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Neuraminidase
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Haemagglatinin
Mosi antigenic
Trimer

@ ™M
Matrix progein | b
Interacts with ribonucleogrotin, gheoprotein

- ABEF AR HholE s

C i“""ITH

orthomyxoviridae
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AChickerGuangdang SO 12013 (Wave |

Affangdong/DS-LAT033 {Wave i)
MU“'P'L‘ Reassonment Events AChcreryGuangdang S 52005 (Veave |
AT Db DG BATR01E Wi 1)
AfHangdongBHTIIETHE (Wir V)
AChickentryuans TRITOR01E (Warm
AChicheesGuangahout A
AChickent et G
ARk ees U AL

S B O e o, .

AThareneouML i

ATk rhu I W08 |

H7NG Virus

Setting: Habitats shaned by wild and domestic binds
and/ar Trve berd/poultrg markets

A-\’mjnpo:u TROCEZONT (Wrve W)

a9 4. KA ARAL TR 2904 HING ZRAZFAR o] ?]

(2) I 2RIEFAA &

- el 2003 o] % 153 & 6319 WU E=FAZSFAA HiolH ArF EAY s}

glom, w8 dsjytrrt S7F FAC s (2" 5)
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SHES/HS i (PCR: H5/7)

HA 284

I H/ FEXEITE
Biod o= x| S| (PCR: H5/7)

H9/NDV | H5/H7

H5/H7 &4 H9/NDV

>---

]
v

e

HA 7 F X}

H7IME =M

O\'-_-_

1 ZF A wpoli A MR ThE mlolgla FAA 4L AxTS Fd 23 3§
Q3 Q8. AA, YA HINO vlo]g 2= 989 HA F4x}, ol ZHo NA

frdA7F ARG vholef 2= SiHE v ol

(2) NGS71¥t 2FJEFAA ALHAY F8A4

- He AANANNLEANGS) 7&e] Bdow dolg A o ¥r)Hew

N

AEFAA wlolEize] 4§ 8 RNA BHom FAHD Mg 414 Ae o

@9 PCRS Bal 87] £8 BFE 2%sW G859 NGS golndeld] 3ol
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RNA EXTRACTION REVERSE PCR OPTIONAL: AGAROSE AMPLICON CLEANUP CONSTRUCT PREPARE RUN SEQUENCE
“TRANSCRIPTION GEL ANALYSIS & QUANTITATION LIBRARY TEMPLATE

~2

HOUR HOURS HOURS HOURS

e —— o — Jiif_"\ S o
ﬁ @ - J
/ 4 L 3
S — S | '
% Y : I -/ i
Magmiax™94 Viral 20 L, with up 50 uL., with 8 segments from Magrmax Viral RNA Ton Xpress™ lon PGM=~ lon 3147/316~/318" Chip
RNA Isolation Kit to Byl sample allof RT product F00te 2400 bp Isalation Kit & NanaDrop® Plus Fragment Template OTZ 200 Kit
Spectrophotometer Library Kit

1% 10. NGS7IWF 270 E&FA2 4434 344

EF, NGS gholrefe] 75 2 AAA AA ] Aests T8 A4 3 AdE=
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29 11. NGS 7§k =
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7bEF AlZol A NGS7|8E ATV AUAA 7FsA S 8
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32
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Transpesomes ’ '
===

~300bp  ~300bp  ~300bp

= v

S i5 ?rfdex - Head 1 sequencing primer

Read depth (log10-transformed)

Not amplifiable due to  —— - Not amplifiable due to it ™
the missing of forward Read 2 sequencing primer \'Nﬂd&x the missing of reverse HCie0tde pasiion
primer region . P7 primer region
‘ Indexing PCR
-— ==

Sequencing-ready fragment

Y 12, ERAEFS o] &3 NGS golnde 75 A

- 75" NGS gholHfe]= TapeStation?t 22 W3 WA7|FEFAE o] &38te] o]
AR ZE Felsglon A Az PB2, PBl, PA T2 vy & =7]9



=

- A HolHE dEFAA A, B, C Alwe o= alignment H9loH, JEF
2k Aol A 3000xe]7de]l A el A = ol 7 AdHS Eelstds. d&F<AA B, C

A ks (2 13)

rr

[-'O

S1 s2 S3

Sample Read# Mapped reads (%) Coverage gi:g; g g g
B-seg3 o o D

B-segd ] 0 0

s1 2610854 2,280,913 (27.4%) 3232 — g 2 A
B-seg7 0 0 0

B-segd 0 ¢} 0

s2 2942367 2768651 (941%) 4025 e : : 3
C-seq3 0 0 0

C-sega 0 0 0

53 2914551 2,623,924 (90.0%) 3,865 = a a 4
L-seq7 0 0. 0

19 13. NGS H|°]H alignment

-otg B4 23 1670 HA T Hbolwt Sojd e Adx gugo] g4dHler, 971

NA FollM= N6wko] SolA Alds g=rt 45 o] HoN6Z A= 2led (21 14)

T S1 $2 S3 HS5
A-segl 197 528 2230 |
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300 -

275
250 -
200 -
150 -
100 -
50 <
16 5
" I =
ME 2 HE 24 =x
a% 24, 2RJASFAA vpolH 2 A HA =

L AHA AR

Ao =53 A& A A= PureLink viral RNA/DNA mini kitE AF&3te] 27/

o

il

-

FAAF vpo] 2] 2] RNAE #2385+

1=}

2% viral RNASIA 2] cDNA 42 Superscript III one-step RT-PCR system <

=

AREE o Aok A2 ofY o 2= (R D)

E L EFASTAA vholel 2 cDNA F4S A8 Ao 24
Note Stock Final Add
Template RNA extract 500ng - lug 10
Reaction Mix 2X 1X 25
] ] T_AIV_sense
Primer mix T AIV antisense 5 umol/L 0.3 pmol/uL 3
Enzyme Mix 1
RNase-free 11
water
Total 50
ERAFFAA vholel 2 DNATH S AP e 270e oke) E9 28 (X 2)
E 2 EFASTAA vtole cDNA H4 S A% we 27
cDNA sythesis :
and PCR amplification oonal | Hold
denaturation
1 Cycles 5 Cycles 25 Cycles 1 Cycles 1 Cycles
95C / 15sec 95T / 15sec
45T / 9%T / B B 68C / o
20min Tmin 470C / SOs.ec 57°C / SOSfec 10min 4C / oo
68C / 3min 63°C / 3min




Tapestatione] v} A71g5& ol&ste] ofiel 2ol TF =Hl=A QCE Iy o

192 cDNA &4 § A7Igs S vEhL A5 (24" 25
10000 sy Length
. ment Ge|
b g iy (bp)
500 p— 1 Palymerase basic protein 2 2341
i | e (PB2)
- [ ——— | Polymerase basic protein 1
; 2 2341
150 Rl
3 Polymerase basic protein 1 2333
100 p— (PB1)
Hemagglutinin
G0 — 4 (HA) 1777
40— 5 Nucleoprotein 1565
0 (NF)
Meuraminidase
6 (NA) 1458
— Matrix
7 (M1/M2) 1027
Monstructural protein
8 (NS1/MNS2) e

a9 25 Z2FAZF4AF vpo]#{ 2~ ¢cDNA 4 23t

H ZFAEFAA vtel & NGS Holg 4= &9
NGS Foluda 7% =3 %9

&AM viral RNA F2H 3 NGS dlolg Atk 215 styshy] flste] EdAEE 4

Name Sequence

HFAdapter | TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGCAAAAGCAGG

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGAGTAGA

HRAdapter
AACAAGG
HF TGTATAAGAGACAGAGCAAAAGCAGG
HR TGTATAAGAGACAGAGTAGAAACAAGG

A AA NN %3 RNAZS Superscript one-step RT-PCR A ~8la} A7) A AgE Zeto|w/o]

HEHE o] dsto] SFHaUE. ol 1HL TF AEs Wdsor A1 Axs yEhdy o
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Mikb1 2 3 4 5 6 7 B8 9 10 NM.aowobp2 2 N M_1kb

Iy 26, ZWHAYE 7|HF ER-PCR 3 A3

RT-PCR ZFZ2t52 dFn 2] Nextera NGS library preperation 7]EES ©]-&3e] glo]H g
£ Ao, o delE ok 1Hel yEHlE (2" 27)
*e
rones o P—

e e

~300bp ~300bp  ~300bp

‘ Tagmentation

»

| ——
‘ ~300 bp '
S i5 ndex ﬂead 1 sequencing primer ®
Not amplifiable due to  ————————————— Not amplifiable due to < .
the missing of forward Read 2 sequencing primer \‘hndex the missing of reverse uclectide position
primer region X primer region
‘ Indexing PCR
= p—

— O — o —
— e —

Read depth (log10-transformed)

Sequencing-ready fragment

a9 27, ERHAEE JIHE NGS ol 28g = e

o

1 Jos Hebdlls (28 28

2A 2A 2A
_Ing _0.5ng _0.1ng

Al La
1500 oo — 81
1000 . A -
700 oL 2R 01ng g !
f
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o
)
-

EoE
RN

a9 28 ERAEE 7)6F NGS gholB e g A4 =31 HA s



AzZtE golBnyEls dFHIUY MiSeqdHIE  olgste] HriAE EHE e
1000~4500 depthe] NGS Ho|E|7} A48 Rl w
27 BARE B ERNXZE 7|Hke] ZRAFFAA vlo]g]2~ NGS dlolH Aitznis 23]

shgion, ojo] U EELYHAHSOPD)E ALHAS (1 29 - 13

EHAZE 7IUF ZRUSFAZL HIO| 2L NGS Library 52 Fiet
EEEIEHN

4 A= H Y=

- SERTIE fdl BH B8 MEctE TEto

- BE M%E 28 A0M 5 T

- AMPure XP Reagent beads= AME #7| 308 ® =0 #HUsch
- T0% ETOHE T8 OHE ot AgEc)

- 8% 0| Nle BE WEE HE MM T8 Zojoppo

- Elution F0= ¢ €& HAM 2SS0 Bo

- Mextera™ DMA Flex Libary Prep A|HEHE

Acromyms Definition

BLT Bead Linked Transposome
EPM Enhanced PCR Mix
RSB Resuspension Buffer
3PE Sample Purification Beads
TE1 Tagmentation Buffer 1
TSB Tagment Stop Buffer
TWE Tagment Wash Buffer

@ Covaris& 0|83 PCR product fragmentation

1. 1.5mL LoBind TubeDf Ol2j2} &2 T2 E PCR product® 100ngE HECH

Coponent Amount
DA 1C0ng

Low TE Vanable
Total 30pL

1. Ol2Ee] EHE Covans¥l EHEE Covan: E% tubelfl sopL & S0 EHoapch

M Peak Crcles
Library | Fan = i , | puey : Treatment | _ Sample
size E_ Factor per ome{zeconds) - volume
size Power (FIF} buarst
200 bp 260 bp 50W 200, 2070 200 130 W S0l

3. Fragmentation ¥ 30pL PCR product® 1.5-mL LoBind Tube® &7 HeCLh

a9 29, ERAEE 7IHE NGS gholB e8] 45 SOP-1



@ Tagment Genomic DMNA

1. 1.5 ml LoBind Tube FEO % ¥&F BLT{Bead-Linked Tansposomes) 11pL,
TB1 (Tagmentation Buffer 1) 11pL 22 AJHE E@™ wortex micer§
Digdhd A 49 Tagment EFHE OECH

2. Fragmentstion B 28 30 pL{100ng)2t Tagment ETH 20 pL 2 02mL
PCR tubelf W0 DOIESE HMED

3. PCR 7|70 s5°C 15%, 10°C Hold & 4 E5iH S#T Tagment EFHI|
E07 Sl= 02ml PCR tube® SHECH

@ Post Tagmentation Cleanup

T

1.5 mL Lofind Tube B8 Tagmentstion ® B&0 10 pL 758 (Tagment Stop Buffer

& 9= TO[AE ojEsi HES AMED

Magnetic separatordl TS87F BOIZIE whel 1 8%0| SAHY WHF % .58

2t Ficralc.

Magnetic separatorl] tube® ZEA[FI HHE bead® Hoif EUE SRE HFATLOL
WE HAHzle E0 Magreticl] BOTIE Beads § HEZT] HEE #iO

Tube® Magnetic separatord] AT SEIEMS TWE (Tagment Wash Buffer) 100 uL8

=0

Tsezt TWEZH # HO|=& To|E=E HEY HoEq

Magnetic separator| tube® 231 BW0| SURE gntE] %F g7t FioEDH

Magnetic separatorl] tubel EHA|F! HHE beadE Hzid EYE SNE HAHC

(EHE HHols 2 Magnetcl] BUEE Beads B U= 28 #G

STEPA-7 & Y § th=pich

Tub=@ ¥ H & 42| ¥ T Magretic ceparatorlf] Tube® 20l Y2 etharold

K Ao

£

& Amplify Tagmented DNA

]

OtEo| EHOoE Amplify ZEERE IHE F vortex mixer® D[ESN HojEC

Volume by Input gDMA
Component
10Cng
EPM (Emhanced PCR M) 22ul
Mucleaze-free water 22pL
Total Adgl

oy 30 ERHAEE )9 NGS ghol B g -5 SOP-2



*HE MY%E UE fiojM =ojop WO

Post Tagmentation Cleanup®| ctep 8 E 0| Fo1H, Magnetic separstord M Tube8 2
=t amplify ZEY 40uLE BHED

plate shakerOl 4 1600 rpm 2 1220 SF 8 F 84 FuEalg 20

I Mg e E£9 i adapter: Spl i7 adapter: 5pL B4 10pL8 Yo ECE

plate shakerlfMd 1600 rpm 28 18 &0 SF|8 ¥ 34 HoEzlg ¥

ot#el ZHe R pCR 717|8 HESHT 02-mLPCR tubesE W1 SH/E THEUC

Step Temperature Time
tep1 6E°C 3 mimrtes
Step2 387 C 3 minutes
SB°C 45 seconds
Step3 (Soycle) B2°C 30 seconds
EB°C 2 minutes
Stepd 6B"C 1 mimuies
Stept 10°C Hold

* STOPPING POINT HiSsrd OEatyd=2 Fdwr 38 d5 -20cH =380,

@ Clean Up Libraries

1.

amplhify?t B9 28 ES Magnetc separstorl] 21 20| EAHE TTPHE 2 2.5
rigll=4-1s

Magnetic separatordf]l tube8® DHAIF] MEE beadB® HE® HEYN asul & MER
twbeCi O S0

(BRE HAzle 2 Magneticlll @HAUE Beads & H=2|X] Y8 Bk

SEW sopl B E7 tubel nucleaze-free water 40 plE HoiEO

45 pl 3PB (Sample Purification Beads)|& ¥ 16800 pm 2% 180 S3(8 = B &
SEEE o

sEEN HE0M SRED

st & BEEE Magnetic separatorl] B0 B%0] SYSE CfTX
(= 3

%0 EslE S0 MEE whel 15ul 58 B£FIG Eoi=oh

B9R0| EWUs PE T Magnetic sepamtorlf whe® B AF! HEIE bead8 H 28 &

r

o 3~ 7|

7% 31 EHAEE 71N NGS gholBeg] 445 SOP-3



10.
.

13
14.
15,
16

ir.

18
18
26,
21,

EFW 125pLE 15pl 5PEVT BHOE MEE tubeOiE FIICH

plate shakerlf M 1600 rpm 22 180 SX8 X BH Sugds Bt

SEE0 4ENM REiEC

it & BEEE Magnetic separatorl] 231 E50] SASE QM F 3~ciph 7|oHE
o

Magnetic separator® tube® THEAIT! HE T bead8 H T S BUNE HAHCD
(BRE HAS: 5 Magneticlll EXHEE Beads & =27 FZE 2O

Magnetic separator®] DEA|F] HENN 20 % Ethanol 200 pLE H&=TH

30 2 HE20M |X & F ethanol®@ HAHTC

STEP 14 - 158 & B o Ht=gct

Tube® B B o a2 8 F. Magnetic separatorl] Tube® 231 EE ethanol@® |
Heg

HEM 28 S8 =20 MFIHU 50 SlE Ethancl] B SUE HTHE Tube o
FEE ¥ H= =50 Al7ic

{Bead pellet0] D=t =2t0] TS elution 8 58 0 HotE?| 208 Crack O dE
mmtx] =2k0| = Seth

32 pl RSB [Resuspenzion Buffer)8 ¥ 32 HO|EleE J0iFE F BA EIFESHCL
sEOM 28 SEITCH

28 F Magnetic separatorl] 23 EH0| SHHE QUK 2 3580 F|CHEICE
Library® 4ZN z0uL 8 MEF tubel] 84 EECH

* STOPPING POINT E&510] CtEZEo s TWax NE e -20°c =@

gy 32, ERAEE )6 NGS gelB e g -5 SOP-4



PCR 7|4k NGS ZolBHg T&F 271 &9
PCR 7]4¥Fe] AIV NGS A4 271< 3¢

Name Sequence
Sense CTGGATACGCCAGCRAAAGCAGG
Antisense GACCTGATGCGGAGTAGAAACAAGG

zZtolw HAAA WHol7l & 97]E= mixed base’} FAE F IYEE o =Z 88 Ho|1

%% JEL TapeStation A2HE o3l ABHE FAHAOH, /)E EDAEE YA

5l PB2, PB1, PA @ 2] FZo] F4UsHA o] FAHE s e (IH 33)

m-ﬂv&' %.%&.

Eemmees - —

18 33. PCR714F¢] RT-PCR 7\1.137]- ﬁJJr

RT-PCR <% 4H=2 Covaris 4HE AFE3slo] 2007260bp 27]2] @ o2 AASLE Wil
ThermoFisherA}2] Ion Plus Fragment Library 7]ES AFE-3te] NGS gholB e8] E A48k



A ZHe 2hol B #lE] = size selectionS F335te] AAIEI S

A Ze glo]He#]i= ThermoFisherAte] IonS5AH|E o] &3le] A7IMdE 4S8 Ao,
90073500 depthe] NGS dlolH7} A HS &A=

471 A4S Sl PCR7IRES] 2/ &F<Ak vhol2l= NGS dleold AitxaS HA 38t siale
o, ol tigt XFELFYHEAHSOP)E M (19 34 - 19 41)

PCR7|4t ZECIE2 X} HIO[2{A NGS Library 78 3

EZ2 YA

.A.I% _.I,_le- I-l EIE
SEUNE M UY HE MESHR TEed
BE A% & UM =06 FEeEs
- AMPure XP Reagent beadsE AME 317 0@ # 420 #HLUECH
- 70% ETOHE S8 ME M AE8n.
- 8% a0 Qs BE W2 95 Hof4 HE Dojorwmch
- Elution Fil= #d @& HolH 2R Bok

@ Covaris& 0]8%F PCR product fragmentation

1. 1.5ml LoBind Tube®™ OS2t &2 =ULE PCR product® 100ng® HEL
Coponent Amount
DNA 100ng
Low TE Vanzble
Total SOl

2 0ol EHE CovarsB HESID Covans H8 tubel Sopl 8 WO fragmentationAlF1

C}
¥ ianry Bfean Pl.ul: Duty Cycles Trea ¢ Samril
size ek > Factor vt nime(zeconds) 5 volume
size FPower (FIF} bor:t
200 bp 260 bp 50.W % 20% 200 130 20°C SOpRL

3. Fragmentation El S0ul PCR product® 1.5-ml LeBind Tube® &3 HeC

1% 34. PCR7I%¥F NGS gtelB 22| -5 SOP-1



@ End-repair

1.

[

obs] =T #H AHEE EYSHH End-repair EHHE UEHEO

e Volume by Input
100 ng
Fragmented DMA Sdpl
5¥ End Repair Buffer Z0pL
Erd Repair Enzyme Tl
Muclease-free water 291
Total 100uL

*0E AI%E UE wolM Zojof @,

Fragmentation & S50pL PCR product End-repar ETY soplg @32 DHo|=EE ol &=

o 4o =k

e FE FTALD

AMPure XP Reagent beads 1B0pLE Fragmentation B PCR productlf 2 F & Hol=
£ vortex mixer@® O|8stM HJOECD 3 OF BHA 2oEI o F 4EHM s §

TBCh =Bead@® AW AIES7 208 Hof 420 WY s

Magnetic separaterl] bead?t EHTE tubel BT S0 EWHE DX F 3.0

7t 7|chacy,

-—

Magnetic separatorl] tube® TEAF! HEIE beadS HYT ST BHE HAHHC

(BHE HASHE B9 Magneticl]l BOIUE Beads 8 H=2%] X=& #ch

Tube® Magnetic separatorlfl ZEHAITT SE M 70 % Ethanol 500 pLE =0

|E F0 2 S5 ¢ E cthanol@ HAHSCD

(Fthanol® HHSI= &% Magnetic B BHIUE Bead:§ TE2F HE

1

#Ch

70% ethanol wash@ &+ H § BtEECE (step 7-8)

1% 35. PCR7I®F NGS ghelB g 2] -5 SOP-2



10,

11,

14,

15,

Tubel #He e 8 3 Magnetic separatord] Tube® 22 B ethanclf =AMt

areofle 2 S0 =20 MF[AHY B0 e Ethanol0] BES] FUE DT Tube 9
g W ME SO0 AT
{Bead pelatd| Tp=&fH =t DN elutionS] H80] HET7| HEH Crack o Ed

W7x] =240 x| B

s Tube® 27pL Low TES 210 & 4O0E2 Tube8 vorex mixer@ O0|E5i0 AHFEHU

Tapping ¥C} Bead7t Low TEO] BHES| BSE=& [0

=

H¥

io

CEA Hy #d § F JEuM 2 g

Magnetic separatorl Tube® 21 bead?t 50| E2lDH S & o7z % 2874

7lchalet,

MEE 15 ml LoBind Tube0f 4F% 27 g Y 92 oOF A8 HE 4548 28

au s

r

* STOPPING POINT &= ChEAHHC R THsX B 3T -200CH 28w,

® Ligate adapters, nick-repair, and purify the ligated DNA

1.

obdo] Z70| LA AIFEE THHO Ligate TYRE UENED

Hi

s Volume by Input gDMA
LO-100ng

DNA 25l
10X Ligase Buffer T0pL
lom P1 Adapter Zpl
lon Xpress™ Barcode X Zpk
dNTE Mix 2uk
Muclease-free Water 43pL
DMNA Ligase Zpl

2149 36. PCR7IRE NGS #elB g 45 SOP-3



e

3.

!

3.

Mick Repair Palymerase BpL

Total 100uL

*BE A%E UE o4 sojop Bl

0.2mL PCR tubel| End repair E 25pL DNASH Ligate EFH 7oL § @30 mHoj=

HojEC

olio] =Ho =z pcr?|7ld BoiEC

Stage Temperature Time
Hold 25°C 15 minutes
Hold 72°C § minutes
Hold 4°c Held1]

2ol =0 2825 1.5-mL LoBind Tubed &3 EOHECH

AMPure XP Reagent beads 120pLE LigationE HE0] 99 FECh

*Bead® W AEST| 08 Fo) A0 WY 2O

vortex mixer® O]Ezl0 H0{FE I WA HdEe(mct

H20M s FRED

= ¥

Magnetic separatorl tube @ TEA|F! L4EE bead@ HojTt SR8 BWE HFHECH

(EBE HHole S0 Magnetic] BEHEE Beads & JEQR| W= E fic)

Tube® Magnetic separatord] DAL $EfOM 70 % Ethancol 500 pL8 @=0

10, 30 =0 MEMM 85X W FE cthanold HARD

1

{Ethanol@ HHols ST Magnetic  §HYE Bead=§ TEZE

. 70% othanc| wash@® @ B o Sr&@iCh =tep 9 - 10)

| =8 #oh

12, Tube® HE®ES ¥ X Magnetic separatord] Tube® 22 B2 ethanol® HAHECH

Z14¥ 37. PCR7IRE NGS #elB 88 45 SOP-4



13, HEWH 28 50 =2H0| AIF[AHY H0t Rle EthanclD] BE S SEE TTHE Tube o
EEEg M EE =00 MY
(Bead pelletd] 2t=tH =ct0l HH elution? %8 0 HSZ 7| WEN Crack 0] S

Tf7HE] =20 SHE| EHEthy

14, Tube™ 27 plL Low TEE Y2, & HO=F Tube8 vortex miverE§ OBz HHFEHL

Tapping THCE Bead7t Low TEQ] 2HES6| SHT=8 HojECh
15 BA 2y 22 o = 420 287t gxEd

16, Magnetic separatorlf Tube@ ®1 bead2t BHEE lbrary?t E2loi0] REH & Q7HA]

o 2@t TickEIcH
17. 4SS YW fbrary 25 pLlE MEE 15 mb LoBind Tubed] 2 €8 HojMd =3gch

*STOPPING POINT E&%st0 ChEtEoz Edls 28 F2 -20°clf =@w,

® Size-select the library with the E-Gel™ SizeSelect™ Agarose Gel

I. DMNA ladder® AFSS7] F vortex miwer® 0]|8230 BHA 40+ 2y siEch

[

1.5 mL fwbe® kadder 1pL loading Buffer SpL, Nudease-free water 44pl & @ ladder E

URE HED vortex miver@ O[HSHH B AT B SEC

3 library sample 22 5pL% Loading Buffer 25pL 8 % BE20 M DHO|RE 0800 S0 ECH

1% 38 PCR7I®F NGS ghelB 2] -5 SOP-5



4. E-Gel agarose gel® well DMA laddes?t fibrary sample 25pLE Sof HIHE sbenf 4

Reftermnes linsc

3-.:-?]*1 = i i !

) =)
| i ]

”

250

Fagm W

E-Gel agarose gel® ONA ladders?t library sample® 331 HE2 ZE welld MNudease-

LA

free water 25uLE YO}
6. Y HEE 4 EIESE MAFLD

7. Lladder?t OF2f 8|9 0| 250bpSt 300bp MDY 2E © HI7|Z2=8 BFEE 2o =
2t 28 Mucesse-free waterst B FFSIE welll] Nuclease-free waterf HAHSD

CtAl Muclease-free water 25pL8 S@HEC

Referenca lines

l |

-
|

=

1% 39. PCR7I®F NGS ghelB 2 2] -5 SOP-6



S

Ladder?t 300bp?t % 2s0bpTiXE| U2fsiE f ChA] HEP|EEE BFEI 25pl Nudease-

free water® 23510 MEE 1.5 mL LoBind Tubef 2 E& YoM 238

@ Amplify and Purfy the library

1. Opol EHSE amplfy ZEHHE HEHED
Volume by Input gDNA
Componsnt
50-100ng
Platinum™ PCR Superiix High Fidelity 1000
Library Amplkication Primer Mix SpL
Unamplified library 25l
Total 130pL
rDE A2FE W& wolM Soop B
2 0Zml PCR tubesTf| Size selection B W& 25pL% Amplify =8 105l 8 @0 mof=
oF @ HoEo
3. OfEs] =TOE per 71718 SHEZE 02-mlL PCR tubesE& W3 Amplify & THHLCH

tage Step Temperabure Time
Holding Denatura 95°C 5 minates
Denatura 95°C 15 saconds
8 Cycling Annsal L8°C 15 seconds
Extend FORC 1 minuts
Holding — A%C Hold

s

Transfer the entire reaction P2 =30 &

FEH 1.5 mL LoBind Tubelf &7

5 AMPure XP Reagent beads 156pL8 Fragmentation Bl PCR productOf ‘@HFECE

* Bead®§ & A

£ E HO=E vortex mixer® OBt MHE F OBH 2

j&k?| do08

ST S TR o R TIE | R = - |
ol o2 Mu 20

At
it
154
=
sl

219 40. PCR7I¥E NGS #elB e g 45 SOP-7




10

11

12

13

14

15

16

17

18

HEWA sE fRED

Magnetic separater]] bead?t EHSE tube8 21D SW| SHHE DT 2F 3.5
Zt FioiEch

Magnetic separsterlf tube@ DEHAF! HEE bead® HM SN SHE HAHEC
(28 HHEE S0 Magnetict] @0{3s Beads § =X WEE #ichy

Tube® Magnetic separatorll] ZEHAJT LE WS 70 % Ethanol 500 pLE @0

0= 20 ME20M SF] B E cthanold HAHPC
[EthanalE HASIE 20 Magnetic o BUAE Bead=§ HEZ|E| BEE 8O

70% ethanol| wash @ # B o HBr=#tc} istep 10 -171)
Tubel S48 B T wagnetic separatorl Tube 231 Y2 sthanol8® HHEHCH

gEoM 28 &2 22t0] AFIAHU B0 s Ethanollf 2HES| SUE Q7E Tube o
SHE O [E =80 AZo

{Bead pellet0| M=spA Z2t0| TH elution 2| 58 0| H3H7| HEW Crack 0| F2
mi7tx] =240] SR #eoh).

Tube 20 pL Low TEE Y3 & 40|22 TubeB vortex mixer§ 0|E5H HHFEHLY

Tapping £} Bead?t Low TEN BEI| M= HHEC
24 fy g2 o F 420 22U SR

Magnretic separatorl] Tube® 21 bead?t 80| $2T0] S E DUEE] o 287

=l

MEZ 15 mL LoBind Tube® Y= 20 pLg FH 210 2 o8 Y M4S¥Eg &

gt

* STOPPING POINT Bi&35i0 CHEAHCR FTWsA & s -20°co] =a9c,

1% 41. PCR7I%F NGS ghelBE e 2] -5 SOP-8



A3 A ZFAEFAA vl & NGS Holg 247 &4

7F. NGSHl ol 4% g9

A9
ax

A2kE AIVe] NGSHolEe] #4248 $eai7] 98] ofd 2%, 244

o
M
o

F7, AR
FYHOR £YT 5 Y A 2AYES shol A i) B4 so|merel e LS
Astad s B4 selzgele ¢ Moz Awsel 9 ViusTAP  (Viral

Genome-Targeted Assembly Pipeline) 7|¥Fo.2 dlo] ZHFAZFdlz}o]| B} E3ly wjo|Ze}

N

N 24 sfolZakele) sfae of a1y} 2e (2¥ 42)

Input data (fastq : illumina / lonS5)
Trimming

Fastg-QC output

AV ref seq| mapping
De novo assembly

BAM QC output

ofd 24 BLASTN

- HAE 1674 §%,. NAE 97| §EHo= 748 HAEZ HIS =24

- HA 167{ ©4e| 2} basel| mapping¥ read (M=E2 Za43 &)
depthe] HH 5 F5l1 2} HAS| Y2 &5 A4t L NCBI/ GISAID DB
S} {influenza DB}

NA 974 §32| Z baset| mappingg read
depth2| W& T80 Z} NAS| HEEF A4t
ghC}

A XL X7 HX| 2 (cut_off) 042 HE7} A
E9| ofH o2 T (0|8 S0 80%)

fFlol =X 3 £HEF O HIE FAEE A

1% 42 NGS dloly 4] sto]z gl /i e

A 7hs gk HolH &= Illumina AlAA A AJAkE dlolH 2 ThermoFisher AlAA A A3k
dlolg E5F &4 7hsetes ofsls

H=EE NGS 9AE(FASTQ)™ Trimmomatic &il8]5S o]&3sto] ghojHefg] oYy 2 A&
Aol AEx YuEES AAs e HAHE I

o] % trimming®l ¥AE FASTQ HolH+= FASTQC &ig]&s ol&ste] dolg AH7ME

C
33t 3 Av= HIML @29 A=z Algd (23 43)



RFastQC Report @per sequence guality seores

Summary
asci Santistics i .
|

[ Velen
|

s e - |

Ll g -
I
1

@ rer base soquance quality o) I

2 e e e e ] - |
=t b e - Wi [

1% 43. NGS dHolE QC dEE oA

HolE QC ©o]%F FASTQ 3dS 7]¥o = de novo assembly 2 reference sequence 7]

remappings WEZ T3

X A

[l = gt=1
A L:;"”‘TE LI

o] & reference sequence”|¥+9] remapping o}d A1 w2 A Faste] 1HY ==
3] dEESE] 9% 54
RemappingS $3F 272 ZF A9 reference sequence A4S 93] NCBI®| Influenza Virus

Resource ¥ GISAIDY] Influenza databse®l A dHtol|A] Hiigl ZHFAZSFAA vlole] A~ A7)A

da

= =2 -

SHE AVIMEES AVIME FA A4S B8l consensus GVIAER WSkl o
[ex]
=

consensus 971X 4-S BLASTSY] 78 AR o] &= vlolelx o 97]A4

W4 o4 FASTQERIe] Az P=E5e 7] BE ZRASTAA wlolgzs 4714 Lo
remapping 3t912H ©]E ]3] BWA &igso] AHEH S

Mapping©]§- 272 BAM 79 @4 ez F¥5n, QUALIMAP %u#5S og3te] BAM
el AR7E sy

A7t A= “genome results.txt“ L HTMLE 9] HAZ A
o] A7t A3t qAE v A5 (L™ 4)

of]

. okl 19 BAMIY



EasQC repart

Coverage across reference
»33553> Input S st hat

bas File = 10_out/10.bam
outfile = 18 _out/genose_resulls.Txt I |

SEELRERSEELEREE b 2344311,
L
nusber of boses = 78,816 b I

|
rumber of contigs » 46 = |
|
|

»»> Globals

rumber of reads = 2,E84,332 &g

rusber of mapped resds = 3,512,589 [‘DE-S?*J 4

nuster of supplesentary alighsents - 1,108 (0.94%) ‘
|

ramber of mapped pa ads {4 in pair} = 1,513 883
numper of mapped u.u ed eum ;e:or! in pair) = 1,29!.55(
rusber of mapped paired reads (peth dn palrk = 2,581,453

ramber of wingows = 444 3o |

rumber of mapped paired reads {singletons) = l'I $855
|

nusber of mapped bases « 382,351,115 op

number of sequenced hases = 302,316,100 bp |

rumber of aligned bases = @ oo

fuster of cuplicated reads (estismated) - 1,608,585

suplication rate = 85.51% ; |

. s | i = iy Iy |
B T e B I i 1
S Esrans Tnsert size IR RNRRNEY RERRNRSRRA IR 1R REARERHRR ARG
Ficn (b
mesn dnsert slae o 517,5074 - - -
o T TR o convent]

£t dnsart size = 208.5277 st = e el
median insert size = 254

19 44. BAM vt o] dH7E A3t oA

2 0 AAe ok ARe BE EFABTFAA vl s @714 Dol 80%014 mapping®

A58 Az AAs, WHV1EAE T2aY TE A config HAANM WAL F A= Y

F 2o A A=FalA} B CollE= sequencing read5©] ampping® A %2 whH o=

_'E_
Aol So]A 02 mappingds gk EE dntEFEIVY 167 o}F F Hoek rebrydle]

33 A= mapping rate 80%2H= FA 7|0l o3| ol 1Y QEZI o] HONGE o} o]

AAE (19 45)



]
Eagd 1

£

Lergih_Mapped baves  Mean coverage

Segment Depth

A-segd H5  1494.557055

A-segd_H6  74.88888889

A-segb_ N2 1156521739

A-segb_N6  6703.005638

A-segb_N7 9

Subtype Depth Mapping Rate
H5 1494.557 0.952
N6 6703.006 0.997

1% 45, A gholazekdl A3t o A

* Remapping 43 BEZ A5 ¢ug5E ©]83t9 de novo assemblyE st 1 AdES
BLASTsl] 1 A3 H2E Ao g H98 F s o3+

+ BLAST Z92& 3% ASE 240 28 5958 98

. AlEA e % 7ted RIS FAX vtolg & ot FAA A 7N

* ThermoFisher A7 “dulollA o}y Aol utZ & 4 gl 4 FolzelQl S F58 5

« 3T Fo]=Zehele PathogenDetector Ee1191S AF&atslon], AHHE e ZFASFIAA
Hpolg] 2 Q7N EE ShA 753 dad AVIMES E8Ee

. Z21918 7 AJ89 sequence readE Fw FFZFQlA} vlolgl A A71A Do mappingdt
1 ATE o old e ANES AANYS

o =Y ANERE AFAY BAEF (coverage) B vel¥ 2 7} T mapping A¥E HolE ¥
2oz AAE w3 xFEA7IMGY 21 e G974 E Hol(mutation)d] =AME 4 7]
3] dlgtHel ARYEE debe & YRS AYS (1Y 46)

Matching segments, mean segment coverage and number of N's in consensus
Barcode | Mean coverage HA MP NA NP N§ PA PB1 PBZ
onkpress_052 £33 HEKor20IB(HENE) 271 [ | Kor201B(HBNG) 474 [ | NeKor2016(H5NE) 505 [ | Kor2016(HENG) 202 [ Kor20i6(HNG) 1488 [ | Kor2016(HNG) 169 [ | Ker20t6(HaN2) 194 [ |Kor20t6(HaNs) 162
lon¥press 053 2T | HERef(HENY) 140 (] |Kor201B(HENG) 243 [E] | NKor201G(HGNG) 259 [ | Kor201B(HENG) 134 FE] | Kor2O1G(HNG) 671 [ |Ker2Ot6(HENG) 82 [ Kor20t6(HINZ) 144 [ | Kor20iG(HENG) 95 [
lon¥press_054 7% | HERefHENY) 744 B KordO(G(HENG) 6687 | NoKor2OIB(HGNG) 5093 | Kor2016(H5NG) 2351 ] |Kord016(HaNG) 5732 [ [Kor20f(HaNe) 480 Ref(HN2) 310 FD RefN2) 516
lonXpress_55 3096 | H5Kor2DIG(HENG) 2448 B] | Kor2016(HSNG) 5040 ] | NOKor2OIB(HENG) 4622 | KordO1G(HSNG) 1801 [ | Kor2OUBHENG) 6721  |Kor2DMB(HSNG) 1157 | KorOB(H3N2) 1401 Kor2016(HENE) 1503
lonkpress_056 3420 | HERef(HENT) 2653 I | Kor2016(HENG) 6366 B] | NGKor2DIG(HENG) 4854 | KordO1B(HENG) 1544 | Kor20IB(HENG)GB9T  |ReffH3NZ) 2034 | ReffHaNg) 1901 Kor2016(HENG) 1283
lonXpress_057 2685 | HSRefHEN1) 2182 [] | KorZO1B(HENG)6302 | NeKor2O16(HSNG) 3686 | Kor20TB(HNG) 2470 ] | RefiHINZ) 4746 [ [Kor2OMG(HENG)1615 | Ref{H3N2) T ReflHINZ 1332
lonXpress 058
% 46, TonS5EH| A9 AR Az} 74 oA
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B ATEE AW d7IAE FA4 7Nk 2F AEFAA vpe]ly 2o AAFAA
olEjell A o}y AA, UG FF, "old: wH B ATE £4S FRHCR 3
& 4 Qe FfE2s E9AA 7INke] #4 dfolxZekel PAIVS (Prediction of Avian
Subtype)E /N2

PAIVS+ &4 % AA9 full-length 971-E3 71 fFARE 9714E9S A0 5 )
Local Alignment Search Tool (BLAST
[https://blast.ncbi.nlm.nih.gov/Blast.cgil) &4 =& A3t wobrs] AlFE4 59

S8l BAol B8 ABAES HYE

Influenza Virus

rr
oy
o
7
S

. PAIVS £ 3}o]= &9l

PAIVSE ZR/AZF A2 vtolej2o] NGS HlolHE B4 § U= Asstd #4 7
olxzglolol F HuAlR FAEO 92; 1) Data pre-processing 2) reference-guided
alignment or de novo assembly 3) influenza virus subtyping 4) single neucleotide

variant calling 5) identifying the closest sequences

PAIVS:= pythong 7IRte.2 s glom &4 552 ofdfl 193 &5 (21 48)

Viral hoft Host reference genome
Y ’ [p— — f—
%=y S ——— —

h - Reference-guided
read mapping
J - Viral RNA extraction (BWAor HISAT&'
N / - NGS library construction /

ofi Unmapped reads
Sequencing 4
- Reference-guided

read mapping
(BWA or HISAT2)
\ [ AlV reference genome -De nox(IR/xsembly
|
7
" /i —_—

E—

ASTn)

read from host ,r" \ closest sequences
/ \ e — BL,

A
'\

> - Variant calling
(SAMtools and BCFtools)

- Trimming reads / T~ - Prediction of AIV subtype
\/ Coverage value calculation
/|
T —
—c—
—_—

[» read from AIV —
.

19 48. PAIVS #4 3&8%

£ PAIVS: paired-end viral genome sequencing®] A A4tE FASTQ32-S input

lo],.‘é o]

file formatl. = =

Pre-processing ©HAIolA] PAIVSE glolH g +
A

g 2 AEA] low base quality 471449 Al

HE

Aloll A A == adaptor 9714

=g
JEES AASE BAe FAY



o] % trimming® A HAY YE=ES A, 2/ 5 579 reference genome®l alinement
= F3sty, o] BAHS E3) viral genome©] oyl

A7IME A8 Bl=so] AAHE

o) 2~ I~
ARHRY QW 5 AE 79

oko] gA ol A alignment® A %-& unmapped AlEBA =52 viral genome 8 A
A ez 2, unmapped AlEA HEES A oE Z2RAESTFAA vlole 29

reference genome©l alignmentZ <3 st

Eddo] A&& I
F7F4 22 de novo assembly HAE A9 ¢ JJEE 9o, o= BLAST &4

3 Al B4 oY A HE FARE G1N9e ABOR F5F + YRS

. NGS ©lo|H AAH #A

Pre—processing ©7ll A PAIVS+ #olBeg] FEdAoA A== adaptor 714
d 3 AFHEY low base quality A7IME AlRA =SS AASe B S T
o] HAeol= TRIMMOMATIC 4 Z=F& A3  (Bioinformatics. 2014;
30:2114-20)

AAdAAY E42 F de 5579 d7AE AR H=59 A= 559 reference
genome®l| AA Sl AAAY B =ES alignmentT o2 Tl A5 S. o] Ao
+ HISAT29 BWA aligner’} AF8%¥ (Nat Biotechnol. 2019; 37(8):907-915;
Bioinformatics. 2009; 25:1754-60.)

ki

o] % <ZF9] reference genome®| mapping® A %2 A|FEA F=EL SAMtools?

View' 71%& AHg3ste] FE3% e (Bioinformatics. 2009; 25:2078-9)

ko] Ao A alignment® A %<2 unmapped Al ¥4 FE=ES viral genome 2 Al
d Bl=R2 FEH, unmapped AlEA HEES A oR Z2FASFAA vho]H 29
reference genome®| alignmentZ 43 3¢

BOEA Zzade ] gt e HISAT29 BWA alignerE < mapping rate, ™5

~ al
o] ARg= BA A 7SS vt A3 BWA alignerd ‘mem’ @ar#Eo] HISAT29
vl 53 A& YelWS (25 - £ 7)



¥ 5. Comparison of the mapping rate between HISAT?Z and BWA aligner

Run time
Sample HISAT?2 BWA (MEM algorithm)

thread 2 thread 4 thread 8 thread 2 thread 4 thread 8
S1 0m34.720s | Om16.868s | 0m17.834s | 1m20.332s | Om42.727s | O0m31.437s
S2 0mb5.342s | Om13.532s | 0m13.394s | 1m35.105s | Omb3.374s | Om36.142s
S3 0m48.453s | 0m12.527s | 0m13.232s | 2m21.670s | 1m17.922s | 0m42.026s
S4 0m42.657s | 0m13.654s | Om14.310s | 1m26.063s | 0m47.207s | Om28.993s
S5 0m40.107s | 0m17.305s | Om14.020s | Om38.776s | Om23.869s | Om15.906s

3 6. Comparison of the memory usage between HISAT?2 and BWA aligner

Memory usage (KB)

Sample
HISAT?2 BWA (MEM algorithm)
S1 418,008 384
S2 411,920 388
S3 388,024 856
S4 266,668 856
S5 421,844 388

3 7. Comparison of the mapping rates(%) between HISAT2 and BWA aligner

Memory usage (KB)

Sample
HISAT?2 BWA (MEM algorithm)
S1 0.19 38.87
S2 0.26 93.23
S3 0.23 94.62
S4 0.16 89.66
S5 0.15 90.34




9l ZelA HISAT2+= ¢ W23 o A& vEgE AFESth= SoA BWAC] H] &)
-kl =

A uF HISAT2E Z7FQAZF A} vlol#] 2 9] reference genome©l alignmentZS 3) 3F
A3 H3t mapping rate’} 0.2%°] £33 vtA BWAS ‘mem’ &iEH 91.3%= &
A A=

mEkA] ZRAZFAA vholf o] NGS dlolE #A o= HISAT2 alignere] #|3|

N
=i
¢ [¢]
e
—lm
=,
Y
jur]

fol2=¢] oty 24

NGS719F Z2/AEFAA vpole] 2 ofd #4185 98] PAIVSE dlntEFE W 249

187F4 o}& (H1-18)% wrefvlydlol= Fx2ke] 117FA4 oF&d (N1-1D)ell thal 2187
= coverage =4S 3

2 4o & SAMtools #4 =5 A& S

Z} ofgo] 3] coverage valueE 2FESHA ™ coverage valuei= Zb ofd 9] A]HA
T coverage ¥e 7 obd o AVIAMYE 2 H

coverage valueg AF&3t7] 913k #4& o5 25 (19 49)

P D,
Segment Mean Coverage, = k=1 P

EON

19 49. Coverage value AF&=2

9 24l Dpi= Z genomic position®] A¥4 depthE 9738t pi= rkr o} o] o
714 Zol, k&= 7z} genomic positiong ¢ 1] &
9l 28 T AtEE coverage valuet ZlE2~ EWE ZEA AT ARELS

Fole Ped HaE 9 GHoz 448 (29 50
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A-segd4_H1
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o] X =FEL Varscan®|Y Haplotypecallers ol Hl&l w21 wRa] Al-g=Fo] At}

Zdo] AEF ZA¥EL variant call format (VCF)EEje] Bl A~Entd 2 A& ww ol
H

o] W& AnE Yehu AL (1Y 53)

#CHROM POS REF ALT QUAL IMNFD FORMAT sample.bam

DP=1157VDOB=05GR=-0.693147;RPB=1.87555
e=08;MOB8=0000464813;B08 =0,MO0F=6G1CB=
T HOB=0.5AC=1AMN=2DP4=651 0,452 0:MO=
56

DP=1282VDB=05GR=-060314T;MOOF=0AC=__ e
2:AN=2-DP4=0,0,1259.0MQ=56 GEEL: 112554550

DP=1285YDB=0;5GE=-0.693147:RPB=1:A4Q8
A-segl 27 T € 228 =1,80B=1:M0O0F=0:AC=2:AN=2:0P2=1012656T:PL  1/1:2552550
O;MQ=56

DP=1287VDE=05GE=-069314T.RPE=0.711591
A-segl 31 G A 228 TMOB=094875BOB=0696328MODF=0AC=2GT.PL 1/1:255,2550
AN DP4=50 1263 MO=56

DP=1287,VDB=0;5GB=-0.69314T7;RFE=0;MOB
A«segl 33 A C 228 =0916272BOB=0.0675355MO0F=0AC=2,AM GT.PL 1/1:255.2550
=2:0P4=2,0,1266,0,M=56
PP=1227 VDB=0;5GB=-0.69314T,MOOF =AC=
2 AN=2.DP4=0,0,1209.0MQ=59

A-zegl 4 A G BY GTPL 0/1:120,0.215

A-segl 17 T A 225

A-segl 42 C A 235 GTPL 1/1:255,255,0

1% 53 &Rl A& A

De novo assembly:= H}o|#]2~ genome?| assembleo] E3}¥ Iterative Virus
Assembler (IVA)E #8395 (Bioinformatics. 2015; 31:2374-6)
IVAS] AFEE<] FASTAY Y] A= delg] BLAST 4 =75 AMEse 4

AAek B T AVIE S =EEHA HW L dl= ofd 2™ 2 (L9 54)
Sequences producing significant alignments; Score (Bits) E Value
EPI_ISL_1562467 | Alduck/Guangdong/GDO1/2014 | NA | 2438 o
EPI_ISL_179634 | Alduck/Jiangxi/NCDZT1123/2014 | NA | 2405 0
EPI_ISL_179635 | A/duck/Jiangxi/NCDZT1126/2014 | NA | 2405 0
EPI_ISL_205115 | A/duckWuhan/WHYFOZ/2015 | NA | 2338 Q
EP_ISL_205116 | AlduckWuhan/WHYFO3/2015 | NA | 2338 o0
lEPI_JSL_ZU’S‘l 42 | Aturtledove \Vuhan/HEKBJO7/2015 | NA 2337 o
EPI_ISL_205117 | A/chicken\Wuhan/WHYJ01/2015 | NA | 2337
EPI_ISL_205118 | A/chickenWuhanWHYJO2/2015 | NA | 2337 0

19 54. De novo assembly ¥ BLAST +4] oA



v, 24 A 39 quality control

e PAIVSY RE B4 AyEsS BAM file, text file, imagedd d2 o2 #3+

AB 2~ Y= alignment 23 Qualimap Yild] &S AMEEe] AHPGrtE 33

o o} 1™ FastQC/Qualimap ¥4 235 Ye i S (29 55 - 19

2 rastiC - O X
File Help
(8.3 4rlfastq | 934 r2fastq |
@ Bagic Statistics Qualityscoresacrossallbases{Sanger/lluminal. Sencoding]
e Per base sequence quality
@ Per tile sequence quality
@ Per sequence quality scores
0 Per base sequence content 30
=
@ Per sequence GC content 28
26
Per base N content
24
4/_\-.‘-
\i;? Sequence Length Distribution 22
@ Sequence Duplication Levels £
1a
@ Overrepresented sequences ||
@ Adapter Content 14
12
10
g
8
F
2
4 1 3 5 7 & 2024 4044 80-64 80-84 100-104 125129 150-151
Fositioninread{bp)

19 55. FastQCE &3+ trimmed read®] quality check

CONTENTS
Summary
« Summary
Globals « Coverage across reference
« Coverage Histogram
Reference size 78,816
+ Coverage Histogram (0-50X)
Number of reads 2,436,395
+ Genome Fraction Coverage
Mapped reads 2,305,343/ 94.62% « Duplication Rate Histogram
Unmapped reads 131,052 /5.38% * Mapped Reads Nucleotide Content
» Mapped Reads GC-content Distribution
Mapped paired reads 2,305,343 / 94.62%
* Mapped Reads Clipping Profile
Mapped reads, first in pair 1,192,939/ 48.96%
* Homopolymer Indels
Mapped reads, second in pair 1,112,404 / 45.66% « eI GRAl PE e Reai
Mapped reads, both in pair 2,217,081/ 91% * Mapping Quality Histogram
Mapped reads, singletons 88,262 / 3.62% * Insert size Across Reference
 Insert Size Histogram
Read min/max/mean length 30/151/142.54
Duplicated reads (estimated) 2,301,639/ 94.47%
Duplication rate 87.37%
Clipped reads 1,711,364 / 70.24%

ACGT Content

Number/percentage of A's 82,061,280/ 30.5%
Number/percentage of C's 52,635,446 / 19.56%
Number/percentage of T's 70,203,356 / 26.09%

1Y 56. QualimapS %3+ processed BAM file®] Quality check
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A ke 20179 129004 20199 897A W ERAFFAR upole s

T FE A A WY HOHNI Z2/FAEFAA}t vlo]lg 27t A Foz2 HEH ol
H5 hemagglutinine (HA) F3 2= 10719 FH4 o2 G5 clade (clades0-9)= 2!

3ts] 231 S (Emerg Infect Dis. 2008; 14(7):el)

AMAA o2 H5 clade 23449 M2 AZ3F (reassortant) YU ZFAZFAA
nlol g =7} HZE5 31 & (Cell Host Microbe. 2016; 20(6):810-821)

T, B, WEA 20149 A5 HEE clade 2.3.4.4 HENG vlolg =& AAA=Z
w&e AAW 2REE S FEsidlen 2339 dddser 94 JdAHA
Al 7F ®arE]o] 91e (Emerg Infect Dis. 2017; 23(5):822-826., Emerg Microbes Infect.
2018; 7(1):103., https://iris.wpro.who.int/)

ghaol A= 20140l A 2018 ] 7 3HEF Bt R 2R/ UAZFFAATL 7ha ol

o
-
22,

KX
=

o

E
=

[«

1, 2016-2017+ 2017-2018 A2 713t &<te] w2 M= Az 2¥d4 HOEN6
(clade 2.3.4.4) wlolg] 2ol ola] of7|H 1o, o] Z<la] 440017 FHA&elA ok 109 vz
o] 7ba#H7F A H A (https/www.kahis.go.kr/)

B EAeA = 2017 @ 12 E5H 2019 9 8 A7bA F=o] ofA /e oA &
3

S
2 1A H5NG ofd ZHAZF oAl nlo|e]xo Adt W Hxp EAS ZAE IS



N ool HdAle & 1278 EF HON6=E Zld AAolm, 20173 12€78 20199 8
I

74 FAEE 54 (0=10) B TF (=2)dA oF¥xFo wid= L= ARACA

HPAI (2003-2018) count in Korean
[_Jo
11
[ ]s5-1a
[ J1s-33
e Eumseong [ -84
e Chungju Il sz

4] 23 S0 100 150 200
O
Kilometers

19 57, 2003-2018 1P =RAEFAA HAAG
(i e vstel w3 EH T 11-1480523-003431-01)




* NGS de°]8 A4k Thermo Fisher A9 IonS5 AlEUAE o] &3t om M W&
Al 2 Aell 7leHo As

e NGS dl°o]H9 pre-processing= Torrent Suite v5.6.05 ©]839921™ Pathogen
Detector &8]71%1 v14E AF&3F9 &

e H5 ©o}&F9 clade 7 % A 54 #£242 National Institute of Allergy and
Infectious Diseases (NIAID) Influenza Research Database (IRD)2] ¥4 =& o] &3}
R

o AlEEA (phylogeny analysis)E 938 AZF A} vlelg 2 74 <Y JHE National
Center for Biotechnology Information (NCBD<} EpiFlu database of the Global
Initiative on Sharing All Influenza Data (GISAID)olA X389 (28 58)

S NGB Resources® HowTo @

£ 2008+ 2020 | Terms of Use | Privacy Natice | Contact

Related nks New featucss How toete Contactus Help

Influenza Virus Resource 9? Influenza Virus Database (C]' L”.“ .)
Information, Search mnd Analysis

You are logged in 35 SeungHyun Jung - gaut

Ovendew  Datsbase  GenomeSet  BLAST  Annotation  Submission  FTP  Virus e
registered Users  [ERSOUMCIN  BetaCov 2015-2020 My profle
Protein or bt from e dattass vsing ) -
B | ] Workset: Upload | | Batch Upload Settings Analysis
Mile queries can be bul by Add Quey’ button query s made,and queisin any the Cuy Blercan o 6 o pronse £ worksets @ uploas [ sateh up D settmgs [ analy
database. Sequences can be dm’“hiﬁ?ﬂ and it is possile to analyze them using the i free building ﬂa!ihase Count 308,072 viruses GISAID published 163,398 viruses (736,586 sequences) Total count 308,072 viruses (1,291,008 sequences)
Basic filters
Get sequences by accession Predefined search Seiact
spa i it Search in ® Released files ( Worksets
Upload| THg £% $UE D% 28 Accessions Search patterns
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e Human Atica
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Al Asia
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o FRYE olZFdA nloly A PV|ME HHEL Basic Local Alignment Search Tool
(BLAST [https://blast.ncbi.nlm.nih.gov/Blast.cgi]) 4 =42 Alg&3sle] 2 2A o4t

ol 1259 £FE

FallAp wpol =9k B FAREY A AVIAES FHEIE
o Y GUIANEELS B SAUE] 12T vrelels AVIAE Y 7 multiple alignment
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Aenvironment/Korea/W543/2016(HSN6)
Aenvironment/Korea/W542/2016(HSN6)
Aenvironment/Korea/W544/2016(HSN6)

Awild duck/Eumseong/22/2019(H5NG) +—

A/wild duck/Eumseong/20/2019(H5NG) €=

Awild duck/Eumseong/15/2019(HENG) €=

| Alwild duck/Eumseong/14/2019(HSN6) +——

[| Anwild duck/Eumseong/08/2019(H5NE) 4

A/Anas platyrhynchos/Eumseong/10/2017(H5NG) <¢——
A/Anas platyrhynchos/Eumseong/09/2017(H5NG) +———
A/Anas platyrhynchos/Eumseong/05/2017(H5NG) <——

8

AAnas platyrhynchos/Eumseong/02/2017(H5NG) 4=

AJAnas platyrhynchos/Eumseong/03/2017(H5NG)

Alenvironment/Korea/W541/2016(HSN6)

[~ Alchicken/Kumamoto/45/2016(H5NG)
Alenvironment/Saga/4/2017(H5N6)

‘Pwhceper swan/Korea/Gangjin 49 2/2016(H5N6)

| Alwhooper swan/Korea/Gangjin 48/2016(HSN6)

[~ Alcoot/Shiga/2501T010/2017(H5N6)
2| Alperegrine falcon/Niigata/12/2017(HSN6)
Alperegrine falcon/Gifu/2102A008/2017(H5N6)

Alwhooper swan/Fukushima/1/2016(H5N6)

Altundra swan/Niigata/1511C003/2016(H5N6)

L A/environment/Niigata/5/2016(H5NG)

43| A/common teal/Korea/W559/2017(H5N6)
A/common teal/Korea/W558/2017(HSN6)

Alenvironment/Gifu/21/2017(H5N6)

< Atundra swan/lwate/9/2016(H5N6)

7] L Alperegrine falcon/Hokkaido/X7/2016(H5N8)
Alsnowy owl/Akita/0051D008/2016(H5N6)
A/snowy owl/Akita/0051D010-4/2016(H5N6)

| A/snowy owl/Akita/0051D007/2016(H5N6)

PB2

Alblack swan/Akita/2/2016(H5N6)
Alblack swan/Akita/1/2016(HSN6)
f— A/common porchard/Yamaguchi/3501B002/2017(H5N6)

L— Alpintail/Hokkaido/X8/2016(HSN6)
Algreater scaup/Aichi/2301H050/2017(H5N6)

oo

19 60. H5N6

=

Alwild U2018-91/2018(H5N3)
«| Alteal/Egypt/1202C/2017(H5N8)
Alteal/Egypt/1198C/2017(HSN8)

AJduck/Egypt/F13666A/2017(H5NS)
Alchicken/Egypt/Q13804A/2017(H5N8)
Alduck/Egypt/N13736E/2017(H5N8)
Alduck/Vietnam/LBM839/2015(H3N6)

‘{ A/duck/Bangladesh/26920/2015(H3N6)

“L A/duck/Bangladesh/26918/2015(H3N6)

A/duck/Bangladesh/33137/2017(H3N2)

s AVAnas platyrhynchos/Korea/W614/2017(H5N6)
5/l A/Anas platyrhynchos/Korea/W612/2017(H5NG)
/| A/Anas platyrhynchos/Korea/W615/2017(H5NG)

=0
a7 L

n A/Anas platyrhynchos/Korea/W613/2017(H5N6)
. { A/Brahma chicken/Belgium/6153/2017(H5N8)
* A/Guinea fowl/Belgium/6102/2017(H5N8)
Algoose/Kalmykia/813/2016(H5N8)
A/mute swan/Shimane/3211A001/2017(H5N6)
Altufted duck/Shimane/3211TY001/2017(H5N6)
Ajungle crow/Hyogo/2803E011/2018(H5N6)
! Aljungle crow/Hyogo/2803A002/2018(H5NG)

*| Aiwild duck/Chungju/04/2018(HSNG) +—
Ajungle crow/Hyogo/2803E022/2018(H5N6)
—— AJswan/Voronezh/2/2017(H5N8)

Awild duck/Chungju/01/2018(H5NG) +———
r{g

o A/Ruddy Shelduck/AN/2-14-12/2016(H5N8)
{ A/White-fronted Goose/AN/1-15-12/2016(H5N8)
| Alpeacock/Belgium/1017/2017(H5N8)
Alchicken/Belgium/807/2017(HSN8)
Alchicken/Chechnya/58/2017(H5N8)
A/Environmental Fecal/AN/2/2017(HSN8)
L Alswan/Krasnodar/44/2017(H5N8)
Alchicken/Moscow/94/2017(H5N8)
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1o Alwild duck/Eumseong/14/2019(H5NG) 4———
Alwild duck/Eumseong/20/2019(HSNG) 4——
Alwild duck/Eumseong/08/2019(HSNG) +———
Alwild duck/Eumseong/15/2019(HSNG) +———
Alwild duck/Eumseong/22/2019(HSNG) +——
Alenvironment/Korea/W544/2016(H5NG)
Alenvironment/Korea/\W541/2016(H5NG)
Alenvironment/Korea/W542/2016(H5NG)
Alenvironment/Korea/W543/2016(H5NG)
A/Anas platyrhynchos/Eumseong/02/2017(HSNG) =
A/Anas platyrhynchos/Eumseong/03/2017(HSNG) <=
1 A/Anas platyrhynchos/Eumseong/05/2017(H5NG)
A/Anas platyrhynchos/Eumseong/09/2017(HSNG) <
A/Anas platyrhynchos/Eumseong/10/2017(HSNG) <
Aenvironment/Saga/4/2017(HSNG)
Alwhooper swan/Korea/Gangjin 48/2016(HSNG)
Alchicken/Kumamoto/45/2016(HSN6)
Alwhooper swan/Korea/Gangjin 49 2/2016(H5N6)
Alcoot/Shiga/2501T010/2017(H5NG)
7| Aenvironment/Gifu/21/2017(HSN6)

~ Alwhooper swan/lwate/17/2017(H5NG)
“- Algrey-faced buzzard/Aomori/10/2016(HSNG)

Alwhooper swan/Tochigi/1/2017(H5NG)
- Alowl/Hokkaido/X6/2016(HSNG)

Altundra swan/lwate/9/2016(H5NG)
;[ Aperegrine falcon/Hokkaido/X7/2016(HSN6)
. — Alchicken/Miyazaki/21/2016(H5N6)

{ Alblack swan/Akita/2/2016(H5NG)

1| Alcoot/iwate/13/2016(H5NG)

Alwhooper swan/lwate/11/2016(HSNG)

- Aleastern buzzard/Oita/4401F005/2017(H5NG)
- Awhooper swan/Aomori/9/2016(HSN6)

— Awhooper swan/Niigata/13/2017(H5NG)
Altundra swan/Niigata/1/2016(HSN6)

1%

©
{Nwhooper swan/lwate/1/2016(H5N6)

*L Almute swan/Aomori/4/2016(HSNG)
Alwigeon/Aichi/2301H025/2017(HSNG)
Alwhite-fronted goose/Miyagi/1/2016(H5N6)

=| 5| Alcommon p 01N017/2017(H5N6)

PB1

- Algreater scaup/Aichi/2301N021/2017(HSN6)
T Alcommon porchard/Aichi/2301N025/2017(H5N6)
Atufted duck/Hyogo/2812A009/2016(HSN6)
4_{ Almute swan/Hyogo/2801ITM014/2017(H5NG)
= Almute swan/Hyogo/28011TM009/2017(HSNG)
- Apintail/Hokkaido/X8/2016(HSNG)
~ A/common porchard/Yamaguchi/3501B002/2017(HSNG)
L Amwhooper swan/Fukushima/1/2016(H5N6)
o A/Anas platyrhynchos/Belgium/1899/2017(HSNS)
£ Algoose/Spain/IA17CR02699/2017(HSN8)
AMuscovy duck/Democratic Republic of the Congo/NYA15 PB1/2017(HSN8)
AMuscovy duck/Democratic Republic of the Congo/KAF 1/2017(HSN8)
Algrey-headed gull/Uganda/MUWRP-538/2017(H5N8)
Alwhooper swan/Shanxi/RC01/2016(H5N8)
| AWhooper Swan/Sanmenxia/01/2016(H5N8)

oo

19 61. HHN6 =72

ZFqA vl 29 PBl A AE

Alcommon teal/Korea/W547/2016(H5N8)

AJgrey heron/W779/2017(H5N8)

Alcommon teal/Korea/W555/2017(HSN8)
Ajungle crow/Hyogo/2803A002/2018(H5NG)

T Afjungle crow/Hyogo/2803E011/2018(H5NG)
Ajungle crow/Hyogo/2803E022/2018(H5NG)
Atufted duck/Shimane/3211TY001/2017(H5N6)
AJmute swan/Shimane/3211A001/2017(HSNG)

Awild duck/Chungju/01/2018(HSNG) +——
| Awild duck/Chungju/04/2018(H5NG) <+

@

A/Brahma chicken/Belgium/6153/2017(H5N8)
{ A/Guinea fowl/Belgium/6102/2017(H5N8)
{— A/Ruddy Shelduck/AN/2-14-12/2016(HSN8)

{— A/White-fronted Goose/AN/1-15-12/2016(H5N8)
2. Algoose/Kalmykia/813/2016(H5NS)

| Alteal/Egypt /823C/2016(H5N8)

i Alnorthern shoveler/Egypt/813C/2016(H5NS)
{—— AJswan/Voronezh/2/2017(H5N8)

{——— Alchicken/Moscow/94/2017(H5N8)

{— Alpeacock/Belgium/1017/2017(HSNS)

L A/Mulard Duck/Hungary/59163/2016(H5N8)
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Alenvironment/Korea/W542/2016(HSNG)
| Alenvironment/Korea/W541/2016(H5N6)
AJenvironment/Korea/W543/2016(HSN6)
Aenvironment/Korea/W544/2016(H5N6)
A/Anas platyrhynchos/Eumseong/03/2017(HSNG) +——
- Afwild duck/Eumseong/20/2019(H5NB) €—
A/Anas platyrhynchos/Eumseong/05/2017(HSNG) +——
Awhooper swan/Korea/Gangjin 49 2/2016(H5N6)
& Awhooper swan/Korea/Gangjin 48/2016(HSN6)
| AWAnas platyrhynchos/Eumseong/02/2017(HBN6) +——
Awild duck/Eumseong/15/2019(H5NB) +——
{— Alchicken/Kumamoto/45/2016(H5NG)

A/Anas platyrhynchos/Eumseong/10/2017(HSNB) <
{— Alenvironment/Saga/4/2017(H5N6)

A/Anas platyrhynchos/Eumseong/09/2017(H5NG) +——
A/wild duck/Eumseong/08/2019(H5NG) +——

Adwild duck/Eumseong/22/2019(HENB) +———
Alwild duck/Eumseong/14/2019(HSNG) 4=
Awild duck/South Korea/KNU18-106/2018(H7NT)
L Awild duck/South Korea/KNU18-107/2018(H7N7)
f— Alduck/Mongolia/520/2015(H1N1)
AJduck/Jiangshu/YZ916/2016(H3N2)
f—— A/hooded crane/Korea/1176/2016(H1N1)
A/Duck/Hubei/HF5/2017(H7N8)

Awild waterfowl/Korea/F56-1/2017(HEN2)
Alwhite-fronted goose/Korea/F56-3/2017(HEN2)
Alwild waterfowl/Korea/F14-5/2016(HEN1)
A/DuckiMongolia/782/2017(H7N3)
A/Duck/Mongolia/751/2017(H7N3)
A/Grey TeallVictoria/GT001/2017(HON1)
Albean goose/KorealF27-6/2017(HEN1)
Alduck/Mongolia/245/2015(H10N3)
Alduck/Mongolia/140/2015(H10N2)

A/duck/Mongolia/141/2015(H10N2)

A/duck/Mongolia/154/2015(H1N2)
w0 15(H3N8)
Alduck/Mongolia/996/2015(H3N8)
y i 13(H3N8)
5 A/duck/Viet Nam/HN-1732/2014(H3N8)
Amuscovy duck/Viet Nam/HN-1736/2014(H3N8)
15(H10N6)
A/Eurasian curlew/Liaoning/ZH-385/2014(H13N8)
of Georgia/13/2011(HEN2)

p

D-1250P/2015(H7N3)
Al/duck/Mongolia/122/2015(H3N3)
A/duck/Mongolia/129/2015(H3N3)

Albean goose/Hubei/SZY200/2016(H11N9)

3-1/2015(HONS5)
Alpeacock/Belgium/1017/2017(H5N8)

— Alchicken/Belgium/807/2017(HSN8)

AlAnas platyrhynchos/Korea/W613/2017(H5NG)

A/Anas platyrhynchos/Korea/W612/2017(H5N6)

AlAnas platyrhynchos/Korea/W614/2017(HSNG)

A/Anas platyrhynchos/Korea/W615/2017(HSNG)

A/Brahma chicken/Belgium/6153/2017(H5N8)

A/Guinea fowl/Belgium/6102/2017(H5N8)

A/Environmental Fecal/AN/2/2017(H5N8)

- A/swan/Krasnodar/44/2017(H5N8)

Alchicken/Chechnya/58/2017(H5N8)
Alchicken/Moscow/94/2017(H5N8)

S~ Algoose/Kalmykia/813/2016(HSN8)
L AJswan/Voronezh/2/2017(HSN8)
. — A/Ruddy Shelduck/AN/2-14-12/2016(H5N8)
£ A/White-fronted Goose/AN/1-15-12/2016(H5N8)
<o Alwild duck/Chungju/01/2018(HSNG) 4+——
sr| | Awild duck/Chungju/04/2018(HSNG) <
Almute swan/Shimane/3211A001/2017(H5N6)
Atufted i 211TY001/2017(H5N6)
Ajungle crow/Hyogo/2803E011/2018(H5NG)
—{ Aviungle crow/Hyogo/2803E022/2018(H5NG)
Ajungle crow/Hyogo/2803A002/2018(H5N6)

aoo
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Awhooper swan/Niigata/5112008/2016(H5N6)

Alperegrine falcon/Niigata/12/2017(H5N6)
Acoot/Shiga/2501T010/2017(HSNE)

?L Alenvironment/Gifu/21/2017(H5N6)

<~ilwhooper swan/Fukushima/1/2016(HSN6)

A/duck/Tottori/E10/2016(HSN6)
‘A/common porchard/Aichi/2301N025/2017(H5N6)
s| || Argreater scaup/Aichi/2301H050/2017(HSN6)
77| Alcommon porchard/Aichi/2301N017/2017(H5N6)
Agreater scaup/Aichi/2301N021/2017(HSNG)
AJgoose/China/GS37-5.5eq/2016(HSNG)
{ Alchicken/China/G1054/2016(HEN6)
Alchicken/Miyazaki/21/2016(H5NG)
Alsnowy owl/Akita/0051D008/2016(H5NG)
Alsnowy owl/Akita/0051D010-4/2016(H5N6)
2| Alblack swan/Akita/1/2016(HSNG)
Alsnowy owl/Akita/0051D007/2016(HSNE)
=| Alblack swan/Akita/2/2016(HSN6)

@

8
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Alwhooper swan/Korea/Gangjin 49 1/2016(H5N6)

7;{ Alwhooper swan/Korea/Gangjin 49 2/2016(H5N6)
Alwhooper swan/Korea/Gangjin 48/2016(H5N6)

Alchicken/Kumamoto/45/2016(HSN6)
Alenvironment/Korea/W543/2016(H5N6)

‘{ Alenvironment/Korea/W542/2016(H5NG)

Alenvironment/Korea/W541/2016(H5NG)

| | A/Anas platyrhynchos/Eumseong/02/2017(H5NG) 4=

A/Anas platyrhynchos/Eumseong/03/2017(HSNG) g
A/Anas platyrhynchos/Eumseong/05/2017(HSNG) +——
A/Anas platyrhynchos/Eumseong/09/2017(HSNG) 4——

51| A/Anas platyrhynchos/Eumseong/10/2017(HSNG) <
A/wild duck/Eumseong/08/2019(HSNG) +——

Awild duck/Eumseong/14/2019(HSNG) «——

Awild duck/Eumseong/15/2019(HSNG) tmm

Alwild duck/Eumseong/20/2019(H5NG) e

Awild duck/Eumseong/22/2019(H5N6) 4
Aenvironment/Korea/W544/2016(H5N6)

| Alteal/Egypt/MB-D-487OP/2016(H7N3)

4— Ateal/Egypt/MB-D-621C/2016(H7N9)
Alpintail/Egypt/MB-D-384C/2015(H3NG)

Awild duck/South Korea/KNU2018-113/2018(H7N1)
T EA/WM duck/South Korea/KNU18-114/2018(H7N7)
18(H3N8)
7| ———— A/Crow/Aghakhan/2017(H5N8)

34186/2017(H3N1)
Alduck/EgyptN13736E/2017(HSN8)
5 Alchicken/Egypt/Q13804A/2017(H5N8)
| | Alteal/Egypt/1202C/2017(HSNS)
L{ Atteal/Egypt/1198C/2017(H5NS)
AJduck/Egypt/F 13666A/2017(H5N8)
Alpeacock/Belgium/1017/2017(H5N8)
Alchicken/Belgium/807/2017(H5NS)
A/Environmental Fecal/AN/2/2017(H5N8)
Alchicken/Chechnya/58/2017(HSN8)
Alswan/Krasnodar/44/2017(H5N8)
Alchicken/Moscow/94/2017(HSN8)

I~ A/swan/Voronezh/2/2017(HSN8)
0]

A/Brahma chicken/Belgium/6153/2017(H5N8)
A/Guinea fowl/Belgium/6102/2017(HSNS)
Algoose/Kalmykia/813/2016(H5NS)
AWhite-fronted Goose/AN/1-15-12/2016(HSN8)

A/Ruddy Shelduck/AN/2-14-12/2016(H5N8)

A/Anas platyrhynchos/Korea/W612/2017(H5N6)
1 ssL AlAnas 13/2017(H5N6)
A/Anas platyrhynchos/Korea/\V614/2017(H5NG)

L A/Anas platyrhynchos/Korea/W615/2017(H5N6)
Ajungle crow/Hyogo/2803E022/2018(H5N6)
Aljungle crow/Hyogo/2803A002/2018(H5N6)
Aljungle crow/Hyogo/2803E011/2018(H5NG)
Altufted duck/Shimane/3211TY001/2017(H5N6)
Almute swan/Shimane/3211A001/2017(H5N6)

A/wild duck/Chungju/01/2018(H5NG) 4=

| Awild duck/Chungju/04/2018(HSNE) 4———

EFAA; vpolgf o) NP #7304 7lE 24



AAnas platyrhynchos/Eumseong/02/2017(H5N6)
A/Anas platyrhynchos/Eumseong/03/2017(H5N6)
AAnas platyrhynchos/Eumseong/05/2017(H5N6)
A/Anas platyrhynchos/Eumseong/09/2017(H5N6)
A/Anas platyrhynchos/Eumseong/10/2017(H5N6)
Alenvironment/Korea/W544/2016(H5N6)
Alenvironment/Korea/W541/2016(H5N6)
A/whooper swan/Korea/Gangijin 49 2/2016(H5N6)
Alwhooper swan/Korea/Gangjin 48/2016(H5N6)
Alenvironment/Korea/W543/2016(H5N6)

1 Alenvironment/Korea/\W542/2016(H5N6)
Alenvironment/Gifu/21/2017(H5N6)

1 Alcoot/Shiga/2501T010/2017(H5NS)
Alchicken/Kumamoto/45/2016(H5N6)

Alwild duck/Eumseong/08/2019(H5NG) =

—
—

Alwild duck/Eumseong/14/2019(H5N6)
Alwild duck/Eumseong/15/2019(H5N6) 4=
Alwild duck/Eumseong/20/2019(H5NE) «—
Alwild duck/Eumseong/22/2019(H5N6)
Alcommon teal/Korea/W558/2017(H5N6)
Alenvironment/Aomori/R1/2016(HSNE)

Alblack swan/Aichi/2312T002/2016(H5N6)
Alwhooper swan/Niigata/13/2017(H5N6)
Alteal/Tottori/1/2016(H5N6)

A/whooper swan/Fukushima/3/2016(H5N6)
Alwhooper swan/Korea/Gangjin 49 1/2016(H5N6)

NA

A/Northern Shoveler/Ningxia/488-53/2015(H5N6)

*| A/Ferruginous Pochard/Ningxia/473-8/2015(H5N6)
 A/duck/Yunnan/87/2007(H7N6)
A/mallard duck/Netherlands/30/2014(H4N6)
A/duck/Moscow/4641/2011(H4N6)
A/mallard duck/Netherlands/19/2012(H4N6)
A/domestic duck/Georgia/12/2016(H4N6)
A/Anas platyrhynchos/Korea/W613/2017(H5NG)

ﬁchickenlshenmenﬁ 061/2013(H5N8)
@

AJAnas platyrhynchos/Korea/W612/2017(H5N6)

A/Anas platyrhynchos/Korea/W614/2017(HSNS)

A/Anas platyrhynchos/Korea/W615/2017(H5N8)

AlGreat Black-backed Gull/Netherlands/1/2017(H5N6)

“L A/Duck/Netherlands/17017237-001-005/2017(H5N8)

Alchicken/Greece/39 2017b/2017(H5N6)

A/mute swan/Shimane/3211A001/2017(H5N6)

A/mute swan/Shimane/3211A001/2017(H5N6)(2)

Aljungle crow/Hyogo/2803A002/2018(H5N86)

Aljungle crow/Hyogo/2803A002/2018(H5N6)(2)

Altufted duck/Shimane/3211TY001/2017(H5N6)
A/wild duck/Chungju/01/2018(HSNE) €

1 Awild duck/Chungju/04/2018(HENB) <=

Albroiler duck/Korea/Buan2/2014(H5N8)

Albaikal teal/Korea/Donglim3/2014(H5N8)

A/mallard duck/Korea/W456/2014(H5N8)
Alenvironment/Korea/\W490/2015(H5N8)
AJenvironment/Korea/W487/2015(H5N8)
A/mallard/Korea/W452/2014(H5N8)

19 64. HHN6 =+

| L Alenvironment/Korea/W492/2015(HSN8)
Albreeder duck/Korea/Gochang1/2014(H5N8)
Alduck/Eastern China/S0215/2014(H5N8)
Algoose/Zhejiang/925037/2014(H5N8)

5|, A/duck/Eastern China/S1109/2014(H5N8)

Algrey heron /Uvs-Nuur Lake/20/2016(H5N8)

Herring 016(H5N8)

o
1l
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Alchicken/Moscow/94/2017(H5NS)
Alchicken/Chechnya/58/2017(HSN8)
A/swan/Krasnodar/44/2017(H5N8)

A/Brahma chicken/Belgium/6153/2017(H5N8)
A/Guinea fowl/Belgium/6102/2017(HSN8)
A/Environmental Fecal/AN/2/2017(H5N8)

A/swan/Voronezh/2/2017(H5N8)
Alchicken/Belgium/807/2017(H5N8)
| Ajpeacock/Belgium/1017/2017(HSN8)
A/Ruddy Shelduck/AN/2-14-12/2016(H5N8)
AWhite-fronted Goose/AN/1-15-12/2016(HSN8)
Algoose/Kalmykia/813/2016(HSN8)
.| Anorthern shoveler/Egypt/813C/2016(H5N8)
Ateal/Egypt /823C/2016(H5N8)
AlCygnus olor/Belgium/2967/2017(HSN8)
Alchicken/Czech Republic/206-17 2/2017(HSN8)
| #2| A/Mulard Duck/Hungary/59163/2016(H5NS)
Algoose/Spain/IA17CR02699/2017(H5N8)
A/Anas platyrhynchos/Belgium/1899/2017(H5N8)
= A/Buteo buteo/Belgium/3022/2017(H5N8)
A/Cygnus olor/Belgium/1567/2017(H5N8)
Alchicken/Bangladesh/1896-17-MP/2017(HSNG)

Alcommon teal/Korea/W547/2016(HSN8)
Algreen-winged teal/Egypt/877/2016(H5N8)
Alcommon teal/Korea/W549/2016(HSN8)
Alcommon teal/Korea/W555/2017(HSN8)
Allttle grebe/Egypt/10560P/2016(HSN8)
Algreen-winged teal/Egypt/871/2016(H5N8)
Alpigeon/Cameroon/17RS 1661-4/2017(HSN8)
.| Alteal[Egypt/1202C/2017(H5N8)

r Avteal/Egypt/1198C/2017(H5NS)
= 13736E/2017(H5N8)
Achicken/EgyptiQ13804A/2017(H5N8)
A/duck/Uganda/17RS115-9/2017(HSN8)

Alchicken/Uganda/17RS115-15/2017(H5N8)
AMuscovy duck/Democratic Republic of the Congo/NYA15 M/2017(H5N8)
Alduck/Democratic Republic of the Congo/17RS882-20/2017(H5N8)
AMuscovy duck/Democratic Republic of the Congo/KAF 1/2017(H5N8)
| Aduck/Democratic Republic of the Congo/17RS882-40/2017(HSN8)

Ajungle crow/Hyogo/2803A002/2018(HSNG)

Ajungle crow/Hyogo/2803E022/2018(H5N6)

Ajungle crow/Hyogo/2803E011/2018(H5N6)
1 55| AlWild duck/Chungju/01/2018(HSNE) +——
MP Awild duck/Chungju/04/2018(HENB) <
Almute swan/Shimane/3211A001/2017(HSN6)

Altufted duck/Shimane/3211TY001/2017(H5N6)

A/Anas platyrhynchos/Eumseong/02/2017(H5NG) <¢——

AJAnas platyrhynchos/Eumseong/05/2017(H5NG) e

Alenvironment/Korea/W541/2016(H5N6)

Aenvironment/Korea/W542/2016(H5NG)

Alenvironment/Korea/W544/2016(H5NG)

Aenvironment/Korea/W543/2016(H5NG)

Awild duck/Eumseong/22/2019(H5N6) +——

Awild duck/Eumseong/20/2019(HEN6) 4——

Awild duck/Eumseong/15/2019(HEN6) 4

Awild 14/2019(H5NG) <me

| Anwild duck/Eumseong/08/2019(HSNG) +—

A/Anas platyrhynchos/Eumseong/10/2017(HSNE) +———

A/Anas platyrhynchos/Eumseong/09/2017(HSNE) +———

A/Anas platyrhynchos/Eumseong/03/2017(HSNG) 4=
Alchicken/Kumamoto/45/2016(H5N6)

Alenvironment/Gifu/21/2017(H5N6)

Awhooper swan/Korea/Gangjin 49 1/2016(H5N6)
A/mute swan/Hyogo/2801ITM013/2017(HSNG)
Algreater scaup/Aichi/2301H050/2017(H5N6)

L Alenvironment/Saga/4/2017(H5N6)
Aperegrine falcon/Gifu/2102A008/2017(H5N6)
AJmute swan/Ibaraki/0803 210/2016(H5N6)
Aperegrine falcon/Niigata/15/2016(HSN6)

| Aenvironment/Hokkaido/1-8/2016(HSN6)
Alenvironment/Aomori/2-1/2016(H5N6)
AJenvironment/Aomori/R1/2016(HSN6)




Alchicken/Kumamoto/45/2016(HSN6)

{— A/pintail/Hokkaido/X8/2016(H5N6)

Alwild duck/Eumseong/15/2019(H5N6) ¢———
Alwhooper swan/Korea/Gangjin 49 2/2016(H5N6)

T‘{ Alwhooper swan/Korea/Gangjin 48/2016(H5N6)

Alwild duck/Eumseong/20/2019(H5N6) tmmmme

Alwild duck/Eumseong/22/2019(H5NE) ¢———

Alenvironment/Korea/W544/2016(H5N6)

| Alenvironment/Korea/W543/2016(H5N6)

[ | AvenvironmentKoreaws42/2016(H5N6)

Alwild duck/Eumseong/14/2019(H5N6)

Alwild duck/Eumseong/08/2019(H5NE) =

A/Anas platyrhynchos/Eumseong/10/2017(H5N6) ¢

A/Anas platyrhynchos/Eumseong/05/2017(H5NG) <=

A/Anas platyrhynchos/Eumseong/02/2017(HSN6) ¢

A/Anas platyrhynchos/Eumseong/03/2017 (H5NG) <

A/Anas platyrhynchos/Eumseong/09/2017 (H5NG) <

Alenvironment/Korea/W541/2016(H5N6)

/white-fronted i 2016(H5N6)

{—— A/whooper swan/Aomori/9/2016(H5N6)

——— A/chicken/Hokkaido/002/2017 (H5N6)

| Altundra swan/Niigata/5112006/2016(H5N6)

4{ Altundra swan/Niigata/5112004/2016(H5N6)

&4 | Alcoot/Iwate/13/2016(H5N6)

4‘ Alwhooper swan/Iwate/11/2016(H5N6)

s | A/Whooper swan/Fukushima/3/2016(H5N6)

4 Alwhooper swan/lwate/1/2016(H5N6)

- P 17/2017(H5N6)

— Altundra swan/Niigata/1/2016(H5N6)
Alenvironment/Aomori/2-1/2016(H5NG)
Alenvironment/Aomori/R1/2016(H5N6)

= Alenvironment/Aomori/4/2016(H5N6)
Alblack swan/Aichi/2312T003/2016(H5N6)
Alblack swan/Aichi/2312T002/2016(H5N6)

Alnorthern goshawk/Mie/2412C007/2016(H5N86)

Alchicken/South Africa/441839/2017(H5N8)
NS || wehicken/ZimbabielAl4935/2017(H5N8)
I Aliittle grebe/Egypt/10560P/2016(H5N8)
Alpigeon/Cameroon/17RS1661-4/2017(HSN8)
gl Alchicken/Cameroon/17RS1661-1/2017(H5N8)

A/Speckled pigeon/South Africa/08-0048/2017(H5N8)
o

A/Cygnus olor/Belgium/1567/2017(H5N8)
» Algoose/Spain/IA17CR02699/2017(H5N8)
A/Buteo buteo/Belgium/3022/2017(H5N8)
AAnas platyrhynchos/Belgium/1899/2017(H5N8)
A/Brahma chi 153/2017(H5N8)
" jum/1017/2017(H5N8)
4{ Alchicken/Belgium/807/2017(H5N8)

15| A/White-fronted Goose/AN/1-15-12/2016(H5N8)
i A/Ruddy Shelduck/AN/2-14-12/2016(H5N8)
Aljungle crow/Hyogo/2803A002/2018(H5N6)
“ Aljungle crow/t 03E022/2018(H5N6)
‘ Aljungle crow/Hyogo/2803E011/2018(H5N6)
| Altufted duck/Shimane/3211TY001/2017(H5N6)
Alwild duck/Chungju/01/2018(HSNE) +———

— 7| Ajwild duck/Chungju/04/2018(H5NB) +———
A/mute swan/Shimane/3211A001/2017(H5N6)
A/Cygnus olor/Belgium/2967/2017(H5N8)
——— AJchicken/Czech Republic/206-17 2/2017(H5N8)

4| Alnorthern shoveler/Egypt/813C/2016(H5N8)
Alteal/Egypt /823C/2016(H5N8)

Alswan/Krasnodar/44/2017(HSN8)

EE Algoose/Kalmykia/813/2016(H5N8)
Alchicken/Moscow/94/2017(H5N8)

{— A/swan/Voronezh/2/2017(H5N8)

—— Alchicken/Chechnya/58/2017(H5N8)

A/Mulard Duck/Hungary/59163/2016(HSN8)

— A/Environmental Fecal/AN/2/2017(H5N8)

o0

1% 66. HEN6 ZHQIZF ez} nlole] =9 NS 42 AZEEA

i



o 2017\ ¥ 20191 2]¥l HOEN6 Hlo]le] ~F= A/environment/Korea/W544/2016 (H5N6)
W b FAES YERH o) A/environment/Korea/W544/2016 (HANG) T+  H-2FA] of
o] ZFOZFdA vloly A= R HA 370 o} (H5N6, HAN2, HIN1)®] A)=z3%
(reassortant) = FdH S &8t (Euro Surveill. 2017 5; 22)

o 2018 #El¥ HOHN6 vlol#l =5+ A/AP/Korea/612/2017(Ho5N6) 2 71 FAFgHS LHEL
Wow 4 570 o}& (HAHNS, H7N7, HSN1, HION7, H3N6)9] A %3 (reassortant) & &
TS A5 (Euro Surveill. 2018; 23)

o offff FE B FAA AFEE 12F9 Z2FAETFAR vlold s T dEA 2% (20184
25 A/WD/Chungju/01/2018 (H5N6), 20199 £ F: A/WD/Eumseong/22/2019
(HSN6)) ¢t 7Hd wAgE 7149 ARE detlial glew s A E = GISAID tlolH
Hlo] 2ol A FE3 A5 (3 9)

% 9. Isolates sharing the highest nucleotide identity (%) with each segment of two

representative influenza viruses found in GISAID database

Virus se(gfr?:n ¢ Virus with the highest nucleotide identity  Identity
PB2 A/EM/Korea/W544/2016 (H5N6) 100
PB1 A/EM/Korea/W544/2016 (H5N6) 99.91
PA A/DK/Korea/ES2/2016 (H5N6) 100
A/WD/Eumseong HA A/DK/Korea/ES2/2016 (H5N6) 99.94
/(2 I—ZIg\% ? NP A/EM/Korea/W544,/2016 (H5NG6) 100
NA A/WS/Korea/Gangjin49_2/2016 (H5N6) 99.78
M A/EM/Korea/W544/2016 (H5N6) 100
NS A/EM/Korea/W544,/2016 (H5NG6) 100
PB2 A/JC/Hyogo/2803E024C/2018 (H5N6) 99.60
PB1 A/JC/Hyogo/2803E027T/2018 (A/H5N6) 99.61
PA A/MS/Shimane/3211A001/2017 (H5N6) 99.76
A/WD/Chungju/ HA A/MS/Shimane/3211A001/2017 (H5N6) 99.82
01/2018  (H5NE)  np A/TD/Shimane/3211TY001/2017 (H5N6)  99.79
NA A/JC/Hyogo/2803E023C/2018 (A/H5N6) 99.71
M A/JC/Hyogo/2803E024C/2018 (A/H5N6) 99.79
NS A/MS/Shimane/3211A002/2017 (H5N6) 99.88




2. ¥4 Z3} 2- H5N6S #3213 54
o AU AA 12FC & EAAH S4S EA Y
o 20179 A 20199 713t ®<F EE¥® HONG6 wiol¥ A= EF HA F2 A cleavage

sitedll polybasic residue (RERRRKR/G)S %330S (% 10)

¥ 10. HA # A=A} cleavage site 21 A3}

HA sequence (aa)

Viruses® HA clade cleavage site
335-348""
AP/Eumseoung/02/17 2.3.4.4 RERRR_KR/G
AP/Eumseoung/03/17 2.34.4 RERRR_KR/G
AP/Eumseoung/05/17 2.3.4.4 RERRR_KR/G
AP/Eumseoung/09/17 2344 RERRR_KR/G
AP/Eumseoung/10/17 2.3.4.4 RERRR_KR/G
WD/Chungju/01/18 2.3.4.4 RERRR_KR/G
WD/Chungju/04/18 2.3.4.4 RERRR_KR/G
WD/Eumseoung/08/19 2.3.4.4 RERRR_KR/G
WD/Eumseoung/14/19 2.3.4.4 RERRR_KR/G
WD/Eumseoung/15/19 2.3.4.4 RERRR_KR/G
WD/Eumseoung/20/19 2.3.4.4 RERRR_KR/G
WD/Eumseoung/22/19 2.3.4.4 RERRR_KR/G
AP/Korea/W612/17 2.3.4.4 REKRRK__/G
EM/Korea/W541/16 2.34.4 RERRRK__/G
MD/Korea/W452/14 2.3.4.4 RERRRK__/G
Brk/Korea/Gochang1/14 2.3.4.6 REKRRK_ /G
Mdk/Korea/W401/11 2.3.2 RERRR_KR/G
EM/Korea/W148/06 2.2 GERRRKKR/G
Yunnan/China/14563/15™" 2.3.4.4 RERRR_KR/G
Guangdong/China/SZ872/15"* 2.3.4.4 RERRR_KR/G
Guangdong/China/ZQ874/15™" 2.3.4.4 RERRR_KR/G
Jiangsu/China/32888/15" 2344 RERRR_KR/G

“The viruses in bold was the influenza A (H5N6) viruses isolated from 2017 to 2019 in
this study.

* H3 numbering.

“"Human isolates.

aa: amino acid, del: deletion; AP: anas platyrhynchos;, WD: wild duck; EM:
environment; MD: mallard; Brk: breeder duck; Mdk: mallard duck



Z]

e 9]& 3} polybasic residue= oA nHAAS UERY 3]
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2} wpolE 258 clade 23440 &3 ow o]
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-

species barrierS %3 B 117} 913 (mSphere. 2018; 3)
o O]9l HElE 12F 9 HON6 Z/AZFAA vlolH 252 BT 3ufaFEHU Fd2
9] 226 amino acid ¢ 9l glutamine residue, 228 amino acid ¢ *] 9l glycine residue&

X35 1S (3 11, H3 numbering 7]5)

¥ 11. HA 74 #} receptor binding site #4] 23}

HA sequence (aa)

Viruses” Receptor binding sites

158 193 222 224 226 227 228 318

AP/Eumseoung/02/17
AP/Eumseoung/03/17
AP/Eumseoung/05/17
AP/Eumseoung/09/17
AP/Eumseoung/10/17
WD/Chungju/01/18
WD/Chungju/04/18
WD/Eumseoung/08/19
WD/Eumseoung/14/19
WD/Eumseoung/15/19
WD/Eumseoung/20/19
WD/Eumseoung/22/19
AP/Korea/W612/17
EM/Korea/W541/16
MD/Korea/W452/14
Brk/Korea/Gochang1/14
Mdk/Korea/W401/11
EM/Korea/W148/06
Yunnan/China/14563/15"*
Guangdong/China/SZ872/15"
Guangdong/China/ZQ874/15™*
Jiangsu/China/32888/15""

2222202222222 Z2ZZ2ZZZZZLZLZZ
Z2Z2ZZZRBDLLZZZZZZZZZZLLLZZ
DN DI DI DR DI DI DI DI DI DI DI DAY DIN DI DAY DI DR DR DD
222222 22Z2ZZZZZ2222Z2Z2ZZZYZ
DN DNrOI DErON DI DI DI DIN DR DI DI DI DI DEF DIY DRN DIN DR DIN DIN'D)
DT VIV NTITOTODLODL0000000L0
ol oNoN ol NNl lol ol ol ol ol ol ol oW oW N A W i)
HH RS SSSH8833S333sS3+-

“The viruses in bold was the influenza A (H5N6) viruses isolated from 2017 to 2019 in
this study.

" H3 numbering.

“*Human isolates.

aa: amino acid, del: deletion; AP: anas platyrhynchos;, WD: wild duck; EM:

environment; MD: mallard;, Brk: breeder duck; Mdk: mallard duck



o

o I3t FEld 12F9 HOHN6 Z/{AZFFAA wlolgl 252 EF polymerase basic
2), °]& in vivo Aol A] H}

U+ (J Virol. 2006; 80:7976-83)

o u
rO
A,
32
o
A
H
[S—

PB1-F2 protein &4 AYil Q0]

-

o] 2 2~ 2] pathogenicity®l] 7] gte] H ¥ H

3% 12. HA 472 PB1-F2 protein 4] 21}

Viruses” Expression of PB1-F2 protein
AP/Eumseoung/02/17 YES
AP/Eumseoung/03/17 YES
AP/Eumseoung/05/17 YES
AP/Eumseoung/09/17 YES
AP/Eumseoung/10/17 YES

WD/Chungju/01/18 YES
WD/Chungju/04/18 YES
WD/Eumseoung/08/19 YES
WD/Eumseoung/14/19 YES
WD/Eumseoung/15/19 YES
WD/Eumseoung/20/19 YES
WD/Eumseoung/22/19 YES
AP/Korea/W612/17 YES
EM/Korea/W541/16 YES
MD/Korea/W452/14 YES
Brk/Korea/Gochang1/14 YES
Mdk/Korea/W401/11 YES
EM/Korea/W148/06 YES
Yunnan/China/14563/15" YES
Guangdong/China/SZ872/15™ YES
Guangdong/China/ZQ874/15™* YES
Jiangsu/China/32888/15™" YES

“The viruses in bold was the influenza A (H5N6) viruses isolated from 2017 to 2019 in
this study.

““Human isolates.

aa: amino acid, del: deletion; AP: anas platyrhynchos; WD: wild duck; EM:
environment; MD: mallard; Brk: breeder duck; Mdk: mallard duck



o FmEFEY FH2] 133 amino acid $1X A& (deletion)> 1A 7+ HON6 257+
EF AR} voje oM EotA HEHE= AY T

of tigk A Aol A, 2017 2019 EElE HOEN6 viold A= k= FE W

A 2F2] 133 amino acid Y A<S ¥£3eta = vhd 2018 #2] ¥ H5N6 wfo]

I

Fr g A9 AL AN FRXE (X 13)

i

3 13. HA 4%} 133 amino acid deletion ¥4 23}

Viruses® HA del
133
AP/Eumseoung/02/17 YES
AP/Eumseoung/03/17 YES
AP/Eumseoung/05/17 YES
AP/Eumseoung/09/17 YES
AP/Eumseoung/10/17 YES
WD/Chungju/01/18 NO
WD/Chungju/04/18 NO
WD/Eumseoung/08/19 YES
WD/Eumseoung/14/19 YES
WD/Eumseoung/15/19 YES
WD/Eumseoung/20/19 YES
WD/Eumseoung/22/19 YES
AP/Korea/W612/17 NO
EM/Korea/W541/16 YES
MD/Korea/W452/14 NO
Brk/Korea/Gochangl/14 NO
Mdk/Korea/W401/11 NO
EM/Korea/W148/06 NO
Yunnan/China/14563/15™" YES
Guangdong/China/SZ872/15™* YES
Guangdong/China/ZQ874/15™* NO
Jiangsu/China/32888/15"" YES

“The viruses in bold was the influenza A (H5N6) viruses isolated from 2017 to 2019 in
this study.

““Human isolates.

aa: amino acid; del: deletion; AP: anas platyrhynchos;, WD: wild duck; EM:

environment; MD: mallard; Brk: breeder duck; Mdk: mallard duck



o grepHlydlo]= FHAEY] ol =4l 49 oA 68 Ao AEHol= 28 Fo EAfOlA
ThERRY] ZRAZFAA AdeA] EeA #AFHE Wolzm dA S (J Virol
2012; 86(1):584-8)

o ol thE A Ao, 2017d3 2019 #E]¥® HON6 mlolAF & ehujyde]=
TR ofulmal 49 oA 68 X9 ALWolE Estm e whd 20189 B

H5N6 vhol o] 2% a9 91x1e] Aéo] MawA eke (F 14)

M

¥ 14. NA F4dAF 49-68 amino acid deletion ¥4 23}

NA stalk del

Viruses®

49-68
AP/Eumseoung/02/17 YES
AP/Eumseoung/03/17 YES
AP/Eumseoung/05/17 YES
AP/Eumseoung/09/17 YES
AP/Eumseoung/10/17 YES
WD/Chungju/01/18 NO
WD/Chungju/04/18 NO
WD/Eumseoung/08/19 YES
WD/Eumseoung/14/19 YES
WD/Eumseoung/15/19 YES
WD/Eumseoung/20/19 YES
WD/Eumseoung/22/19 YES
AP/Korea/W612/17 NO
EM/Korea/W541/16 YES
MD/Korea/W452/14 NO
Brk/Korea/Gochangl/14 NO
Mdk/Korea/W401/11 YES
EM/Korea/W148/06 YES
Yunnan/China/14563/15"* YES
Guangdong/China/SZ872/15™" YES
Guangdong/China/ZQ874/15™" YES
Jiangsu/China/32888/15" YES

“The viruses in bold was the influenza A (H5N6) viruses isolated from 2017 to 2019 in
this study.

“"Human isolates.

aa: amino acid, del: deletion; AP: anas platyrhynchos;, WD: wild duck; EM:
environment; MD: mallard; Brk: breeder duck; Mdk: mallard duck



e NSI F4#9 92 amino acid §1# ¢l glutamic residue™= < EHE HELY] AAS oA
sto] w59 Fupolel s RG-S oFsiAlY|=Hl #ofets AowE d# A den (Proc
Natl Acad Sci U S A. 2008; 105(35):13093-8), NS1 -Fx=At¢] HEH C-terminal
ESEV amino acid motifi= FHolA HEAS F7HA 7]+ Aoz 4HA IS (J Virol
2010; 84(13):6733-47)

o o] gk EA Ao, 20172 20194 ¥ HOEN6 vio]e] =5+ NSI 7 =}9
92 amino acid Al glutamic residue®} NS1 FHAe] HFE=H C-terminal ESEV
amino acid motifE 233t & ®vFH, 2018 F2l¥ H5N6 vlold 25+ 3|d 914

F# 15. NS1 542 92 amino acid % C-terminal #24] 2 3}

NS1
Viruses” aa residue at
Del of aa 80-84 9 C_term
AP/Eumseoung/02/17 YES E ESEV
AP/Eumseoung/03/17 YES E ESEV
AP/Eumseoung/05/17 YES E ESEV
AP/Eumseoung/09/17 YES E ESEV
AP/Eumseoung/10/17 YES E ESEV
WD/Chungju/01/18 NO D GSEV
WD/Chungju/04/18 NO D GSEV
WD/Eumseoung/08/19 YES E ESEV
WD/Eumseoung/14/19 YES E ESEV
WD/Eumseoung/15/19 YES E ESEV
WD/Eumseoung/20/19 YES E ESEV
WD/Eumseoung/22/19 YES E ESEV
AP/Korea/W612/17 NO D GSEV
EM/Korea/W541/16 YES E ESEV
MD/Korea/W452/14 NO D ESEV
Brk/Korea/Gochang1/14 NO D ESEV
Mdk/Korea/W401/11 YES D ESEV
EM/Korea/W148/06 YES D ESKV
Yunnan/China/14563/15™* NO D KPEV
Guangdong/China/SZ872/15™" NO D KPEV
Guangdong/China/ZQ&74/15™" YES E ESEV
Jiangsu/China/32888/15" YES E ESEI

“The viruses in bold was the influenza A (H5N6) viruses isolated from 2017 to 2019 in
this study.

“"Human isolates.

aa: amino acid, del: deletion; AP: anas platyrhynchos;, WD: wild duck; EM:
environment; MD: mallard; Brk: breeder duck; Mdk: mallard duck
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o1 World Organisation for Animal Health (OIE) #Foll 2l&] W& Ao & Zog

gel 5 9l S (Euro Surveill. 2017; 22)

. =04 H5N6¢] 2 E4
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2} wfo &2
Vaccine Res. 2017; 6(2):95-103; Emerg Infect Dis. 2015; 21(2):298-304)

oA 25

r o
mlu
r&

Jefzel ok o] A

53] 2016/17 A& w8¥ 2L HONG vlolel~e SHEE 54 A9S £33k g
o] giFite] AdelA xFE7 LS fEstlon, sl wlolglaE fEkAol &
FQZF A} nlole] 2~ HONG, HANZ, HIN19| Az wlolgf o] ¥ E vl S

Aol A EAIg HEN6 ZRAEZFeA npole) ~ ZF, 201797 20199 &2 H vlo]
HaFs ABEAA 2016/17 @=rollA E2l® HAN6e s Fel28 Hlow, 7t

)
S
—_
g
rL
=
)
S
—_
@
FJ.u
Mz

AC)
i,
e

R

o
gt
[
rlr

)
of
Mz

4

=2

>,
‘O,

2

)

2
o
e
o
~y

P
[o
fr
f
kl

i,

BAE ZRABTAR vlolg 25 e BE dAntETEY faAe] Q6L G285 B
]_

AEHA o g EdWolES human adaptatione F7HA7]& AL
T3 WEAY ERF adaptationS S7FA7IE O A#FEO JdE PB2 §AA] E627TK

o
Zaro| A QA7+ HHNG viol#] A~ w3l dufZFFEd e Q226 ¥ G228 =<1 o)
b wpolg o] w7} ]l

il
2]
1%
_0|L
B
&
3194
rlr
S
>,
(2
rlo
k!
)
o,
X,
T
U1
Z
(@)

(o]
i
i
-

k)
©
2
i
rO
-
=2
2
e
_|>~
ok
Do
(@)
—_
~J
(L
)
Do
(@)
—_
©
(L
e
AL
)
[@]]
Z
BN
4
O
mlu
i
2,
_>|~l_/
juy
-
-0,
i
b
ﬂ
1

L
(o]

AN FAYE 2EN AL & Aov, odF A% FAL AT FAHH



v},

A 23, 919 478¢] HBN3 #folej == F oA #2]® H5N3 (2017), =rollA &2
H4ANG6 (2017) ¢ H3NI1 (2016)¢] AxFe Tl olddl= =AstA FUd A=

Z3re] HoN3 upelejolal, Zh upole]s b Agro] sdWolwko]l 2l Q)5

obel ZHE vt FHY A R oty Hel= frdAke] AlEEd AaE e

lom Wb k= 20199l weE HAE vEd (2" 67 - 19 68)

Rl

nl
i
i

5815 ¢ HBs
.s C Bo0Ra | Hehe:
FSL S00B1I1A ) HSNZ
SNz

SL

QOOSEPI IS
PrsaT

JE 1P ISL T
< Eruaoser AL ler 34012008 1 5L TOBICTOI1IOTIA et
152 69237
6P 150 s
R IS N
SLT -
15 1 HENa

5L 1 f HENZ

154
I5L 243821 [KASTTIBI (A | HEND
M3

1sL THENS
T HEN

[T
ISL S9GTBIIA THENZ
at Zay 14 FHEHS

N
151 2236QKXGTIETAA | HEND
1s|.25'rlss|lur|is7um HEND

s ssNz
EP151 3954 (HA| Afmalant/SwaderT 1 572008 |EP1 5L 158321 [CY18523A
5L TABIT|IA / HSNI

ISL 7T2B36[jA / HENT

1

101 ; HsNz
P TOIER| I5L 1562 15IKFESSETSIA F HEND:
. | 3 EPI 5L 10863410 1 HEND
wat I ISL TTZ241|A | HINI
155 i stz

r - EPY ISL I HEN2
=1 T IEL 2430441A | HENS.

- EPIY ISL‘iI:‘{Gi A ¢ hﬁ'&l

-|— 1 B IS Zamiaming
ERIt T o iresaaLCaTITANA  HenE

ERIL01TTEMALA s gl |EP1 ISL 13%;

|EP1 15L 131284} fhez
EPLITT EPI 15 1312831, 1A ¢ HEsE
1A HEP 5L 1312833 Hanz

? TEP 5L 131280

Eri4n

10y EPI2A1TESIHALA |EP1 5L 5|4 ) HEND

RIS it 5L
EPISBISET|HAJA NN swvanShimans 321 1ADE 172011 [EP] ISL 144490(ABSI002BIA / HSNZ
o OIEPI ISL 1SETTHIHIS13BS8IA | KENE

5L 1SETTBIK ST IBSEIA ( M5
FEL 87BOF|FRTT1823(A HENS
1SL BTROULFRTTIEZSIA S HEND
Repubie AEPIISL 11613T[AOTAT220IA [ HENZ
I5L 234400) A  HEMI
FHEN

156
L T4814B1A | HENZ

R piic 150081 ISL 1161381507 BN
A ZideOciin T HeNS

2214 | HENZ
U TS 2438031HXSTTOS0A 1 MENE
5L 1858 FITES 143 1A e
EPIBITT28(HA | Amakard Poland/TH/20 1 ERT ISL 23440314 ¢
TS 23408 A (B

- EP1a: EPY (51 Z34405(54 / HEND
- | —= (EP1 151 ol
v ™ P = 515

s -
o e s
=1 JEFI 5L 178TS8IA ¢ HENE
EmM7? = sy S HEND
EPIBIT &23‘10? A | HEND
== i e
SR e
- 14E]
— EPS384 |l?-QD|l|EF| 1SL '-OSN
! ISLZMMI /HEN
T
- e
p 5L 173I58[LC0T FABA | HEND
St e
TITSAIMNAT 14421 1 HENS
SR
- o e B
Pkt
= T ———

HO/1311-2 2016 HENBIER] ISL 21 7ATRIIA ¢ M5
¥ Cathole 15LT HA dm—
~ Catobe 1912 il e
rey Cathole 1503 HA
= '—Lcmwwuq—
FiERTISL [MNYT TARELA T HENY

~ P 152 L 1450 | HBY
- ISt T14860A 1 HSNI
To1y EPI154023 1 HAIAME b Easiarm Crina 1 TSH201 T{ERE 15 378251 [MMIT14TAIA # HEMD

e P11 SSR TSIMAIAWSD DUDVERSIEN CIner) 7SS0 TIER) 151 ATRZSTIMNI T 15814 1 HEND

S 67. HEN3 Z2FIEFAA vpole] 2o HA 47 AFEA A3



EPIBB7815|NA| Alduck/Yamanashi 191 110Z016(EP! ISL 238577)1A 1 H11N3.
EPIBATEY [MA|AidurkYamanashi1811112018|EP! ISL 239575]14 1 H11N3.
| EPIBGTSO|NA| Ak Y amanashi 197 1132016IEP] ISL 236575[1A1 H11N3
EPIBATARA|NA|AiduckiVamanash/1 81 108/201B{EP| ISL 238578]J4 1 HT1ND.
EPIBATSE1 | WAAiduck'Y smanashi1§1 T02016/EP] ISL 236574)1A | H11N3.
ERIBATAOT|MA [AlduskiY smansshi1 911122016/ EP| ISL 238578| |4 1 H11N3
L EPI15215THINAIAUCkARIAE 1T G201 7[EPI 5L I70B6T[MKSB2483]A | HSN3
—— EPI!!WZIMIMK"TBKM|M'N1 S[EPI ISL 237 1734{A ( H5N3
PIGEST 18{MALS QuehiAE1211/2015{EPI I5L 237155]JA | HEN3
EF 35{MAPA dock Fukul 8111120 15[EP1 ISL 2304 14(1& / HEN3
x| EPIBT3439]NAAcK Ibarak2212016|EPI ISL 24061514 1 HSND

L

o B ER1528070(NA]A/duckiGuang xS 1071 2120181EPT 1SL 3T2TREMNIT1438[A | HEN3
EPHZ?QSBMMNWM’HI:&—NQBUIEPI I5L 308223j|A / HTNI

—'_ L] if—
THLE sif—
" EPITEA9217|MA | Adviid bind'Eastern China/ 1 TEL201TIEPT 150 ITE249]MN 1T 148014 | HEND
4P ERI1548Z25]NAI Alwild bird Enatern China 17587201 7[ER| ISL 378250|MM1T7 1465]A | HENI
EPI1549233NAl AN bidEastern Chinal1 TERROTIEP! ISL 378281 |MN1T14TE|A | HEND

w EFI1523885|NAlAMuck angsu'SEC2E1/2018]ERT ISL AT2TET|MNIT 145214 / HEND
EPI1528882{NA] AMduck Chongqing B4 38272017 (EPI ISL 3T2TRA|MN1T 1428|A F HENS
—|_. i 1ELY f—
£ 1OLY f—

EPITO4505 NA|A/duckMongolin 3267201 S|EPT ISL 208308]LC121358|A | HIONI

. EPIT04483 |NA|A/ducik/Mongolin 245201 SIEP1 ISL 20630TILC121350/A | H1ON3
ERI1330511|NA| Amrriconmant Bangladesh TSZ4 1201 TIERT 5L 135 128(|4 | HENY
EP11510848|MA|A/duckMangoha/8T1/2018(EPI |SL 368844|MKITE0S8]A / HIND
ERI1510684|NA|Adu: k' Mongoln/ BB6/2018/ERI (5L I5BE8[MKETE0TA|A | HIND
EPI15107 T8|NA|A/duckMangalard34/20 18| EPI |51 368880/MKETR188[A [ HIND
EPI1510880|NA|Aiduck Mongola/S08/20 18] ERI (5L I5B548|MKETE000/A | HIND
EPI1510888{NA|A/duzkMangalie/d1 1/2018{EPI |SL JB8849|MKOTE008LA | HINA
EF11510800|NAjA i Mongola 85372018 ][RI 5L IBESSI[MKETH210/A  HINI
EP11510808|NA|A/duckMangoh/ST1/2018/ERI |SL JBBS84|MKETE226]A / HIND
EP11510656|NAJAduck Mongola/ 8TEZ018/ER! |5 I58845|MKETS0664 | HIND
EPI1510788|MA|A golin927/2018/EP) ISL [MEETS1TS|A | H2ND
EFI1510752|NAjAidusivMangola 482018 BRI (5L 388552 MKETE202|A | HIND

EPI15710824|NA|A/duckMongela'7 5201 8|EP! 151 J586E8|MKITI2421A | HZNI

ERIT50100|MA A gooss Taiwan010382015/EP! ISL 215872(KUEE503/A | HSN3

-

[«

EFITS0108NA|Adchicken Tanan1 17T42015]ER) I1SL 21587 3KUSA6511|A T HSNI
EPITE0BE|NA|Agoose TanmnT10422015|EPI 1SL 219883 |KTI2TITS|A [ HENI
ERITO338|NA[A/duckiAnhulFAZ532013|ER| ISL 208816|HPESS021|A I HIND
EPIT 133072 NAlA dusk/Margolia 2 3E201 S{EPI 150 200233|LC 3483134 [ HIND

m| ERIEE30T0|NA Ak ken Tatwan/s 1 T4209E|EP) ISL 1T2025]|A | HEND

L

EPI152 i ‘duckidiangsuS 18552015ER 15L 372TBE]MN1T14441A T HEND
EPI1510544] A A/duckMongaba/ds 1/2013|EFI |SL 368831 |MKETES38[A | H1ON
— EFIG0E44%| NA LA U Jang i 33685201 3|EP 151 18167 KP2BE 14 A HIOND
— EPIBD2337|NA Aduck/ angxi 3378220 13{EPT ISL 181882|KP2862 1514/ H1OND
ERFISPBA8T|NA |AMduck angel 33T T 201 HEP 151 181459]KP2B55EIA / H1ONY
EPISEIATAINAA duck Jiangxi 3377201 3{EPI ISL 181461 |KP2ZBS56T|A | HION3

e EPISSREG0{MA | Aduck/ Fanga 33T 44201 3EPT 150 181458/KP2RSEE1|A | HIONS
~_1 EPIRO2411[RA|Aduck/ Ssngri33T8A2013(EP ISL 1816B0{KP2B6183IA / HION3

EFIG0ZIST|NA A ek Sang =l 33T T T 201 3EP 151 181684|KP2BE231JA  HIONS
EPIB0Z330[MA| A/duckiliangas'3ITEE/Z013{EPI ISL 181881 |HPZBA207|A | HIONS
— EPIG02429[NA | Aduck Fang 3G 7201 IEPI I5L 181870{KP286T 19IA [ HIOND
EP1B02442|NA| Alduck fiange 33863201 3|EPT 1SL 181872[KP2EB135A | H1ONS
EPIB02a35|NA| Aldue i/ linngay 33557201 3B 150 161871 |KP28812T1A | HIOND
EP1B02404|MA| Alduck Jangnt'33765/2013|E1 ISL 1B1B7S[KP2ES11[4 | HIONS
EPIB0ZI9TINA| Alduek/Jungi JITET2013(ER1 1SL 1B16TE[KPIBE1B3JA | HIONS
EPIB0ZI00|NA|Alduckl lianga 3376320 13[ERI ISL 1B18T7|KP2EB1TS[A | HIONS
EFIB02333|NA | Alduek Jinnge 3371 22013/EPI |SL 1B187TE|KPZES1ETIA | HIOND
EPIB02ITE|NA| Aduck Jiongxi3IBES/2013[EAI (SL 1B1BTS[HA2BE155]4 | HIOND
EFIE02I69|NA| Alduck Jangei I3SGS20 1 JER ISL 181674 KPZEE1ST]A | HIOND
EPIB02344|MA| Aduci Jangak3ITTE/2013|EFI (SL 1B188I[HP2EE223[A | HIONI
EFIEES8E 1|NA| Alduek/ Jongm 33T TR2013|E1 15L 181450/ KPZEESTEIA | HIOND
EPISE8A53|NA | A/duck/ iangr33701/2013{EP! ISL 181457|KP2B5543[A | HIONS
EFEH946|MNA| Alduc i/ Jiangee 33653201 3B 150 181456 KPZEESI51A | HIOND
EP15B9839|NA| A/duck Jangri 3384 /201 3| EFI ISL 181456[HA2BE52T[A | HIONS
EFIEEHAIEZINA| AVduck Dangmy 3382620 1 3B 1SL 181454 KPZEES151A | HIOND

| EPFIGEEat1 IN-QIWIIKIMH&BSET?NSEEFI 5L 181451 [KP2B5485(A | HIDNI

Ny V158520 NER) I5L 181450{KP2BE4ATIA | HIOND

“l EP]EB‘D?!?PL!I.I.MWW:J!M’EM!IE‘PI ISL 18144{KP2BEATHLA | HIOND
EFI1549T35NA| Almumsian curlew Zhuanghe ZH-47/201 JEPI |SL ITEIEIKIBATE21]A T HIND

EPITO3435]HA| anHNZ20M2013(EP| 151 20891 3[XPE5301B|A  HINS

EPIBS5E38 NAIA DuchMivazeii/id511 15201 2|EPT 1SL 23T 145]1A /H11NY
EP(RSS560|NAAduck Miyazalid51101/201 2(EP! ISL 237139]JA T H1INS

Hy EPISS0231[HALA due hHokkaice W2B02014|EP| ISL 1 TH420|LCO4 205814 F HEND
a EPIS00208|MA A ducMakksido\W240UZ014]EPT ISL 170428 LCDAZ05Z|A | HEN3
EPIT 140567 |NA| Alwld burd Nisgata/ 151005207 3|EPI I1SL 26137014 / HSN3

J|

EPI15TESEE]NAJA duck/Visd Nam/OT- 1BTT/2014|EP1 1L 387 318MKIAZDE4{A, | HENI
EPI408332|NA| AlduckHokkanida/1 57/2012(EP! ISL 132268 ABTSHS581A | HT 1N
& = EPI540158|NAJAiduck/Bangladesh 1595201 0]ER1 ISL 1857794 | H11N3
ﬂ& EPI540166]|NA|Alduc 'Bangladesh 1 STEZ00MEPT ISL 165TBO]|A | H11ND
[ER|540108|NA|Aduck/Bangladesh/ 17§V 2010{EP! ISL 185TEA|[A | H11NI

|| EPIS40152{NALA Buck/Bangladesh/ IT2B201 0IEPI 154 165T82]|A [ HT1N2
ERIEA01 Td|NA |Aiduci/Bangladesh 1 72720 10(EF] 1SL 185TAY|[A/ HIINI
EPIS40150]NAIA Suck/Banglacesn' | T2 201 0[EPI ISL 165T83||A THITNI

EP| 540208 N Al g 1002201 D|EFI I1S5L 166TE5|jA T HTIND

e

- EPI1 1?sa¢?|mwdmmmwmnsn,am 154 2908537ILCISTIN6A | HIND
= P34 B44]HA A duckHanfng/ 157201 DIEP! 5L BB912|HO3IBT14/A | HIND
1 EFI341837INA A BuCk Nanpng/ 20201 0EPY 151 58911[HQ3IGTZZ(A | HIND
- EAI1 120578 NALAGuck/Shirnane 20N0B|EPT 151 288005(LA | MIN3
—E 12BTENALA Uk Toukuba S TB06|EPI 1SL 201 115]IA T HIOND
EPIBE3145|NAAidur UChiba'5107|EPI ISL 262488)[A | HIN3
0 ——————— EP11120635/NAIA U Chiba/ 47,07 |EP! |SL 28821314/ HIND
L] | EPI139821|NAJAduck/Nigata'514/08|EPI ISL 201 122]|A | HSN3
1 EPTIE10T4|MA A du i Nigata/S 14/2008]EP 1SL J0TE2IABATIOSTIA | HEND
EP11139706 | MA | Alduc ik Shimane! Z/06[ERI 1SL 261118]JA F HIONS
] ————————— EPIS45253|NA|Agrean winged teal apanSKSOSL 2006 EPI ISL 1672 19IKMBBEDESIA | HIZND
EP1ZEGA31|MA|Alduck Mok kaido/ 32 T2000(EP! 15L T5361]ABSE00881A / HING
EPIBS0S2T MA|Aduch/ Gunma/B2/2012|EFI |50 238022||A | HTND
| EPIESSTET|NA|A/duck MiyazakiidS 1118201 2{EF1 1S 2371B7]0A / H1N3
EPI855550iNAIA duckMiyazskii45 11097201 2(EP1 15L 237134114 [ HINA

EPBESE4E | NA|A/duckNara201 1182013 ERI ISL 23T1BE|LA / HENI
EPIB5SE22{NAIAduc 'SagR'd 1 11 TAZOTHER! ISL 23714314 | HIOND
" EPIBE0OEINA|Apachard Fuwd 13181 72013 EPI ISL 23E029{|A / H11N3

1% 68. HON3 ZF-olZ =z} ulola] =9 NA 2= AEEA Azt



1o
=

bol Ak

°©

PN
T

o

S

B

A&

sheko]]
[

o

/\g =

-

[e)
1=

-

5}
;

°©

ol A

==

el EA-nonGsGD clade?] A
=

Ea

B3
300
250
200
150
100

50

[}

[e)

=

| 2757 Foll A 22

ay
A

A
5719 ok AR 7

22719] wpolgfvt HElE Ao o

7 whol 2]

4

S
fa

J

[e)

R

A=

o

A whol 2]

=

o

A

2019 1093 11€0) 2709 HAN6 Hlole] 2, 2782 H3N6 ufolzl 2 47]¢] H3NS H}o]

3l HOHN3 wieo]#] =9 HA &
275

23}

A 9] 73%, SFAGoAA 602 vlolg A~7F BEalE o] 27% A2 (1Y 69)

25
H5N6, H3N6, H3NS Hpo]#] £~ 9] F% <3} (co-circulation) 7}
300
250
200
150
100
50

}

0]
yal

T

A}b. 2019

&%

B4

<k

A

uE 2

I3

el

i

K}
0

Fd

=

K
i

all

¢+

X
TH

To
o
wK

A

-

&+

B
)A

of2]

il
Br

19 69, A



Hpolf & HE &0l A vEbd whel o] FAdA o] 2205 1631 73 %9

w37

ofm] who] e

[e) [e)
g A9

o)

A

B

1417} o] ol

opeIN B FAAGS F= A

1=)
24

ofe] HiolH & HE A FA AGHF=

.

B

23|

ojn

—_
file)

=K

—_
fite)

o

Ao

A A%, &

&

12} mfpol2f ol T

37v}el o] ob4]

-
1

FIEEE R

3 = (2’ 70)

AL

H

40

35

30

25

20

15

i0

=
o0

4+
i

of

ol

o0

4
[4ju

olp
BR

A

WA 7} 2vte

~
;OO

ZER AR A

¥ A7

B

3rhel = Lhehg &



TTFAGeNA = F ovtg s oy, ojTolAM A FAVE A HAEH AL
Ivpe], @At A9 AAs @ vkl giglew At HEd WA= 4nkel o+
TTFAY ThaEd AdolA EEE opAAdA e, FqATE FA HEH JHAT 1
mheE], FAT HEE RAE 4nke] A

b s Aol fARE AFA M= 2FASFAA vpolH 2ol tig gt A

il

Joi EH G AR EZRAFFAR vhelelx A ANRE wolF

4 4
0 1 B o | o0 0
) ) 0
Q?‘R\ vﬁﬁ" v ,ﬁ‘ ﬁ‘?}\.gg, @?\ @ 1‘—*9*“\“? ;a‘\ ,ﬁi’ v v-\ 45,( 'ﬁ \‘F\ ﬁmﬁ@@&
ol gl +}, ’%‘ o & S0
% % # QL % %«%ﬁ fu T r

a9 71 oA AAF(FAANA £F ABT AR vhold 2z AE A

$AFR TR FA AT AFA L AER FAA Aol 914E A5A

M FAAR M= 5 ddEdeon R HhP o r yeytow H7E S v yEy
A F%E (L™ 72)




w S Lheh g

.

8= 97}

F T oE T 3 T W H e W) =3 N
00— =0 A L < ) ™
6, = w. E W= < ‘wc ™~ o) o JAEI*
o R G R ol < o o - o
< o ® T o T 2 I 55
N — — =3 o
N o Hiw S A= Y < < o m ol w o
o X" o %0 El ™ —~ 0% X s 2 7°
. Ho o o ™ ol t = B o nNU o
R " T T s 0 T S = o
W o M O\ = T - o . 9o = B
i T I * g e = b b4 o B
7D st ,k\l ‘H_OI ﬂ d‘._ ,M.vr N ET f‘ﬂ JI ET Z.wo <
= o o Mo i o ~ B B Lo
< - ol o By o
I T 7 o Hp = ik < < 5 -
com o il - o 7 ° =z ° OM. Mo
o Wy MW o oy on . 70 W 2o F 7
Ko om o T R e £ o= E kM -
T oo W = N < R ~ S W o
T ~— B° T = B o % & Z ) Z ay g _
SN ok T = B X o op o o = 5 X
1of:  ow % ETEET OGE: B 2: osq
Q._- —_— — ° ﬂt _— = e ~ ﬂ X —_
B ok 4 T X I o o S o W L < T
(N X = ~ o X N — M| 7oL
- S-he T 0z wafe L2 % 3§
= W 4 o X _ " B 2 o= o BM T = do
) X =0 o _ 3 — )
TR LxE 0® ¥ KA d5  Fx 5% TH
= T N ) — W N - N A o &
~ N - \m._u N = 2 < K X
o XY o ~n = S e ~ w R o0 &L o BT T
L o= oo 4 A o () = K ML o o AR < S
L " M oz T m P & T oo X R
) —_ Kl o =) —~
,w,_ .o o ™ 0 = o o M- o ~ = MW o 3 %.l ~ < #y X = N
o 2 B _ . ~ = N gl =] —
S S < o I ki R T gy S T
el N ~ Or O T —_— \\I E — ]L X
W 1__/l L3 _ W o E q,m:._ ofu ﬂ,AI ° ,Llﬁ_l Ea oT_ ~ e \& 0 Ee Mu_l an X —~
7o Lo R o ko ENE e BT
2 5 X N AR I ure w0 oo oo o N
W T o < w o w M % = Mo s F g M Lo T T
w Py oo o BT oM T X W R g R R W
e Gy o MEOOF X @ oo W OH o W o2 x W oo T T Moo |l
N BT T N o M Mo oo % o F8owoX oM R
L] 7 _I—_/l- ° ° [ ] ° ° ° ° L] L]
3

2
=
S

A

(

o
=

AN

ERy

KeN
=

18

OO]: /\O

l o=z 71 %9

A

2

kel

37l

=
K3

52vbe] = 41wfe] 7}

.

R

Alell

=

J
<)

A

}

< 13 HEA 520t
70

2]
73)
22F H



® T T S
) ol w0 10 ) \ z 2

ox & | B ™ m!
TR S 1) ™ G
i now e o
o o N s ® T

—~ = n
H M@ I 7! 5 R % 3w
8

% o° ) ﬁu WM. M 70 ‘o ”“
T 3 £ T > T
o AN ~ |- o NR ™ mnh
° = %° e ~ 4 1- % ¥ ol
% — OO Ov \4} FETEEssRo o s .W ‘I_:_A|ﬂ.n~.l w o0
= g L B ° X
= ol A = \ ] SN
N s = - S U g S gr
il Y _ % O - Hpo S
3 0 =) —) i~
5w X @ - =9
® T o w & & £ T g R

f 2 d.% W OT 1—/r JI
o Fd = % s s N (s g B
R T o % z 5
L E Z o o g ~ o 50 o
S ~ X B < IS Hom A
=T O o G
M & = k- Mo R S T =
T Lol Hp e < ea - gy Mo =& =
T Mo > = 4 oF colliey
o U i S e g X

W o 1l ~ <] 5 o
T T %o N Wy ) | T T oL &
! N . Ny s ] DS '
= 0 5 o o) o - _ . m 5 oy T

B i i < = . o5 Mo
Wo = o T N o b D Jﬁm 0 XA
0 X
< W = 1 M s TSRS M_M oF ﬂm i
B Mo T T N E 3 T 0
ol 7 g T o 4 = Mo e o
‘m,A — _ e o — I~ ,_ﬁa
n M N w K - Mu T o
o - S < e -
o 2K w % o TR O



Real-Time PCRS ©] &3}

. Amplification Plot _ Amplification Plot Amplification Plot

.. : . -~
: i " 4

" A Standard antigen ‘\; o [l B o &
i i e Standard antigen <y

’ . Standard antigen <y Y~ J ;

“'.‘..‘L-} u: /-"' IM}.‘

e — e - '

E R i R

; Amplification Plot _ Amplification Plot Amplification Plot

" # ‘ =
i Standard antigen <) ¥ p F

i / B . Standard antigen "~y

» i / ! g ‘\3

i ’ Standard antigen ~~_y ;

gy "" -

Cpee R EEEEEEEERE

S99 75 MAPE ol U@ vhelE s HE F AGE B9 4E A
A, D: M F%3 B, E: H5 32 CF: H7 32k A, B, C 13 HE 1
745 D, B F 124 1% 10 A% 474

o dlolels 1 AE 109 F 2 AR AN B TR FAse] FARAE AA@
E=
o

[ ]
jus]
e
-
v
[
N}
N
hira)
o\
—
(@)
,
ol
=
ki
i)
>~
Rl
Ho
o)
=
2
4
N
%
Mo
(&
=
o)
BN
&
r (o]
e
it
=
>
9, o
2

o
o
ol 25 AEd 7 8ldls (2d 75)

ot Fo] Aol g ZRFAEFAA FAAA

HFol dAol mA= FFS dotrr] fAste] WAl HF

=

A} Al

o ZFOl B@ ABFAR WA



m
m =

o~

FAl 74 A3

[}

I

ol
3

9

=3

Cig
FollM sAdo® YEsS (1™ 76)

|

L

A

o
N

/g—

AS7E7F 90 % ol

3}

¥ 4%

el

T who]

3T
=2

Ql

g ol AlRkE

1

k9
T

Al

J A}

3

_'FIL

i

il

7149 AR s

g 4

!

A
pul

&t NGSell A A

S

AR HE Ths

o

Helg

H

2l

s =
— 1

¥ gl o]

=3

==

A8 A ZFAEFAA vpoldx FAR A dolHMol s 75
?_

ojn

—_
fie)

W
IH

R

+

—_—

(fasta) & &<

bl o]

°©

o]-&

=

=

o AET

=

=
[}

MySQL¥} SQLite

-

o =

==
=

T23tE fo]E 24 SQL (Structured Query Language)

-

R

SQL dlelg o] =

A4 dolH



B FAl A 5 volEHolae =2 MY FEjelw L HeolH e AV|7F A ot
Aol oz 7h R SQLiteE AME3te] &3S
P AHE SA AZESQ] R Shiny #ol28 & o] &ate] FH3A
R9] Shiny #}o] B.2] 8]+ interative web applicationS A Ztsle= =2 #o]x] -3
tol el AlZ}stel] &A1 -4
Ao FAHom 75T 2FAEZFAA dolguolxe HAl 743 552 v 2=
(2% 77)

-1 BeeA HE 5 A (query)E AH ol B

-2 iR ARE AEolE, 2FASTFAA vlolg X oS £49
~ 3. SQLite tlo]gwo] 2o FH7 o] B folEHE AL
_ 4 E]]O]E1 _]‘_‘j_ 1;'—! /\‘]g—% Ag/\é'é‘]_"ﬂ_ %_g Ea‘%ﬂoﬂ J‘_‘j_/\]’?j[—
Client Server
(Web Browser)
Input request
parameters Parse Query
= build AIV NGS
Database o |
Visualization e———  (sQLite) (Hyb & Ampliseq)
Table
FESpAnse Generate
T Output
Sequence

O 77 ZFAZFQA} vlo]g 2~ do|Eulol A~ AA FA
A BEeAR HE A, 7] el dolE ®UF YeElYH AZolE FFAZFAA H)
=

o]z 2~ 2] 8714 segment (HA, NP, NA, NS, PA, PBl, PB2)E A A/4

B 7 e (2" 78)



AV database

B Viewer
LE:]

Sample

Show | 10 v entries Search: |
Sample Full name Type Length Sequences
1 170z 1TOZ-HA HA iTi3 Wiew fasta
2 1voz 1TOZ-MP MP 1026 Wiew fasta
3 1702 1TO2-NA MNA 1425 Wiew fasta
4 ivo2 1TO2-MP NP 1565 Wiew fasta
5 1oz 1702-NS NS a8rs wiaw fasea
& 7oz 1702-PA Pa 2232 wiew fasta
T 1702 170Z-FPB1 PE1 2341 Wiaw fasta
a 170z 1702-PB2 PB2 2341 Wiew fasta
a 1703 1TO3-HA HA 1773 Wiew fasta
10 1vo3 1T03-MP MP 1027 Wiew fasta
Showing 1 1o 10 of 361 entries Previous 1 z 3 a 5 37 MNext

BN
4
l-40
[
S
2
Y
jur)
=
o
&
[>
jhn
S
)
=
o
[>
ot
(L
£
>

o %7| StHolE RE AMEY BE ZFJASFAA vlo]H 2~ segments ¥ ES dolH i

Sample Full name Type Length Sequences
1 1702 1702-HA HA 1773 View fasta
2 1702 1702-MP MP 1026 View fasta
3 1702 1702-NA NA 1425 View fasta
4 1702 1702-NP NP 1565 View fasta
5 1702 1702-NS NS 875 View fasta
6 1702 1702-PA PA 2232 View fasta
7 1702 1702-PB1 PB1 2341 View fasta
g 1702 1702-PB2 PB2 2341 View fasta
g 1703 1703-HA HA 1773 View fasta
10 1703 1703-MP MP 1027 View fasta

19 79. HlolEl 4



o EF FolAM YEE “View fasta” WES AEsH Zzte] 4V E RS AU 5
A& (17 80)
>1782-NS

AGCGAAAGCAGGOTGACAALAAACATAATGGATTCCAACACTGTGTCAAGTTTTCAGRTAG
ACTGCTTTCTTTGGCATGTCCGCAAACGATTTGCAGACCAAGAACTGGGTGATGCCCCAT
TCCTTGACCGGCTTCGCCGAGACCAGAAGTCCCTAAGAGGAAGAGGCAACACTCTTGATC
TGGACATCGAAACAGCTACTCOTGCOGGAALACAAATAGTGOAGCGGATTCTTGATGAGS
AACCTGACGAGACACTTAAAATGCCGACCTCACGTTACCTAACTGAAATGACTCTCGAAG
AAATGTCGAGGGACTGGTTCATGCTAATGCCCAAGCAGARAGTGOTGGGTTCCCTTTGCA
TCAAAATGGACCAGGCAATAATGGATAAAAGCATCATACTGAAAGCAAATTTCAGTGTGA
TTTTTAACCGGT TAGAGACCCTAATACTACTCAGAGCTTTCACAGAAGAAGGAGCAATCG
TGGGAGAAATCTCACCATTACCTTCTCTTCCAGGACATACTGGLGAGGATGTCAAAAATG
CAATTGOCGTCCTCATCGGAGGACT TGAATGGAATGATAACACAGTTCGGGTCTCTGAAG
TTATACAGAGATTCGCTTGGAGAAGCAGTOATGAGGGTGGGAGACTTCCACTCTCTCCAA
ATCAGAAACGGAAACTGGCGCOAGCAATTGAGTCAGAAGTTTCAAGAAATAAGGTGGCTG
ATTGAAGAAATACGACATAGAT TGAAAATTACAGAAAACAGCTTCGAACAGATARCTTTT
ATGCAAGCCTTACAACTACTGCT TGAAGTGGAGCAAGAGATAAGAGCCTTCTCGTTTCAG
CTTATTTAATGATAAAAAACACCCTTGTTTCTACT

a9 80, AEE 2FASFAA vpolH A VI E HolH AlE oA

+ FEE EFAEFAG vlolez dolguelzE tged FaolM A bed:

Y oyl

A9 A ZFASFAA wpolg 2 HEVE AR
7}, LAMP 718t ZF<AEZF4dA vlo|y = AE7| s M

o Y 2FAEFAA vpolxe] 27/ ™ HAbE Thed 5 5599 2 A
s

o 53, BrhelMe] A Ang AfAE 43 4t Be @gunel 1aF
o BA ZHAEFAL vpolel o] s} BFONA AHE AT o WE EE FHL o
&% eazsEady 99 dus A= gout Wpnst v BAL 98

(limit of detection®] TCID 7]<=2. & 104-105)

o 71E ARAITNEY] EBAE AT ARE @FAE B4 Vsl Bedtd wet AFET) =
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e

)V
\ e i

- Clotot Z20| Mol 7420] A8 4 s sy WR

2HE3H AL

Al M SeZZr|ew 3= LAMP (loop-mediated isothermal amplification)

w2l e yhe WMo gAo] =8 Bst polymeraseS ©olg3to] TAH o] = koA 67
HES oAt Z 1ty 47019 Zzlolw (outer primer F3, B3, inner primer FIP,

BIP) o 93] FxX F2& s AFEH NS o2 ZEo] o] FojH (19 82)

Non-cyclical Steps _ Cycling Amplification Steps
o I
= r\-}c F2c Fic B1 2? B3 . = S -ln. _
-/'s 6'. -;'<u‘ ~
5 ~ —_—
e — . . _
2. - ( oo m—
—— S — 5 _> \'\_: {13 B1cT,
- - ¥ F!c / l
e 1 ] / \ 8.
5 —————— - 3 :
Fic F2 F1 BicB2c Bac T \b;' ‘3---0 =1=—--‘5 l
a
- - ¥ T / \ / ="
N e = F1 Bic, o e il
ar] s = -mi2g) S—
5. 7. Bic =
Fic 81 e >
::T o — i
Fec 81752 — —H‘u

CHl 2E0jA 20| 0|20{Z N )
7t 2| 2440| =2 (high strand displacement activity) S8f248 At2g
e S%0| 7s&

— O T

DNA/RNA ERZI0| 25 758t

AR

Eiken Chemical Co., Ltd, http://loopamp.eiken.co.jp/

a9 82. LAMP 71+9 /Y%
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. LAMP Zgoly AA
A2 o2 8719 RNA A7 o]Fojzxl ZFAZFA Hlolg 2olA FE5Z< IS
&

zk 42 MP (matrix protein)¥ &7 oldS FEZE & AE dufEFEU

[

(hemagglutinin, HA)¥} J72Fv] Y dlo] = (neuraminidase, NA)S 7 & BlAlo 2 AH3AS
(=]

AEZFAA wlolgze] o8 F H5 HY o}de] HASH N6 o}& e NA

i

LR L

S =

H5-4:82c TACCACCATAGCAATGAGC

ANl duckKorea/SH19-502010 ATACAAAATGAACACTCAAATCCTGOTATTCGCCCTGRTGE!
Lite -I R .
HE-482 TACCACCATAGCAATGAGC
AlehickenKorea KNUGI032009 ATGGAAGTAATAGCACTAATAGCTATACTGGTAGTGACAGGA)

a9 84 2FJAEFAAY BEE AUVIAE F5 A4

7} 7} 9] o} o 5o]A <l LAMP Zglolu] = PrimerExplorer v5
(https://primerexplorer.jp/e/index.html) & o] &3&to] A A3 &

AA 20 AA Zrade VE AARS VIEeR sglen, VEgeR AAHA

&2
s
o

3o s A= GC percent, Tm value, 5 / 3’ stabilitys 9] = WH7Asle] A4

AAFE ZEo]lH = loop primer T 97]o] FAM 98% H1
FAM @35 A= 5 s vl Ad 5o]4¢ F s I3
Falz}p wlolg]2~ LAMP Zglo]WZE A A &}o]

Fol melolmel 4 ZRAZT AR wlolex ol F

rfe
re
2
)
o
of
o
of
o
ofN
1o
BN
o T
r o
i



¥ 16, LAMP Zeolw Bl 2 1% %

Target Primer name Amplification Specificity
MP MP-1 Yes Yes
H1 H1-4 Yes Yes
H3 H3-2 Yes Yes
H4 H4-1 Yes No
H4 H4-2 Yes Yes
H4 H4-3 Yes Yes
Hb5 H5-2 Partially -
Hb5 H5-4 Yes Yes
Hb5 H5-5 Partially -
H6 H6-1 Yes Yes
H9 H9-3 Yes Yes
N6 N6-3 Yes Yes

o AAIE ztolm o] M AW A= ofdf ok ZF (E 17)

% 17. LAMP Zalo]u] A7 o

Target Primer Sequence

MP F3 GCATCGGTCTCACAGACAG
B3 ACTGGAGCTAGGGTGAGTT
FIP CAGCCATCTGCTCCATAGCCTTTTTTCCACCAACCCACTAATCAGG
BIP CAGCGGAAGCCATGGAGGTTTTTTCCAATGGTCCTCATCGCC
LP GGCCAGCACCATTCTGTTT
LB AGGCTAGGCAGATGGTGC

H5 F3 CCACAATATACACCCTCTCAC
B3 CTTTGTCTGCAGCGTAYC
FIP TCTTAGAGGACTATTTCTGAGTCCATTTTGGGAATGCCCCAAATACG
BIP GRGCTATAGCAGGSTTTATAGAGGGTTTTGCTCATTGCTATGGTGGTAY
LP GTCGCAAGGACTAATTTGTTTGA
LB AGGATGGCAGGGAATGGTAG

H9 F3 GAGAATCCTGAAGACCGAT
B3 CCCTCTACCTGATGTAGCA
FIP GTGGAATGGCAATGTCGTATTCAAATTTTTTAAATAGTGGCAACTGCG
BIP AGCAAGTATGCATTTGGGAACTTTTTGCACATTTCTTAGACCAACT
LP CCTTTCTCAGTTTGGCACTG
LB GTTGGAGTGAAGAGTCTCAAACTGG

N6 F3 CCAGATCAGGSTACGAAAT
B3 ACYACTCTCYTTGGGTCTC
FIP GGTTGTTGACAATTATCTGGTRTGATTTTTTAAARGTCCCAAATGCAGAA
BIP AACTGGTCGGGATACTCAGGTTTTAGYTCCACATAAAAACAAGGATTG
LP TGGCCCTGATTGGGTATC
LB TGGGCAAACAAAGAGTGCTT
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PTwist+Amp
2234 by

[l A o)
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f1se7] Pwal

53] ZRFAZFAA wlolg 2~ oldge] 97|44 5 flanko|l T7 promoter 714 <
(TAATACGACTCACTATAGGG)S F7tete]l 22y WE oA 2FAZFAA npo]
229 RNAE st & +F Ad=s 5. ofdl 272> T7 promoters ©]-83+ in

vitro tanscription®] R4 E YERHZ S (19 86)

Transcription Start

5'—TAATACGACTCACTATAGGG IR s

3 —attatecTeacTeaTaTccc I >

T7 Promoter

DNA Template

Transcription using
abm’s T7 RNA Polymerase

5 —GGG [ 3 RNA Transcript

The run-off transcript is based on the top strand sequence

1% 86. T7 promoterE ©]-83%F viral RNA template |2t



B AN AAE T F 4T 2FASFAA vpolel = ofF o] GV EE Xt
= og2d M PEAEE (X 18)
3 18. MP, H5, H9, N1¢] 2=y WE 75 33
Construct
No. Name Insert length Yield (ng)
length
1 H9_EPI341922 1703 3924 152
2 N1_EPI221746 1369 3590 2000
3 H5_EPI573199 1747 3968 2000
4 MP_EPI682981 1021 3242 558

o FEY WE F&S m=ol7] Yl AFe F2Y WEE heat shocks E3d competent celloll

5

015+ transformations TR S (19 87)

Chemical transformation

d

Recovery

~ C®

(| -
[
i \
per T
&+ 'F‘
*
@3 »
T
¥
Vaga®

Chemically
competent cell

Electroporation

W

e

J

—y

Electric shock
[mg,; 15 KWom,

00

5 pec pulses)
‘3-,. s
L w
g
! -
% "

wEEEEEEREEE 5"'

L

Incubation

-

Recowary

0 |
8

Electrocompetent cell

1% 87. Competent cell& ©]-83F transformation 52 %=

(£3]: ThermoFisher Scientific)



N1

13 88. M e A plated] A% colony

o Z}Z}o]l sample W E colonyE ™ F, A A9 seedingdte] competent cell®] F&<5

e Plasmid+ Promega’le] Wizard Plus SV Minipreps DNA purification system& ©]-&

r
N T

144d 2715 Fdstd+ (2" 89)

H9 1 H92 H5 1 H52 N11 N12 MP.1 MP2

a9 89, FEE ZRASFAA vpogl s A7) &<l



QIAquick Gel extraction kitE ©]-€3}o] DNA purificationS 733+ %, nanodropg ©|

&t =5 Felshdls (& 19)

3£ 19. DNA purification § Z/F&EFFAA} vpole] = o}y Fxxte] s 23}

No. | Sample name Concentration(ng/ul) total volume Yield (ng)

1 H9_1 61.1 50 3,055

2 H9_2 59.7 50 2,985

3 H5_1 80 20 4,000

4 H5_2 71.2 20 3,560

5 N1_1 86 20 4,300

6 N1_2 82.2 20 4,110

7 MP_1 37.1 20 1,855

8 MP_2 38.2 20 1,910
FZ% DNAE2 Sanger AlAAS ol&3to] Al A7 Flstdien, &2l A}
BE 229 MHE 4240 2FAETAL o} G/1NDL FFHA FHT A S
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e In vitro transcription= T7 RibomaxTM Express Large Scale RNA Production System
S ojgsdon, E 3AHS F3 AojR viral RNAE 7G5S 58 AAHAHNE F

Fokds (24 9

Ladd=r HS_ 1 HS_ 2 e Bt I | -1 _ =2 A1 AP =
— == — =21 = 1 F=] i
P e = s Pl = P = P

- - - - - -
e s = - | = £

a9 91, ERYHEHAA Ao 2FAEFAA Hho]2{ 2~ RNAC QC

g LAMP 7|9t Z2FAEFAA vl & AE7le HH3
o A2AIF LAMP ZetolH 59 AT5 98] LAMP 245 a8+
&

© LAMP 24l AR5 = Alofel 24 ofdll ok 25 (& 20)

s

4
)

Table 20. LAMP A ¢ %A

Al <k Stock Per reaction
Primer F3 - 0.2uM
Primer B3 - 0.2uM
Primer FIP - 1.6uM
Primer BIP - 1.6uM
Primer LF - 0.8uM
Primer BF - 0.8uM
Betaine oM 0.4M
MgS0O4 100mM 2-8mM
dNTPs 25mM each 1.4mM each
Isothermal amplification buffer (NEB) 10X 1X
Bst 2.0 DNA polymerase 8,000U 8U
AMYV reverse transcriptase 10,000U 20
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- .- . ] 1’0 20 3:{1 40 mlﬁ;na G:G -] ala LD:;:‘*

9 92 N6 ob@ el ZRAFFAR vhelel s LAMP ¥4 ¢4

8 8ol A AEE WYX LS negative control (NTC)QF N6 ofd o] ofd ZFAZFql

A whol 2 & (non-N6 AIV)E thd o= w43 Aol M whgAtzo] Brehx i, 7]
BEH TF METE 1A o real-timedel A & FFHo] HEHA FiS

ro,
i
e
2

2} wlolE A2 LAMP 2A1&

Sis T
non-N6 AIV] wlal gsto] AZEHJ1 HA7]d 54 F2Z w=9l real-time PCRA 2

Z2FAEFAA vhol#l A H4 oY S BZloRsh= LAMP Zeto|v] 335 A8l e
B oo]F AgAHow HFE Zitolwe 239 (H4-2, HA-3 Zujo)n))
- H4 otgd S BAlS R 3= LAMP Zelo|m & 3F Al4tsto] H4 ol ¥ 9] fragment &7

ANEs FPOR UES Fd¢ A3 BE xetolv] (H4-1, H4-2, HA-3)ollA F3Ht
o] g}



Primer
H<a-1 Ha-2 Ha-3

SN B

e

- =
p—
—_

1.

NTC HS NTC HS NTC HS
Template / Artifticial

T
olo
i)

19 93. H4 LAMP = glo]lmo] ZF2ul 3}

7t H4 o}8 S gAlo=w s LAMP Zgloln g |25 &3}7] 98] H4o1E o]

old 38 2% (Hb, H9F F8o] 59 UA &+ negative controlS o= LAMP

Jm
o

4 Azt H4-29F H4-3 LAMP =zg}o]lm 7} H5, HY, negative controlol| A& FZEALE
< AASHA Fdem H4ol FYHAAT SolAHozg FEAES AATS I (1
4 94)
Primer
H4-2 H4-3

1
R—
—
—

H4-
NTC HS H9 NTC H4 HS HS H4* NTC H4 HS5 H9 H4*
Template/ Artificial

—
)
2 = |

___

1% 94. H4 LAMP Zglo]lm o] 5ol H7l Ay}



- 24 A3 2mMe] vhodlE

™, 6mM¥ 10mMe] v 1vj#

ol g IS

= 2 [ I S

- 4mM?9] vlaulg FEolA

j=|

FROAME e FYAN SHEE] FAFHA ehgho
Fol A= H5 Hi= H99| obgel M njSo]4 nhgo]
H4 o}g o] whgo] Selxqoz dejyr]e sl LAMP

Zebolm o] vy HA $EE dmME Aeels (19 95)

H5 H9 NTC H4 H5 H9

MgSO,) 10mM

19 95, H4-2 LAMP =gtolve] HA viavls s&= A4

emM 4mM 2mmM

FAEFAA vlolejs H5 ol & Bl o®ats LAMP Zetoln 3F8 AAsgo
deHor Aod Zepolr = 159 (H54 Zefolw)

- H5 o}38 <& AR 3= 3F9 LAMP ZelolHE AA e H5 o} 9 fragment &

, B xglol (H5-2, HH-4, H5-5H)ollA F=

NTC HS NTC HS NTC HS

Template Ff Aatificial

1% 96. H5 LAMP Zeto]m o] F3&ukg A}



- H5 ofdoz eld opfdA SN U B4 AT A, H5-4 LAMP Zgfo]
9

oA FAFA Q] FFo] dojFS IS (1™ 97)
Primer
H5-2 H5-4 H5-5

B | ‘#J n

i
L

| | €
|| LI (

NTC S1 sS2 NTC S1 S2 NTC S1 S2
Template/ Field samples
a9 97. Hb LAMP Zgfolw o] ofej A A F3wkg 4
- H5 ot o] AlmelA] kAl SFde]l e H5-4 LAMP Ze}o]m 9

G5t As H5 obdel ohd F3 1% (HO) FHo| Ho194 i negative

control& Ao 2 LAMP #4<& F3359S

Jm
o,
k1
et

24 A3 H5-4 LAMP Zgol™ 7} HY, negative controlol & SZ4HES A 351HA
2
s

rskow] H5el oA Soldon FEATS A4S FHAF (2

Prirmenr
HS —=%

[ I [ - HS HS
Term piate S Aacrtificial

% 98. H5 LAMP Zgo|m o] Folx= H7l A}



- Ho-4xeto|ME titoez HAHAESA (limit of detection)S &<lst7] 98t 8T
LAMP xzgjoln|o] FAM 332 &9 real-time PCRZ % Y¢S 5433 &

- H5 o}d o] =8 %42 viral RNA 109 copyol A€ 1% copy, 13 copy, 750 copy,
500 copy, 250 copy, 100 copy, 10 copy, negative control® 1743} % <

- 4 A3 A7 A= T50copy ©] el FEAAM FHERGo] A EHH o7 Y]
No ™, real-time ¥4 A% A7FEHH LA 750 copy ol FelA FE ol

A%A 0w GAF QS (27 99). Hebd H5 LAMP Zeolrs] HAA%e7

"
J
gl
=

copy &

Amplfication

N
B
B
3

I
o =
e
T
L& S

L] S

Copies: 0 10 100 250 500750 1000 10(4) 10(5)

19 99, H5 LAMP Z&lo]lw el HAAZE3sHA

ZRQAEFF A vlol 2~ H1, H3, H6, HI o}@ 3} && 792 MPE 717} el o= 3}
£ LAMP Zgol¥ 5% Ao RE Zgowdi Aygdxoz HITHAS
(H1-4, H3-2, H6-1, H9-3, MP-1)

- Hl o}¥g S gAlo = 3= LAMP Zelolw (H1-4) & A#3ste] H1 oFd 9] fragment

GNNGe FHOR We FAYF A% FEWGo] Uojde FAFAL

- E@ SolmE #alsy] 913l H obgel okl F3 2% (H5 HY) % Yol Holgl

A %= negative controlS Ao 2 LAMP wH$& 3 A¥ H5 HY9, negative

el

controldl M= SHAES A @gker HIo FAAR Soldoz F3it=

= TS FAF (2™ 100A)

- H3 ¢o}¥ S Aoz 3= LAMP 2ol (H3-2) & A&sle] H3 oF3 <] fragment
AV ES FHoRE WSS £33 A F2ZukSo] dojdS sy

S EH SolmE #elaly] 98 H3 ofdo] ohd F8 2% (H5, H9) 3 Fo Sol9



A %= negative controls Wde= LAMP w35 o A, H5 HY, negative
controll A= FEARS AHAA ghgrov Hiel FINMW SolHow FEE
S AAES gelst (27 100B)

- H6 oFg+& B R s LAMP Z&toln (H6-1) = #l#tste] H6 o<l fragment

GNALL FPoT Wee FAY A3} FEWo] dolde FAdAE

- EH o= #91ay] g8 H6 ofFe] ohd F3 2% (H5 HI) % FHo| 509
A %+ negative controls Wide® LAMP Whe& & A¥, H5 HY, negative
controll M= FHEAES A gror] HeSl FPIAT FolHor FHAE
o yAsrs seldt (219 1000)

- H9 o}¥ S Aoz sF= LAMP 2ol (H9-3) & A&sle] Hl oF3 <l fragment

7ML S TPz g S T3t Ay FEFGo] dojdS e+
- E3 Sol=E ZRslr] f1d HI9 oFFo] ofd F& (H5) I F3Ho|l EoUA R+
negative control= Ao 2 LAMP HH$-S 3k A3} H5, negative controldl A& 3%

Ao AASA Wehor] HOO RO Solgor FENBS YYTS

(¥ 100D)

e

(7L 100E)

A. H1-4 for H1 B. H3-2 for H3 C. H6-1 for H6 D. H9-3 for H9 E. MP-1 fqr__ MP (Universal)
= ‘ { : !
| |
- i = - —
-
NTC H1 H5 H9 NTC H3 H5 Hé NTC H6 H5 H9 NTC H5 H9 S1 83 NTC
Template/ Artificial Template/ Field sample

9 100. H1, H3, H6, H9, MP LAMP Zz}o|m o] A3 2 HZF



. RPA 71t ZR/ASZF A} vlo|x = A&7 ME

T Ea

i

2

RPA(Recombinase polymerase amplification)< @Y HFEHZ 3y
8- (PCR)o tish 5 oot HEHY

RPA Hkgol= o

A

2

Al & Z(Reverse transcriptase enzyme)S 718024 DNA® 1
olUzt RNAE A% & & 718Y

Tal o] J|HME Zewe Aes= Aoz oF 3R AE o 4 9on WEo]
cDNA 34 #4S dart gives 23S ved

whebA] ofslel A W A7k Vo 2FAFFAAE Aust=d f854 ST & 9

o
BT NE ZRAZFARS] n¥AY HNIS H A48 Agatgon (E 21)
wg 24 ¥ 29 2E

¥ 21. RPA =glolvw AA o

Target Primer Sequence(5'->3")
Forward AATTTAACAACTTAGAAAGGAGAATAGAGAATTTA
H5 Reverse ATACATTCATTATCACATTTATGATAGAACTCG
Probe GACTACAGCTTAGGGATAATGCAAAGGAGCTGGGTA
ACGGTTGTTTCGAG

3 22. RPA A ¢F =4

A oF AF-& = HEsE
2X reaction Buffer 25 ul 1X
100 mM dNTPs 2 ul 4 mM
10X buffer 5ul 1X
20X buffer 2.5 ul 1X
50X buffer 1 ul 1X
Primer F(10 pmol/ul) 1 ul 0.2 pmol
Primer R(10 pmol/ul) 1 ul 0.2 pmol
Probe(10 pmol/ul) 05 ul 0.1 pmol
RNA 5ul 2.5 ug
D.W 85 ul - 45 ul
MgCL2 25 ul
Total 50 ul
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27 AEFFAA H Fd4e gk RPA Aol A 71251 AloF w43 AHEE 490
E 29 101 ol Aeh Zo] AFREH whgo] xspdeElE vehd FEE 1w 547 ol
= aAZE s

% 101 71 =30 Bigk RPA whs 23t

A7 wrg 202 27 9% FPlAE 29 102004 Uehd vksk 2ol Primersh

ProbeE 747} 10v) 3|43 Aol A FHAo dits Zs U=

2 Iﬁ‘:

g0 E

¥oE g oy

a9 102, 44 =21 E4S 9% RPA 23
@ @ : Primer 100uM#2] 1 ul, Probe 10X &43te] 05ul @ @ @ :
Primer 10uM#-2] 1 ul, Probe 10X 3|43l 0.5ul ® @ : Primer 10uM# 2]
1 ul, Probe €< 0.5ul © Standard
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