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Novel Highly Pathogenic Avian Influenza
A(H5N1) Clade 2.3.4.4b Virus in Wild Birds,
South Korea

Appendix 1

Additional Methods

Virus Detection and Isolation

A total of 3,490 wild waterfowl fecal samples were collected during September 8—
November 23, 2022. Only fresh fecal samples in wild bird habitats, including Gokgyo stream,
Anseong stream, and Miho River in South Korea, were collected for routine highly pathogenic
avian influenza A virus (HPAIV) surveillance. Those sites were selected because numerous
avian influenza viruses have been identified previously, including HSNx HPAIVs (3). The fecal
samples were resuspended in phosphate-buffered saline containing 400 mg/mL gentamycin and
then clarified by centrifugation (3,000 rpm for 10 min at 4°C). Supernatants were filtered
through a 0.45 um syringe filter and used to inoculate 10-day-old specific pathogen-free
embryonated chicken eggs for virus isolation. Harvested allantoic fluids were tested for
hemagglutinin (HA) activity. Total RNA was extracted from allantoic fluids positive for HA by
using the RNeasy mini kit (QIAGEN, https://www.qiagen.com) according to the manufacturer’s
instructions. RNA was tested for H5 and H7 subtypes and influenza A virus matrix protein gene
by real-time reverse transcription PCR as previously described (4). Influenza A—positive and H5-
positive samples were detected in 3 of 30 collection trips (Appendix 1 Table 1). Host species for
the viruses were identified by DNA barcoding the cytochrome ¢ oxidase subunit 1 gene as

previously described (5).

Whole-Genome Sequencing and Assembly
All 8 virus genes from each isolate were amplified by using the OneTaq 2x Master Mix

(New England BioLabs, https://www.neb.com) and universal primers as previously described
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(6). Next generation sequencing was performed on an iSeq100 instrument (Illumina,
https://www.illumina.com). Library preparation was performed by using the Illumina DNA
library prep kit. Whole genome sequences were assembled by using the Iterative Refinement
Meta-Assembler (https://wonder.cdc.gov/amd/flu/irma) module and an in-house shell script.
Assembly was visualized by using Geneious Prime software (https://www.geneious.com).
Assembled genomes were uploaded in the GISAID EpiFlu database (https://www.gisaid.org)
under accession nos. EPI 15943002, EPI 15943015, EPI 15944663, EPI 15944665,

EPI 15944667) (Appendix 1 Table 1)

Phylogenetic Inference

We conducted BLAST (https://blast.ncbi.nlm.nih.gov) searches in the GISAID Epiflu
database and retrieved the top 100 hits for comparative phylogenetic analysis. We also used
genome sequences of representative HPAI viruses that have been identified in Asia, Europe, and
North America since 2021. Complete coding regions were aligned by using MAFFT
(https://maftt.cbrc.jp/alignment/software). We generated maximume-likelihood trees of each gene
segment by using the RAXML program and general time-reversible plus gamma nucleotide
substitution model with 1,000 rapid bootstrap replicates (7) (Appendix 1 Figures 1-8). We
performed Bayesian relaxed-clock phylogenetic analysis of HA genes by using BEAST version
1.10.4 (https://beast.community) and applied an uncorrelated log-normal distribution relaxed-
clock method; the Hasegawa, Kishino, and Yano plus gamma nucleotide substitution model; and
Gaussian Markov random field Bayesian Skyride coalescent prior method (Appendix 1 Figure
9). A Markov chain Monte Carlo method (&) to sample trees and evolutionary parameters was
run for 50-100 million generations. Independent chains (>3) were combined for adequate
sampling of the posterior distribution of the trees. The output data were analyzed by using
TRACER vl.4 (https://beast.bio.ed.ac.uk/tracer) with 5% burn-in. A maximum clade credibility
tree was generated by using TreeAnnotator in BEAST and visualized with FigTree v1.4.2

(https://tree.bio.ed.ac.uk).
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Appendix 1 Table 1. Clade 2.3.4.4b H5N1 highly pathogenic avian influenza viruses isolated in this study.

Identification Subtype  Collection Date Host species* Collection location Latitude Longitude GISAID no.

A/Spot-billed_duck/Korea/K22-730-1/2022 H5N1 2022 Nov 17 Anas poecilorhyncha Asan-si, Gokgyo stream 36.79785 127.0072 EPI_15943002
A/Wild_bird/Korea/K22—-742/2022 H5N1 2022 Nov 07 NI Asan-si, Gokgyo stream 36.79785 127.0072 EPI_15943015
A/Spot-billed_duck/Korea/K22—-856—-2/2022 H5N1 2022 Nov 17 Anas poecilorhyncha  Anseong-si, Anseong stream 36.99126 127.2079 EPI_15944663
A/Spot-billed_duck/Korea/K22-862—-1/2022 H5N1 2022 Nov 17 Anas poecilorhyncha  Anseong-si, Anseong stream 36.99126 127.2079 EPI_15944665
A/Spot-billed _duck/Korea/K22-920/2022 H5N1 2022 Nov 21 Anas poecilorhyncha Cheongju-si, Miho River 36.65164 127.3781 EPI_15944667

*Host species were identified by DNA Barcoding of mitochondrial DNA. NI, not identified.

Appendix 1 Table 2. Amino acid substitutions in hemagglutinin and polymerase basic 2 proteins from clade 2.3.4.4b H5N1 highly pathogenic avian influenza viruses isolated in South
Korea, November 2022*

Hemagglutinint Polymerase basic protein 2%
Isolate D94N S123A 126  S133A  S154N T156A T188I V210I Q222L G224S L89V D256G Q591K E627K D701N
Genotype | S P E A D A T \ Q G \ D Q E D
Genotype Il S P E A D A T \% Q G \% D Q E D
Hunan/SE284 S P E A D A T Vv Q G Vv D Q E D

*Genotype | contained isolates K22-730-1, K22-742, K22-856-2, and K22-862-1 from South Korea. Genotype Il contained isolate K22-920 from South Korea. Hunan/SE284 was genotype G10 isolated
from China.

tHemagglutinin H5 subtype numbering was used. D94N, S123P, S133A, S154N, T156A, T188I, Q222L, and G224S mutations in hemagglutinin are associated with increased binding to human a-2,6 sialic
acid receptors.

1L89V and D256G mutations in PB2 are known to be associated with increased virulence in mice. Q591K, E627K, and D701N mutations in PB2 are associated with increased viral replication in mammals.

Appendix 1 Table 3 Amino acid substitutions in polymerase acidic, matrix, and nonstructural proteins from clade 2.3.4.4b H5N1 highly pathogenic avian influenza viruses isolated in
South Korea, November 2022*

PAt Matrix protein 1% Nonstructural protein§
Isolate A515T N30D 143M T215A P42S A80-84 L98F 1101M ESEV
Genotype | T D M A A AIASS | E ESEV
Genotype Il T D M A A AIASS | E ESEV
Hunan/SE284 T D M A S TIAPV M D ESEV

*Genotype | contained isolates K22-730-1, K22-742, K22-856-2, and K22—-862—-1 from South Korea. Genotype Il contained isolate K22—-920 from
South Korea. Hunan/SE284 was genotype G10 isolated from China. PA, polymerase acidic protein.

1A515T mutation in PA is known to be associated with avian influenza subtype H5 transmissibility in ferrets.

FN30D, 143M, and T215A mutations in matrix protein 1 are known to be associated with increased virulence in mice.

§P42S mutation, 80-84 deletion, and ESEV PDZ-binding motif mutations in nonstructural protein are known to be associated with increased
virulence in mice.
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Appendix 1 Figure 1. Maximum-likelihood phylogenetic tree of polymerase basic 2 gene segment from
avian influenza viruses. Bootstrap values >70% are shown. Highly pathogenic avian influenza virus
isolates K22—-862—1, K22—-856-2, K22-742, K22—730-1 from South Korea are indicated by solid red
circles, K22—920 from South Korea by solid red triangle, and genotype G10 isolates
A/Hunan/SE284/2022 and A/Jiangsu/NJ10/2023 from China by blue rectangles. Red vertical lines
indicate gene clusters mainly detected in Europe (a), Asia, including Bangladesh, Russia, and China (b),
North America (c), and East Asia, including Japan, China, Vietnam, and Cambodia (d). Scale bar

indicates nucleotide substitutions per site.

Page 5 of 13



AMustela putorius/Belgium/01421 nnm/znzapnzs 02 nswnswupm
EA/dumesm duck/England/104859/2022(2022-08-05|AHSN

Afmute s ]
i i

P

AfPelecanus conspicillatus/Belgiurm/12905-0001/2022/2022- K DB|A/H5NI|PE1

AfAnser 14804 0002/2022/2022-12-

774 AlGypaetus barbatus(Spanl 18788 22VIRE312 1820222022-05. 1 1/AHEN1 P81
AfFalco peregrinus/Spain/1932-1 22VIRB31245/2022/2022-05-1BJA/HEN1|PE1

|- A/lHawaiian goose/Italy/22VIR8126-7/2022|2022-08-23)AMHSEN1IPB1

50 [ Afturkey\Wales/132240/202212022-10- 16| AHEN 11PB 1
r E- 1 4JATHS| NH B1
"AJcommon 122650/ 02 [
long-tailed 02-01| THEN1PB 1
L CL 22VIR3126- 03-12IATHEN1PB1

|PE
Afmute swan/Nethes dzndsl210391924301liﬂ2||2021 11-20]A/H5N1|PB1
AfAnser albifrons/Belgium/15465 0010/2021|2021-11-21|A/HEN1|PB1
Afcommon buzzard/Denmark/24271-1 02/2021-10-25/2021-10-25|A/HEN 1|PB1
AMute swan/Wales/058560/2022|2022-04-10|A/H5N1|PB 1
|- ArstorkiLithuania4371PG1 22VIR7255-3/2022(2022-04-18|A/H5N1IPB1
Afswan/Spain/4087-1 22VIR2142-1/2021|2021-12-22)A/H5N1|PB1
E/ch\:ken/czsch Republic/23588-4/2021|2021-11-29|A/H5N1|PB1
of

i:/lurkey/\s!aeVSM/ZUZHZUﬂ -10-29]A/HEN1

AiTEQYpYIRLOP- 7295/ 020202006 1 TIASN1 P81
Afpheasart/italy/21VIR11162/2021[2021-12-13/A/H5N1|PB1
Afturkey/Nethertands/21040980-001005/20212021-12-20|AHSN1IPB1
9 | Afchicken/Tyumen/27-40V/2021|2021-10-06|AHEN1|PB1
Afturkey/italy/21vIR10810-1/2021]2021-12-07|A/HSN1|PB1

Alduck/Bangladest/51600/2021[2021-12-19|AMHSN1IPB1
W A/liangsu/NJ210/2023[2023-02- 10JAVHEN 1IPB1
‘AfduckiKorea/H493/2022]2022-10- 17|AMH5N1|PB1

21VIR! 112021-12-09)AHEN |
100 » A/duck/Bangladesh/19D1818/2021[2021-12-22A/H5N1PB1
284/2022/2022-01-

9
AJE20 red fox/Hoklaidof 1/202212022-03 31AHEN 1 [PB 1
AfcrowHokkaido/0102F 043/2022/2022-02-07|A/H5N1PB1
[P AvemuHokkaidolA- 2202212022.04- 16AIHEN1IPB1
— /2-037270-002 11-14]A/H5N1|PB1
A/chlckenl!o‘mlzl -012510-002-0riginal/ 2022|2022-04-25|A/H5N1|PB1
100 Afnoithern shoveler BC/ANVPHL 247/2022/022.08- 12AHSN 1IPBT

Afchicken/O 5N1IPB1
- Asperegrine falcnnlEClANPHL wwznmznzz 05- Z||A/H5N1|FBI
/2. -03-11|A/H5N1|PB1

5

.02 PB

Alchicken/NigeriaVRD21-108 21VIR2370-425/202112021-03-01|A/HSN1PB 1

AfAnas platyrhynchos/South KorealJB31-96/201912019-11-19)A/H1INSPB1

A(dur:k/Bang\adesh/17D|589/2D21|2021 -01- ID\A/HBNHPEH

Adwild 11-

‘AICygnus Columbianus/Hubei/121/202112021-12- ZU]A/H5N1|FBI

Afduck/Bangladesh/18D1811/20222022-01- 10|AMHEN3IPB1

56 1— A/Mallard/South Korea/KNU2021-17/20212021-02-15/A/H3N8IPB1
742/2021|2021-09- N1IPE

‘A/GacwallBuryatia2221/2019(2018-10- 1 AHBNIIPB 1

100 A/Common TealSouth Korea/KNU2021-29/2021|2021-02-17|AHENAIPB1

AMallard/South Kcrea/KNU?l]ﬂ -23/2021[2021-02-17)ATHBN4IPB1

-07-28|A/H3N2|PB1
Almalard/Anhu/3- S|7/2u19[7|]19 11- »BWHENHPE\

1ATHEN 11PB1
Alspotbiled oSt Kuea/JBWSAIZUtBIZUiQDMs[AIHANS\F'E\
2/2021[2021-0
5 A/Spm billed duck/South Kurea/KNumm wslmuznzwz 04|AHTNPE1

oreal B21-
Afduck/Hunan/S40304/2018(2018-11- ‘!SIA/HENHPBT
AfAnas platyrhynchos/Belgium/204 0003/2020|2020-09- 19 AHANG|PB1
Afmallany/Dagestan/1051/2018[2018-01-23)AHN3PB1

i i 20182018-10-01) |

2018[2018-08-08) |
18D1612/2021]2021-03-01}

llard/Ormsk region/ds/: 08-29/A/HH5N2IPB1
05 Alcommon teal/Chany Lake/213/2020[2020-08-28/ATH5N2IPE 1
Algreat black-headed gull/Ningxia/2/2018[2018-10-23|A/H16N3IPB1
AJduck/Hubei/ZY SYG3/20152015- 1-21|AHEN2|PB1
Afteal/EgyptMB-D-6980P/2016{2016.03-1 7JAHTNIPE1
Ainothem shovelerEypt/MB-0-850/20152016.03 |7\AIH7N3|PB!

100
1 A/pigeon/Jiangxi/S40784/2021|2021-12-08|A/H5N1|PB 1

Too - A/chicken/AnhuifS1740/2022/2022-03-D3AHEN1|PB1
51 @ A/Spot-illed duck/Korea/<22.662-1/202212022-11-1TIATHSN1PB1
22.856. 11-17JAMHEN1PB1
A/Spul Chiod koAl a2 T30-120202020 1 11 TATHEN1IPB1
a71@ AMWid birdiKorea/K22-742/2022(2022-11-0TAHSN1[PB
A/Mallardlsuuth Korea/KNU2019- zu/zms\zma 03 DCﬂA/HSNHPEW
Afbear
A/chicken A hanHUF/20 4]2014-12.0 |ASN2IPET
Afduck/Shimane/321101/2015/2015-11-01|A/H3N8IPB1
V22015 HING201e- 1205 IPE1
13-124

Afcommon }
el vatoronNorhem- Tem(myﬂ5—| 13347/2015|zm&|2 1AM INZIPB1

00, ‘Afduck/Tottorif311018/2015|2015-10-01| AH3NEIPB1

Afmallan/KoreaWAS3/2014[2014-11-20/A/H1ON7|PB1
Afwild bird/Korea/H2542/2015|2015-04-06|A/H10N7|PB1
™ Alduck/ Zhejiang/5D1020132013-12-14A/HINGIPB
Afmigratory duck/Jiangxi/31577/2013|2013-12-08|A/H10N5|PB1
AfAnser fabalis/China/Anhui/S 104/2014[2014-12-22|A/HBN2IPB1
AAnserifomes/AnhuifS107/20142014-12-22AMHINTPE1
gl A/Bean Goose/Hubei/chenhu VI38/2015|2015-02-05|AHIN1IPB1
[ JicickenVienamU 4] LEH/7021|2D72||] 12- UHA/HSNB]PB!

AID. 1931-8/2021[2021-0
‘“”"I__ 021|2021-11-14], IPB1

10

\"m 202212022-02- zzwnmupm
021[2021-12-01), I
i A/Hangznuu/uvzuzuzuﬂ 122JAHSNGPE
115012021|2021-12- 1PB1
Afduck/Guizhou/S4T02/202112021-12-02AHENEPB1
AfduckfY innan/54318/2021[2021-11-02]ATHENEIPB1
12021-12-

2021 !
9 A/ch<cken/M|mgan/22 0322'\3—001 nngrna!ﬂmiuﬂiz 10 \0|A/H5N1|PBW
'_E 1AHSN1PB1
Afchicken/ 036544-00: -11-11JA/HSN1IPB1

Tool 2-034666-001- 10-27|A/HEN1IPB1

indicates nucleotide substitutions per site.

Page 6 of 13

Appendix 1 Figure 2. Maximum-likelihood phylogenetic tree of polymerase basic 1 protein gene segment
from avian influenza viruses. Bootstrap values >70% are shown. Highly pathogenic avian influenza virus
isolates K22—-862-1, K22—-856—2, K22—-742, K22—730-1 from South Korea are indicated by solid red
circles, K22—-920 from South Korea by solid red triangle, and genotype G10 isolates
A/Hunan/SE284/2022 and A/Jiangsu/NJ10/2023 from China by blue rectangles. Red vertical lines
indicate gene clusters mainly detected in Europe (a), Asia, including Bangladesh, Russia, and China (b),

North America (c), and East Asia, including Japan, China, Vietnam, and Cambodia (d). Scale bar
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Appendix 1 Figure 3. Maximum-likelihood phylogenetic tree of polymerase acidic protein gene segment
from avian influenza viruses. Bootstrap values >70% are shown. Highly pathogenic avian influenza virus
isolates K22—-862—-1, K22—-856—2, K22—-742, K22—730-1 from South Korea are indicated by solid red
circles, K22-920 from South Korea by solid red triangle, and genotype G10 isolates
A/Hunan/SE284/2022 and A/Jiangsu/NJ10/2023 from China by blue rectangles. Red vertical lines
indicate gene clusters mainly detected in Europe (a), Asia, including Bangladesh, Russia, and China (b),
North America (c), and East Asia, including Japan, China, Vietnam, and Cambodia (d). Scale bar

indicates nucleotide substitutions per site.
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Appendix 1 Figure 4. Maximum-likelihood phylogenetic tree of hemagglutinin gene segment from avian
influenza viruses. Bootstrap values >70% are shown. Highly pathogenic avian influenza virus isolates
K22-862-1, K22—-856—-2, K22—-742, K22—730-1 from South Korea are indicated by solid red circles, K22—
920 from South Korea by solid red triangle, and genotype G10 isolates A/Hunan/SE284/2022 and
A/Jiangsu/NJ10/2023 from China by blue rectangles. Red vertical lines indicate gene clusters mainly
detected in Europe (a), Asia, including Bangladesh, Russia, and China (b), North America (c), and East
Asia, including Japan, China, Vietnam, and Cambodia (d). Scale bar indicates nucleotide substitutions

per site.
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ELAM\H duck/Kom/H333/2020/2020-1-1 TIAMHTNBINP
Almallard!South Korea/34X-3/2021]2021-01-27| AH INTINP
— Alduck/CambodiaffiPP Oreu24103 Cf202012021-08-18| AHSNE|NP
AfAnser fabalis/ChinaD368/202012020-10-01|A/H1ON1 NP
b= Afducki ongoliat26/2019[2019-08- 20/AH5NINP
A/Malland/South KorealKNU2021-17/2021]2021-02- 15)A/HING|NP
L Alduck/Totto/31121 52020120201 2-15JUHSNINE
1701736/2021]2021-08-19)AHINI| NP
AlduckiBangiadesh/1801611/2021[2021-03-01ATHZNOINP
Almeliard’Y akutia/47/2020{2020-08-13 A/HTNTINP
ENGnoseleeat'HTiTDBQI\?DH.DMSWHSNBINP
Al

duckiMongalialB67/2016]2018-00-1 TIAHINGINP
ARG B RTUTGTUS33 20207020052 HSNENS
region/74e/

AMallaSouth KnrealKNU?mQéIlID!QI)DIQ 1EL|1|MH5N3\N
AlSpot-billed Duck/Russia Primoge/262/20192018-10-21JAHSN3INP
1 P

AfCommon TealAmur region/] 1/2019(2018-08-D1JAHSN3|NP
E:Ateuraswan coot/Shandong/\V4446/2020{2020-1 I—ZQ\NHWN‘IINP
Alowan/Shandong/VW3815/2020/2020-11-23|A/H 10NSINP

llardiRussia Primorjel 181 T72020/2020-10-
AMId duckiSouth l(olealKNUZMELSIDDZO\IDIMKDQWH|N1|NP
Alduck/Bangladesh/S0190/20212021-10-16JHANBINP
Je= Advald birc /Shandong/t 1706/2019]2018-12-15|ATHENZINP
[ ANorthem PintaillRussia Primoyes208/20192019-10-27|A/H3NE|NP
Emrmuam:smn KorealJB21-58/2019]2018-03-29)A/HSN3NP

AlGUCKViEinam O3S 20161201612 3uwm m:w

Al 1.01-
AlGreylag Goose/South Korea.rmwznznmzw: 15AMHBNZINP
013 10- AAHIZNSINP
» AftuckBangladeshi1BD181 1/2022)2022-01-10AHSN3INP
= A A/Spotbiled duck/Kureali22.920/202212022-11- 21AHSN1INP

| AISpot.billed ducks South IKorea/KNU2020-105/2020/2020-10-121AHINZINP

L AsduckiMongoliad19/2019]2019.08- 1JA/HSN3INP
2P

— A/duck!

Alchicken/Tennessee/22-036544-002 onginal 202212022-11-1 |AHSH 1INP
29J& Ajchicken/Virginia/22-033680-002- onginali20222022-10-21|AHSN1INP
‘Alehicken/Michigan22:032218-001-0rginal 202212022 10-10JA/HNI 9
AlturkeyMinnesota/22-034666.001- onginall2022(2022-10-2TAHSN NP c

Alchicken/Oregon/22-030743- DIIHmmnaVTD?Z'JIIZZ’-CIB-EBWHENIINP
22037270002 022.11. MWHSNHNP
erer 012510.002. 022/2022-04-25| AHSN N
I— Nuarsgnna felcon/BO/AN PHL- 14002022/2022-05-21 ATHSN1INP

Appendix 1 Figure 5. Maximume-likelihood phylogenetic tree of nucleoprotein gene segment from avian
influenza viruses. Bootstrap values >70% are shown. Highly pathogenic avian influenza virus isolates
K22-862-1, K22—-856—-2, K22—-742, K22—-730-1 from South Korea are indicated by solid red circles, K22—
920 from South Korea by solid red triangle, and genotype G10 isolates A/[Hunan/SE284/2022 and
AlJiangsu/NJ10/2023 from China by blue rectangles. Red vertical lines indicate gene clusters mainly
detected in Europe (a), Asia, including Bangladesh, Russia, and China (b), North America (c), and East
Asia, including Japan, China, Vietnam, and Cambodia (d). Scale bar indicates nucleotide substitutions

per site.
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[ A/Gypastus barbatus/Spain/ 18789 22VIRE312.18/202212022-05. 1ATHSN VP
AfFalco peregrinus/Spain/1932-1 22VIR6312-45/2022|2022-05-18| A/HSN1|MP
[ Acommon buzzard/England/122650/202312023 02 23 AHSN1IMP

851 Alchicken/Scotland/026217/2023|12023-02- 14| A/HSN1|MP

AlAnser 14804 0002/2022{2022-12- 18| A/HSN1|MP
I— Alchicken/England/138249/2022|2022-10-20| AHSNIMP
Almute swan/England/335696/2022|2022-12- 13| A/HEN 1|MP
AlMustela putorius/Belgium/01421 0001/2023|2023-02-09| ATHSN1IMP
A/!ong tailed skua/ScoUmd/2212022k2022 02-01|A/HSN1|MP
duck/Engand/104859/20222022-08-05|A/H5N1|MP
Alpelican/Greece/69 CL 22VIR3126-10/2022{2022-03-12| A/HSN1|MP
AlPelecanus conspic 12905-0001/2022|2022-11-08| A/HEN 1|MP
IA/Hawauan goose/Italy/22VIR9126- 7/2022[2022 09-23|A/H5N1TIMP
AlduckiSaratov/29-08V/2021/2021-09-30|A/HSN1|MP
b Asturkey/Wales/132240/2022|2022-10-18| A/HSN1|MP
AlduckiKorealH: 2022I2022-10-17\A/H5N1|MP
AICygnus ¢ ubeif121/2021)2021-12-20| AIHSN M
f—————— A A/Spot-billed duck/KorealK22-920/2022|12022-11-. 21INH5N1\MP
|—— @ £/Spot-billed duck/K orea/k22-730-1/202202022-11-17|AHSN1|MP
AWiIld bird/K oreaflK22-742/20222022-11-07|A/HSN1|MP
@ A/Spot-billed duck/KorealK22-856-2/2022|2022-11-17| A/HSN 1MP
@ A/Spot-billed duck/Korea/K22-862-1/2022|2022-11-17| AIHEN 1|MP. b
Hunan/SE 284/2022|2022-01-f 05|NH5NHMF'

W Alg
A/duck/Bmg!adeﬁh/1§3181712021|2021 ‘\2 22]A/H§\H[
MN210120232023 02 10JAHSN1IMP
Ald 19D1874/202212022-03-09ATHSN1|MP

‘AJouckiBangladesh/19D1819/202112021.12.22/ATHSNTIMP
Alduck/Bangiadesh/51601/20212021-12-19AHSN1|MP
Alduck/Bangladesh/19D1818/2021|2021-12-22|A/H5N1|MP
[—— Alturkey/Poland/H1913-T1/2021|2021-11-02|A/H5N1|MP
e Afturkcey/ taly/21VIR 10810-1/2021]2021-12-07| A/HSN1|MP
Afturkey/Netherlands/21040080-001005/2021[2021- 12- 20| A/HSN1|MP

Alegret/France/21P013418/2021|12021-12-03| A/H5N1MP
Alturkey/lsrael/564/202112021-10-29|ATHSN1|MP
AiMute syanWaes/056560/ 20722022 04 T0IAHSN NP

AIPh: 1734 0002/2022|2022-02- 02| A/HSN1|MP
A/pheasam/llay/QW\Rﬂ162/2021\2021 12-13/AH5N1MP
Alswan/Spain/4087-1 22VIR2142-1/2021|2021-12-22| AIHSN1|MP
Alturkey/Italy/21VIR 11887-3/2021|2021-12-29| AIHSN1|MP
Alturkey/Italy/21VIR9768-8/2021|2021-11-17| A/HSN1|MP
Allaying hen/ltaly/21VIR11167/2021]2021-12-13| A/HSN1|MP
Aflaying hen/ltaly/22VIR1521-2/2022|2022-02- 14| A/HSN1|MP.
Alibis/E gypt/RLQP-2295/2022|2022-06-17| AIHSN 1|MP
Afgoose/Italy/22VIR1520/2022|2022-02- 14| A/H5N1|MP
b AfstorkiLithuania’d371PG1 22VIR7255-3/2022/2022-04-19|A/HSN1|MP
L Ajwhite Stork/Poland/MB391/2021|2021-04-20|A/H5N1|MP
— Alchicken/Ps 22-012092-010-0riginal/2022(2022-04-19|A/HSN1|MP
034666-001-original/2022|2022-10-27| AHSN 1|MP
Alperegine deOn/BC/AWPHL 140/2022\2022 O&Z‘HAIH5N1|MP
e A/QuUinea 022-04-11|A/H5N1|MP
/ 22 03221&001 original/202212022-10-10|A/HSN1|MP
Alchicken/Te 22-036544-002-0riginal/ 2022|2022 11-11] A/HEN 1|MP

—|— Afbald eagle/South Carolina/W22-205/20222022-03-01|A/HSN1|MP

Alchicken/Virginia/22-033680-002-original/2022(2022-10-21| A/HSN1|MP
[—— Afturkey/Montana/22.028579.001-original/2022/2022-08- 13 AHSNAIMP
— 2-010122-002-0riginal/2022|2022-04-04| A/HSN 1|MP
- 22-009190-001-0riginali202212022-03-24|AHSN1IMP
22-009845-004-origina/2022/2022-03-31|A/HSN1|MP
Alchicken/Maryland/22-007273-002-original/2022| 2022-03-08| A/HSN1|MP
= A/turkey/South Dakota/22-010013-001-original/2022|2022-04-02| A/HSN1|MP

Alchicken/Maine/22-007582-001-original/2022/2022-03-11]A/HSN 1|MP

ona/22-037270-002- 1/2022]2022-11-14| A/HSN1IMP

[—— Algoose/Maine/22-010181-002-original/2022]2022-04- 04| ATHSN 1|MP

& A/American wigeon/South Carolina/AH0195145/2021[2021-12-30| AIHSN1|MP

|—— Afnorthem shoveler/BC/AIVPHL-247/2022/2022-09- 12| AHSN1MP

[—— Alchickenflowa/22-012510-002-originl/ 2022(2022-04-25|A/H5N1|MP

L Aschicken/Oregon/22-030743-001-originl/ 2022]2022-09- 28| ATHSN1IMP
011981/2022]2022-02-02|A/HSN1|MP

— A/duck/Y unnan/S4318/202112021-11-02AMHSNEIMP

Afduck/Cambodialf1PPOreu241D3 C/2020|2021-09-16| AIHSNSIMP

AIGoose/Sichuan/21765-8/202112021-06-01| AIHSNGIMP

[————— Alduck/Korea/H524/2020|2020-12-24| AIHSNSIMP

|—— A/Duck/Shandong/21931-8/20212021-07-01| A/HSNEIMP

[ A/G00se/Liacning/21640/2021|2021-06-01| AHSNE|MP

AlG
Alchicken/Korea/H001/2021|2021-01-01| A/HSNS|MP
—|_|_7 Afchicken/Vietnam/HU14-LB11/2021/2021-12-01| AHSNSIMP

A/Environment/Hangzhou/E 1150/2021|2021-12- 23| A/HSNEIMP
A/Whooper swan/Sanmenxia/G2/20202020-11-04|A/HSNS|MP
[ AfdUCK/GUIZN 0U/S4702/2021|12021-12-02|A/HSNEIMP
[ Alduck/Hunan/S40268/2021|2021-12-01|A/H5NSIMP
Alt 1/2021]2021-12-22| A/HSNG|MP

A/goose/@uangaon9/54751/2021\2021 12-08 A/HSNBIMP

1f/2021|2021-09- 19| A/H5}
—AIduckIChlbe/C1T/2021|2021 01- QQA/HSNB\M

Alc T/202112021-11-14 A/HSNEIMP
| A/shemucwxa\myklamsmwzazuzom 11-08|A/H5NS|MP
% Afsea eagle/Norway/2022-07-196 22VIR3866-1/2022|2022-03-25 A/HSNSIMP
[—— A/hawk/Romania/10363 21VIR2593-11/2021]2021-01-22|A/H5NSIMP
|—— A/Eagle owl/EstonialTA2122239 21VIR10433-10/2021|2021-09- 19| ATHSNEIMP
| Alehicken/Anhui/S1740/2022[2022-03 03I AIHSN1IMP

1 Afpigeon/Jiangxi/S40784/2021]2021-12-08JA/HSN1|MP
Afnorthern goshawk/Sweden/SVA2 103245 Z0479/KN000627/202112021-02- 22| AIHSNSIMP
|—— A/domestic goose/Germany-SH/AI02100/2021|2021-03-04|AHSNSIMP

Atur NIfAI02674/2021|2021-03- 14| AHSNS|MP
— A/GooselSweden/SVAﬂOS’\ 1SZ0003/KN0001570-1P14/2021]2021-03- 10| A/HSNSMP

A/duck/Guizhou/S 1321/2022|2022-02-22| AlHSN1|MP
Ajwild duck/Omsk/01111/2020|2020-08-17]A/HSNSIMP
Algreater canada goose/Netherlands/20017403-003/2020|2020-11-07|A/HSNS|MP

Albamacle 1022039-002/2021[2021-01- 19| A/HSNS|MP

A/Common den/SVA2102245Z0005/KN000542-1P8/2021|2021-02-24| AHSNSIMP

Alchicken/Russian Federation/Omsk/1680-10/2020]2020-10-02| AIHSNS|MP
Alduck/Poland/H542 21RS 1385-2/2021|2021-04-09| A/HSNSIMP
Afduck/ltaly/21VIR1293-15/2021|2021-02- 23| A/HSNSIMP
% Alchicken/Germany-NI/Al00887/2021|2021-01-22| AlHSNS|MP

Afturkey/Germany-NI/AI03654/202012020-12-29|A/HSNS|MP
A/ch\cken/KosovolSQ 21VIR5162-1/2021]12021-05-19| A/HSNS|MP

Appendix 1 Figure 6. Maximume-likelihood phylogenetic tree of neuraminidase gene segment from avian
influenza viruses. Bootstrap values >70% are shown. Highly pathogenic avian influenza virus isolates
K22-862-1, K22—-856-2, K22—-742, K22—-730-1 from South Korea are indicated by solid red circles, K22—
920 from South Korea by solid red triangle, and genotype G10 isolates A/[Hunan/SE284/2022 and

AlJiangsu/NJ10/2023 from China by blue rectangles. Red vertical lines indicate gene clusters mainly

detected in Europe (a), Asia, including Bangladesh, Russia, and China (b), North America (c), and East

Asia, including Japan, China, Vietnam, and Cambodia (d). Scale bar indicates nucleotide substitutions
per site.
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Afcomman 23|AHSNI NS
AHawaiian 2VIR91 26- } 1 I
11
J I

10184 !
Agreylag goose/Netherlands/21038037-001/2021 [2021-11.01 JAHSN1INS
Adwhite-fronted goose/lreland/033181 22VIR1325-8/20212021-11-15|AVHSNIINS
Afbamacle goose/Netherlands21041450-001/20212021-12-27JAHSNINS
Alduck/Saratov2s-11V/20212021.08-3DAINT NS

Algrey 12021-11- 15 I
122:02- 14| !
Nhean 11152097 1-11-05|A/HSN |
AlSon 1
AEutabion wigean/taly/21VIRBa1G: 3&021 |2(m 1028|AHSN1INS

R1118272021
Afswan/Spain/4087-1 22VIR2142- wmuzum 12: nwusmws

W A/Jiang swNJ210/2023[2023-02- 10JA/HEN1 NS

W AlgoosefHunan/SE284/202212022-01-05|AHEN1INS
of M@ duckiKorea/H4831202212022-10-17AHENTINS b

W 12021-12-22) I
‘Alduck/Bangladesh/S 1801720212021 12-19JAHENTINS

[2022-03-09JAHSN|

Astork/Lithuania/4371P G1 Z2'\/\R7255-3/2D72\2072-06-191A/H5N1 INS

= Adturkey/Htaly/21VIR10810-1/2021 [2021-12-07 |AHS!

AfFalcop 1932-1 22v<msm24s/znzzmzz 05- |BWH§NHNS
1878-9 22VIRB312:

[A/Mule swan/Wa\Es:UEBSGUQO??!?O’H 04-10|A/HSN1|NS

Anurkeynsvaemamnmm i zewnsmms
Alpelican/Greece/59 CL 22VIR3126- 1020222022.03-1 2)HSNIINS
|- Aflong-tailed skuafScotland/22120222022-02-01 |AVHSNT NS
AveickenEnglad SUSZIZE D AN NS

2 INS
d 5IAMENINS
1290 -11-08 I
AfAnser 14804 1
1220/AHENT NS
2.034855.001 12210-27|AHENIINS
r ke 01 b
001 02-1|A/HSN1 NS
o A IaconBC/ANPHLT 0521|AHSNIINS
251A wsmws C

[ narte shme\ellEClN\/PHLzﬂfZU?me 00-12JANIINS
Alchicken/Oregon/22.020743-001-original/2022[2022.09- 2BAHSN1 NS
038544002 T1-11jATHENT|

80.00: 1120222022-10-
L N:h\:ken/Englandm 1981/2022[2022-02-02|A/H5N1 \NS
rA/nuck/Mnscnw/sﬂ2Uf20|9y2013|0 21|AMH1 1§
AIdm:k/Cambnd\al!?T 24-1-D17/2018/2018-03- 22|A/H7N4|NS
ki

ild h\mIChma/YB/ZO‘IB)ZO‘&WD -31|A/HAN2INS
afKNU2(

r Alduck/Cambodia/lIPPOreu241D3 C2020[2021-06-16/AHSNBINS
Afwi

i7N7INS
AMWhite-fronted quuse/swm Kurea/KNLQD193972019l201903 1GIAHINTNS
1

1
_'A/sea eagleMNoway/2022.07-196 22VIR3866-120222022-03 35 AENSINS
A/she\duclea\myk\aImM 1/2021[2021-11-08 JAVHSNS|NS
Alduc 224 |

S L= AlCygnus 121720210211 I

0: 1 -12-23|A/HSNG|
L-A/th::ken/\/lemam/HUH»LBI 1/2021[2021-12-01 JA/HSNBINS
L

112021-12:02 |4
AHangzhou/D17202112021-12-22)AH5NBINS
Afduck/Hunan/S40288/2021[2021-12-01|AHSNBINS d

87 720212021-01-01) |
81 A, 1931-8/2021[2021-07-
Al 2021/2021-11- MjA/HSW\NS
L w Alpigeoniliangxi/S40784/2021 2021-12-08|AHEN1INS
b Alchicken/Anhui/S1740/202212022-03-03|A/HENT NS
A/duck/Banglad!shBﬁ?ESf)mgm!S 02-18|AVH11N3|NS
Y

|AHSNG]

A/Guangdong/ Q7202 112021.06- wWHs News
IS

op. 1A
ENAnas slayrynchos Belgun/ 1100 a;zozomzu 0BQIAMININS

AfBlack-winged curlew/Chi e

- Afwhaoper swan/Shanxi/SX1262020/2020-11- mwwmms

Nauck/aanglaaesh/wsm742fm1 [2021-09-01A/HEN1INS
Ya TBJAHINTINS

B A/Spot. biled duckIKorca/i22.952-1/2020202-11-1TJAHSNINS

B A/Spot-tilled duck/Korea/K22-856-212022[2022-11-17JAHENTNS

® A/Wild bird/Korea/K22-74212022[2022-11-07| AHHSN 1 NS

© A/Spolbiled duckforeal 22-130-12020022- H T7IARGNINS

A A'Spot-billed

zzmzma ] I

ABean - 112021-02-17),
|- A/Bar-headed Goose/Qinghai/Q11/2020[2020-08-24A/H5 NS
.

[ [ !

| A/Gadwall/Bury alia2252/201912018-10-1 3AH12NEINS

| AWild duck/South Korea/kKNU2020-31/2020[2020-03-0|A/HINT|NS

o5 | AMWild Bird/South Korea/KNU2020-77/2020[2020-10-05 A/H3NBINS

(=} Acommon teal/ShanghailJDS11020320192018-11-02/AH12NBINS
Alenvitonment/FujanEVD 1 20202020.01-14JAH1 1 wams

Afblack-tailed

7
rA/envvmnmen(/BangladeshMZDWlZO!S\?D‘lg 1207|A/H7N7|NS
AfTaiga bean KorealJB36:

- A/Spo.billed Duck/Russia annqenezrzwmw 10-21|AHSNINS
E;IMaI\ard/Snulh Korea/kKNU2021-1/202112021-01-D4JA/HANBINS

AfNorthern KorealkKNU2021 01-26)AH11NGINS
Anorthern BNBIN
Algreylag gooseceland/09617201112011-11- mwmmNs
h Regublic 0JA/HT INGINS
(A/duck/Bangladesh39397/201912018-03-27|AHION3NS
Kore a/KNU2019-517201 101107

I
| AtWhite-fronted 21 02.

|- Atwild bird /Shandong/11706/20192018-12-1S|AHIN2INS
Ndutk/ﬁang\adesh/l 7D1810/2021[2021-12-05|AVH3N3|NS

B TSN

Appendix 1 Figure 7. Maximum-likelihood phylogenetic tree of matrix protein gene segment from avian
influenza viruses. Bootstrap values >70% are shown. Highly pathogenic avian influenza virus isolates
K22-862-1, K22-856-2, K22-742, K22—730-1 from South Korea are indicated by solid red circles, K22—
920 from South Korea by solid red triangle, and genotype G10 isolates A/Hunan/SE284/2022 and
AlJiangsu/NJ10/2023 from China by blue rectangles. Red vertical lines indicate gene clusters mainly
detected in Europe (a), Asia, including Bangladesh, Russia, and China (b), North America (c), and East
Asia, including Japan, China, Vietnam, and Cambodia (d). Scale bar indicates nucleotide substitutions
per site.
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Afchicken/Denmark/24357-11/2021-11-02/12021-11-02|A/HSN 1NA

A/mute swan/ireland/032363 22VIR1325-1/2021|2021-11-08|AVH5N1INA

A/common buzzard/Denmark/24271-1 02/2021-10-25[2021-10-25)A/H5N 1|NA

Alwhite-tailed eagle/ireland/032034 22VIR1325-23/2021[2021-11-03JA/HSN1NA

A/Mute swan/Wales/058560/2022|2022-04-10|A/HEN1INA

igeor -NVW/AI00951/2022[2022-01-24 JAMH5N1NA

A/northem goshaNk/Sweden/SVAHUﬂ0320305/FP000317/0 2022|2022-01-25/AH5N1|NA
A/domestic duck/England/058612/2021|2021-11-18JAVH5N

Algoose/France/21PD14207/2021|2021-12-23)A/HSN1INA
- Amigeon/Saknaliny37M/20212021-09-17)A/HSN 1NA
[— Atbuzzard/italy/22VIR767-1/2022(2022-01-24 | HEN 1INA
|— Avcignus oloritaly/ZSLT 21VIR10529-1/2021[2021-12-01)A/HSN1NA
Alswen/PolendMBITS 22VIR2S16-1/20220122-02-DIVHSNTINA
t— Anturkey/israel/537/202112021-10-12/A/HSN 1NA
|- AturkeyiitalynzZsLT 22VIR366- 3/2022\2022 o JAVHEN1INA
[— Avduck/Poland/H188 22VIR2515-2/2022|2022-03-02)VHSN1NA
- Arbean VSVA2111115Z0372/FB004482/2021(2021-11-05|A/H5N1INA
- A/grey heron/Czech Republic/25338-1/2021(2021-12-18|A/H5N1INA
| [ Avturceyraei/564/202112021-10-29JA/HSN TNA
Alchicken/Poland/H157 22VIR2515-3/2022[2022-02-18|A/H5N1INA

|- A/goose/Tyumen/33-52V/2021|12021-10-07 |A/HSN 1NA

p— A/swan/Romania/10656 22VIR2749-6/2022|2022-02-22|A/HSN1NA

b Afrooster/Slovenia/2039 22VIR777-1/2021[2021-12-26|A/HSN1NA

|— Avstork/Lithuania/d 371PG 1 22VIR7255-3/2022|2022-04-19|A/HSN 1INA
I

o1

Afturkey/italy/21VIR10810-1/2021[2021-12-07 |A/H5N 1|NA
Afchicken/italy/21VIR11774-2/2021|2021-12-28|A/H5N1INA
Aturkey/italy/21VIR11396-1/2021[2021-12-16|A/H5N 1 INA
A/mallard/italy/21VIR8919-2/2021|2021-10-27 JA/HSN1NA
Afchicken/Tyumen/27-40V/2021|2021-10-06|A/H5N1INA
Aduckfisrael/589/2021|2021-11-18|A/H5N1INA
56 1 A/goose/Czech Republic/913/2022(2022-01-12|A/HSN TNA
A/mute swan/Czech Republic/785/2022(2022-01-10)AVH5N1INA
AlduckAitaly/22VIR 1294-1/2022|2022-02-08|A/HSN 1|NA
Alpheasant/italy/21VIR11162/2021|2021-12-13|A/H5N1 INA
Afchicken/Czech Republic/22224-3T/2021(2021-11-12JA/H5N1NA
Afswan/Spain/4087-1 22VIR2142-1/2021(2021-12-22|A/HSN1INA
Astork/Spain/234-2 22VIR2142-7/2022[2022-01-17|A/HEN1NA
- A/Great white pelican/Israel/619/2021|2021-11-29|A/H5N1|NA
p— A/hen/Bulgaria/722-1 22VIR778-1/2021]2021-11-15|A/H5N 1|NA
Asheron/Italy/21VIR10998-1/2021|2021-12-09|A/H5N1|NA
Algoose/Netherlands/210384 13-002/2021|2021-11-08|A/HSN 1INA
Adduck/Saratov/29-02V/2021|2021-09-30|A/H5N1INA
|- A/common kestel/lsrael/49-2/2022|2022-01-02|A/HSN 1[NA
b= A/Tachybaptus ruficollis/Belgium/1234 0008/2022|2022-01-24|A/H5N1|NA

99 — A/chicken/Scotland/026217/2023(2023-02-14 AHSN1TNA
_E Afcommon buzzard/England/122650/2023[2023-02-23)A/HSN1INA

AJchicken/France/22P023203/2022|2022-11-08|A/HSN 1|NA
86 AlHawalian goose/Italy/22VIR9126-7/2022|2022-09-23|A/HEN 1|NA
Altu 132240/2022|2022-10-18|A/H5N1NA
02 _ﬂ{—_NGypaetus barbatus/Spain/1878-9 22VIR6312-18/2022(2022-05-11|A/HSN1INA
AfFalco persgnnus/SpamMQSZ 1 22VIR6512~45/2022\2022 05-18|AVH5N1INA
A/Pelecanus cor 905-0001/2022|2022-11-08|A/HSN 1NA
—Edomesnc duck/England/10485912022|2022 08-05|A/HSN1INA
94 A/Anser anser/Belgium/14804 0002/2022[2022-12-18|A/HSN1NA
Along-tailed skua/Scotland/22/2022|2022-02-01|A/H5N1INA
A/Mustela putorius/Belgium/01421 0001/2023|2023-02-09|A/H5N1INA
Afchicken/Engand/138249/2022|2022-10-20jA/H5N1|NA
INA

100
A/Bamacle Goose/Netherlands/8/2022|2022-01-28|A/H5N1 |
Adwhite-fronted goose/ireland/033181 22VIR 1325-8/20212021-11-15[A/HSN 1|NA
Aldomestic goose/Germany-SH/AI06147/2021]2021-10-22|A/HSN1|NA
AfGallus gallus/Belgium/15977/2021(2021-12-06A/H5N1NA
Adbrent goose/lreland/033257 22VIR1325-9/2021(2021-11-16|A/H5N1[NA
Albamacle goose/Germany-MV/AID6175/2021[2021-10-26|A/HSN 1NA
Alchicken/Scotland/054477/2021|2021-11-01)A/H5N
A/Bamacle goose/Netherlands/21037293-001/2021]2021-10-25|A/HSN 1INA
Albamacle goose/Sweden/SVA211111SZ0376/FB004496/2021]2021-11-01)A/H5N1|NA
Algreylag goose/Gemmany-SH/AI06205/2021|2021-10-25|A/HSN1NA
A/mallard/Germany-NI/AI06010/2021[2021-10-17 |A/HSN1|NA
A/Mute swarvNetherlands/21037283-002/2021|2021-10-24 JA/HSN1NA
A/Mallard/Netherlands/4/2021[2021-11-28JA/H5N1|NA
@ A/Spot-billed duck/Korea/K 22-730-1/2022[2022-11-17|A/H5N 1]NA
A/Spot-billed duck/Korea/K 22-862-1/2022[2022-11-17 |A/HSN 1|NA
A/Spot-billed duck/Korea/K 22-856-2/2022|2022-11-17 JA/HSN 1|NA

Alduck/Korea/H493/2022(2022-10-17|A/HSN1INA
g [~ A/goose/Hunan/SE 284/2022[2022-01-05|A/HSN 1INA
Alduck/Bangladesty 19D1874/2022|2022-03-09|A/HSN 1INA
Afduck/Bangladesh/51601/2021|2021-12-19JAVH5NTINA
98|y Aduck/Bangladesh/19D1818/2021(2021-12-22JAVH5N1INA
Alduck/Bangladesh/19D1819/2021(2021-12-22|A/HSN1|NA
A/Cyanus ubei/117/202112021-12-20)A/HEN 1 [NA
A/Eurasian wigeon/ltaly/21VIR8919-3/2021|2021-10-28|A/H5N1NA
Algreylag goose /Sweden/SVA211111SZ0376/FB004497/M-2021|2021-11-08|A/H5N1INA
A/Red fox/Estonia/TA2126820 21VIR 10433-13/2021|2021-11-08|A/H5N1INA
o7 Adwhite-tailed eagle/Hokkaido/22-RU-WTE-2/2022|2022-01-02|A/H5N1INA
Acrow/Hokkaido/0101Q045/2022|2022-01-20|A/H5N1INA
72| afcrowfHokkaido/HU-1/2022|2022-05-18|AVH5N1INA
_LA/northem shoveler/BC/AIVPHL-247/20222022-09-12|A/H5N1INA
AJchicken/Oregon/22-030743-001-original/2022|2022-09-28|AVHSN 1NA
f——— A/thea/Arizona/22-037270-002-onginal/2022|2022-11-14 |AVHEN 1INA
|- Avchicken/lowar22-012510-002-original/2022|2022-04-25|AH5N 1|NA
—— Alturkey/Minnesota/22-034666-001-onigina/2022|2022-10-27|AVHSN1|NA
b— A/peregrine falcon/BC/AIVPHL-140/2022]2022-05-21|A/H5N1NA

o1

— “A/chicken/Virginia/22-033680-002-original/ 2022|2022-10-21 |AVHEN1INA,
AJchicken/Michigan/22-032218-001-original/2022|2022-10-10)A/H5N1INA
Alchicken/Tennessee/22-036544-002-original/2022|2022-11-11|A/H5N1|NA
Alchicken/England/011981/2022(2022-02-02|A/HSN1INA
Afduck/Guizhow/S1321/2022|2022-02-22|A/H5NTINA

— A/chicken/Anhui/S1740/2022|2022-03-03|A/H5N1INA

Ton | A/pigeon/Jdianaxi/S40784/2021{2021-12-08A/HSN1INA

indicates nucleotide substitutions per site.
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Appendix 1 Figure 8. Maximum-likelihood phylogenetic tree of nonstructural protein gene segment from
avian influenza viruses. Bootstrap values >70% are shown. Highly pathogenic avian influenza virus
isolates K22-862—-1, K22-856-2, K22-742, K22—-730-1 from South Korea are indicated by solid red
circles, K22—920 from South Korea by solid red triangle, and genotype G10 isolates
A/Hunan/SE284/2022 and A/Jiangsu/NJ10/2023 from China by blue rectangles. Red vertical lines
indicate gene clusters mainly detected in Europe (a), Asia, including Bangladesh, Russia, and China (b),
North America (c), and East Asia, including Japan, China, Vietnam, and Cambodia (d). Scale bar
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Appendix 1 Figure 9. Time-scaled maximum clade credibility phylogenetic tree of hemagglutinin gene
segments of avian influenza viruses. Node bars represent 95% Bayesian credible intervals. The x-axis
defines the time scale in decimal years. Highly pathogenic avian influenza virus isolates K22—-862-1,

K22-856-2, K22—-742, K22—730-1 from South Korea are indicated by solid red circles, K22-920 from

South Korea is indicated by solid red triangle, and genotype G10 isolates A/Hunan/SE284/2022 and
A/Jiangsu/NJ10/2023 from are indicated by blue rectangles. Scale bar indicates nucleotide substitutions

per site.
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