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Genetic Characterization of H7-subtype Avian Influenza Viruses
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ABSTRACT Based on their virulence, the avian influenza viruses (AIVs) are classified into two pathotypes: low pathogenic
avian influenza (LPAI) virus and highly pathogenic avian influenza (HPAI) virus. Among the 16 HA subtypes of AIV, only
the HS and H7 subtypes are classified as HPAIL. Some AIVs, including H5 and H7 viruses, can infect humans directly. Six
H7 subtype isolates from wild birds of the H7N7 (n=4) and H7N1 (n=2) subtypes were characterized in this study.
Phylogenetic analysis showed that eight viral genes (HA, NA, PB2, PB1, PA, NP, M, and NS) of the H7 isolates clustered
in the Eurasian lineage, the genetic diversity of which is indicated by its division into several sublineages. The Korean H7
isolates had two motifs, PEIPKGR and PELPKGR, at the HA cleavage site, which have been associated with LPAI viruses.
Six H7 isolates encoded glutamine (Q) and glycine (G) at positions 226 (H3 numbering) and 228 of HA, suggesting avian-type
receptor-binding specificity. None of the Korean H7 isolates had the amino acid substitutions E627K in PB2 and 1368V in
PB1, which are critical for efficient replication in human cells. The Korean H7 isolates showed no deletions in the NA stalk
region and in NS. These results suggest that the Korean H7 isolates from wild birds are different from the H7N9 influenza
viruses isolated in China in 2013, which are capable of infecting humans.

(Key words: avian influenza virus, H7 subtype, gene, phylogenetic analysis, wild bird)
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Table 1. Avian influenza virus isolates used in the study

175

Date of . .
Isolates isolation Subtype Host species Location
mmon teal . .
A/common teal/Korea/KNU12-15/2012 Dec-2012 H7NI1 Common tea Jeju-do, Jeju-si
(dnas crecca)
A/mallard/Korea/ KNU13-3/2013 Jan-2013 H7NI Mallard Jeju-do, Jeju-si
(Anas platyrhynchos)
Mallard .
A/mallard/Korea/KNU10-3/2010 Apr-2010 H7N7 Gangwon-do, Sokcho-si
(Anas platyrhynchos)
A/mallard/Korea/KNU11-12/2011 Dec-2011 HIN7 Mallard Gangwon-do, Gangneung:si
(Anas platyrhynchos) W ’ goeuns
mmon teal . .
A/common teal/Korea/KNU13-1/2013 Jan-2013 H7N7 Common tea Jeju-do, Jeju-si
(4nas crecca)
Alcommon teal/Korea/KNU13-7/2013 Feb-2013 H7N7 Common teal Teju-do, Jeju-si

(Anas crecca)

99

AfHangzhou/1/2013{H7 N3)

Adpigeon/Shanghai/51423/2013{H7N9)
Adchicken/Rizhao/15/2013{H7NI)
Adchicken/Guangdong/SDBE41/2013(H7ND)
Adchicken/Shanghai/S1053/2013(H7ND)
Adchicken/Jiangsu/S002/2013(H7N9)
Adchicken/Wenzhou/B24/2013(H7N7)
Adnorthem pintail/Akita/1368/2008(H7N7)
Afduck/Korea/GJ56/2007 (H7 NE)
Afduck/Hokkaido/1/2010 (H7N7)

Adwild bird/Korea/A330/2009(H7 N7)

Adwild bird/Korea/A72/2010(H7N7)

99 L W A/mallard/Korea/KNU10-3/2010(H7N7)

100

100

_|:A.fturkey/haly/4617!’1999(H7N1J
99 Adchicken/Netherlands/2586/2003(H7N7)

100

Adduck/Hokkaido/WB3/2011(H7N7)
Adduck/Mongolia/d7/2012(H7 N7)

Afduck/Fukuif160104/2012(H7N7)

Afduck/Fukuif1B0103/2012(H7N7)

73 W A/common teal/Korea/kKNU13:

|
0.02

W A/mallard/Korea/kKNU13-B6/2013(H7N1T)
Admallard/Korea/822/2010(H7N7)
Adduck/Thailand/CU-9754C/2010{H7N4)
Afmandarin duck/Korea/468/2011(H7N3)

W A/common teal/Korea/KNU12-15/2012(H7N1)

Adwild bird/Korea/A34/2011(H7N7)

W A/mallard/Korea/KNU11-12/2011(H7N7)

-1/2013(H7N7)

100 L M A/common teal/Korea/KNU13-7/2013(H7N7)
Adchicken/Pakistan/34668/1995(H7 N3) -

,—Nmal\ardlCa\ifomia/13EIDQD1D(H?NS)

00 Adnorthem shoverl/Mississippi/1105145/2011(H7NS)
%‘ENM&xlcuflnDRE?21BQD12(H7N3)

China H7NG

:|HPAI

74 L Afchicken/Jalisco/CPAT/2012(H7N3)

Eurasian Lineage

Morth American Lineage

Fig. 1. Phylogenetic trees comparing the nucleotide sequences of H7 HA genes isolated from Korean wild birds (marked by black
square) and AIVs available in GeneBank. Individual tree was generated using neighbor-joining method and 1,000 replications of
bootstrap re-sampling. The number at each branch point indicates percentage probability that the resultant topology is correct.



176 o] 5 H7 AV E4

H7N9 Hle]#29}= tE sublineage® HFHE AT 3
g el B e Y-S Bd olgeel EelF
(A/turkey/Italy/4617/1999(H7N1) 2} W@ gh= F-2]F(A/chic-
ken/Netherlands/2586/2003(H7N7)) k= &<13] T} subline-
age= THE AKFig. 1).
H7NI o}d 2579} HIN7 o} 4575 217} 5L g NA o}
Hpo|H 253 AT HATA A4S AAEITE HINI
o7 BFd 259 NA FdA Alsfdstsy &
5 Eurasian lineage= &% ©] North American lineage <}
23 2ol & HYlm, Yo EelE HI2NI o}F \}
o] ~(A/duck/Hokkaido/W26/2012(HI2N1))¢] NA 22}
7V 7Pk 291 BAlE BT HINT ofg o2 B-R/¥
F+% 55 Eurasian lineage® TR oH, 17] &+
(A/mallard/Korea/KNU10-3/2010(H7N7) & S=ol| A &ald
H7N7 o}& Hlo] 2] ~(A/chicken/Jiangxi/2369/2010(H7N7)) <}
7V Wk 24 BAE BAa, YA 3FE Sl '
2]¥ H7IN7 22150 A/wild goose/Dongting/PC0360/2012
HINTS}F 718 77k & #A1E B9 tHFig. 2).

e o ok

N e
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Eurasian Lineage
Almallard/Sweden/105522/2009(H10N1)
Atduck/Mongalias40/2001(HINT)
AdmallardiJiangxi/13228/2005(HBN1)

Adcommon teal/Hong Kong/MPM1645/2011(H7N1)

AfChicken/Hong Kong/FY150/01 (HENT)

Amallard/Ohio/11052206/2011(H10N1)
E A black duck/New Bi k/D0321/2010(H1NT)
100 L A/American green-winged teal/\Wiscansin/10052847/2010(H1NT)

—
0.02

North American Lineage

A. NI isolates (n=2)

A/common teal/Korea/KNU13-1/2013(H7N7), A/common teal/
Korea/KNU13-7/2013(HIN7))& 5= A 741 H7N9 ule]d]
253} 717 sublineageoll 91381530 9] sublineage
2 BFEA 2 YR 3539= &438] T2 sublineage 2 -
F= 2 tKFig. 3A).

PB1 #3A= W] £2]5 65+ 25+ Eurasian lineage &
B 75932, Eurasian lineage WollA & o= 335 o]/te]
sublineage 2 ¥ FEI ATt S Al 749 HINO vlo|g A&
£ Eurasian lineage® FFE o, = EgFEdE &
A3 o2 Il sublineage®Z 75U THFig. 3B).

PA FAA= 3= 2|5 65 5 Eurasian lineage 2
592 Eurasian lineage WA= 27 £2]5(A/common
teal/Korea/KNU13-1/2013(H7N7), A/common teal/Korea/KNU13-
7/2013(HINT7))3F 22 sublineage©l] 31 o, Vb x| 47)
F= Z17] U2 sublineage® F=H AT T Al 744
H7N9 ulo]2o] PA 5% A= Eurasian lineage©l| 4:3}14]

Ao g Yehd, 1l 225 BFe T AN AT
ob= gds] v AlERl Aoz FhetE Yl th(Fig. 30).

NP 42 E2]5 25 Eurasian lineage 2 752
™, Eurasian lineage W4 = T}3} sublineage 2 #3575}
ot} == Al 2+ H7N9 BRo]2] 42| NP -2 A}+= Eurasian
lineageol|] &3k &+ Aoz Yyehd, = el B5e=
T AR AT gt o AEQ] AR YEiTt
(Fig. 3D).

M f2ke] 7, we8]F 25T Eurasian linecage® ¥

(ST
o

Afswan/Czech Republic/5416/2011(H7N7)
68 L asswan/Slovenia/53/2009(H7N7) Eurasian Lineage
Afmallard/Sweden/100993/2008(H7N7)
Adduck/Fukuif1 2004(H7N7)
Adchicken/Jiangxi2369/2010(H7N7)

W Afmallard/Korea/KNU10-32010(H7N7)

1001 Afmagpie/ioreafYJD174/2007 (H7N7)

100 | ajmallard/Korea/GH171/2007 (H7N7)

[A/Amar\can green-winged teal/lllinois/10053368/2010(H7N7)

North American Lineage
100 L ajnorthem shoveler/Mississippi/l 10S202/2011(H7N7)

B. N7 isolates (n=4)

Fig. 2. Phylogenetic trees comparing the nucleotide sequences of H7 N1(A) and N7(B) genes isolated from Korean wild birds (marked
by black square) and AIVs available in GeneBank. Individual tree was generated using neighbor-joining method and 1,000 replications
of bootstrap re-sampling. The number at each branch point indicates percentage probability that the resultant topology is correct.
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A. PB2 genes

China H7NG

100
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Eurasian Lineage

North American Lineage
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Eurasian Lineage

100

North American Lineage
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Adwild bird/KorealA7 2/2010(H7N7)

W A/mallard/Korea/KNU10-3/2010{H7N7)

Adwild duck/Korea/CSM4-28/2010(HANG)

Adwild duck/Korea/SNUSD-5/2009(HEN1)

Adwild duck/Korea/SH5-B0/2008(H4NG)
Afavian/Japan/8KI0135/2008{HENS)

W Afmallard/Korea/KNU11-12/2011(H7N7)

W Alcommon teal/Korea/KNU12-15/2012(H7N1T)

W Admallard/Korea/KNU13-6/2013(H7N1)

Adwild bird/Korea/A4/2011(H7N3)

W Alcomman teal/Korea/KNU13-1/2013(H7N7)

100 | W Afcommon teal/Korea/KNU13-7/2013(H7N7)
Adchicken/Shanghai/S1083/2013(H7NS)
AHangzhouA1/2013(H7ND)

100 | Afpigeon/Shanghai/S1423/2013(H7NG)
Alchisken/Guangdong/SDBA2D13(HTNG) |
Adchicken/liangsu/S002/2013(H7ND)
Adchicken/Rizhao/s15/2013(H7NI)

AfAmerican black duck/New Brunswick/0344/2010(H7N7)
100 AfAmerican green-winged teal/lllinois/100S3329/2010(H7N7)

Eurasian Lineage

} North American Lineage

o

B. PB1 genes

531 A/mallard/Hokkaido/24/2009(H5N1)

Afcommon teal/Hong Kony/MPKB30/2009(H1ONS)
Adpintail/Aomorif422/2007 (HIN1)
Adgreen-winged teal/Xianghaif430/2011 (H5N2)
W Acommon teallKorea/KNU13-7/2013(H7N7)
1001 W Afcommen teal/Korea/kKNU13-1/2013(H7N7)
Adnorthern shoveler/Hong Kong/MPK276/2009(H11N9)
W AJmallard/Korea/KNUID-32010(H7N7)
Afwild bird/KoreafAD2/2011 (H1ON4)

W Acommon U12-1572012(H7N1)
Adspot-billed duck/Korea/546/2008(HEN1)
W A/mallard/Korea/KNU11-12/2011 (H7N7)
Adgreen-winged teal/New Brunswick/D0392/2010(H7N7)

[Eurasian Lineage

Amallard/Minnesota/Al09-1854/2009(HEN4)
55 L— Aflong-tailed duck/isconsin/10053912/2010(H14NE)

Alchicken/Guangdong/SDB412013(H7NS)
—‘IW rA/n:hl:ken/Shangha\/Dﬂme3(H7N9) China H7i
60l Avchickentliangsu/S002/2013(H7NS)

} North American Lineage

AfNew York/3250/2009(H1N1)  JNorth American Lineage

D. NP genes

Fig. 3. Phylogenetic trees comparing the nucleotide sequences of the PB2 (A), PB1 (B), PA (C), NP (D), M (E), and NS (F) genes
isolated from Korean wild birds (marked by black square) and AIVs available in GeneBank. Individual tree was generated using
neighbor-joining method and 1,000 replications of bootstrap re-sampling. The number at each branch point indicates percentage

probability that the resultant topology is correct.
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8L ajmallard/France/2525/2001 (H7NT)

Awild bird/Korea/ABA2011(H7NT)

100 L Afmallard/KorealkNU11-1202011(H7N7)

L] )

u 362013¢7N1) |

ged tealNew ) "
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W Ajmallard/Korea/KNU10-3/2010(H7N7)

Admallard/California/2594P72011(H4NB)

7 L Admallard/California/2559P/2011(H5NS)

W Alcommaon teal/Korea/KNU13-172013(H7N7)

100 L M A/comman teal/Korea/KNU13-7/2013(H7N7)

AfAmerican green-winged teal/lllinois/10053329/2010(H7N7)

Adnorthern pintail/interior Alaska/1DBMO7114R072010(H7N3)
Adchicken/Shanghai/31053/2013(H7ND)
Adchicken/Guangdong/SDE41/2013(H7NS)

86

™ Afnorther pintailfnterior g

el AlAmerican green-win ged tealMississippil 1052552011 (HIN7) J

o Afchicken/Shanghai/S1053/2013(H7NS)
Tam - AVehicken/Gusngdong/SDB41/2013(HTNG)  [chin ey
&7 | AfHangzhow12013(H7NS)
61l vchicken/Rizhao/515/2013(H71G)

E. M genes

Fig. 3. Continued

EAE vlw BA 51 tHHay et al, 1985; Holsinger et al.,
1994; Gubareva et al., 1997; Duan et al., 2007).

HA 2 cleavage site2] o}v]:=AhS- 243k Az} 3=
E2F 657 F 25(A/common teal/Korea/KNU12-15/2012,
A/common teal/Korea/KNU13-1/2013)= PEIPKGR/G motif
£ 7K Ao® Uehstal U A] 45= PELPKGR/G motif
£ 7 Ao Uit 67 BT AW vlelg 9] &

i Adchicken/liangsu/S002/2013(H7NS) China H7NG
A/Hangzhou/1/2013(H7N9)
Adchicken/Rizhao/515/2013(H7NI)

black duck/New B kD0344/2010(H7N7)
W Afmallard/Korea/KNU13-6/2013(H7N1)
100 [ A/mallard/Sweden/88597/2007 (H2N2)
461 Afduck/Korea/D'¥104/2007 (H4NE)

100

0.05

F. NS genes

g HAKTable 2). ZE ®E|F= SFAHXE receptor-
binding site(RBS)= ¥217 235" (H3 subtype numbering-=
226W) oAt glutamine(Q), 237W(H3 subtype num-
bering& 228)& glycine(G)S 7HA& ALl 2 YeEh} 2%
25 M2 receptoret A3t Eolio] E& AR AdHET
(Neumann and Kawaoka, 2015). NA ©El& oA neurami-
nidase Z/Jo|} &5 233 BH stalk regionol 4] 2

Table 2. Comparison of the specific amino acid sequences of H7 AIV isolates

Virus HA cleavage = deIl\eI:éon PB2 PBI deizon M2
site 235/226' 237228 (gg.73) (FO2TK) (BO8V) 0 nagy (S3IN)

A/common teal/Korea/KNU12-15/2012(H7N1)  PEIPKGR/G Q G No E 1 No S
A/mallard/Korea/KNU13-3/2013(H7N1) PELPKGR/G Q G No E I No S
A/mallard/Korea/KNU10-3/2010(N7N7) PELPKGR/G Q G No E I No S
A/mallard/Korea/KNU11-12/2011(H7N7) PELPKGR/G Q G No E I No S
A/common teal/Korea/KNU13-1/2013(H7N7) PEIPKGR/G Q G No E I No S
A/common teal/Korea/KNU13-7/2013(H7N7) PELPKGR/G Q G No E I No S
A/Hangzhou/1/2013 (H7N9) PEIPKGR/G L G Yes K \% Yes N
AJ/chicken/Shanghai/S1053/2013(H7N9) PEIPKGR/G L G Yes E v Yes N
Alturkey/Italy/4617/1999 (H7N1) KGSRVRR/G Q G Yes E 1 No S

! H7/H3 numbering.
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& ARE AR 2, g EElF 67 25 NA stalk
regiono| Al A& THEA] 2UTHTable 2).

PB2 T Aol A EZfRelAe] 7hedd} FAE ¥o] K
9l E627K olmAbs #43 Ay, 3= BElF BEe
glutamic acid(E)= A 744 nlolg] =] EAS | %
Utk T3 PB1 T FoN L H-F S22 TE o] R
A2 4eA 1368V olnakS B T
EFE Isoleucine(l)S 7HAl & Ao 2 YEh Hol
] EATH Table 2).

AFh7E H7N9 Hlol#] A& NS whil o] 93 19218
~230) op1|=4t Z<Eo] FEETKChen et al, 2015). 3+
HEFE Yo ® ARG 23, 67 % NS @il A&
< AEEA Fskrh M2 @ oA S31INe] o]z} TSt
W nlolg] A~ X7 2FAQl amantidine®} rimantadine©l] T3k
Jatdo] A7l Aoz delA tiHay et al,, 1985). M2
chilzl o] S3IN WHo| o 2 2AgE A3} 3= BelF BT
= 319 opu|i=Ako] Serine(S) 2.2 Wol7b VFERA] eFgkth
(Table 2).

N

ek

a

o RN EelH HT oFd AIV 6575 tldo= 87l
AA FAA 78S A8k, 1 58S AT
1670 H otd3t 97§ N ool Z}zt So]#Ql primer B
probeE A}8-3F rRT-PCR'H(Hoffmann et al., 2016)°.2 2]
H npole] 2o o} S SR1g A3, HINT o} 457, HINI
olg 232 EFHAUTE 2005~2014A7F ol E2lH
H78 #8F 2955 g olgS ZARE A3 HINT
obgo] 65.5%(1929)= 7P &5t E2lE Aew Hud
u} gl B AFdM % Tzl HINT oF8 o2 Yehy o]
£ Hu9} H|SBAtHKim et al., 2016).

8/ A AA A7IMLEE BAske] I E 9= B
FEI] AZFATE 2d #AE 24T HT oFF
Hlolg o] W F72FQ1 HASF NA 3 AHE tid e = 7
A EAs AAE A5, A 2 7HA9 lineage =,
Eurasian, Australian % North American lineage 522 &f/
HtHBulach et al., 2010; Kang et al., 2014). ¥ A3 cjx &
21 652 HA A 42 2 phylogenetic treeS 214
gt A=, ] #-2]5 65 25 Eurasian lineage 2 &5

21t} Eurasian lineage Wl = T ELFEL 255 A9

>

BlaLe 72t7] theksl sublineage & E-H-E o] A2 thokAlo]
TAE QT HA AR = S04 AR Aol Yeivx

%A= H7N9 H}o|2] 2 sublineage = 717He: << #AIE B
ol HlolH 2k UUAITE 65 BT S Ak 2 niold
229h= 709 sublineage= E-FE Tt Fu] oY 2Rl A
2]E H7 oFd Alvel Uit o2 AFAEe] AlsRded
4 Ao M= I o2 F 2|55 Eurasian lineage
-5}, Eurasian lineage Wol|A4] t}F3t sublineage 2 A
+ oz Fold v e, E AFNME o5
o] AAdate} FAE Y-S B TtHKang et al., 2014; Kim

5 faAte] AR BAS dAlg 2
7k, PB2 frAAke] A5 oM R/ frefl s EelFde BF
Eurasian lineageZ #FF Utk 2211} Eurasian lineage Ul
o &= H7N1 2|5 17H(A/common teal/Korea/KNU12-15/
2012(H7N1)©} H7N7 8|5 255 A/common teal/Korea/
KNU13-1/2013(H7N7), A/common teal/Korea/KNU13-7/2013
(HINT))&= WwA] 3379= $4138] ThE sublineage® &
ok =3k Ho)9] sublineage® EFE 3F%E 4] ¢
sublineage HENZ E/FF o] PB2 FAF AA] 44 ek
dol e Aoz At Iy 2ol digk PB2 F4
A EAAI, Sl EelFe Aol 3F oY clades T
dake Aoz BAE v e, B A7 ZioA = PB2
AR tefdol e AR vYehd o5 A2 e} 1]
3l A2 Hrh(Kang et al, 2014; Kim et al., 2016).

W 5322 PA, NP 2 M f302F Alefd8H4 &4
S A A3 =2 Eel$FE52 25 Eurasian lineage©l <
}3 21, Eurasian lineage Wol|A4] t}F3t sublineage = 5
He Ao Yeisith F= A 29 HIN9 Hle] g e o]

=

o

370 A} 25 Eurasian lineage®H= T2 lineage 2 &
He Aoz yeitth wetA Sy E255S PA, NP
2 M FA2= T AR 2 HIN9 Hpol | 2~9b= B
o7} & Aoz FuEh

oAb 9 HINO vlo|g e Hol & 47 o] te] 7
H(origin)e 7FA| = thF3F reassortment 2 915t Z& g
T vl 22 A Stk S, HA A= A 2.8
AskE AIVOA = 1al, NA A o Z=F/
A AIVERE feEden, UlF 2= 7haFol
3l 2ol 2% o] Aol HON2 HlolH A2 YE fed A
2 2294 9ltKKageyama et al., 2013; Liu et al., 2013). ¥
AReA] Feld vpolglxo] Y s B4 A,
T Al 9 22 sublineage 2 w75+ vlol# 27}
fem 53], PA, NP 2 M F4A= S5 A 14

H7N9 Hlole]~9b= 719 lineage® 7%= FoZ H

du

d

—

o 2 >

1

154

o d
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o}, 7kaR2e HIN2 Hlel# 2 e Wi s 7He 5
=72] H7N9 upol#j2ob= W F- 27 €3] e Ao
2 e

AIV 942 HA @A 9] cleavage site?} 97173 o]
=41 arginine(R)¥ lysine(K)= U= 7FAl & FH] =, HAIL
chal o] C Wk 470 o) iAkE 37) o] ito] 91714 ofn|w
A 739 HPAIVE E7FE tHSenne et al., 1996; Horimoto
& Kawaoka, 2001). =] 2] 2] HA @A cleavage site
o] opliAte EAE A3 6F F 25+ PEIPKGR/G
motif, Y HA| 45== PELPKGR/G motifE 7} = o2 1}
ERsith mhEba HAL ©E ¢ D 47]9] ofn]iibollA] 7}
zk 2709 G717 o eAkE 7= Ao Z YEhg S of
NzE 5o HelF 2TE LPAIVE AT H78 AIV
T & AdA FA4g HINI 9 HIN7 vlo|g] 2o} FUgh
olg FollA AHUA ulolH 7t 1 UA AIVE WolH
7397} 1999 olgz]ote} 2003 R =4 242 B
H B} 9Jth(Capua et al., 2000; Fouchier et al., 2004). w24
Al opEFelA E2l=al 9= HIN1ZF HINT ol
7} 7vaiel datete] faAlE A9 BeA ¥lo] Ve
HiAE = Q7] wiiel] ZheREe] Mt HA| s 5t
= WAERA7 2o Fo s A7HEnt

vpolel s~ el 2] &5 Sold 7 vhdo]l ¥ A
HA ©949] receptor-binding site(RBS)E ©]% 235 (H3
subtype numbering< 226W¥)3} 237We] ojn|i-Ato] Zbz)
leucine(L)¥} sering(S)2-Z WHold A Al 1 714 el
o= FoZ A ok £ Ade] I BT BEF
235 o} =2k olutamine(Q), 2379 o} AR olycine(G)
Ao Yeht 27/ Mo 7 Soldo]l fAE A
= ez dAvEd

NA Tl stalk region] oAt Ao 2 %4
stalk region®] Z°] W3}:= influenza virus2] YAl 4
= AN, &7 #49 7FeS STHTIE AeE oY
2] 1t Zhou et al., 2009; Munier et al., 2010; Neumann and
Kawaoka, 2015). 5= AR 79 HINO Hfo]#{~E NA
stalk region®] 571 ©}7]:=2H69~73) As=o] TzE THChen
et al. 2015). =] oRAIZF/ E2|FE2] NA stalk region©A]
AE oJHE A 43, #8]F 25 NA stalk region®]
AL UeA] ol T Al o= Aol & Eith

PB2 ©iAe] 6279 olm=Ato] glutamic acid(E)7}
lysine(K) 2.2 WHol= 739-9} pB1 ©hlA 2] 368 ofn| =2t
Isoleucine(I)©] valine(V)2-2 Wo|d 7 Al 7+ 7154

o] FoAlE AR <4#A th(Neumann and Kawaoka,

>

%

o rr

9

2015). = ¥-2]F= PB29] 6279 ohu|w=ity) PBI2] 368
H ofn|izito] Z+7} glutamic acid(E)<} Isoleucine(l) 2.2 ¥
ol7} AR Fo} Akt A TS e FeE AT
ok

M2 ehill oA S3INe| o]z} stk Hlolg 2~ X &
2FAQl amantidine®} rimantadine®]] g Wido] 7= A
o2 4#lA 9lth(Hay et al., 1985). M2 Thze] S3IN ¥
o] ARG ZAR A7, b FelF BT 31 ofn|ito
Serine(S) 2.2 Wo]7} VERA] ¢o} o]E kAo thek WA
o] A71A] ¥& Aoz Akt

ool AA}ES T Ul of ZFA &
H7 o}g nlole]x 65 5= HA & Hiel2| 2~ F1 +#
o YR fRAAE B57F 2 FaolA] A 1iedol
U= HN9 Hhe]2 ~eb= Apol7t 9lan, Ak 291 71
U= FAA ol AR e AR Hof =
H7 o}d nlo|g| =5 At 249 7FeAol Y3 Zlo R ¥
et

U o zFRolAM EEH 6F RFE 7RO A
AP Yeille 4 542 Hole 2o Yeiith 1
2 S BelFet $9E HINT oF&g3 HN9 o} nlo]
glae Agde Aoy, JhaRel edsid
HPAIVE 3= Z4-+% 7] wiol o 2FEFE 7ha
FRo] Auprt o] FolAA] ¥EF FAF ARt o
abal, ofA {4 A &A1 RUE|Ho] e Ao
serech

N

)

o

Mr oo © ol
oo @

A

¢

Z~ H7 subtype®l] &3l= Hfo
= 4= 7RO A9 A9 uddo] B3 ELh =
T At dastd AMd 5 fEE

= S EFEFE FeE HT o}
2= 65(HIN7 o}3 43 HIN1 o}3 25
E ez g7l At B4 dAe] A7IME S A5k

A3, A A A E 1 58S 2T AS R

o
P

3}

ZAZHHA, NA, PB2, PB1, PA, NP, M, NS) =5 Eurasian
lineage 2 ¥7%%1 2\, Eurasian lineage Wl %= 217 th=
sublineage = &5 o] 372 thFdol e AR EAE
Atk T2 YT 6575 HA Tl BARe oln|ike
T FF(PEIPKGR 2 PELPKGR)2| motifS 7Fx 1 1912

W, B AR vlelel 548 7 m U %74
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VERER] 29ka1, HE3F NA stalk regionol| 4] A& 2
2] kTt o] AFE v Fo] & uff gl op 2R/l
A 22]E HT o8 67 EFe AN vlolgam H2
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