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Table. Summary of diagnostic and laboratory findings, animal species, sample materials, and region where samples were collected in
the study of Shuni virus infection in ruminants, Israel, 2014-15*

Animal Laboratory Vero Virus isolation
no. no. Species Clinical manifestation Region PCR-positive sample isolation in mice
1 2417/1/14 Sheep Malformed, aborted fetus  Northern valley Brain, placenta Negative Negative
2 2417/2114 Sheep Malformed, aborted fetus  Northern valley Brain Negative Negative
3 267/2/14 Sheep Malformed, aborted fetus  Northern valley Brain Not done Not done
4 267/3/14 Sheep Malformed, aborted fetus  Northern valley Brain Not done Not done
5 267/4/14 Sheep Malformed, aborted fetus ~ Northern valley Brain Not done Not done
6 2498/1/14 Sheep Weak lamb syndrome Northern valley  Brain, EDTA-blood  Negative Negative
7 2504/1/14 Sheep Malformed aborted fetus ~ Northern valley Brain Not done Not done
8 2504/2/14 Sheep Malformed, aborted fetus ~ Northern valley Brain, placenta Negative Negative
9 273/14 Sheept Malformed, aborted fetus Negev Brain Not done Not done
10 274/14 Sheep Aborted fetus Northern valley Brain, placenta Not done Not done
11 2504/3/14 Sheept Malformed, aborted fetus ~ Northern valley Brain, placenta Positive Positive
12 275/1/14 Sheep Malformed, aborted fetus  Northern valley Brain, placenta Negative Negative
13 275/2/14 Sheep Malformed aborted fetus ~ Northern valley Brain, placenta Not done Not done
14 263/14 Goat Malformed, aborted fetus  Northern valley Brain, placenta Not done Not done
15 215/14 Cattle Aborted fetus Upper Galilee Brain Negative Negative

*Not done, not performed if insufficient brain material was available for cerebral inoculation or if the infected brain failed to propagate in the cell line. For

some animals, >1 sample was collected.

1Sequences used to build the phylogenetic trees in online Technical Appendix Figure 2 (http://wwwnc.cdc.gov/EID/21/12/15-0804-Techapp1.pdf).

activity. Thus, isolation of SHUV from malformed brains
may indicate strong neurotropism of this putative patho-
gen. The possibility of its replication in the fetal nervous
system should also be considered because an affected fe-
tus that is born alive is likely a reservoir. Indeed, AKAV
was identified in the hippocampus (only) of adult lactating
cows (data not shown), and similar epidemiologic evidence
might result from other Simbu virus infections.

A serologic survey conducted in Israel during the
2001-2003 outbreaks of AHS showed reactivity of AINV
to serum samples of ruminants in Israel’s southern regions
(3). Because AINV and SHUV are known to have a strong
serologic cross-reaction, SHUV has likely previously in-
filtrated Israel. However, whether the seroreactivity results
from AINV or SHUV remains unresolved.

The emergence and reemergence of arboviruses
should interest medical practitioners, particularly epi-
demiologists. The appearance of exotic viruses in unex-
pected locations might result in more severe pathology
in newly invaded regions than in the original arbovirus-
endemic areas. Furthermore, SHUV has been detected in
a child with febrile illness (2), a finding that suggests a
potential zoonotic problem.
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To the Editor: Since the first detection of the influenza
A(H5N1) virus in geese in China during 1996 (http:/www.
cdc.gov/flu/avianflu/hSnl-virus.htm), H5 subtype viruses
have continued to reassort and evolve, giving rise to mul-
tiple virus clades and gene constellations. Recently, clade
2.3.4.4 viruses have shown a predilection for genetic reas-
sortment, giving rise to HSN2, H5SN5, HSN6, and HSNS
virus subtypes, and have become globally widespread,
causing infections in wild birds or poultry elsewhere in
Asia, and in Europe and North America (/-3). The HSN6
subtype viruses have circulated in China since 2013 and
have been mainly identified in ducks or chickens in the
southern (Jiangxi, Guangdong) or western (Sichuan) areas
(4,5). Two lineages of HSN6 viruses with distant genetic
background were found among the HSN6 viruses isolated
in China (5).

In China, there have been 3 cases of HSN6 virus
infection among humans, causing 2 deaths. We recent-
ly reported the clinical characteristics and progression
of a patient infected by the HSN6 virus in Guangzhou
City, China, who was the second reported case-patient
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infected with this subtype (6). After having contact with
poultry, he began to manifest an influenza-like illness
on December 3, 2014, and progressed to a primary viral
pneumonia. The H5SN6 virus A/Guangzhou/39715/2014
(GenBank accession nos. KP765785-KP765792) was
isolated from a throat swab specimen collected on day 8
of his illness by inoculation into 9-11-day-old, specific
pathogen-free embryonated chicken eggs. He recovered
from his infection and was discharged from the hospital
on day 58.

Multiple sequence alignments showed that the hemag-
glutinin (HA) and neuraminidase (NA) genes of A/Guang-
zhou/39715/2014 shared the highest nucleotide identity
with A/chicken/Dongguan/2690/2013 (H5N6) (99.4% and
98.3%, respectively) (online Technical Appendix 1, http://
wwwnc.cdc.gov/ElD/article/21/12/15-0809-Techapp!.
pdf). All internal genes were also closely related to A/chick-
en/Dongguan/2690/2013 (H5N6), ranging from 98.5% nu-
cleotide identity for the polymerase acidic (PA) gene and
100.0% for the matrix (M) gene. The genome segments
were also 98.29%-99.7% identical to A/duck/Guangdong/
GDO012014 and 98.3%-99.4% identical to A/chicken/Laos/
LPQO001/2014, which caused outbreaks in domestic ducks
and poultry, respectively, indicating that these viruses have
the same genotype.
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Figure. Phylogenetic trees of influenza A(HS5N6) virus isolate A/Guangzhou/39715/2014 compared with other influenza viruses

based on the A) hemagglutinin (HA) and B) neuraminidase (NA) genes, China. Maximum-likelihood trees were constructed by

using the the general time reversible plus gamma distribution plus invariant sites (GTR+G+l) model in MEGA 6.06 (http://www.
megasoftware.net). Bootstrap values were calculated on 1,000 replicates; only values >60% are shown. A/Guangzhou/39715/2014
and A/Sichuan/26221/2014 are indicated by a circle and a square, respectively. Brackets denote H5 subtype virus clades. Scale bars
indicate nucleotide substitutions per site. Full HA and NA trees are provided in online Technical Appendix 1 (http://wwwnc.cdc.gov/EID/

article/21/12/15-0809-Techapp1.pdf).

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 21, No. 12, December 2015

2269



LETTERS

HA gene phylogeny confirmed that this virus belonged
to clade 2.3.4.4 (online Technical Appendix 1). Notably, the
HA genes of the HSN1, HSN2, and H5NS viruses that were
recently detected in wild birds in North America also belong
to this clade, indicating that viruses from this clade are be-
coming globally widespread. More specifically, this isolate
clustered within a sublineage that includes HSN6 isolates
from poultry from Guangdong and Jiangxi provinces, China,
and from Laos (3,7). The A/Sichuan/26221/2014 (H5SN6) vi-
rus that recently caused a fatal human infection in Sichuan
Province, China is also within clade 2.3.4.4, but clusters in a
distinct sub-lineage (Figure, panel A).

The HA cleavage site of both human isolates contained
multiple basic amino acids, suggesting that that they are
highly pathogenic avian influenza viruses. Amino acid sub-
stitutions E190D, Q226L, or G228S (H3 numbering) in
the HA gene that are known to enhance binding to mam-
malian receptors were not found. The NA gene phylogeny
showed that A/Guangzhou/39715/2014 is likely originated
from group II lineage influenza A(H6NG6) viruses that cir-
culate among domestic ducks in China (8) (Figure, panel
B). An 11-aa deletion at the residue 59-69 position of the
NA protein was identified in the isolate of this study, in the
other H5NG6 viruses of the same cluster, and in an H4N6
virus isolate from a duck in Shanghai, China. This dele-
tion was monophyletic and likely originated from A/swine/
Guangdong/K6/2010 (H6N6)-like viruses (Figure, panel
B). However, it was not observed in other 2.3.4.4 viruses,
such as A/Sichuan/26221/2014.

No mutations associated with oseltamivir or aman-
tadine resistance was found in NA or M2 genes. The in-
ternal genes of the current HSN6 isolate were similar to
2.3.2.1b H5N1 subtype viruses found in domestic ducks
from south-central and eastern China (3, 7—10; online Tech-
nical Appendix 1). The 6 internal genes are 97%-99%
homologous to another isolate from a human, A/Sichuan/
26221/2014, suggesting that the internal genes of the
viruses may reassort from a common origin.

The phylogenetic clustering observed for the HA gene
was also conserved for the internal genes. In contrast with
all avian viruses within this clade, the current human isolate
contains the mammalian adaptation mutation PB2-E627K,
and A/Sichuan/26221/2014 has acquired PB2-D701N,
suggesting a rapid acquisition of mammalian adaptation
changes that likely arose after human infection.

There is still limited information on human disease
caused by the emerging HS lineage. Our genetic analysis
suggests that the HSN6 virus isolated from the patient is
originated from the avian host. Although the genetic back-
ground of HSN6 virus isolated from the third case in Yun-
nan Province, China, on January 2015 is still not known,
the isolates from the human cases of H5NG6 infection
reported to date show distant genetic diversity, indicating
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that viruses from both clusters may pose a threat to hu-
mans. This rapidly evolving and globally spreading virus
lineage thus provides a threat to global public health.
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To the Editor: Active surveillance for zoonotic patho-
gens in wildlife is particularly critical when the pathogen
has the potential to cause a large-scale outbreak. The recent
outbreak of Ebola virus (EBOV) disease in West Africa in
2014 was initiated by a single spillover event, followed by
human-to-human transmission (/). Projection of filovirus
ecologic niches suggests possible areas of distribution in
Southeast Asia (2). Reston virus was discovered in ma-
caques exported from the Philippines to the United States
in 1989 and in sick domestic pigs in the Philippines in 2008
(with asymptomatic infection in humans) (3). Dead insec-
tivorous bats in Europe were found to be infected by a filo-
virus, similar to other members of the genus Ebolavirus (4).

Although EBOV has historically been viewed as a vi-
rus from Africa, recent studies found that bat populations
in Bangladesh and China contain antibodies against EBOV
and Reston virus recombinant proteins, which suggests that
EBOVs are widely distributed throughout Asia (5,6). Thus,
an outbreak in Asian countries free of EBOV diseases may
not only be caused by importation of infected humans
and/or wildlife from Africa but may arise from in-country
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filovirus—infected wildlife. Serologic and molecular evi-
dence for filoviruses suggests that members of the order
Chiroptera (bats) may be their natural reservoir (7).

As part of a proactive biosurveillance program, we
conducted a cross-sectional study for EBOV infection in
bats and macaques in Thailand. We screened 500 Pteropus
lylei bats collected from 10 roosting sites during March—
June 2014 (online Technical Appendix, http://wwwnc.cdc.
gov/ElD/article/20/12/15-0860-Techapp.pdf) for antibod-
ies against EBOV antigen by using an ELISA validated by
the Centers for Disease Control and Prevention (Atlanta,
GA, USA) (8).

Bats and macaques were captured with permission from
the Department of National Parks, Wildlife and Plant Con-
servation. The Institutional Animal Care and Use Committee
at the University of California, Davis (protocol #16048) ap-
proved the capture and sample collection protocols.

To further screen a wide range of wildlife species in
Thailand for active EBOV infection, we sampled and tested
699 healthy bats, representing 26 species, and 50 long-tailed
macaques (Macaca fascicularis). Additional bat species were
randomly captured (=50/site) in 6 provinces in Thailand dur-
ing 2011-2013 and identified by morphologic traits. Ma-
caques were captured and sampled in March 2013 from 1 site
at Khao Chakan, Sa Kaeo Province, and released at the same
site. Blood, saliva, urine, and feces were collected from anes-
thetized macaques or nonanesthetized bats. All animals were
released after sample collection. Details on species screened,
sample sizes, and trapping localities are provided in the Table.

All nonblood specimens were collected in nucleic
acid extraction buffer (lysis buffer) and transported on ice
to the World Health Organization Collaborating Centre
for Research and Training on Viral Zoonoses laboratory
(Bangkok, Thailand) for storage and testing. Three types
of specimen (saliva, urine, and serum) were collected from
individual animals and pooled.

Nucleic acid was then extracted with NucliSENS easy-
MAG (bioMérieux, Boxtel, the Netherlands) and analyzed
by reverse transcription PCR (RT-PCR). A consensus RT-
PCR was used to screen for all known species of Ebola vi-
rus and Marburg virus, including EBOV (9). In total, 5 RT-
PCRs were performed on each specimen, a regimen that
included 4 sets of primers specific to known filoviruses and
1 degenerate primer set to detect novel viruses in this fam-
ily. The sensitivity of RT-PCR on synthetic standard was
50-500 copies/reaction (9). We ran 3,745 PCRs, covering a
range of assays, to increase detection sensitivity. All speci-
mens examined were negative for filoviruses by EBOV
ELISA and PCR (Table). For P. lylei ELISA screening, op-
tical density values for all 500 bats ranged from 0.000 to
0.095, well below the potential positive cutoff value of 0.2.

Assuming a population size of =5,000 bats/roost and
a sample size of 50 bats/site, we have 95% confidence that
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CY1 11603, AIdur)dShanmaWZﬁlZDDﬁ(H4NB)

712011(H3N)
hina/10/2000(HBNG)
CY0057; 16-4/1984(H5N6)

JNOB7277 Y (HING) PB2 (PB2) gene partial cds
(H5N1)

11(HENG)
Cy11 0347 A/duck/Shanwuﬂ 0143/2006(HEN6)

KJ200892,

x.uzoow A/chld(anleumgdonglsﬂﬂfzm 0(H6NE)

PB2 (PB2) gene partial cds

‘00| CV|39172 A/American black dudt/NBw EmrswlckIDOBIBIZOW(HSNG)
L CY138052 A/American black duck/New Brunswick/00464/2010(H4N6)
CY020860 A/mallard/Ohio/664/2002(HENG)

080804 g g ( PB2 (PB2) gene partial cds
CY14567 Jersey/S (HGNG)
= CY13290 1008155
[ —
0.05
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KP286099 A/chicken/Dongguan/2690/2013(H5N6)

KM496963 A/chicken/Laos/LPQ001/2014(H5N6)

KM496975 A/duck/Laos/XBY004/2014(H5N6)

@ A/Guangzhou/39715/2014(H5N6)

KP284987 A/chicken/Shenzhen/2396/2013(H5N6)

KP285331 A/goose/Shantou/1806/2014(H5N6)

KP285027 A/chicken/Dongguan/4259/2013(H5N6)

KJ754143 A/duck/Guangdong/GD01/2014(H5N6)

P B 1 99 KP090445 A/duck/Jiangxi/NCDZT1126/2014(H5N6)
o L KP090437 A/duck/Jiangxi/NCDZT1123/2014(H5N6)
AB979501 A/duck/Vietnam/LBM638/2014(H5N1)

00 | AB979453 A/muscovy duck/Vietnam/LBM631/2014(H5N1)

KJ938656 Alenvi Zhenjiang/C13/2013(H5N6)

KP286451 A/black chicken/Jiangxi/10129/2014(H5N6)

KP284979 A/chicken/Shenzhen/1845/2013(H5N6)

991  gg| M A/Sichuan/26221/2014(H5N6)

KM251524 A/duck/Sichuan/NCJPL7/2014(H5N6)

KM251527 A/duck/Sichuan/NCXJ24/2014(H5N6)

KM251526 A/duck/Sichuan/NCXJ16/2014(H5N6)

LC010694 A/duck/Vietnam/LBM360c1-4-1/2013(H5N6)

JN646705 A/duck/Zhejiang/2248/2011(H5N1)

CY036243 A/grey heron/Hong Kong/1046/2008(H5N1)

GU727667 A/duck/Eastern China/108/2008(H5N1)

CY146698 A/duck/Hunan/S4220/2011(H5N1)

100 = AB523757 Alruddy shelduck/Mongolia/X42/2009(H5N 1)

100 ~ CY098812 A/environment/Guizhou/7/2009(H5N1)

—L CY098749 A/Hunan/2/2009(H5N1)

63 — HM172379 A/duck/Hunan/29/2006(H5N 1)

CY030537 A/chicken/Vietnam/NCVD-45/2007(H5N1)
I EF123935 A/chicken/Guiyang/3721/2005(H5N1)
2O_I:LHM1 72367 Alchicken/Hunan/1/2009(H5N1)

HM172363 A/chicken/Shandong/A-1/2009(H5N 1)
EU434692 AlJiangsu/1/2007(H5N1)
- CY098620 A/Zhejiang/1/2006(H5N1)
{— CY098804 A/environment/Guizhou/4/2009(H5N1)
5 | CY098796 A/environment/Guizhou/2/2009(H5N1)
CY098595 A/Fujian/1/2005(H5N1)
CY116644 A/lndonesia/5/2005(H5N1)
CY014467 A/indonesia/CDC625L/2006(H5N1)
EF124004 A/duck/Guiyang/3242/2005(H5N1)
100 * EF124003 A/chicken/Guiyang/3055/2005(H5N 1)
HM172404 A/chicken/Hunan/41/2004(H5N 1)
GQ227397 Alpika/Qinghai/QW/2007(H5N1)
EF587275 A/Beijing/01/2003(H5N 1)
DQ835793 A/blackbird/Hunan/1/2004(H5N1)
GU186714 A/chicken/Yamaguchi/7/2004(H5N1)
HMO006757 A/Viet Nam/1203/2004(H5N 1)
DQ360838 A/Thailand/676/2005(H5N1)
DQ366336 A/duck/Guangxi/13/2004(H5N1)
100 ! DQ366328 A/chicken/Guangxi/12/2004(H5N1)
DQ914811 Al/chicken/Shanxi/2/2006(H5N1)
HM172477 A/bar-headed goose/Qinghai/3/2005(H5N1)
NC 007358 A/goose/Guangdong/1/1996(H5N1)
AY221578 A/Chicken/HongKong/FY150/01(H5N1)
KJ200643 Alchi uangdong/S1311/2010(HEN6)
AF036362 A/HongKong/156/97(H5N1)
86 - AB847427 A/duck/Vietnam/LBM83c-1/2012(H3N6)
AB812555 A/duck/Vietnam/LBM185/2012(HEN6)
CY088719 A/avian/Japan/8K10184/2008(H4N6)
JQ973676 A/quail/Jiangsu/k0104/2010(HSNS)
JX507353 A/duck/Jiangsu/m234/2012(H5N2)
JN087278 Alduck/Korea/DY 106/2007(H3N6)
CY 146546 A/duck/Hunan/S11090/2012(H4N6)
JF965064 A/duck/Eastern China/10/2009(HEN6)
JN087010A/environment/Korea/CSM3/2002(H3N6)
CY 111604 A/duck/Shanghai/Y20/2006(H4N6)
CY005492 A/Duck/Nanchang/4-165/2000(H4N6)
CY005452 A/Chicken/Nanchang/7-010/2000(H3N6)
KC992232 A on st longolia/2026/2011(H4N6)
EU880348 A/mallard/Yan chen/2005(H4N6)

100 - KM504099 A/duck/Shandong/Q1/2013(H5N8)
100 FL KJ476665 Alduck/Zhejiang/W24/2013(H5N8)

67

95 JX534563 A/wild duck/Shandong/628/2011(H5N1)

61! JQ973692 A/duck/Jiangsu/k1203/2010(H5SN8)

CY091641 A/duck/Guangdong/wy24/2008(H5N5)

JQ973668 A/goose/Shandong/k1204/2009(H5N5)

GU727675 Alduck/Eastern China/909/2009(H5N1)

GU727659 A/duck/Eastern China/031/2009(H5N5)

JQ041393 A/duck/Eastern China/1111/2011(H5N2)

KJ509018 A/Coot/Korea/H81/2014(H5N8)

100 ! KJ508930 A/Baikal teal/Korea/H41/2014(H5N8)
KJ200779 A/duck/Guangdong/S3073/2010(HEN6)

HMO050397 A/Muscovy duck/Fujian/FZ01/2008(HEN6)

99

100 61 HMB804479 A/swine/Guangdong/K6/2010(HEN6)

_"“’E CY146618 A/duck/Hunan/S1661/2012(HENG)
KJ200923 A/duck/Zhejiang/S4204/2010(HEN6)

CY 110404 A/duck/Shantou/17036/2006(HEN6)

CY110348 A/duck/Shantou/10143/2006(HEN6)

KJ200891 A/duck/Hunan/S4273/2010(HEN6)

JX304776 A/duck/Guangxi/GXd-7/2011(H6N6)

99 L AB807759 Alduck/Vietnam/LBM6/2011(HEN6)

CY005775 A/duck/P 2216-4/1984(H5N6)

76

100

JX878681 A/duck/HuBei/03/2010(H5N5)
94 CY 145669 A/ruddy turnstone/New Jersey/Sg-00551/2008(HEN6)
|£‘__|—_cvozoessA/ma||ard/0h|o/ss4/2ooz(HeNe)
CY139171 A/American black duck/New Brunswick/00618/2010(H3N6)

700 KP739419 A/Americang nged te: ington/ ma750/2014(H5N1)
| —— CY138051 A/American black duck/New answnck/OO464/2010(H4
98 CY 132899 A/American green-winged teal/lllinois/100S1551/2010(H4N6)
E JX080883 A/American green-winged teal/Alaska/44161-082/2006(H4N6)
JX080880 A/American green-winged teal/Alaska/444 19-209/2008(H3N6)

0.02
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100_| KM496976 A/duck/Laos/XBY004/2014(HSN6)
KM496964 A/chicken/Laos/LPQ001/2014(H5N6)
- KP285028 A/chicken/Dongguan/4259/2013(H5N6)
77 L KP285332 Algoose/Shantou/1806/2014(H5N6)
LKP2551 00 A/chicken/Dongguan/2690/2013(H5N6)
KP284988 A/chicken/Shenzhen/2396/2013(H5N6)
L— @ A/Guangzhou/39715/2014(H5N6)
_[ KP090446 A/duck/Jiangxi/NCDZT1126/2014(H5N6)
KP090438 A/duck/Jiangxi/NCDZT1123/2014(H5N6)
L— KJ754144 A/duck/Guangdong/GD01/2014(H5N6)
_{ AB979502 A/duck/Vietnam/LBM638/2014(H5N1)
00 ! AB979454 A/muscovy duck/Vietnam/LBM631/2014(H5N1)
— KJ938657 Alenvironment/Zhenjiang/C13/2013(H5N6)
I KP284980 A/chicken/Shenzhen/1845/2013(H5N6)
- KP286452 A/black chicken/Jiangxi/10129/2014(H5N6)
KM251514 A/duck/Sichuan/NCJPL7/2014(H5N6)
{ W A/Sichuan26221/2014(H5N6)
98 § KM251517 A/duck/Sichuan/NCXJ24/2014(H5N6)
64! KM251516 A/duck/Sichuan/NCXJ16/2014(H5N6)
CY 146699 A/duck/Hunan/S4220/2011(H5N1)
JN646712 Alduck/Zhejiang/2248/2011(H5N1)
CY036244 A/grey heron/Hong Kcngl 1046/2008(H5N1
LCO10695A BM360c1-4-1/2013(H5N6)
HM172334 A/duck/Hunan/29/2006(H5N1)
GQ227396 Alpika/Qinghai/QW/2007(H5N1)
CY030724 A/chicken/Vietnam/NCVD-45/2007(H5N 1)
CY098805 A/ i /2009(H5N1)
CY098797 Alenvironment/Guizhou/2/2009(H5N1)
FJ864694 Algreat black-headed gull/Qinghai/2/2007(H5N 1)
CY098621A/Zhejiang/1/2006(H5N1)

87

99

EF124690 Alchicken/Guiyang/3721/2005(H5N1)
CY098813 A/environment/Guizhou/7/2009(H5N1)
3 - CY098750 A/Hunan/2/2009(H5N1)
EU434691 AlJiangsu/1/2007(H5N1)
HM172333 A/chicken/Hunan/1/2009(H5N1)
HM172329 A/chicken/Shandong/A-1/2009(H5N1)
JX878682 A/duck/HuBei/03/2010(H5N5)
CY091642 A/duck/Guangdong/wy24/2008(H5N5)
JQO73677 A/quaillJiangsu/k0104/2010(H5NS)
GU727660 A/duck/Eastern China/031/2009(H5N5)
GU727668 A China/ 15N1)
JQ973669 A/goose/Shandong/k1204/2009(H5NS)
100 = KJ509019 A/Coot/Korea/H81/2014(H5N8)
KJ508931 A/Baikal teal/Korea/H41/2014(H5N8)
JQ041397 A/duck/Eastern China/1111/2011(H5N2)
KM504100 A/duck/Shandong/Q1/2013(H5N8)
KJ476667 A/duck/Zhejiang/W24/2013(H5N8)

JX534564 Alwild duck/Shandong/628/2011(H5N1)
JX507354 A/duck/Jiangsu/m234/2012(H5N2)

—— EU850347AImaIIardNan chen/2005(H4N6
_1_00_EKF454524 A

ia/2026/2011(H4N6)
KF454816 A/mallard/Mongolia/2377/2011(H3N6)
100

AB847428 A/duck/Vietnam/LBM83c-1/2012(H3N6)

ABB07760 A/duck/Vietnam/LBM6/2011(HEN6)
AAB523758 A/ruddy shelduck/Mongolia/X42/2009(H5N 1)

DQ914813 Alchicken/Shanxi/2/2006(H5N1)

DQ835790 A/blackbird/Hunan/1/2004(H5N 1

GU186713 Alchicken/Yamaguchi/7/2004(H5N1)

EF587276 A/Beijing/01/2003(H5N1)

JF965113 A

hina/10/2009(HEN6)
99 GU727676 Alduck/Eastern Chin:
0

ina/909/2009(H5N1)
JN087011 Alenvi SM3/2002(H3N6)
83 I__E CY005451 A/Chicken/Nanchang/7-010/2000(H3N6)

CY146547 A/duck/Hunan/S11090/2012(H4N6)
NC007359A

9 ng/1/1996(H5N1)
JNOB7279 Al

89
CY005774 A/dt

DY106/2007(H3N6)
AB812556 Alduck/Vietnam/LBM185/2012(HGNG)

AY221569 A/Chicken/HongKong/FY150/01(H5N1)
HM172319 A/chicken/Hunan/41/2004(H5N 1)
AY576412 A/CK/HK/YU777/02 (H5N1)

HMO006758 A/Viet Nam/1203/2004(H5N1)
DQ360839 A/Thailand/676/2005(H5N1)
DQ321210 Algoose/Guangxi/1097/2004(H5N1)

DQ321209 A/goose/Guangxi/914/2004(H5N1)
HM172474 Alb ghai/3/2005(H5N1)
100 r EF124759 A/duck/Guiyang/3242/2005(H5N1)
EF124758 Alchicken/Guiyang/3055/2005(H5N1)
FJ784802 A/duck/Hunan/1994/2007(H5N1)
CY098596 A/Fujian/1/2005(H5N1)
1po - DQ366337 A/duck/Guangxi/13/2004(H5N1)
DQ366329 A/chicken/Guangxi/12/2004(H5N1)
CY 116645 A/indonesia/5/2005(H5N1)

CY014466 A/Indonesia/CDC625L/2006(H5N 1)
2216-4/1984(H5N6)

CY005491 A/Duck/Nanchang/4-165/2000(H4N6)
€Y 110349 A/duck/Shantou/10143/2006(HEN6)

ﬂl

100 - KJ200778 A/d 3073/2010(HENG)

- KJ200642 A/chicken/Guangdong/S1311/2010(HEN6)
HMB804478 A/swi

g/K6/2010(HENS)
671 CY110405 Alduck/Shantou/17036/2

006(HENG)
JX304775A/duck/G

d-7/2011(HENS;

100

)
HM050398NMusoovy duck/Fujian/FZ01/2008(HEN6E)

KJ200890 A/duck/Hunan/S4273/2010(HEN6)
—E KJ.

200922 A/duck/Zhejiang/S4204/2010(HEN6)

CY146619 A/duck/Hunan/S1661/2012(HEN6)
KP739420 A

i d teal/ 195750/2014(H5N1)
CY088718 Alavian/Ja pan/8K10184/2005(H4N8)
CY111605A i
61

Y20/2006(H4N6)

CY020858 A/mallard/Ohio/664/2002(HENS)
79 JX080922A

0.02

4161-082/2006(H4N6)
CY 145668 Alruddy lumstone/New Jersey/Sg-00551/2008(HEN6)

100 JX080934 AVA /44419-209/2008(H3N6)
o CY 132898 A/American gmen-wmged teall[ll|n0|sl1 00S1551/2010(H4N6)
100 CY139170 A ican black ick/00618/2010(H3N6)
CY138050 A/American black duck/New BrunSW|d</00464/2010(H4N6)
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D @ AlGuangzhou/39715/2014(H5N6) g
72| KP284989 A/chicken/Shenzhen/2396/2013(H5N6)
KP286101 Alchicken/Dongguan/2690/2013(H5N6)
16} KP285333 Algoose/Shantou/1806/2014(H5N6)
H A (f u I I I en gt h ) KM496965 Alchicken/Laos/LPQ001/2014(H5NE)
1 KM496977 Alduck/Laos/XBY004/2014(H5N6)
100 |- KP285029 Alchicken/Dongguan/4259/2013(H5N6)
KP090439 A/duck/Jiangxi/NCDZT1123/2014 (HSN6)
KP090447 Alduck/Jiangxi/NCDZT1126/201 (H5NS)
KJ754145 Alduck/Guangdong/GD01/2014(H5N6)
| ABS79455 Almuscovy duckVletnam/LBMG3 112014 (HEN1)
B 100 ' AB979503 A/duck/Vietnam/LBM638/2014 (H5N1)

KP739421 A/American green-winged teal/Washington/195750/2014(H5N1)
4I_KJ_508932 A/Baikal teal/Korea/H41/2014(H5N8)

100 L KJ509020 A/Coot/Korea/H81/2014(H5N8)
! JQ973694 A/duck/Jiangsu/k1203/2010(H5N8)

KJ476669 A/duck/Zhejiang/W24/2013(H5N8) 2344
__r- JX507355 A/duck/Jiangsu/m234/2012(H5N2)

JX534565 A/wild duck/Shandong/628/2011(H5N1)

KM504101 A/duck/Shandong/Q1/2013(H5N8)
KC631941 A/chicken/China/AH/2012(H5N1)
JQ041401 A/duck/Eastern China/1111/2011(H5N2)
KP286453 A/black chicken/Jiangxi/10129/2014(H5N6)
KP284981 A/chicken/Shenzhen/1845/2013 (H5N6)
KJ938658 A/environment/Zhenjiang/C13/2013(H5N6)
M A/Sichuan/26221/2014(H5N6)
KM251464 A/duck/Sichuan/NCJPL7/2014(H5N6)
KM251466 A/duck/Sichuan/NCXJ16/2014(H5N6)
71 KM251467 A/duck/Sichuan/NCXJ24/2014(H5N6)

F JQ973670 AlgooseIShandonglk1 204/2009(H5NS)
G

100

100

100 77

U727661 A/duck/Eastern China/031/2009(H5N5)
GU727669 A/duck/Eastern China/108/2008(H5N1)
97 91 = JQI73678 A/quaillJiangsu/k0104/2010(H5N5) |
CY098751 A/Hunan/2/2009(H5N1) 23.4.1
100 * CY098814 A/environment/Guizhou/7/2009(H5N1) .
79 AB521159 A/peregrine falcon/Hong Kong/810/2009(H5N1) :IZ 345
HM172097 A/duck/Hunan/29/2006(H5N 1) B
CY030538 A/chicken/Vietnam/NCVD-45/2007(H5N1) ]2.3.4.3
CY098798 A/environment/Guizhou/2/2009(H5N 1) ]2 342
7 CY098806 A/environment/Guizhou/4/2009(H5N 1) e
DQ992755 Alchicken/Guiyang/3055/2005(H5N 1) :IZ 33
100 * DQ992756 A/duck/Guiyang/3242/2005(H5N 1) R
81r DQ320903 A/duck/Hunan/139/2005(H5N1) :|
231

82
74

92

100 ¥ DQ320908 A/duck/Hunan/166/2005(H5N1)
DQ320902 A/duck/Hunan/127/2005(H5N1)
DQ320895 A/chicken/Guangxi/2461/2004(H5N1)
GQ227391 A/pika/Qinghai/QW/2007(H5N1)
CY041047 A/chicken/Laos/LPQ001/2008(H5N1)
100 r HM006736 A/ruddy shelduck/Mongolia/X42/2009(H5N 1)
LC010696 A/duck/Vietnam/LBM360c1-4-1/2013(H5N6)  |2.3.2
JN055391 A/duck/Vietnam/27386/2009(H5N1)
CY036245 Algrey heron/Hong Kong/1046/2008(H5N 1)
CY 146700 A/duck/Hunan/S4220/2011(H5N1)
JN646719 A/duck/Zhejiang/2248/2011(H5N1)
1 DQ366330 A/chncken/GuangxuM2/2004(H5N1 ) :l 24
100 + DQ366338 A/duck/Guangxi/13/2004(H5N 1)
GU186708 A/chicken/Yamaguchi/7/2004(H5N1) 2.5
'I:: FJ461726 A/great black-headed gull/Qingha|I212007(H5N1) :| 22
99 HM172454 A/bar-headed goose/Qinghai/3/2005(H5N1) &
AY651358 A/ICK/HK/YU324/2003(H5N 1)
Q?E CY014465 A/Indonesia/CDC625L/2006(H5N 1)
88 CY 116646 A/indonesia/5/2005(H5N 1)
DQ360835A/Thailand/676/2005(H5N1)
HMO006759 A/Viet Nam/1203/2004(H5N 1)
HM172114 A/chicken/Hunan/41/2004(H5N1) ]9
AY575877 AICK/HK/YU777/02 (H5N1) )8
AY741213 Alblackbird/Hunan/1/2004(H5N1) 6
DQ997094 A/duck/Hubei/wg/2002(H5N 1)
DQ320880 A/goose/Guangxi/914/2004(H5N1) ]
DQ320881 A/goose/Guangxi/1097/2004(H5N 1)
DQ992753 A/duck/Guiyang/2231/2005(H5N1) 4
AY221524 A/Chicken/HongKong/FY150/01(H5N1) 73
DQ914814 A/chlcken/ShanXI/212006(H5N1 ) ] 7
700 EF587277 A/Beijing/01/2003(H5N1)
AF036356 A/HongKong/156/97(H5N1) 0
NC 007362 A/goose/Guangdong/1/1996(H5N1)

85

92

76

CY006036 A/duck/Potsdam/2216-4/1984(H5N6)
100 KF695349 A/mallard/Sweden/40/2002(H5N6)

=
0.01
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95

60

- KP285030 A/chicken/Dongguan/4259/2013(H5N6)
I— KJ754146 A/duck/Guangdong/GD01/2014(H5N6)
- KP285334 A/goose/Shantou/1806/2014(H5N6)
KP286102 A/chicken/Dongguan/2690/2013(H5N6)
|- KP284990 A/chicken/Shenzhen/2396/2013(H5N6)

|— @ A/Guangzhou/39715/2014(H5N6)

'i KM496978 A/duck/Laos/XBY004/2014(H5N6)

o1 KM496966 Alchicken/Laos/LPQ001/2014(H5N6)

_| AB979504 A/duck/Vietnam/LBM638/2014(H5N1)

9 | AB979456 A/muscovy duck/Vietnam/LBM631/2014(H5N1)
_{ KP090448 A/duck/Jiangxi/NCDZT1126/2014(H5N6)

g9 | KP090440 A/duck/Jiangx/NCDZT1123/2014(H5N6)

— KJ938659 Alenvironment/Zhenjiang/C13/2013(H5N6)

I~ KP284982 A/chicken/Shenzhen/1845/2013(H5N6)

+— KP286454 A/black chicken/Jiangxi/10129/2014(H5N6)

95 ‘l. A/Sichuan/26221/2014(H5N6)

98

KM251494 A/duck/Sichuan/NCJPL7/2014(H5N6)
99 § KM251497 A/duck/Sichuan/NCXJ24/2014(H5N6)
69! KM251496 A/duck/Sichuan/NCXJ16/2014(H5N6)
CY 146701 A/duck/Hunan/S4220/2011(H5N1)
JN646726 A/duck/Zhejiang/2248/2011(H5N1)
LC010697 A/duck/Vietnam/LBM360c1-4-1/2013(H5N6)
CY036246 A/grey heron/Hong Kong/1046/2008(H5N1)
18 AB523760 A/ruddy shelduck/Mongolia/X42/2009(H5N1)
HM172221 A/duck/Hunan/29/2006(H5N1)
CY030539 A/chicken/Vietnam/NCVD-45/2007(H5N 1)
CY098807 A/environment/Guizhou/4/2009(H5N1)
54 CY098799 Alenvironment/Guizhou/2/2009(H5N1)
CY098597 A/Fujian/1/2005(H5N1)
JX878684 A/duck/HuBei/03/2010(H5N5)
99 = CY098815 A/environment/Guizhou/7/2009(H5N1)
CY098752 A/Hunan/2/2009(H5N1)
CY098622 A/Zhejiang/1/2006(H5N1)
GQ227392 A/pika/Qinghai/QW/2007(H5N1)
FJ784786 A/duck/Hunan/1994/2007(H5N 1)
EF124388 A/chicken/Guiyang/3721/2005(H5N1)
HM172252 A/chicken/Shandong/A-1/2009(H5N1)
99 HM172255 A/chicken/Hunan/1/2009(H5N 1)
94 = EU434689 AlJiangsu/1/2007(H5N1)
ﬂr DQ366339 A/duck/Guangxi/13/2004(H5N1)
DQ366331 A/chicken/Guangxi/12/2004(H5N1)
‘I:CY1 16647 A/indonesia/5/2005(H5N 1)
CY014471 Alindonesia/CDC625L/2006(H5N 1)
AY575913 AICK/HK/YU777/02 (H5N1)
HM172224 A/chicken/Hunan/41/2004(H5N1)
HMO006760 A/Viet Nam/1203/2004(H5N1)
DQ360840 A/Thailand/676/2005(H5N1)
I EF 124457 A/duck/Guiyang/3242/2005(H5N1)
99 = EF124456 A/chicken/Guiyang/3055/2005(H5N1)
DQ835779 A/blackbird/Hunan/1/2004(H5N1)
GU186711 A/chicken/Yamaguchi/7/2004(H5N1)

99

88

64/

63

99

EF587278 A/Beijing/01/2003(H5N1)

DQ914815 A/chicken/Shanxi/2/2006(H5N1)
HM172465 A/bar-headed goose/Qinghai/3/2005(H5N 1)
AF036359 A/lHongKong/156/97(H5N1)

ABB807762 A/duck/Vietnam/LBM6/2011(HENE)

| NC 007360 A/goose/Guangdong/1/1996(H5N1)

—99? HM804477 A/swine/Guangdong/K6/2010(HEN6)
HMO050393 A/Muscovy duck/Fujian/FZ01/2008(HEN6)
99 — DQ321078 A/goose/Guangxi/1097/2004(H5N 1)
DQ321077 A/goose/Guangxi/914/2004(H5N1)
CY005489 A/Duck/Nanchang/4-165/2000(H4N6)

CY014610 A/chlcken/Nanchangﬂ 010/2000(H3N6)
EU880345 A Yan chen/2005(H4N6)
AB812558 A/duck/Vietnam/LBM185/2012(HEN6)
JN087281 A/duck/Korea/DY106/2007(H3N6)
CY 146549 A/duck/Hunan/S11090/2012(H4N6)
CY111607 A/duck/Shanghai/Y20/2006(H4N6)
KJ200888 A/duck/Hunan/S4273/2010(HEN6)
CY146621 A/duck/Hunan/S1661/2012(H6N6)
— CY 110407 A/duck/Shantou/17036/2006(HEN6)
- CY110351 A/duck/Shantou/10143/2006(HEN6)
99 — KJ200776 A/duck/Guangdong/S3073/2010(HEN6)
KJ200640 A/chicken/Guangdong/S1311/2010(HEN6)
99 KJ200920 A/duck/Zhejiang/S4204/2010(HENG)
JX304773 A/duck/Guangxi/GXd-7/2011(HEN6)
96 ABB847430 A/duck/Vietnam/LBM83c-1/2012(H3N6)

99

99

62 {— JN087013 A/environment/Korea/CSM3/2002(H3N6)

97

JF965192 A 1 China/10/2009(HEN6)
JQ973679 A/quail/Jiangsu/k0104/2010(H5N5)
68 |! GU727662 A/duck/Eastern China/031/2009(H5N5)
JQ973671 A/goose/Shandong/k1204/2009(H5N5)
GU727670 A/duck/Eastern China/108/2008(H5N1)
CY091644 A/duck/Guangdong/wy24/2008(H5N5)
JQ041405 A/duck/Eastern China/1111/2011(H5N2)

67

KJ509021 A/Coot/Korea/H81/2014(H5N8)
KJ508933 A/Baikal teal/Korea/H41/2014(H5N8)
KP739422 A/American green-winged teal/Washington/195750/2014(H5N1)
KJ476671 Alduck/Zhejiang/W24/2013(H5N8)
KM504102 A/duck/Shandong/Q1/2013(H5N8)
JQ973695 A/duck/Jiangsu/k1203/2010(H5N8)
JX534566 A/wild duck/Shandong/628/2011(H5N1)
JX507356 A/duck/Jiangsu/m234/2012(H5N2)

99

99

CY005772 AIduck/Potsdam/221 6-4/1984(H5N6)

AY221551 A/Chicken/HongKong/FY 150/01(H5N1)

— CY088716 A/avian/Japan/8KI0184/2008(H4N6)

99

JX081073 A/A gar ged teal/Alaska/44161-082/2006(H4N6)
GU727678 A/duck/Eastern China/909/2009(H5N1)

99, CY139168 A/American black duck/New Brunswick/00618/2010(H3N6)
’_”|__l®/138048 A/American black duck/New Brunswick/00464/2010(H4NS)

JX081061 A/American green-winged teal/Alaska/44419-209/2008(H3N6)
99 CY020856 A/mallard/Ohio/664/2002(HEN6)
30 CY 145666 A/ruddy turnstone/New Jersey/Sg-00551/2008(HENG)

CY 132896 A/American green-winged teal/lllinois/100S1551/2010(H4N6)
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F 68 KM496979 A/duck/Laos/XBY004/2014(H5N6) T
KM496967 A/chicken/Laos/LPQ001/2014(H5N6)
80L CY111608 A/duck/Shanghai/Y20/2006(H4N6)
KP286103 A/chicken/Dongguan/2690/2013(H5N6)
KP284991 A/chicken/Shenzhen/2396/2013(H5N6)
@ A/Guangzhou/39715/2014(H5N6)
KP285031 A/chicken/Dongguan/4259/2013(H5N6)
KJ754147 A/duck/Guangdong/GD01/2014(H5N6)
68 KP090449 A/duck/Jiangxi/NCDZT1126/2014(H5N6)
99 + KP090441 A/duck/Jiangxi/NCDZT1123/2014(H5N6)
100 HMB804474 A/swine/Guangdong/K6/2010(HEN6)
CY110408 A/duck/Shantou/17036/2006(HEN6)
CY110352 A/duck/Shantou/10143/2006(HEN6)
CY 110126 A/duck/Fujian/3242/2007(HEN6)
96 LC010698 A/duck/Vietnam/LBM360c1-4-1/2013(H5N6)
AB812559 A/duck/Vietnam/LBM185/2012(HEN6)
CY 146622 A/duck/Hunan/S1661/2012(HEN6)
KJ200919 A/duck/Zhejiang/S4204/2010(HENS)
KJ200775 A/duck/Guangdong/S3073/2010(HEN6)
KJ200887 A/duck/Hunan/S4273/2010(HEN6)
KJ200639 A/chicken/Guangdong/S1311/2010(HEN6)
KP286455 A/black chicken/Jiangxi/10129/2014(H5N6)
KP284983 A/chicken/Shenzhen/1845/2013(H5N6)
KJ938660 A/environment/Zhenjiang/C13/2013(H5N6) Eurasian lineage
KM251490 A/duck/Sichuan/NCXJ24/2014(H5N6)
KM251489 A/duck/Sichuan/NCXJ16/2014(H5N6)
KM251487 A/duck/Sichuan/NCJPL7/2014(H5N6)
W A/Sichuan/26221/2014 (H5N6)
EU429746 A/duck/Eastern China/166/2004(H4N6)
CY005488 A/Duck/Nanchang/4-165/2000(H4N6)
GU396875 A/wild duck/Taiwan/WB1162/2006(H4N6)
CY005449 A/Chicken/Nanchang/7-010/2000(H3N6)
100 ! CY005461 A/Pigeon/Nanchang/8-142/2000(H3N6)
EU880344 A/mallard/Yan chen/2005(H4N6)
CY005771 A/duck/Potsdam/2216-4/1984(H5N6)
KF695350 A/mallard/Sweden/40/2002(H5N6)
AB545604 A/duck/Vietnam/OIE-2454/2009(H4NG)
KF667709 A/mallard/Mongolia/2377/2011(H3N6)
GU595163 A/Muscovy duck/Fujian/FZ01/2008(HENE)
JN087014 A/environment/Korea/CSM3/2002(H3N6)
95 = CY 146550 A/duck/Hunan/S11090/2012(H4N6)
KJ161946 A/duck/Thailand/CU-11840T/2011(H4N6)
CY088715 A/avian/Japan/8KI0184/2008(H4N6)
JN244208 A/duck/Korea/A122/2010(H3N6)
77 = KF667718 A/lcommon shelduck/Mongolia/2026/2011(H4N6)
_|:JF965328 A/duck/Eastern China/10/2009(HEN6)
84 JN087282 A/duck/Korea/DY 106/2007(H3N6) ]

100 ~ CY020855 A/mallard/Ohio/664/2002(HEN6)
88 JX081115 A/A icang inged /44161-082/2006(H4N6)
CY 145665 Alruddy tumstonel_ New Jersey/Sg-00551/2008(HEN6)

77— JX081116 A/Americang g 4419-209/2008(H3N6) o
700] - CY132895 A/American green-winged teal/llinois/100S1551/2010(H4N6) North American lineage
CY042177 A/northern pintail/Minnesota/Sg-00196/2007 (HEN6)
98| ; CY138047 A/American black duck/New Brunswick/00464/2010(H4N)
98 * CY139167 A/American black duck/New Brunswick/00618/2010(H3N6)

64

NA (full length)

100

65/

= ©
=

100

0.05
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@ A/Guangzhou/39715/2014(H5N6)
KM496980 A/duck/Laos/XBY004/2014(H5N6)
KP286104 Alchicken/Dongguan/2690/2013(H5N6)
KP090450 A/duck/Jiangx/NCDZT1126/2014(H5N6)
KP090442 Alduck/Jiangxi/NCDZT1123/2014(H5N6)
KP284992 Alchicken/Shenzhen/2396/2013(H5N6)
02| |- KP285032 Alchicken/Dongguan/4259/2013(H5N6)
M KJ754148 Alduck/Guangdong/GD01/2014(H5N6)
KP285336 A/goose/Shantou/1806/2014(H5N6)
| ABS79506 Alduck/Vietnam/LBME38/2014(HEN 1)
99

AB979458 A/muscovy duck/Vietnam/LBM631/2014(H5N1)
+ CY146703 A/duck/Hunan/S4220/2011(H5N1)

— KP284984 A/chicken/Shenzhen/1845/2013(H5N6)

- KP286456 A/black chicken/Jiangxi/10129/2014(H5N6)
I KJ938661 Alenvironment/Zhenjiang/C13/2013(H5N6)
{I. A/Sichuan/26221/2014(H5N6)

KM496968 A/chicken/Laos/LPQ001/2014(H5N6)

98

KM251474 A/duck/Sichuan/NCJPL7/2014(H5N6)
KM251477 Alduck/Sichuan/NCXJ24/2014(H5N6)
o7 69 | KM251476 A/duck/Sichuan/NCXJ16/2014(H5N6)
—— LC010699 A/duck/Vietnam/LBM360c1-4-1/2013(H5N6)
JN646740 A/duck/Zhejiang/2248/2011(H5N1)
CY036248 A/grey heron/Hong Kong/1046/2008(H5N1)
ABS523762 A/ruddy shelduck/Mongolia/X42/2009(H5N1)
CY098817 Alenvironment/Guizhou/7/2009(H5N 1)
-FYOQ&BOQA/environmenthuizhouMlZOOQ(H5N1 )
CY098801 A/environment/Guizhou/2/2009(H5N1)
— HM172129 A/duck/Hunan/29/2006(H5N1)
— CY030541 Alchicken/Vietnam/NCVD-45/2007(H5N1)
HM172153 A/chicken/Shandong/A-1/2009(H5N1)
-F£U434687 AlJiangsu/1/2007(H5N1)
HM172150 A/chicken/Hunan/1/2009(H5N1)
— FJ784882 A/duck/Hunan/1994/2007(H5N1)
L EF124086 Alchicken/Guiyang/3721/2005(H5N1)
1] JX878686 A/duck/HuBei/03/2010(H5N5)
KJ476675 A/duck/Zhejiang/W24/2013(H5N8)
25 11 JQ973697 Alduck/Jiangsu/k1203/2010(H5N8)
KM504104 A/duck/Shandong/Q1/2013(H5N8)
CY091646 A/duck/Guangdong/wy24/2008(H5N5)
GU727672 Alduck/Eastern China/108/2008(H5N1)
GU727664 A/duck/Eastern China/031/2009(H5N5)
GU727680 A/duck/Eastern China/909/2009(H5N1)
JQ973681 A/quail/Jiangsu/k0104/2010(H5NS5)
JQ973673 A/goose/Shandong/k1204/2009(H5N5)
97 — JX534568 A/wild duck/Shandong/628/2011(H5N1)
JX507358 A/duck/Jiangsu/m234/2012(H5N2)
JQ041413 A/duck/Eastern China/1111/2011(H5N2)
KJ509023 A/Coot/Korea/H81/2014(H5N8)
KJ508935 A/Baikal teal/Korea/H41/2014(H5N8)

99 L KP739424 A/American green-winged teal/Washington/195750/2014(H5N1)
"LI DQ320969 A/duck/Hunan/139/2005(H5N1)
7

DQ320968 A/duck/Hunan/127/2005(H5N1)
GU186709 A/chicken/Yamaguchi/7/2004(H5N 1)
EF587280 A/Beijing/01/2003(H5N1)
DQ914817 Alchicken/Shanxi/2/2006(H5N1)
DQ835774 Alblackbird/Hunan/1/2004(H5N1)
HMO006762 A/Viet Nam/1203/2004(H5N 1)
DQ360841 A/Thailand/676/2005(H5N1)
EF124155 A/duck/Guiyang/3242/2005(H5N1)
EF124154 Alchicken/Guiyang/3055/2005(H5N1)
DQ320961 A/chicken/Guangxi/2461/2004(H5N1)
DQ320946 A/goose/Guangxi/914/2004(H5N1)
DQ36634 1 A/duck/Guangxi/13/2004(H5N1)
DQ366333 A/chicken/Guangxi/12/2004(H5N1)
AY575901 A/ICK/HK/YU777/02 (HSN1)
AY651407 A/ICK/HK/YU324/2003(H5N 1)
CY116649 A/indonesia/5/2005(H5N1)
CY014469 A/indonesia/CDC625L/2006(H5N1)
L— HM172130 A/chicken/Hunan/41/2004(H5N1)
HM172457 A/bar-headed goose/Qinghai/3/2005(H5N1)
AY221533 A/Chicken/HongKong/FY150/01(H5N1)
L— NC 007363 A/lgoose/Guangdong/1/1996(H5N 1)
CY005770 A/duck/Potsdam/2216-4/1984(H5N6)
CY005448 A/Chicken/Nanchang/7-010/2000(H3N6)
KC871488 A/mallard/Mongolia/2377/2011(H3N6)
CY146551 A/lduck/Hunan/S11090/2012(H4N6)
CY005487 A/Duck/Nanchang/4-165/2000(H4N6)
KC871504 A/lcommon shelduck/Mongolia/2026/2011(H4N6)
CY088714 A/avian/Japan/8KI0184/2008(H4N6)
GU396854 A/wild duck/Taiwan/WB1162/2006(H4N6)
CY 111609 A/duck/Shanghai/Y20/2006(H4N6)
JN087015 A/environment/Korea/CSM3/2002(H3N6)
EU880343 A/mallard/Yan chen/2005(H4N6)

79 JX081221 A/American green-winged teal/Alaska/44419-209/2008(H3N6)
94 CY 145664 A/ruddy turnstone/New Jersey/Sg-00551/2008(HEN6)
JX081183 A/American green-winged teal/Alaska/44161-082/2006(H4N6)
99 CY020854 A/mallard/Ohio/664/2002(HEN6)
CY 132894 A/American green-winged teal/lllinois/100S1551/2010(H4N6)
CY139166 A/American black duck/New Brunswick/00618/2010(H3N6)
99! CY138046 A/American black duck/New Brunswick/00464/2010(H4N6)
99 HMB804476 A/swine/Guangdong/K6/2010(HEN6)
- HMO050394 A/Muscovy duck/Fujian/FZ01/2008(HEN6)
ABB847432 Alduck/Vietnam/LBM83c-1/2012(H3N6)
ABB807764 A/duck/Vietnam/LBM6/2011(HEN6)
JF965233 A/duck/Eastern China/10/2009(HEN6)
CY 110409 A/duck/Shantou/17036/2006(HEN6)
AB812560 A/duck/Vietnam/LBM185/2012(HENG)
CY110353 A/duck/Shantou/10143/2006(H6N6)
KJ200918 A/duck/Zhejiang/S4204/2010(HEN6)
CY 146623 A/duck/Hunan/S1661/2012(HEN6)
KJ200774 A/duck/Guangdong/S3073/2010(HEN6)
KJ200886 A/duck/Hunan/S4273/2010(HEN6)
JX304771 A/duck/Guangxi/GXd-7/2011(HEN6)

92 65

1

99

99

— AF036358 A/HongKong/156/97(H5N1)

KJ200638 A/chicken/Guangdong/S1311/2010(HEN6)
99 GQ227393 Alpika/Qinghai/QW/2007(H5N1)

99

0.02
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KJ200921 A/duck/Zhejiang/S4204/2010(HEN6)
KJ200777 Alduck/Guangdong/S3073/2010(HENG)
JX304774 Alduck/Guangxi/GXd-7/2011(HENS)

CY110354 A/duck/Shantou/10143/2006(HEN6)
HMO050395 A/Muscovy duck/Fujian/FZ01/2008(HEN6)
JF965265 A/duck/Eastern China/10/2009(HEN6)
AB812561 A/duck/Vietnam/LBM185/2012(HEN6)
KJ200889 A/duck/Hunan/S4273/2010(HEN6)
CY146624 A/duck/Hunan/S1661/2012(HEN6)
HM804475 A/swine/Guangdong/K6/2010(HENG)

— AB807765 A/duck/Vietnam/LBM6/2011(HENE)

JN087284 A/duck/Korea/DY 106/2007(H3N6)
Er KJ200641 A/chicken/Guangdong/S1311/2010(HEN6)
AF036360 A/Hong Kong/156/97(H5N1)

CY145667 Alruddy y/Sg-00551/2008(HENG)
KP739425 A i 195750/2014(H5N1)
2 CY020657AImalIarlehloI664l2002(HGN6)
g0 1] CY139169 A black Brunswick/00618/2010(H3N6)
‘98 | CY138049 A/American black ick/00464/2010(HANG)

100 ; KJ509024 A/Coot/Korea/H81/2014(H5N8)
KJ508936 A/Baikal teal/Korea/H41/2014(H5N8)

o0 [ JQ041417 A/ducklEas(em China/111 1/201 1(H5N2)
g 11(H5N1)
100 = JX507359, Alduck/JlangsuIm234/201 2(H5N2)
I— CY146552 A/duck/Hunan/S11090/2012(H4N6)
— CY005490 A/Duck/Nanchang/4-165/2000(H4N6)
77| | €Y005450 A/Chicken/Nanchang/7-010/2000(H3N6)
LEU580346 A/mallard/Yan chen/2005(H4N6)

ABB847433 A/duck/Vietnam/LBM83c-1/2012(H3N6)
{ KJ476677 A/duck/Zhejiang/W24/2013(H5N8)

C

12

@

Y0887 17 AlavianiJapan/8KI0184/2008(H4N6)
087016 A 13N6)
CY111610NduddShanghan/Y20/2006(H4N6)
AY221560 A/Chicken/HongKong/FY 150/01(H5N1)
DQ321143 Algoose/Guangxi/914/2004(H5N1)
1h ¢ EF 124608 Alduck/Guiyang/3242/2005(H5N1)
00 [ 1 EF124607 Alchicken/Guiyang/3055/2005(H5N 1)
11| DQ321158 Alchicken/Guangxi/2461/2004(H5N 1)
DQ321144 Algoose/Guangxi/1097/2004(H5N1)
[rAY576376 AICKHKIYUT77/02 (HSN1)

>

HM172470 A/bar-head: i/3/2005(H5N1)
HM172303 A/ohlckeanunanlA 1/2004(H5N1)
LHM006763 A/NVietNam/1203/2004(H5N1)

DQ360842 A/Thailand/676/2005(H5N1)
EF587281 A/Beijing/01/2003(H5N1)
DQ914818 A/chicken/Shanxi/2/2006(H5N1)
GU186712 Alchicken/Yamaguchi/7/2004(H5N1)
AY651572 AICK/HK/YU324/2003(H5N 1)
CY 116650 A/indonesia/5/2005(H5N1)
CY014472 Alindonesia/CDC625L/2006(H5N1)
DQ366342 A/duck/Guangxi/13/2004(H5N1)
DQ366334 Alchicken/Guangxi/12/2004(H5N1)
CY098810 A/environment/Guizhou/4/2009(H5N1)
CY098802 A/environment/Guizhou/2/2009(H5N1)
CY030542 A/chicken/Vietnam/NCVD-45/2007(H5N 1)
HM172294 A/duck/Hunan/29/2006(H5N1)
GQ227395 A/pika/Qinghai/QW/2007(H5N1)
_{- CY098818 Alenvironment/Guizhou/7/2009(H5N 1)

CY098754 A/Hunan/2/2009(H5N 1)

AB523763A y i J9(H5N1)

CY036249 A/grey heron/Hong Kong/1046/2008(H5N1)

79 ¢ JN646747 A/duck/Zhejiang/2248/2011(H5N1)

LC010700 A/duck/Vietnam/LBM360c1-4-1/2013(H5SN6)

B A/Sichuan/26221/2014(H5N6)

o | § KM251504 A/duck/Sichuan/NCJPL7/2014(H5N6)

KM251507 A/duck/Sichuan/NCXJ24/2014(H5N6)

KM251506 A/duck/Sichuan/NCXJ16/2014(HSN6)

I72|lf KP286457 A/black chicken/Jiangxi/10129/2014(H5N6)

64, KP284985 A/chicken/Shenzhen/1845/2013(H5N6)

KJ938662 A/environment/Zhenjiang/C13/2013(H5N6)

CY146704 A/duck/Hunan/S4220/2011(H5N1)

AB979507 A/duck/Vietnam/LBM638/2014(H5N1)

AB979459 A/muscovy duck/Vietnam/LBM631/2014(H5N1)

KP286105 A/chicken/Dongguan/2690/2013(H5N6)

93 KP090451 A/duck/Jiangxi/NCDZT1126/2014(HS5N6)

KP090443 A/duck/Jiangxi/NCDZT1123/2014(H5N6)

KJ754149 A/duck/Guangdong/GD01/2014(H5N6)

@ A/Guangzhou/39715/2014(H5N6)

KP285337 Algoose/Shantou/1806/2014(H5N6)

KP285033 A/cmcken/Dongg uan/4259/2013(H5N6)

KP 396/2013(H5N6)

KM496981 A/duck/Laos/XBY004/2014(H5N6)

gat KM496969 A/chicken/Laos/LPQ001/2014(H5N6)

FJ784866 A/duck/Hunan/1994/2007(H5N1)

CY098599 A/Fujian/1/2005(H5N1)

DQ321171 A/duck/Hunan/166/2005(H5N1)

DQ321166 A/duck/Hunan/139/2005(H5N1)

DQ321165A/duck/Hunan/127/2005(H5N1)

CY098624 A/Zhejiang/1/2006(H5N1)

JX878687 A/duck/HuBei/03/2010(H5N5)

9 - KM504105 A/duck/Shandong/Q1/2013(H5N8)

"1 JQ973698 A/duck/Jiangsu/k1203/2010(H5N8)

CY091647 A/duck/Guangdong/wy24/2008(H5N5)

JQ973674 Algoose/Shandong/k1204/2009(HSN5)

GU727673 A/duck/Eastern China/108/2008(H5N 1)

JQ973682 A/quaillJiangsu/k0104/2010(HSNS)

GU727681 A/duck/Eastern China/909/2009(H5N1)

8! GU727665 A/duck/Eastern China/031/2009(H5N5)

EF 124539 Alchicken/Guiyang/3721/2005(H5N 1)

EU434690 A/Jiangsu/1/2007(H5N1)

I HM172283 A/chicken/Shandong/A-1/2009(H5N 1)

HM172268 Nchlcken/HunanH/ZOOS(HSN 1)

©o

20

'
@

@
3

79

65 i 4419-209/2008(H3N6)
CY132897 AlAmencangreen wmged (ealllllmo:sl1 00S1551/2010(H4N6)
JX080991A 4161-( 14N6)

100 GU396917 A/wild duckaarwanNVB1 162/2006(H4N6)
NC 007364 A/goose/Guangdong/1/1996(H5N1)
o9 CY005773 A/duck/Potsdam/2216-4/1984(H5N6)
96|  KC871505A ia/2026/2011(H4N6)
100 ! KC871489 A/mallard/Mongolia/2377/2011(H3N6)

Full phylogenetic trees of polymerase basic (PB2) (Technical Appendix Figure 1A),
PB1 (Technical Appendix Figure 1B), polymerase acidic (PA) (Technical Appendix
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Figure 1C), hemagglutinin (HA) (Technical Appendix Figure 1D), nucleoprotein (NP)
(Technical Appendix Figure 1E), neuraminidase (NA) (Technical Appendix Figure
1F), M (Technical Appendix Figure 1G), and nonstructural (NS) (Technical Appendix
Figure 1H) genes. Maximum-likelihood trees were constructed by using the general
time reversible + gama distribution + invariant sites (GTR + I" + I) model in MEGA
6.06 (http://www.megasoftware.net). Bootstrap values were calculated on 1,000
replicates; only values >60% are shown. A/Guangzhou/39715/2014 and
AJSichuan/26221/2014 are marked by a circle and a square, respectively. Scale bars

indicate nucleotide substitutions per site.
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