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During the early stage of the avian influenza A(H7N9)
epidemic in China in March 2013, a strain of the virus was
identified in a 4-year-old boy with mild influenza symptoms.
Phylogenetic analysis indicated that this strain, which has
similarity to avian subtype HON2 viruses, may represent a
precursor of more-evolved H7N9 subtypes co-circulating
among humans.

nfluenza A(H7N9) virus infected >400 persons in China

during March 2013—-April 2014 (/-3) in China. Although
this virus does not appear to be readily transmitted from
person to person, its identification in a wide geographic
area of China and discovery of amino acid changes asso-
ciated with mammalian adaption of the virus have caused
increased concerns for a pandemic (/,2).

The origin and evolution of the H7N9 subtype have
been discussed intensively based on the results of phylo-
genetic analysis of the available sequences (/,4—8). The
hemagglutinin (HA) and neuraminidase (NA) genes of
the H7NO subtype that circulated among humans during
2013 were possibly introduced from wild birds that car-
ried differing subtype HON2 strains and then reassorted
in domestic birds such as chickens (4—6). A/brambling/
Beijing/16/2012(H9N2) (BJ16)-like virus and/or other
related avian virus HIN2 strains are proposed to be the
sources of the internal genes of the 2013 H7N9 subtypes
(5,7). However, the precise source and evolution route
of strains in human H7N9 subtypes have not been well
established (4-6). Intermediate or precursor strains are
extrapolated to exist at the interface between avian and
human H7N9 subtypes (3,6), but such strains have not
been identified.
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Here we report the identification of a distinct strain,
A/Shanghai/JS01/2013(H7N9) (SH/JS01), which was de-
tected in a patient with mild influenza symptoms in Shang-
hai during March 2013, during the very early stage of the
influenza A(H7N9) epidemic. Phylogenetic analysis in-
dicates that this strain may represent an earlier precursor
of the more evolved H7N9 subtypes co-circulating at low
levels at the time of isolation in March 2013 thus providing
insight into the evolution of H7N9 subtypes.

The Study

A mild case of influenza A(H7N9) virus infection was
identified in a 4-year-old boy in a rural area of Jinshan Dis-
trict, Shanghai, reported on March 31. The patient had been
exposed to poultry. His signs and symptoms included acute
fever (maximum 39° axillary), cough, nasal drainage, and
tonsillitis. A diagnosis of upper respiratory tract infection
was made, and the child recovered after 5 days of antiviral
drug therapy (9,/0). Nasal swab specimens were positive
for influenza A(H7N9) virus by using real-time RT-PCR
(11), as recommended by the World Health Organization.
Although his family members, unrelated workers, and
chickens he may have had contact with were tested, none
tested positive for influenza virus.

The whole genome sequence of the SH/JSOlstrain
was amplified from the nasal swab specimen by using
RT-PCR (primer sequences available upon request). Strict
controls were used during PCR amplification; results were
confirmed by another laboratory to exclude contamination
with laboratory strains. We constructed maximum likeli-
hood trees of each gene segment sequence using the gener-
al time-reversible model implemented in MEGA 5.1 ({12),
and estimated divergence time using the Bayesian Mar-
kov chain Monte Carlo method implemented in BEAST
(v1.6.1) (13). We compared all known strains of the 2013
H7N9 subtype and other referenced influenza virus se-
quences deposited in GISAID (http://platform.gisaid.org/
epi3/frontend#57f951) and GenBank (Table 1 and online
Technical Appendix Figures 1-8; http://wwwnc.cdc.gov/
EID/article/20/8/14-0325-Techapp.pdf).

The critical mutations in the SH/JSO1 strain associated
with virulence and mammalian adaption were compared to 3
prevalent H7NO subtype reference strains: A/Shanghai/1/2013
(SH/1), A/Shanghai/2/2013 (SH/2), and A/Anhui/1/2013
(AH/1). In the HA gene of SH/JSO1, the only mammalian
adapting substitution observed was 138A (H3 numbering);
amino acid residues involved in receptor-binding specific-
ity showed avian-like signatures, including 186G and 226Q),
which were similar to SH/1 but distinctive from SH/2 and
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Table 1. The GenBank accession numbers, gene clade, and estimated divergent time of the sequences for A/Shanghai/JS01/2013*

Gene segment GenBank accession no. Gene cladet Estimated time of divergencef
PB2 KF609508 Minor Jul 2010
PB1 KF609509 Major Jun 2002
PA KF609510 Minor Mar 2012
HA KF609511 ND Oct 2005
NP KF609512 Major Jan 2001
NA KF609513 ND Sep 2010
M KF609514 Minor May 2011
NS KF609515 ND Oct 1996

*PB, polymerase basic subunit; PA, RNA polymerase acidic subunit; HA, hemagglutinin; NP, nucleoprotein; NA, neuraminidase; M, matrix gene; NS,

nonstructural gene.

tDefined according to reference (5); ND, not divided: HA, NA, and NS genes were not divided into clades.
JCalculations based on sequences in online Technical Appendix (http:wwwnc.cdc.gov/ElD/article/20/8/14-0325-Techapp1.pdf).

AH/1. In the internal genes of SH/JSO1, we observed some
human-like and mammalian-adapting signatures, including
89V in polymerase basic subunit (PB)2, 368V in PB1, 356R in
the RNA polymerase acidic subunit, 42S in nonstructural gene
1, and 30D and 215A in matrix gene 1; however, some hall-
mark changes involved in mammalian adaptation still showed
avian signatures, including 627E and 701D in PB2 and 100V
and 409S in the RNA polymerase acidic subunit (Table 2).
Most strikingly, SH/JSO1 retained aa 69—73 (N9 numbering)
in the stalk region of the NA gene. In contrast, deletion of aa
69-73, which is considered to occur when viruses adapt to ter-
restrial birds, prevailed in all the known 2013 H7N9 subtype

isolates (/4) (Table 2, and Figure). These findings indicate
that SH/JSO1 is genetically distinct from all the known human
influenza A(H7ND9) strains and carries more avian influenza-
like signatures.

Phylogenetic analysis and divergence time estima-
tion showed that the SH/JSO1 HA gene diverged in Oc-
tober 2005 and was closely related to SH/1; nucleotide
similarity was 99.7% (online Technical Appendix Figure
1). However, the NA gene, which is most closely related
to A/northern shoveler/Hong Kong/MPL133/2010(H2N9)
and A/duck/Jiangxi/21714/2011(HI11N9) with nucleotide
similarity of 99% and 99.3%, respectively, are estimated

Table 2. Analysis on critical mammalian-adapting amino acid substitutions in H7N9 virus strains*t

Known
Gene Site SH/JS01 SH/M SH/2 AH/1 mutations Relationship to mammalian adaption
HA 138 A S A A S138A Mammalian host adaption
186 G G \' \' G186V Unknown
226 Q Q L L Q226L Unknown
228 G G G G G228S Unknown
NA 292 R K R R R292K Osteltamivir and zanamivir resistance
69-73 No Yes Yes Yes Not Deletion of 69-73 Increased virulence in mice
deletion applicable
PB2 63 | | | | 163T Co-mediate with PB1 677M, to reduce pathogenicity of
H5N1 viruses
89 \' v v \' L89V Enhanced polymerase activity and increased virulence in
mice
471 T T T T T471M Viral replication, virulence, and pathogenicity
591 Q Q Q Q Q591K Adapt in mammals that compensates for the lack of PB2—
627K
627 E K K K E627K Enhanced polymerase activity and increased virulence in
mice
701 D D D D D701N Enhanced transmission in guinea pigs
PB1 99 H H H H H99Y Results in transmissible of H5 virus among ferrets
353 K K K K K353R Determine viral replication, virulence, and pathogenicity
368 \' [ \' \' 1368V Results in transmissible of H5 virus among ferrets
566 T T T T T566A Determine viral replication, virulence, and pathogenicity
677 T T T T T677M Co-mediate with PB2 163T to reduce pathogenicity of
H5N1 viruses
PA 100 \% A A A V100A Related to human adaption
356 R R R R 356R Related to human adaption
409 S N N N S409N Enhances transmission in mammals
M1 30 D D D D N30D Increased virulence in mice
215 A A A A T215A Increased virulence in mice
M2 31 N N N N S31N Reduced susceptibility to amantadine and rimantadine
NS1 42 S S S S P42S Increased virulence in mice

*HA, hemagglutinin; NA, neuraminidase; SH/JS01, A/Shanghai/JS01/2013(H7N9); SH/1, A/Shanghai/1/2013 (H7N9); SH/2, A/Shanghai/2/2013 (H7N9);
AH/1, A/Anhui/1/2013 (H7N9); PB, RNA polymerase basic subunit; PA, RNA polymerase acidic subunit; M, matrix gene; NS, nonstructural gene.
tBoldface text indicates the mutant amino acids sites related to mammalian host adaption and increased virulence.
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MNPNQKILCTSATAIIIGATIAVLIGIANLGLNIGLHLKPSCNCSHSQPETTNTSQOTIINNYYNETNITQI SNTNIQMEERTSRGFNNLTE

HZN9 I 4703392 /wf /HK/MPLE9E/2011 MNPNOKILCTSATAIVIGTIAVLIGIANLGLNIGLHLKPSCNCSHSQPEETNASQT I INNYYNETNITQI SNTNIQMEERASRGFNNLTK
470317A/wf/HK/MPP1311/2013 MNPNQKILCTSATAIIIGAIAVLIGIANLGLNIGLHLKPSCNCSHSQPETTNTSQTIINNY YNETNITQISNTNIQMEERTSRGEFNNLTK

H10N gl 470335A/ns/HK/MPE2984,/2008 MNPNQRILCTSATAIVIGTIAVLIGVANLGLNIGLHLKPGCNCSHSQPEATNTSQTIINNYYNETNITQISNTNIQMEERANRGEFNNLTK
451148A/Ck/Jiangsu/RD5/2013 MNPNQKILCTSATAIIIGAIAVLIGIANLGLNIGLHLKPSCNCSHSQPETTNTSQTI INNYYNETNITQI SNTNIQMEERTSRGFNNLTK
225719A/sb/Korea/S8/2006 MNPNOKILCTSATAIVIGTIAVLIGVANLGLNIGLHLKPSCNCSHSQPEATNTSQTI INNYYNETNITQI SNTNIQMEERASRGFNNLTE

H11N9| 296330A/mal /Korea/LBM616/2007 MNPNQRILCTSATAIVIGTIAVLIGIANLGLNIGLHLKPSCNCSHSQPEATNTSQI I INNYYNETNITQI SNTNIQMEERARRGFNNLTE
470312a/duck/JX/21714/2011 MNPNQKILCTSATAIIIGAIAVLIGIANLGLNIGLHLKPSCNCSHSQPETTNTSQTIINNY YNETNITQISNTNIQMEERTSRGEFNNLTK

4703028/ duck/JX/3096/2009 MNPNQKILCTSATAIVIGTIAVLIGIANLGLNIGLHLKPSCNCSHSQPETTNTSQTIINNYYNETNITQISNTNIQMEERASRDFNNLTK
392624A/wb/Korea/R3/2011 MNPHOKILCTSATAIIICAIPILIGITNLGLNIGLHLKPSCNCSHSQPETTNVSQTI INNYYNETNITQI SNTKIQMEERSSKGFNNLTE
457732A/duck/2J/5C410/2013 MNPNOKILCTSATAIIIGATAVLIGIANLGLNIGLHLKPGCNCSHSQPETTNTSQTIVNNYYNETNIT- -~~~ NIQMEERTSRNFNNLTE
440684A/Ck/SH/S1053/2013 MNPNQKILCTSATAIIIGATAVLIGIANLGLNIGLHLRPSCNCSHSQPETTNTSQTVINNYYNETNIT- -~~~ NIQMEERTSRNFNNLTK

H7N9 439487A/SH/1/2013 MNPNQKILCTSATAIIIGAIAVLIGIANLGLNIGLHLKPSCNCSHSQPETTNTSQTIINNYYNETNIT----~ NIQMEERTSRNFNNLTK
439500A/5H/2/2013 MNPNQKILCTSATAIIIGAIAVLIGMANLGLNIGLHLKPGCNCSHSQPETTNTSQTIINNY YNETNIT -~~~ ~-NIQMEERTSRNFNNLTK
439509A/Anhui/f1/2013 MNPROKILCTSATAIIIGATIAVLIGIANLGLNIGLHLKPGCNCSHSQPETTNTSQTI INNYYNETHIT- -~~~ NIOMEERTSRNFHNNLTE
441797A/ZJ/DTID-ZJU0L/2013 MNPHNOKILCTSATAIIIGATAVLIGIANLGLNIGLHLKPGCNCSHSQPETTNTSQTI INNYYNETNIT-~~~~ NIQMEERTSRNFNNLTE

® A/SH/JS01/2013 MNPNQKILCTSATAIIIGAIAVLIGIANLGLNIGLHLKPSCNCSHSQPETTNTSQTI INNYYNETNITQISNTNIQMEERTSRDFNNLTK

Figure. Amino acid sequence alignment of the neuraminidase (NA) stalk region. The dark circle indicates the sequence characterized in
this study. The abbreviations of the sequence names are as follows: ns, northern shoveler; wf, wild waterfowl; Ck, Chicken; Sb, shorebird;
mal, mallard; wb, wild bird; HK, Hong Kong; JX, Jiangxi; ZJ, Zhejiang; SH, Shanghai.

to have diverged in September 2010, earlier than that of
known strains of the 2013 H7N9 subtype (estimated to
have occurred in January 2011) (Table 1; online Technical
Appendix Figure 2).

On the basis of internal genes, 2013 H7NO viruses have
been divided into minor (m) and major (M) clades in the
phylogenetic trees, and first 9, then 27 genotypes (5,6,8). Our
data showed that SH/JS01 belongs to the m-PB2|PA|M or G3
genotype (Table 1; online Technical Appendix Figures 3-8);
its NS gene and that of A/Chicken/Dawang/1/2011(H9N2)
(DW1), shared the highest nt identity (99.4%). The SH/JS01
NS gene had an estimated divergence time as early as Octo-
ber 1996 (Table 1; online Technical Appendix Figure 3). The
closest relatives of the SH/JSO1 M gene were poultry HON2
strains A/chicken/Jiangsu/CZ1/2012 and A/chicken/Jiang-
su/NTTZ/2013 (nt identity 99.7%); BJ16 (98.6%) was not
closely related. The divergence time of the SH/JSO1 M gene
is estimated as May 2011, which is earlier than most 2013
H7N9 isolates (Table 1; online Technical Appendix Figure
4). The PB2 and PA genes of SH/JSO01 were positioned in
minor clades and showed higher identities to A/chicken/
Jiangsu/MYIMF/2012(H9N2) (99.2% and 99.3%, respec-
tively) than to BJ16 (97.1% and 98%) (Table 1; online
Technical Appendix Figures 5, 6). In contrast, the PB1 and
NP genes of SH/JSO1 belong to the major lineage (Table
1; online Technical Appendix Figures 7, 8). Collectively,
these data indicate that, except for PB1 and NP, the internal
genes of SH/JSO1 are more closely related to those in poul-
try HON2 viruses identified before 2013 than to BJ16, which
was an HIN2 virus considered to be the donor of most of
internal genes of the 2013 H7N9 virus.

Conclusions

SH/JSO01, a distinct H7N9 virus strain identified in 2013
during the early stage of the influenza A(H7N9) epidemic
in China, provided information to define the evolution of
the H7N9 subtype. Although identified in an infected hu-
man, SH/JSO1 has more avian-prone properties and fewer
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mammalian-adapting mutations than other known human
2013 H7NO subtypes. SH/JSO1 has a waterfowl-like NA
gene characterized by the absence of a deletion in the NA
stalk and most of its internal genes are more closely related
to avian HON2 subtype strains isolated during the 2011-2012
influenza season than to other recently emerged strains of the
H7N9 subtype. Molecular clock analysis further predicted
an earlier divergence time in most genes of SH/JSO1. These
findings indicate that SH/JSO01 might be a precursor strain of
the H7NO virus that co-circulated with more evolved viruses,
although we cannot exclude that SH/JSO1 may have been
generated independently from the other H7NO strains by re-
assortment of waterfowl strains with avian HON2 strains and
then transmitted directly to a human.

The sequences of SH/JSO1 contained more avian-
like signatures than those of other H7NO isolates from
humans; this underscores the potential of these viruses
to infect humans. The phenotypic characteristics of SH/
JSO1, which might describe its zoonotic potential, remain
to be investigated.

It is unclear whether other SH/JSO1-like viruses are
still circulating in poultry in China and if so, what the po-
tential is for their evolution and ability to infect humans.
Intensive influenza surveillance and additional influenza A
virus genome sequences isolated from poultry and from hu-
mans with severe and mild manifestations of infection are
needed to clarify the population dynamics of H7N9 viruses.
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Technical Appendix: Phylogenetic analysis of avian influenza viruses,
1988-2013
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Technical Appendix Figure 1. Phylogenies of hemagglutinin (HA) gene of A/Shanghai/JS01/2013(H7N9).
A) We constructed the maximum likelihood tree (n = 118) using MEGAAS.1 with the general time reversible
model and with 1,000 bootstrap pseudo-replicates. The A/Shanghai/JS01/2013(H7N9) strain isolated in
this study is highlighted in red. B) We accomplished molecular clock analysis (n = 220) using Bayesian
Markov chain Monte Carlo method implemented in Bayesian evolutionary analysis by sampling trees
(http://dx.doi.org/10.1186/1471-2148-7-214). The timescale bar is provided at the bottom. The

A/Shanghai/JS01/2013(H7N9) strain is highlighted in red.
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Technical Appendix Figure 2. Phylogenies of neuraminidase (NA) gene. A) Maximum likelihood tree (n =
131). The close relatives of chicken strains are highlighted in blue. B) Time-scaled tree (n = 236).

Annotation as in Technical Appendix Figure 1.
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Technical Appendix Figure 3. Phylogenies of non-structural gene (NS). A) Maximum likelihood tree (n =
153). The close relatives of chicken strains are highlighted in blue. B) Time-scaled tree (n = 195).

Annotation as in Technical Appendix Figure 1.
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Technical Appendix Figure 4. Phylogenies of matrix gene (M). A) Maximum likelihood tree (n = 200). The
close relatives of chicken strains are highlighted in blue. B) Time-scaled tree (n = 220). Annotation as in

Technical Appendix Figure 1.
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Technical Appendix Figure 5. Phylogenies of RNA polymerase basic subunit 2 (PB2). A) Maximum

likelihood tree (n = 152). The close relatives of chicken strains are highlighted in blue. B) Time-scaled tree
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L 3eMazHENZ/AChicken Yangeheng /2011

L aBe3EHINChicken SangsXZE2012
416230HEN2IAChickervShanghaiC 32012
[ L4tezzamnamcicken Shanghaiczz012
H42EIHINZAchickenZheiiangl Q1 D4Z010
T szsmomsnzinoice ngs0az010
i, NaAChickenRiZhan 7232013
468415HIN2Achicken Sangsu/CZIFr2012

3BESAZHINZIAIChCKENARRUIHF2010
-~ 3BDASTHINZIAchickenDianzhoui 1 212010
[ L 466287HONiAChicken/Shangdong/SDWIDI2011

326107HEN2/Aicanine!Guangsi /2011
uangang/1/2013

_r':wsegmmgws

4427 18HTNGIAChicken Zheflang DTIDZIUON2013

ASTO1BHTNEAWidpigeondiangsSDO01Z013
4STBAZHTNGChicken/Guangdong /SDB41/2013.

NOATINg pigECANGSUSD 1842013

1

469033HEN2IAChickeniHong Kong YUI15612011
AER04HEN2IAIChickenHong Kong V75201 1

/ X
] SHANZIA ChickeniHong_Keng Y U2 1412010

AETEBIHINZIAChichenUShanghai20:2013
A6BASTHINZICHICkENJaNGSWCZIT22013

L 12013
146647 1HGNZIAChicken fangsuNTTZ/2013
8692 1BHTNYA Uk iang i/ 1329112009
(86821 THTNYA Uk igi 1952172009
4652 19HTNIA ek Jiang ir23005/2008
4B3213HTNYA ki JiangiB0322008
BI21DHTNYA Uk iangnirF062008
mmwmmmam 1072005
Ak Buang 15332007
wwamwsmwam

46831 THEN2/AChicken/JangsuZIDTiZ2011
4EEIZTHINZAIChicken Jangsu 2L IG/2012
L 8171 TBHON2Ahicken ChinaAH-10-01,2010

34Z5TBHANZIA ChiCkenFUanGAZ009
T sosrem e ang s 200

——
1945 1955 1965 1975 1985 1995 2005 2015 Year

(n =189). Annotation as in Technical Appendix Figure 1.
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4576IIHTNGIAIpigeon/ShanghaiiS 142112013
A 457673HTNGA/chickenlangsu/SI02/20
4576 17HTNGIAWKIpigeon . JiangswSD01/2013
447959HTNAA/Shanghai 2013
447949HTNGIAIShanghai4/2013
447668H7NAAlchicken/Anhul Chuzhoul01/2013
447712HTNGIAFUjan/01/2013
447670HTNGAJiangsuil712013.
447656HTNGIAliangsu/lZ013.

447635 HTNHAANNUIH2013

44068 1HTNGIA/Chioken'Shanghal/$103:2013
4394 98H7NVA/Shanghai’272013
S4TEOBHTNGIAHunan0172013
A44TTHHTNGIA/Shanghai 12/2013
S3B0CHTNSIAANR112013

4BBOTSHTNOA/ Siangsw/ 12013

| sa7a19H7NGIA IangSLO1Z013

| 453620HTNG/ANanjing/ 1/2013
SSTIHTNIACA UGGy SOB412013
4BB35THAN2A/Chicken/Har

9 preccdrc ik st A
44TTOSHTNOIA Siangxii01/2013

| 4 14Bah7NaIANanchang 172013
AATORAHTNSIA g UIOSi2013
AATEHTNAINBengDAZ013
ASTZ3THTNAUSUARTUISC 022013
ASTTTTHTNSINchicken/Shanghai 141012013
AATETTHTNGIAiangsUI06i2013
ASIESTHTNGIAFujan' 172013

STBIHTNSIA chcken/Shanghai 105572013
443033HTNGIAZnefang 112013

| aa7sectiznaznegangi2013

| 441860H7 NG AMangzhou 172013
44TG3HTNGIA iangul0Bi2013
A4TEEZHTHAAangsu 032013

| 4536 187N emronmentNarjing 201372013

2

&

2

3
H
g

447T61HTNSIA/Shanghaii@2013

| ss7aasHTNGIADigeo'Shanghais 42372013

A4TTTSHTNO'A/Shanghai14/2013

45764 THTNSIATOTIg DigeonUangsUSDIB42013
447754HTNSA/Shanghai/a2013

[ sa7a00H7NGIA'Shanghai 1172013

A4TBTAHTNAALiangsu/02/2013

{467320H NGV 12013

AAT7BIHTNSAShaRgnB 2013

457B2SHTNGIA chickenyShanghaS 107612013

471856HTNGIA ChickerVShanghail) 1912013

| 457808HTNG A Chicken'Shanghai/$ 107872013

| as7B01HTNS ACRCKeSnENSharS 07912013

A40B7HTHAIAPigoon/Shanghai'$ 10692013
447740H7NSHAShanghail15/2013

AATEAZHTHAAATAID2E2013

ATTAVTHTNGIAZhefang 202013

ATT2BHTHOIAenan 0112013

A457817THTNSA/Chicken/ShanghailS 10772013

44TTBHTHAIAShangha 1772013

85 [ 447B20HTNUA/ShanghalDB/A2013
4478064 TNGIAShangha07/2013
4T7325HTNSA/Changshal1 /2013
446452HT NSV Hangzhow2/2013.
A4TEDTHTNYAHUNaN2/2013
477329H7NGINChanghaiZi2013
4STTSHTNAIATchicken Zhegng S001872013
AGTRIHTNAA2/2013

| A45060H7NOIAShanghaiBBATI2013
a71853HTNGIchicken/Shanghal1 712013

ATTAOSHTNGAZnefan

Ha77448HTNGIAZhefang DTIDZ U 102013
4STBAIHTNGIAChickenVJiBng/SDO01/2013

H[ s7a4sm7NsIAIhckeniangsuSCS37201

L a76700H7NS/A/GuBNGIoN/ 12013

439400HTNGIAShanghaif 72013

96| || 457769H7NA/Chicken/Shanghail$ 14132013

447733HTNGIAShangheir 612013

" aa7B07HTNGIASRanghaif 12013

L KC46450THEN2 Avbrambing Beiing 1612012

&

4

B

2

y

351705HEN2Achicken/Zhejisng/B0T/Z011
[ 416222t oMo Aehickon ShanghaiC1,2012
4BBH30HON2Achicken JangsuZ DT12013
100]||{KF260443HONRAIChickenMWenzhou/S6/2013
KF280UTHONZAIchickenWenzhouB4212013
g8 441795HTNSIAZhepang/DTIDZIU01/2013

44T7ATHTNGIAZNegangi02/2013
2013

45T729HTNGIAUCk/Zhejiang/SCA1012013

457745HTNG/A/chicken/Zhejiang/SD0332013

416223HONZA/chicken/ShanghallC22012

416224HONRAIChickerVShaNGhVCI2012

g, 466230HIN2Achicken/JiangsuWJHOLZ012
466246HINZA/ChiCKEJangs U CZZWQIZ0 12

ABB4ZZHEN2Achicken/ JiangsuwWJYBF /2012

KF260463HONZAChicken/Rizhao 136372013

4ST7B5HTNGIAchickenShanghal/S 13582013

457857HTNSIA/Chicken’Jiangsu/SCUSUZ013

— 4STT61HTNGIAChickenZhejang/SDOOTI2013

466270HONZAIchickenJiangsuNWIHRG/2012
& 46847BHIN2AChicken/JiangswHAZ/Z013
4477 19HTNGIA/Shandong/012013
A6TSBOHIN2 Achicken/Shanghail20r2013
[ 466204HINA chickentangsUXZMG2012
466382HONZA chicken fan 2
| 466406 HINZA/Chickent KangsuMYMFI2012
|- 4BBATOHINZAchicken!iangswNTTZ/2013
466351HINZAIChickenHangzhou46r2013
ﬁmuswrwmamwzwwwa
l KF260446HIN2AIChicken/WenzhouB 1412013
KF260453HINRA/chicken/Rizhac/552013
[HYNEA/SMMQMHSQVZUQ

2

™
S

466446HIN2AIChickenlJiangsuICZJT212013
|466454HIN2A chickenJiangsuZ4/2013

67 || 466302HANZAIchickeniJiangsu/XZP 22011

466318HIN2AIChickenJiangsuiDT/2009
466254HBNZA/chickenlJiangsu/XZ38/2012
ABE3Y0HINZA/Chickeniangsu/YZ0511/2011

140201,

ABQMS’NNW\;NW@HIWW1 3132013
1 1122011

zsseaﬂszwmwemsrwdum n«m

4B6326HINZAchicken Jiangsu/CZLIGI2012

2TO0BZHIN/Aehicken/HedeiY 212009

0005

Technical Appendix Figure 6. Phylogenies of RNA polymerase acidic subunit (PA). A) Maximum likelihood

tree (n = 130). The close relatives of chicken strains are highlighted in blue. B) Time-scaled tree (n = 162).

Annotation as in Figure 1.

45788 HTNSIA chicken/Guangdong/SDB41/2013

B aa7683HTNGIAIangeuB2013

447948HTNS/A/Shanghail4/2013
1439498H7NO/A'Shanghai2/2013
4B1484HTNSIANanchang/1/2013
44TTOSHTNGIA/Siangxif1/2013.
447BT4HTNSA/Jiangsuwl2i2013
Lassearmnsmruisnizons
457065HTNSIA/Chicken/Jangsu/SC0352013
ATTAOSHTNSIAZhejang 222013
477448HTNSIAZ heJang/ DTIDIZIU10/2013
4578 1THTNYA/wildipigeon/Jiangsu/S0001 2013
447775HINSIAShanghail 1472013
44TT26HTNG/AHenan01/2013
453620HTNSIANanjingi1/2013

4479 19HTNS/A Jiangsw 0172013

146097 SHTNSIALSiangsu/1/2013

45780 THTNSIA/chicken/Shanghai/S 10782013
1457825H7NSVA/chicken/Shanghal/S1076/2013
457808HTNSIAChicken/Shangral/S 10782013
471856HTNSUA/ChickeniShanghaif0192013
t 44089THTNS/A/Pigeon/Shanghai/S 10682013

45T753HTNSIAchicken/Zhejiang'SD018/2013
45781 7HNSIAchickenShangrais 107722013
446452HTNSIAHangzhow22013
477325HTNSIAChangsha/1/2013.
A4TBISHTNSIAANhUINZ013.
44T670HTNSIA JIaNgSWT/2013
447698HTNSIAHURENI01/2013
439803HTNSIAARRUIA 2013
45777 7HNSAchicken/Shanghal’$141072013
1457873H7NSIA/ChickentJiangsu/S002/2013
447958HTNSIA/Shanghaif/2013

447856HTNSIA/Jiangsw082013

44068 1H7NSIA/Chicken'Shanghai/S1053/2013

447783HTNS/A/Shanghail 32013
-447B96HTNS/A/Shanghai7 12013

447888HTNSIA/chicken/Anhui/ChuzhowD 172013
{457840HTNBIAChickeni anga/SC5372013
ATGTOOHTNSIAGuangdong/ 112013

44BYG0HTNGIA/Shanghail 46564 T12013
442720H7NSJA/chickeniZheiang DTIDZJUD1/2013
457633H7NYA/pigecn/ShanghaiiS 142112013
44776 THTNSIA/ShanghaifBI2013
|471853HTNA/AIChicken/Shanghail01 (2013
ASTTITHINSIATGUCK/ANNUISCT02i2013
447684HTNAIA SiangeulOS 2013
A4TB20HTNGVA/Shanghaif0B/A2013
4477B8HTNSIA'Shanghail 1712013
A44TBAGHTNGA Jiangsw04/2013
144845 THNSIAHangzhou 32013
447862H7NS/Ajiangsu032013
14536 16H7NQ/A/environmentyNanjing/291 32013
| 4a7740H7NGIA/Shanghai1512013
45784 TH7NSVA/chickendJiangx/'SD00 172013
Las7625HTNSIA pigeanShanghal514232013
441590HTNSIAHangzhow/ 112013
l“?MH?ND/NZheiang}Dim13
|443033H7NIAZNEFangl 112013
A4TT1ZHTNSIAF Ujian/01/2013
447800H7NSIA'Shanghail 1112013
1 447754HTNGIA/Shanghaii2013
4BBISTHBNZIA/Chicken'Hangzhow 5072013
|443666H7NGUA/ChickerHangzhou502013
44779 1HTNSIAShanghail 1212013
457B33H7NSIA/Chicken/Shangrai/$1085/2013
430490H7NSUA/ShanghaiF /2013
{aarermsiasongsunezar

44769 THTNSIAHunan02/2013

HrrasHmaia/Changsaz0t

L 447834H7NGIABeiingl01(AZ013
A44T7T3IHTNG/A/ShanghaiM 62013
laaroarrrnsmsnangnariomots

A4577E9HTNS/A/chicken/Shanghai/S1413/2013

441795HTNGIAZhefang/ DTIDIZUO1/2013
3476HTNYAZheJang HZ 1120113
4A577ASHTNGIA/chicken/Zhejlang/SD0332013
44304 1HTNS/AZhefang/2/2013
AATTATHINGIAZhejang 022013
457729HTNGI Guck Zheflang/SC41012013
F260443HINZ/AChickenWenzhowS382013
F260447HINZIACickeWenzhou§42/2013
165430HONZ A chickenJangsu/ZJOT 112013
- 416222HONIAchicken/ShanghallC112012
L as1705HeNzIA Chicken/Zheliang 0712011
465438HON2IAChicken/JiangsuXZ62012
44365BHTNSIA Chicken/Hangzhou/48/2013
46835 THINZIA/ChickenHangzhou/ 48,2013
45776 1HTNSIA/chicken Zhejiang/SDOOTI2013
KF260446HSNZ/Aichicken/Wenzhou 1412013
4B6454HINZIA/ChickeniJiangsuZJ4/2013
45544GHINZIA/Chicken/Jiangsu/CZ 22013
H7NGUA/Shanghai 1S012013
KF260453HENZIAIChicken/RiZhan/ 552013,
466470HINZIAChickeniJiangsNTTZ2013
1 468406HONZ/A/chickend iangsuMYJMF 2012
4BB382HINZIA chickeniJiangsulCZYWPI2012
4BB4TEHONZIAChickeniJiangsuMAZI2013
4477 19HTNSIA/Shandang 0112013
467589HINZIA/Chicken/Shanghail0202013
466270HINZIAChicken/JiangsuWJHRG/2012
4B6294HINZIA/Chicken/JiangsuXZMGIZ01Z
r 466462HONIAIGUCK JangSUIVC2IZ013
457785HTNSIA/Chioken/Shanghai/S1358/2013
Leszas7HmaimchckeniangsusCoso01a
L KF260483HaN2/Alchicken/Rizhao!| 3532013
486246HINZIAChicken/JiangsulCZZWQI2012
T apmasoHonziAchickeniangsuWJHDL012
4B0422HINZIA/chicken/JiangsulWJYBF /2012
416224HINZIA/chicken/Shanghai/C32012
416223HINZIA/Chicken/ShanghailC2i2012
35170BHINZIA/chicken/Zhejiang 61172011
T susesHonzichckenZhajang0 D010
—390521HONZ/A/Chicken/Tongshan/ /2011
[ 466302HONIA chicken/JangsuSXZPZI20 11
300520HINZIA chickeniYongeheng/ /2011
" ensaaronzinchioteniswangr22011
41661 1HANZIA chicken/Shandong 02/2010
-416643HEN2IA chicken/Shandong/H/2008

390625HENZ/A/chicken/Qianzhou 1272010

466390HINZIA/ChickeniJiangsurYZ0511/2011
Za8i201

390538HONZ/A/ChickenXiangshui 2011
487B1EHTNT/A/ChickeniWenzhou275/2013
487835HTNT/A/chickeniWenzhou273/2013
48TB14HTNT/A/chickeniWenzhou260/2013
48781 1HTNT/A/chicken/Wenzhou/8 102013
487812HTNT/A/chickeniWenzhou§262013

/032010

466318HINZ/A/Chicken/kangsu/DT/2009
L

— 3140 THINDIAL
L_3a0527HaN2lA chickeniHube# 1012009
23172
416627HINIAChicken/Shandong/BDI2008
317160HSNZIA Chicken/China/AH-10-01/2010
1362012
L 390s3aHaNz/A chicken/Yangzhouw1 12010
300624HONZIA chicken/Dawang/1/2011
A Saosoamanziaitickenigourt2011
[ o201
——270082HINIAchicken/Hebei2/2009
L 27008 1HEN2A chickeniHebelA2007
B204BHINZ/Achicken/Shanghai'1 072001

41BB03HIN2/A/chicken/Shandong/02/2009
E__Masmnswzwmimmsrunmnww 12010
Guck ThelS2/2008

82018HINZ/Achicken/Guangdong/S6r2001

1182007

1990 1995 2000 2005 2010 2015  Year
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ASTBTOHTNSIAchicken!liangsuS002:2013
46730BHTNGIAMIDG 2013
[STB62HTNGIAchickenliangsi/SCO352013
[57B4EHTNGIAchicken!Jiangsu/SCS3712013
457766HTNOIAIchicken/ShanghaVS 14132013
{4577 50H7NGIAchicken/Zhejang/SD01G2013
HST74ZHTNGIAchicken/Zhejang/SD0332013
{STT34HTNIAUCKIARUIISCT022013

{447872HTNGIALiangsu2/2013
[47B44HTNGALliangsul 2013
[MTB30HTNGIAB=iingD1IA013
{781 PHTNOIA/ShanghalDB/AZ013
[44779BH7NSIA/Shanghai 1172013
[M7TBBHTNG A Shanghai 1272013
[HTTBBHTNGIAShanghal 1772013
77 5BHTNAShanghalBR013
{MT7S2HTNGIAShanchal 2013

447668H7NGIALIEngsUD7 2013
Anhi22013

L43035H7NSIAZhefangi112013
[H42722HTNS Achicken/Zhefang DTIDIZIUD 12013
[41000HTNSAHangzhow 12013
{HOB7BHTNSIACHicken/Shangha/S1053/2013
{38505HTNSIAARI 112013
[Cldoc TOShenghlats
far7avaHTNGIAZNGY
Asrmmw.wuamsw»ammn
ANt 12013
457630H7NSAIpigeon/ShanghaifS 14212013
«mvswwmuumwa
7741 THTNSIAZhojang 2212013
7744 HTNSIAZhefiang DTIDZIUT0Z013
44778 IHTNSIA'Shanghal 1372013
44TTIOHTNOIAFufanD112013
453830HTNGAF a1 72013
44TO6HTNYIA'Shanghaira2013
AB1273HTNGAShanghaiiPatients 2013
46731 HTNIAW 22013
4T055HTNIAChickan/Rizhaa/B672013
[s70897HTNSAonickenRizhan 3762013
[47059 HaNZ A ke Rizhao! 130972013
45TT7AHTNAINchickenShanghaiiS1410/2013
44771 THTNGIA/Shandong 0112013
44TBBSHTNGIA ek eV ARUIGRLZROWT /2013
44TBE2HTNSIALangeui0S2013
476 HTHA g e2013

8

8

B

8

B

8

wmnmwzmnmlbnmwumm
|ssa04a7nsiZRsiang 201
u??mmawz}qmymu
|-451250HTNGShanghai Patient2/2013
a9 [44THEHTNSASRanghal42013

9

447G54HTNBIA JangswDa2013

ngzhow2201
mewwmarwwmw
|445453HTNAIA Hangzhou 32013

45U TSHTNGA ZhangHZ2013
ASTESAHTNGIANCHEN aNgaUSCO882013
46857 IHTNGIAJangeui1 /2015
LH7NatA/ShanghalUS01/2013
| o0 —sseziThsnzen Shenghalcazot2
\416218HONDIMErckan ShanghalIC32012
461705HONZAGuck Hunan'S4111/201 1
98 [{BB3BTHINDIAIchickenfangeuYZ05 172011
465419HGNZIAchicken iangsulNJYEFIZ012
ASTBIGHTNBIATChCKon JangxiSCO0112013
|46 14B2HTNGIANanchang! 112013
|45TBZZHTNSUAchickerVShanghaiiS 0762013
457BOBHTNAIA hickenShanghal S107E/2013
MS77SBHTNOIAGhChenShanghal S 107072013
447B94HTNGIAShanghail072013
HATPORHTNGIA Sangra1 2013
|443BB8HTNOVA/ChickenHangehou/S02013
|440B04HTNSUAPigecnyShanghaiS 108972013
 l4nE358HBNZIA ChickenMangzhou'502013
471841 HTNGIA ChickenShang s 19:2013
|477313HTNGA Changsnal1 /2013
TEGHTN/AHuneni022013
li77314HTNAChangshar2/2015
LATT2AHTNSAHenaRD1/2013
57 TNkt 071213
447731 HTNAAShanghail1 6201
mmmwwsnamwmlmm
451267HTNGAShanghaiPatien 472013
4SIB0SHTNBIANarjing 12013
B0535HTNaIAJang /112013

8 8

B8

TT22013
46EA0THONZIAhickenLiangsulCZWIS2013
46642THINRIAIChichen JBngsuZIDT1 2013
55HIN2IAChicken/Shandong/ SDWF 1712012
99| {466347THIN2/Alchicken'Shangdong SDWF20/2012
ls66275HoNZIACRCka Shangdong SDWF 142012
. 762012

0 HGNZIAchicken!JiangsuXZWG/2012
GHONZIAChicken!JiangsuDZWHLI012
09 485331 HINZIAchicken JiangsuXZZSLIZ01Z
1466251 HaNZiAchickeniangsuXZ38/2012
(166243HONIAchickenJiangsulCZZW2012
66257 HINZ/A chicken(iangsuUHRG2012
170582HINDIAChichen/Rizhao/B5/2013
47058BHINGIA/Chicken/Rizha0iB 112013

146541 1HAN2IAchickenJiangsulCZIF2012

|465236HONZIAichicken!angsuJHDUZ012

#436EOHTNGIAICICke N HaNgZNOU4R2013

(ST TRk el aa/SOT2IT
lasaasoHaNDACHGke 482013

8

Lagosrsramzichicrenidangsuazzors
aummmmqsncznzam

HINRIA ke angsuZ /20
l:anwwwamwwn-msw« 3
o

#

|
§
il

HONZIA/chicken/Shangeong/SOWDI2011
1300582HON2/chicken/Oianzhou122010
470457HIN2A e enHong Kong HHBR010
A1E21BHONIA/chicken/ShanghaC 112012

"{433491H7N9/mnghdlmﬂ

B ages28HEN2IAIchickeniiangeaYCOF 2012

99 lSSSOdMMNJ\IMuNDD’I&ME
4655 10HEN2IA ChickenliangsUTZXHZ01

|-416813HSNZIAChickenSha

indong0272010
ABEIIHINZIAchicken angsuZ061 112011
{ oz sergunarzzns

&

46535SHEN2AIChickan/ angsUDTO 12/2012
4663Z3HINZIAIChickenJangsu CZLIGZ012
£ 1 317182HBN2IAChicken'ChinalAH-1001/2010
ATOSBTHEN2INChCkENRIZNa0T 232013

470884 HANZIAChicken/Riznani240r20 13
1470585HANZIAChicken/RIZNa03712013
4705E3HINDIAIchicken Rizhao8S/2013
47058EHON2AIchickenRizhao51/2013
T0S90HBN/AChickan Rizhaa! 13132013
9| 416561HINZIAchicken/Shandang0 172010
L416503HINZIAChicken/Shandong 1212008
26651 7THINZIATChiCken.JangsurYZ4(2012
[ AGG4BIHINZIAQUAR NS INCIZN
70352HTNGIAduckllangsU3141/2009
M7041BHTNOIAUCK Sangniri20212008
9] L7038 1HTNGIALCK Sang ir00E2009
MTORE3HTNOIA/uck! angir 692000
MT03BAHTNNASUCK angir 9012009
50 _470355HTNGA Kk Fang 32 142009

M70383HTNGIA UK. Kangyir12832008
M7040BHTNGIAGhuckiSangxir 15212008
470400HTNOIA LK. Sangniri2ST2009

om

A4TESOHTNSIAangs0Z01
145347 HTNG A Zhefiang HZ 112013
44701 THTNO ALiangs 0112013
A4TESAHTNGAUangaUDS20TS
ichicken/Shanghs S14 1372013
44775HTIS A Shaga 2013
AOSHTNS AT 2013
AUTSZHTNSAANGUTS 0TS
AMTTASHTNGNZNGiang 022013
[ 443083MTNSI R ojana22013
ASTEIBHTNGAhomingipigeon FangsSDT82013
ATEBBHTNGIALiangaulD72013
ASTETBHTNSIMChicken/Cusngdong/ SDB41/2013
asrossrmeamsnongnariz01s
ASTRG2HTNSIACHKen JangEUSCO3S2013
4578 14HTNS ANIpigeon JEngauSDOD12013
A4TEGTHTNGAangSITBIZ01S

ASTTAZHTNGAChicken Zhefang SDOTV2013

ASTTIAHTNGIAUK ATUISCTO22013
ATTAASHTNSAZNefang OTIDZIU 102013
AATTZHTNGAanGS U220 13
T4t V201
44 7BBSHTNS AChicken/AnhULCTUZNoWO201
ATTTIHTNSIAIShangnAIA/203
TEIHTNSABeingT1/A2013
AT7A1 IHTNSAZhejiang 222013
AATBOEHTNGIAHunan 2013
| M2T22HTNGIAchicken/Zhefang DTIDZILD 2013
Lusrorsmeauargateaots
IWStrgnal 22013
/AHangzhow2/20
uﬂssmwmquwmmmummm
44771 OHTNSIAE ujion 012013

TE22HTNGA

|as7726H NG AIuck Zhesiang SCA10/2013
IAChicken/ iangswSCS3TI2013

44781 THTNSIAIShangnalIBIA013

(L0 THANCHc il L)

fﬁm?nmwmum.nmgm

AATTS2HTNGAShanghaiar2013
AUTTBIHTNSAShanghair /2013
iilchicke/ShanghalS1055/2013
AATTATHTNAUShandong /2013
ASIIOHTNGAF uflri 12013
ATOSBSHTNSIAIchickenRizhaoBET/2013
AB127IHTNGIAS hanghaiPatient/2013
ATTEEHTHAA ko er g B2 3
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Technical Appendix Figure 7. Phylogenies of nucleocapsid protein (NP) gene. A) Maximum likelihood tree
(n =184). The close relatives of chicken strains are highlighted in blue. B) Time-scaled tree (n = 206).

Annotation as in Technical Appendix Figure 1.

Page 8 of 9



ATABBHTNGIAIChicken/Shanghai1 712013

ingheis
457 747HTNGIChicken Zneang SO03V2013
TN oo SO 642013
45782 THNE A pigenn Shanghal S
447060HTNG/Shangnes2013

447850 INGIA/Shanghaid/2013
[44787GHTNGIALfargsu02/2013

447 TTTHINGIVS hanghain142013

447 762HINShanghese/2013

44 PIEHINAARNOZ01
S450BHTATSnghalOBATIZ01 S
614390 272013
44765AHINABNEW2013

7 [ 453ZBHTNBAF an12013
| 4771 SHTNGIAF dlanD112013

2

45347BHNGAZRajargHZ1Z013
wwumgmmmmm

24304017 ra22013

241 mnwwswznepwnnwz.nmlzm!
45761 OHTNG Al pigeon Jangsu'SDOD 2013
4406837 hanghaifS 10532013
77 308HTNGAZ NG 222013,
457755 TN CHichen Znejang 500192013
439508HTNUA/AN U 2013

45777 1HTNSHAchicken/Shanghain$ 14132013

2 8

447836H NG Baling 01IAZO13
PRSI nSEAZD 3

9 a7 122013

unssmwsn..mau 712013

457 P3GHTNGIAK UK ADPUISC 022013

s47B57HMNGANBNgsD2013

HINGA/ShanghailJSO1/2013

26480 LangsuHA2013

98 | 447B0SHTNBIAShang i 102013
47734 H7NGASanghair 172013

| 43048aH7IUASnanghair /2013

4TBBIHTNOIAJangsu0Bi201 3

remsmgaiztrs

| AATHSOHTNGAL

«gmr«wmmwmm

453602+ 7NoiANaring 12013

| sa7sz0r TR Sangs 012013

0] 466212HON 2 Matard Zheflsng 1382013

8

8

]

hangdong/SOVF
[ 46826491 2InichickenShandong SOWF 172012
| ascapamanachicrenss DWF142012
6170 2HIN A s HunaevS 411172011

92 | 46927 IHINZ AchickenWenzhouB 142013
4GEBBHENZIAhicken! angsuYZD1 12011
ABBAUGHENIAh ke angeukZE2012

/SCoRENS
A5778THINGAChicken/ShanghasS1 3582013
453 18BN M chicken Rishao/ 11352013
09 | smsasaHENChckenJangsuZ 2013
ABBAHHINIACTICkEN SngSUCZ1201 2
96| ssBa72HONIAChCkenSarguNTTZIZ01S
45641 GHENE A hickenSangsulCZUF 2012

465272HINZAchicken/JiangsuWARG 2012
78 || 4B02<BHENZAhicken! SangsuCZZWQI2012
416226HENAICIChENShanghaIG2/20T2
EEIGZHINZAChicken angsYZ051 12011
g | SEBTBHINIAKickon! Farg suMY 12012
| ses2a0HEM2MchickentangsuWIHDL012
| sssaaarenEmchicken SangsuCZY WP 2
46752HINZATchickenShanghai0202013
44767 IHTNSA angsw0T2013
HEN2AUERLIaNgBUYC22013
ickEnWenzhoU 4220

73| | 48634 2HON A chicken Niangsu XEWHL2012
ATTALOHTMOINZhejingi202013
95| | aBsEnHENRCHickenRn 8562013

| sazrmarimainishanghattazta
E02HONZIAChicken SargsuCZW IS 2013
05| | aB6s4sHENIA ke BNGSUTZT2 2012
AT7IROHTNGICRBngShrZZINS
47731GHNGIACnangshar /2013
447720HTNGAShancong 012013

447632HINSI A MUnan2i2013
458356HIN A chen HangZhowS0r2013
443685 HINGIAChickenHangzhow 502013

457 TTSHINGNanchang! 12013
4TTOGHTNGAIgiD 12013
457EZTHTNGIAChichen'ShanghaiS10TE2013
471BATHNGIAchickan'Shanghai 19r2013
4578 10HTNGAchicken/ShangheirS 107712013
45781 THTNSUAChickn/ShanghairS 078:2013

i
H

§
i
|

A16227HINZIAChickenShanghaiCaZ012
A1BZ25HENZIA chicken/ShanghsidC1 2012
ASTTHTHTNOIA U Zhefang SCA102013
8 | 466106HANZIAChickoNRizhaoi8 112013

B

416610HINIAhiekenShandongi0212010
26EIMHONAhickent JangsuXZP22011

ASTRISHTNAACHCkeNShanghaiS 10002013
| 65z AGHickont SangsuNTHA1 2012
[msuuwmmgmirqwqu

k]

4651 SHINZIAChichan Jangeu TDH2013
4BBS0SHINIA NGk iBngSUAFODTR2013

ABETHENDIAichickenJangsuDTiZ009
265312HENZIAIChicken!JisngsuZIDT2011

SES0EHTNGIALCK JangHI3257/2009
4EIAHTNGIACK JangH 2009
2634 SOHTNGIA Gk Fangn 2072009

|

SEBOTHTNGIA UK Jangn 15272009

o
s
[t s
ek 9
ot
A4G064HTNUAShanghail e84 T/2013
i o
TOGOHTNAAShanghai 32013
e
el i O
A4TTHIHTNVA/Shanghai 1712013
A44TTTTHTNSA/Shanghai 14/2013
AETEAIHTNSAhoming pigeon/ Jiangsu/'SD1B42013
ASTEETHTNAAChicken/ JangswSCO352013

mwwmmmwsmmw 3
AATTEHINAU BRSNS
ASTBISHTNSEnickenShang S 105512013

| 487771H7NGUAcnickenShanghai’S 14132013

L as7rssHrnaimenickenZneiang/SO019:2013
ASTBTSHTNGACHICken Jangs 500212013

faazry AT O 2113

47T THTNSIAShaNgha 152013
ITRSOHTNAASH

13
et e —
G00H7NSAHangzhou 12013
ACHIZHTNGIACHickenRizhao'S152013
AA0BIIHTHAIAChickeShanchaiS 1052013
MTEIHTNOA AU
AAGASOHTNGA G221
SOEZBHTNSUAF a1 2013
AATEZPHTNAIASharghIIBAZINS
[ arssmrrnamBefiogDiA2013
LaarrssuanaShanghaia2013
1
NGO S
wmwwma
ATIABHINGATIG NGRS
TRIHTNSUASharghai 1272013
ST TS 222013
[ e T—
L H7NBIASnanghaiS2013
A6SIBHTNAIAUEINgSW2013
45360247 NSUANargngi 172013
ATOZOHINGAUANGSIDNZ0TS
AT HTNGIAShaghe1 112013
BTN e ga020 T
AATESOHTNGIAUaNgsWDAZOTS
L_4aa4am7NamShanghai 12013

47 IBATHTNGUhichickonSharhaifl 92013
| 440680047 PigoceyShargha s 106472012

A47720HTNGIAShaNdRg T 2013
ABTTTSHTNAANanCharg/ 2013
A4TTOHTNOA g1 2013
ASTBABHTNBIAGhicken Jangx/S0001/2013

477319HTNGACRargaF 12013
AT NG
SBT3 WCZITZ0T

| ssmsozomanchickan g Czn 52013
sgazAHEN A 13

[ srraomamananesamozozots
TN GAShagnai 2013

ATETIHTNG A angeUT NS
etk Do b
eniJangsuZIDT 172013

ey gSUNZMGT2
SBEIIBHONRIchicken'JangsuNZZSLIZ012
sesaval

HINR A chickon!SangsulCZYWR/2012

ABBIRHINRIAChickenJangsuYZ05 112011
& [ asresmamnaimirickenisangsuscosaaors
AEB3BSHBNRIAChckent langsuY 206112011
4682TIHINDIACHickonWarahou 142013

EE4AOHONZIAChickan s KZBZ01Z
34250 THENRIACHicken s w3201

38599 HINRIAChicken/ATRUHFIZ0 11
. FSUHBMRINCRIHENWLSSTI2010
— 2B10BHINGIACaive/ Guarg 12011
IAjequine/Guangraiz011
I8Nz ichicken'Shangdong STNDIZ0 1

aes2
L L asostiomamenioenarnoutzanno

L asBaTEHONZIACNCkenBngsuDTNSZ2011
ZHNACkONRZNAGZIN21S

L satmo7HanaiAchakenGuznglong ZH2011

BENACbor e 220 |
3I0SUHENZAChcken Jawa
TN ke Toman 2011

[ aanstsHonpiarchickanYongeheng1 2011

685 SHBN KNG0T

L sesezBHomziAchickenangsuNTHA1 2012

| acosaoHonaiaichicksntangsuCOFR012

4EBIROHNEINHicknrUangsUDTON 122012
agsR2BHONINECKEY,
BRI HINNCICKEn
M st manmaimcnckenepengs 2011

ATGESOHENZIACTICKENSha 02009
TTZZIIN I KeShandong HYZ009
— 28150

05THIMRIN QU010
FSTBHINRIA LA T2010
ICBHINRIACH vzt
3831 HENLAoose!angsuk(HOXZ010

 Z2BSHENZIAChCkeNThejangHI00T
416647HINZ AchickenShandong HIZ008

27oaTaHENRL

é
I
H

295905HANZiAIchicken'Ujangrir 22007
30081 249 2IAGhIcken/AN 1 0200

/—:mmmmwmw«umu

22202 HENtIAGeAmENUHUNANS- 3272007
243637HINRIATocesHunan 391,
24347HINEAEronmentHunan'l-T2207.

u‘:mwmmmw Wiz
243621 HANZIAlEnwironmentHUNaN'S- 3872007
L i enariors 0

G10zHENZ Achchen Shanga 102001
[ arersa.cksranghaiasz0nz

235288 HBNRiNswine/Shandongwd 2003
205803HONDIAlswine/Shandong 32003

F 72008
1 205910HamRiAChcken et 032972007

—_—
1940 1855 1970 1885 2000 2015 Year

Technical Appendix Figure 8. Phylogenies of RNA polymerase basic subunit 1(PB1). A) Maximum
likelihood tree (n = 187). The close relatives of chicken strains are highlighted in blue. B) Time-scaled tree

(n =204). Annotation as in Technical Appendix Figure 1.
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