to viruses found between 2000 and 2009. Orange squares
represent pig-human interspecies transmission of influenza A cases occurred in lowa,
Maryland and Wisconsin, USA between 1991 and 2006. Scale bar indicates the number of
changes over the whole sequence. Phylogenetic trees were constructed with the MEGA
software version 4.0. The statistical significance of branch order was estimated by the
generation of 100 replications of bootstrap resampling of the originally-aligned amino acid

sequences. Scale bar indicates the number of changes over the whole sequence.
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Supplementary table 1. Closest protein homology of influenza 2009 A(H1N1) viruses

Gene Best Hit Identity Lineage
PB2 A/Swine/lllinois/100085A/01 (HIN2) 98% Swine
PB1 A/Wisconsin/10/98 (H1N1) 98% Human
PA A/Swine/lllinois/100084/01 (H1IN2) 98% Swine
HA A/Swine/Indiana/P12439/00 (H1IN2) 95% Swine
NP A/swine/Guangxi/13/2006 (H1N2) 98% Swine
NA A/swine/Spain/WVL6/1991 (HLN1) 94% Swine
MP1 A/swine/Laer/IDT4126/05 (H3N2) 99% Swine

NS1 A/SW/IN/14810-T/01 (HIN2) 94% Swine




Supplementary table 2. Closest protein homology of influenza 2009 A(H1N1) viruses with

swine influenza viruses that have infected humans

Protein Cases Identity Lineage Reference
PB2 A/lowa/CEID23/2005(H1N1) 98% Human [1]
PB1 A/New York/727/1994(H3N2) 98% Human ABG48024

PA A/Ontario/RV1273/2005(H3N2) 97% Human [2]
HA A/Wisconsin/10/98 (H1IN1) 93% Human AA088265

NP A/lowa/CEID23/2005(H1N1) 97% Human [1]
A/MD/12/1991(H1N1) 98% Human AAA51491
A/Ohio/3559/1988(H1N1) 98% Human ABU80404
A/Ohio/3523/1988(H1N1) 97% Human AAAT3104

NA Novel protein Nf Nf Nf

MP1  A/Hong Kong/1774/99(H3N2) 99% Human [3]
NS1 /Wisconsin/10/1998(H1N1) 93% Human AAO088260

A/Ontario/RV1273/2005(H3N2) 94% Human [2]

Nf = Not found



Supplementary table 3. Reported cases of pig-human interspecies transmission of influenza A
(HIN1) occurred in lowa, Maryland and Wisconsin, USA between 1991 and 2006. These
influenza virus subtypes possess genetic distinctness compared to main cluster of human
influenza A (HLN1) viruses

Influenza A virus subtype Evidence linking pig- Reference

human infection

A/lowa/CEID23/2005 (H1N1) Yes [1]
A/Wisconsin/10/1998 Insufficient data [4]
A/Wisconsin/4754/1994 Yes [5]
A/Maryland/12/1991 Yes [5]
A/MD/12/1991 Yes [5]
A/Wisconsin/4755/1994 Yes [5]
A/Wisconsin/87/2005 Yes [6]

A/lowa/01/2006 Yes [6]
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