Supporting information

Table S1. Genetic similarity of HSN8 viruses isolated in 2021 compared to A/whooper
swan/Shanxi/4-1/2020 (HSN8) (WS/SX/4-1/2020).

] Identity to WS/SX/4-1/2020 at the nucleotide level (%)

Virs HA NA PB2 | PBI PA NP M NS
WS/SX/4-2/2020 100 99.9 100 100 100 100 100 99.6
MS/SD/1/2021 99.6 |99.6 |99.6 |[99.8 |[99.8 |[99.8 |[99.8 |99.2
GWT/GD/SD004/2021 99.5 1994 |99.6 |99.6 |99.6 |99.7 100 99.2
WS/SD/SC195/2021 96.0 | 950 [958 |942 |954 |953 97.7 |95.0
WG/SD/SC196/2021 99.6 1999 |[99.8 |995 99.8 199.7 1999 |993
CC/SD/SC197/2021 99.6 999 |[99.8 |995 99.7 199.7 |99.8 |99.2
WS/SD/SC198/2021 99.6 | 999 |99.7 [99.6 |99.8 |[99.7 |99.8 |99.3
WS/SD/SC199/2021 99.6 1999 [99.7 |995 99.8 199.7 1999 |99.3
WS/SD/SC200/2021 99.6 |99.7 |99.7 [994 |[99.8 |[99.7 |[99.8 |99.2
BS/BJ/1/2021 99.6 | 994 |99.7 |995 99.8 199.7 |99.7 |99.2
WD/JS/SD019/2021 99.6 |99.6 |99.7 [99.6 |[99.9 |[99.8 [99.8 |993
ET/JS/SD021/2021 99.7 199.6 |99.7 [99.7 [999 |[99.8 |[99.8 |99.2
DK/GX/S10099/2021 99.6 1994 999 [99.7 (997 [99.7 ]99.8 |99.5
DK/GX/S810263/2021 99.8 199.7 [99.8 [99.8 [99.8 [99.6 |99.8 |995
DK/GX/S11043/2021 99.7 199.6 |99.8 |[99.8 |99.9 |99.6 100 99.4
WS/SD/SC176/2021 99.6 1999 |[99.7 |995 99.7 199.6 |99.6 |99.3
WD/SD/SC177/2021 99.7 199.8 [99.7 994 |[99.7 [994 [99.7 |993
GB/SD/SC184/2021 99.5 |199.8 |[99.8 |995 99.8 199.7 999 |99.2
WS/SD/SC185/2021 99.6 1999 995 (994 [99.8 |[99.6 |[99.7 |993
WS/SD/SC188/2021 99.7 1999 [99.7 994 [99.8 [99.6 |[99.7 |993
BBGL/SD/SC189/2021 99.6 |99.8 |[99.8 |995 99.9 1997 1999 |[993
DK/GD/S1269/2021 99.5 199.6 994 |[99.6 |[99.8 |[99.7 |99.8 |99.5
DK/JX/S10252/2021 994 199.7 [99.6 [99.6 |[99.7 [99.7 [99.9 |99.2
GS/Z1/S1266/2021 99.6 |99.8 [99.7 |993 99.7 199.7 |99.8 |99.0
GS/HuN/S11288/2021 99.8 199.6 |99.8 [99.6 |[99.7 [999 [999 |99.2
GS/JS/S1385/2021 99.6 |99.6 |99.7 |995 99.8 199.8 |99.8 |99.2
GS/LN/S1266/2021 99.2 1995 [99.6 |993 99.6 |99.7 |99.6 |99.2
GS/HeN/S1315/2021 994 1999 |99.7 [99.6 |99.8 |[99.7 |[999 |98.9
DK/HeN/S1381/2021 994 1999 [99.8 [99.7 [99.8 |[99.7 [99.9 993
DK/HeB/S1070/2021 99.3 99.7 199.6 |99.5 99.8 | 99.7 100 99.3
DK/GX/S21194/2021 99.5 199.6 [99.6 [99.9 [99.7 |[99.5 [99.7 |995
GS/GX/S20601/2021 99.5 199.7 |99.8 [99.9 [99.7 [99.5 |[99.8 |99.2
BHGL/TB/1-1/2021 99.6 |99.6 |99.6 |[99.6 |[99.9 |[99.8 |[99.7 |99.5
GB/SN/SD001/2021 99.6 |99.5 |99.6 |99.5 99.2 199.7 ]99.6 |98.6
GB/NX/SD001/2021 994 199.6 |[99.5 |995 99.5 199.7 |99.5 |984




Table S2 Amino acids in the HSNS viruses that contribute to the increased binding to human-type receptors, replication, and virulence in mammals, as well
as to resistance to amantadine.

Amino acids that increase the replication, virulence, transmission of avian influenza viruses in
Amino acids in HA that increase mammalian hosts, or that increase the resistance to amantadine
Virus affinity to human-type receptors
PB2 NP Mil M2 NS1
S137A | S158N | T160A | T1921 | 1292V | K389R | V598T | V286A | M437T | N30D | T215A | V27A | A30S | P42S | 1106M

WS/SX/4-1/2020 A N A 1 VvV R T A T D A A% A S M
WS/SX/4-2/2020 A N A 1 A" R T A T D A Vv A S M
MS/SD/1/2021 A N A M A" R T A T D A Vv A S M
GWT/GD/SD004/2021 A N A T VvV R T A T D A A A S M
WS/SD/SC195/2021 A N A T A" R T A T D A Vv A S M
WG/SD/SC196/2021 A N A 1 A" R T A T D A Vv A S M
CC/SD/SC197/2021 A N A I VvV R T A T D A A% A S M
WS/SD/SC198/2021 A N A I A" R T A T D A Vv A S M
WS/SD/SC199/2021 A N A I A" R T A T D A Vv A S M
WS/SD/SC200/2021 A N A I A% R T A T D A \% A S M
BS/BJ/1/2021 A N A I A" R T A T D A Vv A S M
WD/JS/SD019/2021 A N A I I R T A T D A Vv A S M
ET/IS/SD021/2021 A N A 1 I R T A T D A \% A S M
DK/GX/S10099/2021 A N A I A" R T A T D A Vv A S M
DK/GX/S10263/2021 A N A I A" R T A T D A Vv A S M
DK/GX/S11043/2021 A N A 1 A% R T A T D A \% A S M
WS/SD/SC176/2021 A N A 1 A" R T A T D A VvV A S M
WD/SD/SC177/2021 A N A 1 A" R T A T D A VvV A S M
GB/SD/SC184/2021 A N A 1 A% R T A T D A \% A S M
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Figure S1B
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Figure S1C
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Figure S1. Phylogenetic analyses of H5N8 viruses. The trees were generated by neighbor-joining
method using software MEGA 7.0.26 software package. The tree topology was evaluated by 1,000
bootstrap analysis. Viruses with names in black were downloaded from available databases, and viruses
with names in blue were our H5N8 isolates. The phylogenetic tree of HA (A) was rooted to
A/duck/Anhui/1/2006 (H5N1), and the phylogenetic trees of PB2 (B), PB1 (C), PA (D), NP (E), NA (F),
M (G), and NS (H) were rooted to A/breeder duck/Korea/Gochang1/2014(H5NS8).
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Alseal/England/AVP-031141/2020(H5N8)_2020-12-08

A/mute_swan/England/234135/2020(H5N8)_2020-12-01
Alwhistling_duck/England/035643/2020(H5N8) 2020-11-18
Alperegrine_falcon/Spain/3365-1_21VIR1230-1/2020(H5N8) _2020-11-20

~ A/Numenius_arquata/Belgium/11956_003/2020(H5N8) 2020-11-07

Algreylag_goose/Netherlands/20016879-001/2020(H5N8) 2020-11-01

Alchicken/France/20P016448/2020(H5N8) 2020-11-10
AlCanada_goose/England/032697/2020(H5N8) 2020-11-03
Albarnacle _goose/Netherlands/20016935-002/2020(H5N8) 2020-11-01
Alchicken/Netherlands/20016597-026030/2020(H5N8)_2020-10-28
Alchicken/Nigeria/VRD21-100 21VIR2370-423/2021(H5N8) 2021-03-01
_I |: Alchicken/Nigeria/VRD21-035B_21VIR2288-1/2021(H5N8) 2021-02-05
Alchicken/Kazakhstan/1-20-B-Talg-67/2020(H5N8) 2020-10-09

Alcrow/Kazakhstan/15-20-B-Talg-4/2020(H5N8) _2020-09-15
_L[ Alduck/Kazakhstan/12-20-B-Talg-11/2020(H5N8) _2020-09-15

Alpigeon/Kazakhstan/15-20-B-Talg-5/2020(H5N8) 2020-09-15

AJchicken/Albania/2574_21VIR5387-1/2021(H5N8)_2021-05-31
n/Hungary/9638/2021(H5N8)_2021-03-08
~» A/mute_swan/Croatia/14/2021(H5N8) 2021-03-01

{_: Alchicken/Albania/3816 21VIR5387-2/2021(H5N8) 2021-06-04
Alswal

Alpartridge/Kosovo/96_21VIR5162-14/2021(H5N8) 2021-05-31
A/duck/Kosovo/107_21VIR5162-17/2021(H5N8) _2021-06-02
—e A/chicken/Kosovo/82_21VIR5162-1/2021(H5N8)_2021-05-19
Alchicken/Bulgaria/297-2_21VIR4270-8/2021(H5N8)_2021-05-05
Alpekin_duck/Bulgaria/48-3_21VIR1454-7/2021(H5N8)_2021-02-04
Alchicken/Bulgaria/39_21VIR1454-3/2021(H5N8) 2021-02-01
Alchicken/Bulgaria/274-5 21VIR4270-4/2021(H5N8) 2021-04-23

E Alchicken/Kosovo/104_21VIR5162-7/2021(H5N8)_2021-06-01

» Al/chicken/Krasnodar/334-01/2021(H5N8) 2021-01-05
Almute_swan/Romania/11981-2 21VIR3163-6/2021(H5N8) 2021-04-08

— A/Greylag_goose/England/032698/2020(H5N8) 2020-11-03

Alchicken/Poland/H1084_21RS1385-13/2021(H5N8)_2021-05-07
Alchicken/Poland/H712_21RS1385-12/2021(H5N8) _2021-04-16
Ahturkey/Poland/H1168_21RS1385-15/2021(H5N8)_2021-05-13
Alwnhite_stork/Poland/MB412_21RS1385-11/2021(H5N8)_2021-05-02
Alchicken/Poland/H293_21RS1385-8/2021(H5N8) 2021-03-23

I: Alchicken/Austria/21052483_21VIR3291-1/2021(H5N8)_2021-04-27

A/mute_swan/Austria/21051907_21VIR3291-6/2021(H5N8)_2021-04-27

— A/wild_goose/Poland/MB142/2020(H5N8) 2020-12-15

Alciconia_ciconia/Spain/102-1_21VIR1230-2/2021(H5N8) 2021-01-07
A/mute_swan/Slovenia/1756-20_21VIR959-3/2020(H5N8) 2020-12-02
Altundra_bean_goose/Poland/MB128/2020(H5N8) _2020-12-08

Alchicken/Poland/448/2020(H5N8) 2020-11-24
re A/swan/Lithuania/1258PG1_21VIR2606-2/2021(H5N8)_2021-02-26

L— A/swan/Lithuania/1842PG1_21VIR2606-5/2021(H5N8)_2021-03-19

Alpheasant/Wales/000252/2021(H5N8)_2021-01-26
Alturkey/England/037784/2020(H5N8)_2020-11-28
Alturkey/Stavropol/320-01/2020(H5N8) 2020-12-11

A/Eurasian_Wigeon/Netherlands/7/2020(H5N8) _2020-10-16
Alcommon_buzzard/Denmark/14600-1/2020(H5N8)_2020-11-06
Albrent_goose/England/233339/2020(H5N8) 2020-11-08

Alhouse_sparrow/Romania/10327_21VIR849-5/2021(H5N8) 2021-01-19
A/hawk/Romania/10363 21VIR2593-11/2021(H5N8) 2021-01-22

Algeese/Romania/10206_21VIR849-3/2021(H5N8)_2021-01-13

A/duck/Romania/10202_21VIR2593-31/2021(H5N8) 2021-01-13

Alchicken/Denmark/14819-6/2020(H5N8)_2020-11-15
Albarnacle_goose/Germany-SH/AI02167/2020(H5N8)_2020-10-28

Alturkey/England/038115/2020(H5N8) 2020-12-02

_rA/mute_swan/EngIand/263814/2020(H5N8)_2020-11—10

_[ Alblack-headed_gull/Denmark/14139-4/2020(H5N8) 2020-11-04
Albarmnacle_goose/Denmark/14138-1/2020(H5N8) 2020-11-04

——— A/chicken/Scotland/043405/2020(H5N8) _2020-12-15

Alperegrine_falcon/Ireland/20VIR7872-1/2020(H5N8) 2020-11-01

Alchicken/England/030720/2020(H5N8)_2020-11-02

_I:r A/mute_swan/Norway/FU5_21VIR850-3/2021(H5N8) 2021-01-05

Alturkey/Norway/FU496/2020(H5NS)_2020-11-30

A/mute_swan/Netherlands/20015931-001/2020(H5N8) 2020-10-17
AlGreylag_goose/England/033100/2020(H5N8) 2020-10-30

Albarnacle_goose/Sweden/SVA201117SZ0468/KN003355/2020(H5N8) _2020-11-12
A/Herring_Gull/Netherlands/1/2020(H5N8)_2020-11-06

_IE A/Mute_Swan/Netherlands/1/2020(H5N8) 2020-11-06
- A/Common_Buzzard/Netherlands/4/2020(H5N8) 2020-11-06
Alchicken/Netherlands/20016978-001/2020(H5N8)_2020-11-02

A/muscovy_duck/Slovakia/Pahl 21VIR1086-1/2021(H5N8) 2021-01-08

Alturkey/Omsk/0001/2020(H5N8)_2020-08-13
A/duck/Omsk/0004/2020(H5N8)_2020-08-13
A/goose/Omsk/30001/2020(H5N8)_2020-09-03
Alchicken/Chelyabinsk/401/2020(H5N8) 2020-08-06
A/duck/Chelyabinsk/1207-1/2020(H5N8)_2020-07-31

——e A/chicken/Irag/1/2020(H5N8) 2020-05-12

Alwild_bird/Korea/H357/2020(H5N8) 2020-11-23

Alwhooper swan/Shandong/SC195/2021(H5N8) 2021-01-23
A/mandarin_duck/Korea/WA877/2020(H5N8) 2020-12-01
A/spot-billed_duck/Korea/WA889/2020(H5N8) 2020-12-01

—e A/quail/Korea/H394/2020(H5N8) _2020-12-07
—e A/chicken/Korea/H365/2020(H5N8)_2020-12-01

Alwild_bird/Korea/H379/2020(H5N8) 2020-12-02
Alduck/Korea/H385/2020(H5N8) 2020-12-04

Alspot-billed_duck/Korea/WA612/2020(H5N8) 2020-11-03

Al/duck/Korea/H338/2020(H5N8)_2020-11-26

A/Mandarin_duck/Korea/H242/2020(H5N8) 2020-10-21
A/mandarin_duck/Korea/WB80/2020(H5N8) 2020-11-10
] Alenvironment/Kagoshima/KU-ngr-J2/2020(H5N8)_2020-11-09

A/Mandarin_duck/Kagoshima/KU-d57/2020(H5N8)_2020-12-22

Alwhooper_swan/Fukushima/0701B002/2021(H5N8) 2021-02-08

—I— Alchicken/Kagawa/11C/2020(H5N8) 2020-11-04
A/northern_pintail/Hokkaido/M13/2020(H5N8) 2020-10-24
Alsteamer_duck/Germany-SN/AI00346/2020(H5N8) 2020-03-26
Alchicken/Germany-SN/AI00276/2020(H5N8) 2020-03-12
—e A/buzzard/Germany-SN/AI00285/2020(H5N8)_2020-03-20

Alturkey/Poland/027/2020(H5N8)_2020-01-09

Alturkey/Germany-NI/AI00334/2020(H5N8)_2020-03-20
Alchicken/Germany-BW/AI00049/2020(H5N8) 2020-02-06
Allaying_hen/Poland/002/2020(H5N8) _2020-01-01

Alchicken/Czech_Republic/1175-1/2020(H5N8) 2020-01-17

0.4

A/Goose/Hungary/22493/2020(H5N8) _2020-05-04
AlTurkey/Hungary/22494/2020(H5N8)_2020-05-05
A/Goose/Hungary/15267/2020(H5N8) _2020-03-26
A/Chicken/Hungary/24596/2020(H5N8) 2020-05-13
AlTurkey/Hungary/19338/2020(H5N8)_2020-04-18
—e A/Chicken/Hungary/18466/2020(H5N8)_2020-04-14
A/Pheasant/Hungary/18731/2020(H5N8) 2020-04-19
A/Chicken/Hungary/29723/2020(H5N8)_2020-06-05
A/Duck/Hungary/17806/2020(H5N8)_2020-04-08

A/Goose/Hungary/18325/2020(H5N8) _2020-04-10
A/Mallard_duck/Hungary/17319/2020(H5N8)_2020-04-07
—e A/Duck/Hungary/14788/2020(H5N8) 2020-03-25
Alwnhite-fronted_goose/Germany-BB/AI00018/2020(H5N8)_2020-01-16
Alturkey/Czech_Republic/3071/2020(H5N8)_2020-02-17
Alturkey/Poland/182/2020(H5N8) _2020-02-07
A/hawk/Poland/003/2020(H5N8)_2020-01-06
Alchicken/Poland/003/2020(H5N8)_2020-01-02
Aldomestic_duck/Poland/285/2020(H5N8) 2020-03-03
A/domestic_duck/Poland/219/2020(H5N8) 2020-02-20
Aldomestic_goose/Poland/274/2020(H5N8) 2020-03-01

Aldomestic_goose/Poland/028/2020(H5N8) 2020-01-12

. Alturkey/Hungary/1020_20VIR749-1/2020(H5N8)_2020-01-09
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Figure S2. The Bayesian time-resolved phylogenetic tree of HA gene of H5N8 viruses. The tree was
generated with the HA of the 40 H5N8 viruses detected in China and 202 H5N8 representative viruses
detected in other countries since 2020. The time to the most recent common ancestor and the dates of
divergence are labeled at the left of the tree, which was estimated by using the Bayesian Markov chain

Monte Carlo method in the BEAST v1.10.4 software package.





