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Analysis of Molecular Basis about Pathogenicity of Avian Influenza A H7N9 Virus to Human
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Abstract; [Objective] To understand the potentially molecular mechanism about pathogenicity of the avian influenza A H7N9
vitus, to provide the scientific foundation for the prevention and treatment of avian influenza A H7N9. [Methods] All the gene and
protein sequences of avian influenza A H7NO virus isolated in China in 2013 were downloaded from GISAID. The sequences using for
the homologous analysis were downloaded from NCBI. Then the origins and the sites related to the receptor binding property, host
specificity, droplet transmissibility, virulence and drug resistance of the avian influenza A H7N9 virus were analyzed by a variety of
bioinformatics software. [Results] The avian influenza A H7N9 virus epidemic in China in 2013 was evolved from four origins, all
genes were of avian origin and none was of human origin. Mutations G186V and Q226L at the receptor binding sites in the HA were
found in almost all isolates; Two mutation sites (T160A\Q226L) were identified at the sites associated with droplet transmission ; eight
virulence enhanced sites were found ; mutation S31N was found in the M2 in all isolates ; mutation R294K was only found in NA of A/

Shanghai/1/2013; All potential glycosylation motifs were relatively conservative. [Conclusions] The avian influenza A H7N9 virus
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was a novel avian influenza virus with four origins. The virus had the molecular basis of binding the human receptor SAa-2,6 Gal on

the epithelial cells in the upper respiratory tract, but was not rendered the sufficient conditions to confer droplet transmission between

mammals, so was less likely to be transmitted human-to-human. The Low pathogenic property of the virus could be attributed to the

weak pathogenicity to avian. The high pathogenicity to human might have a relationship with the property of virulence sites. All isolates

showed ion channel inhibitors (amantadine ) resistance and individual isolate showed resistance mutations with neuraminidase inhibitors

(oseltamivir).
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— B R 2011 AF 78 VT H7 H X X B AT A9 HON2
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— 7 ,PA PB1 .PB2 SR T55 —Fp, 28 L Arik,
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PRBR PB2 NS MHXF PRS2 48, HAR4 I FfERAT
AR UR R A
22 ZEGEEMLEASH
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PRIE[RI A 200 MR E B SRS N A BB
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TR B OC . HA 2RSS S0 54045 180-
HETE (178 ~ 185 S 24 KR ) \210-FF (211 ~ 219 fif
LR ) 12034 (123 ~ 128 PG LR ), LA M 4 4>
PRSP LR (88Tyr 143Trp . 174His  186Tyr) ®,
X AZ ARG B v i b B e S B A R Y el A 2 1.
P O R R S A DTS s B X R[] 1
FRRYL T N 2 T UL BN B HA 207
TE 10 432 AREE 5 S 2 LR 7 5, Hor Q2261 fix
REES | RIFIE LR R HINO & YR 1% HA
FAET 2 A KA IR S AR, i
KR Q2261 A8 55, M fl H7NO 85 i /B 8 3k
5 N EWFITE TR 40 SAa-2,6 Gal SZ K45 &
()5St
23 BEHRMESW

T EANRAZ AR HA 25507 05 I A5 RS2 D it
JBIRREE FRR ST IER F LR E S, Ak, PB2 A
KL SR B E P R R EEAE, 2 PB2 &
627K i}, AIFENAR A A A TR EE R A U D)
e, M7 627E 2xBRIIHAE AN 1Y PIEE -, 2009
TLAT Y HINT $% 3i J8%5 28 PB2 P G590S/Q5918
AF S B T 45 A E627K AR S /E AT, DTOIN Al
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Table 1 The Homology analysis of avian influenza A H7N9 virus

Gene % Nucleotide identity" Homologous strains % Nucleotide identity?
HA 98.8% ~ 100% A/duck/Zhejiang/12/2011 (H7N3) 95.7% ~ 96.8%
NA 98.9% ~ 100% A/wild bird/Korea/A14/2011(H7N9) 94.4% ~ 94.8%
MP 97.8% ~ 100% A/chicken/Zhejiang/607,/2011( HON2) 98.4% ~ 99.1%
PA 97.3% ~ 100% A/brambling/Beijing/16/2012(HIN2) 98.2% ~ 99.3%
PB1 98.5% ~ 100% A/brambling/Beijing/16/2012(HIN2) 96.7% ~ 99.4%
PB2 99.1% ~ 100% A/brambling/Beijing/16/2012(HIN2) 99.0% ~ 99.6%
NS 99.0% ~ 100% A/chicken/Dawang/1/2011 (H9N2) 98.7% ~ 99.2%
NP 96.9% ~ 100% A/chicken/Zhejiang/611/2011(HI9N2) 98.1% ~ 99.1%

1) The range of identity percent was between the avian influenza H7N9 viruses. 2) The range of identity percent was between avian influenza

H7NO viruses and the homologous strains.
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2261./228S  196R/2261./228S 1) % 7% 4H 4 fiE % fdi
HSN1 75 b WP 2 38 A 24 48 8 5 RIKTE S 3 ]
g 22 WA A A ] e BN IR
PR E B, AT AL, 7E HINO & i 2
HA HIf R I A AT AT — 25 SO 77 Rl

A3, R EE AT AR RIS IR R 1 e o
ZAF, HBAAL AR PTREMER /N, AR A7 05 WL
4, T MAEHALE] 43 HT, N158D 5 T160A 54
BInl i 158 {7 RESEA O 5 B, A ] g3
58 HA 5\ EIEIGE B2 400 SAa-2,6 Gal 21k
HIZEAE ST  ABIFFEAE HINO BB #E HA
KIT TI60A Fl Q226L 28 5, Mg Fikd A, 4%
I WA ) WA A AL 496 S R S L R v A Y
AR SEIEOL, DA B s S0 A AR 20 BE I A T S
S =
25 BAMKSH

WF9E 2B, HA 2805 057 55 B 24 Bt 2 ik i i
B BURIERRE , & 1 ~ 2 Aot s Lm0
TREBORMEERAE 2 X HINO & 7 BR 28 HA V%67
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PR HA 47057 4538 PEIPKGRG , (N &4 4~
Bk 2 LR, AR PERRE
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Table 2  The pivotal sites in receptor binding sites

H3 numbering

H7 numbering 1770 18110

G186V E190D Q192H/R N224K G225D Q226L S227N G228S A134V/T A138S
18241

215120 216! 21704 21881 219051 125061 128017

A/Shanghai/3/2013 \%
A/Shanghai/4664T/2013
A/Shanghai/2/2013
A/Shanghai/4/2013

A/Anhui/1/2013

A/Zhejiang/1/2013
A/Hangzhou/1/2013
A/Hangzhou/2/2013
A/Zhejiang/01/2013

A/chicken/ Jiangsu/K27/2013

A/ chicken/Jiangsu/K89,/2013
A/chicken/Zhejiang/DTID-7JU01,/2013
A/Pigeon/Shanghai/S1069/2013
A/Hangzhou/3/2013
A/Environment/Shanghai/S1088/2013
A/Zhejiang/2/2013
A/Zhejiang/DTID-ZJU01/2013
A/Chicken/Shanghai/S1053/2013
A/Environment/Hangzhou/34,/2013
A/Fujian/1/2013

A/Shanghai/1/2013
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Table 3 Sites associated with the host specificity in the PB2 amino acids

Avian influenza A H7NO virus Collection date G590S  Q591R  E627K  D70IN  STI4R
A/Anhui/1/2013 2013-Mar-20 G 0 K D S
A/Hangzhou/1/2013 2013-Mar-24 ) K D S
A/Hangzhou/2/2013 2013-Mar-25 G ) K D S
A/Hangzhou/3/2013 2013-Apr—02 G ) K D S
A/Environment/Hangzhou/34,/2013 2013-Apr—04 G ) E D S
A/Pigeon/Shanghai/S$1069,/2013 2013-Apr—02 G ) E D S
A/Shanghai/1/2013 2013-Feb-26 G ) K D S
A/Shanghai/2/2013 2013-Mar-05 G ) K D S
A/Shanghai/3/2013 2013-Feb-27 G ) K D S
A/Shanghai/4/2013 2013-Mar-09 G ) E D S
A/Shanghai/4664T/2013 2013-Mar-05 G 0 K D S
A/Chicken/Shanghai/S$1053,/2013 2013-Apr—03 G 0 E D S
A/Environment/Shanghai/S1088,/2013 2013-Apr-03 G ) E D S
A/Zhejiang/01/2013 2013-Mar-25 G ) K D S
A/Zhejiang/1/2013 2013-Mar-24 G ) K D S
A/chicken/Zhejiang/DTID-ZJU01,/2013 2013-Apr-01 G ) E D S
A/Zhejiang/2/2013 2013-Apr—03 G 0Q E N S
A/Zhejiang/DTID-ZJUO1,/2013 2013-Apr—03 G ) E N S

F4 TCREBHERXRAS

Table 4 Sites associated with droplet transmission

H3 Numbering  H110Y N158D TI60A QI196R N224K Q2261  (G228S
H7 Numbering  100Q 149N I51A 187G 215N 217L 219G

A TR R (& 5), Hrb NS1 A JF
F <218 -230 Bk " 2 T BUR B B 18055 , HoA
P BRI s R BUR B IR, R
5 ALHED, 7E 17 A8 JIAHICAL s HTNG & Uit Jdeoi
BT 8 ANEE IR, 1 ANEE 0SS 0
2.6 MMM RS

NA DR <F (4 MR R 45 5 67 53 119R (120K
152D ,153R 200N ,226R ,229E 245D 276H 278E .
279E \294R 332D 351K 427E (N9 numbering) , iX
SO R EE R A R, R JE E120G \R153K
H276Y \R294K 1745 5150 ] 8 25 5 00 8 2 X
22 I Bt A ) ) 24P e el AR e ¢ 6 T,
TE NA T 25457 15 5, A/Shanghai/1/2013 FEkRE &
A2 T R294K 7AE S, A A Xof ot 28 2 I 41 11 55

it 2500 0 F- 3l , $ER I BERE 0T BEXT B ] Ath T3 55
P 2 G PR B 700 7= A8 T 250, WAE M2 A
HUBEE 126F \V27A (A30T . S3IN  G34E H AT fa] — 4~
PSR A AS 5, #FRT B2 T SO B 2 0T 2
T3 S W A T AR A
() HINO & ki M2 23 T S3IN 28 5
Ui B HTNO & Yt J8i 2 1T e X0 25 38 18 1) i 771 2%
YA,
27 BEBENLRSHT

WEELAGAT SO0 Tt 35 A B I S 1 R
PEIEEEE LS o R IUAAEGE ) HINO &
TUEREER HA Y54 5 ARST R AE M 3Lk 07
B, 4351k 30 NGTK 46 NATE 249NDTV 421
NWTR 493NNTY; NA ¥ 54 3 AMRSF BT AE AL
A7 5, 435k 87TNLTK (147NGTI 202NASA . H7N9
BIBYNTER HA 5 NA e 5 5 H R R
S RERA L, SR R A R H A4k, T LA
WEEAA S BB FE A T HTNO & it 23K
otk K E R s RV
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Table 5 Virulence sites of influenza virus
HAY NA? Ml PA PB1 PBI-F2  PB2 NS1
Avian influenza A HTNY virus D225 A316  S315  Stalk deletion N30 TI39 T215 A36 K353 H99 I368 0 189 H357 P42 D92 Deletion
G216% S308% N316%  69-73%  pE A AL R RIL yEoyH VNP g R 218-2302
A/Anhui/1/2013 G A S deletion b T A A K H V 90 vV H S D Deletion
A/Chicken/Shanghai/S1053/2013 G A S deleiol D T A A K H V 90 v H S D Deletion
A/chicken/Zhejiang/DTID-ZJU01/2013 G A S deletion DT A A K H V - VvV H S D Deletion
A/Environment/Hangzhou/34/2013 G A S deltoo D T A A K H V 90 Vv H S D Deletion
A/Environment/Shanghai/S1088/2013 G A S deletion D T A A K H V 90 vV H S D Deletion
A/Fujian/1/2013 G A S deletion D T A A K H V 90 vV H S D Deletion
A/Hangzhou/1/2013 G A S deletion b T A A K H V 90 vV H S D Deletion
A/Hangzhou/2/2013 G A S deletto; D T A A K H V¥ 90 vV H S D Deletion
A/Hangzhou/3/2013 G A S deletion b T A A K H V 90 Vv H S D Deletion
A/Pigeon/Shanghai/$1069/2013 G A S deleto; D T A A K H V - vV H S D Deletion
A/Shanghai/1/2013 G A S deleton D T A A K H I 90 Vv H S D Deletion
A/Shanghai/2/2013 G A S deltiol D T A A K H V 90 vV H S D Deletion
A/Shanghai/3/2013 G A S deletion DT A A K H V 90 vV H S D Deletion
A/Shanghai/4/2013 G A S deletion b T A A K H V 90 Vv H S D Deletion
A/Shanghai/46641/2013 G A S deletion b T A A K H V - Vv H S D Deletion
A/Thejiang/01/2013 G A S deletion b T A A K H V 90 Vv H S D Deletion
A/Thejiang/1/2013 G A S deletion b T A A K H V 90 Vv i S D Deletion
A/Zhejiang/2/2013 G A S deletion b T A A K H V 90 vV H S D Deletion
A/hejiang/DTID-ZJU01/2013 G A S deletion b T A A K H V - Vv H S D Deletion
1): H3 numbering(upper), H7 numbering (lower) ; 2) : N2 numbering (upper), N9 numbering (lower).
®6 MAREMAGMRSH
Table.6 Sites about resistance to medicine
NA (N9 Numbering) M2
A/Anhui/1/2013 E120G RI53K H276Y R294K  126F V27A  A30T S3IN  G34E
E R H R L v A N G
A/Chicken/Shanghai/S1053/2013 E R H R L \ A N G
A/chicken/Zhejiang/DTID-ZJUO01/2013 E R H R L \Y A N G
A/Environment/Hangzhou/34,/2013 E R H R L \ A N G
A/Environment/Shanghai/S1088/2013 E R H R L \ A N G
A/Fujian/1/2013 E R H R L Vv A N G
A/Hangzhou/1/2013 E R H R L \4 A N G
A/Hangzhou/2/2013 E R H R L v A N G
A/Hangzhou/3/2013 E R H R L \% A N G
A/Pigeon/Shanghai/S1069/2013 E R H R L v A N G
A/Shanghai/1/2013 E R H K L v A N G
A/Shanghai/2/2013 E R H R L \ A N G
A/Shanghai/3/2013 E R H R L Vv A N G
A/Shanghai/4/2013 E R H R L \ A N G
A/Shanghai/4664T/2013 E R H R L \ A N G
A/Zhejiang/01/2013 E R H R L \% A N G
A/Zhejiang/1/2013 E R H R L v A N G
A/Zhejiang/2/2013 E R H R L v A N G
A/Zhejiang/DTID-ZJU01/2013 E R H R L \% A N G
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£ HIN9 N & W BE N KAz UG , Gao S5 14135
SediiiE HINO & it jBos 5 o — IR AN RE , REE
AL 7 BT R HA JED AT NA BN 50000 5 A/
duck/Zhejiang/12/2011 (H7N3) #1 A/wild bird/
Korea/A14/2011(H7N9) [A] &, HoAth 6 4~ Py B %E K
BN 5 A/brambling/Beijing/16/2012 (HIN2)
VR, BEJS Liu %0F5% & B HINO & ER 5 2
AN DU AR 7, HA 5 NA [FRE 53475 Gao
G EE AR R, & I E SR PB2 PB1 & PA 5
A/brambling/Beijing/16,/2012 (HON2) [a] ¥ , {H J2
FEARE HAh R I 5 s b 77 4 T 43 85 R Bk AL
HEALA I R — o3 A%, S A 1 6 S PN EBIERIBR NS
AT RE R R T V17 b X A% HON2 & 3 J8o 2241 , He
ARYRVE T 115 B HL R 3 b X HON2 & i JE
B, AW EIL, BIR NA SERAESR 5 A/
wild bird/Korea/A14,/2011(H7N9) &b T [7] — 43 %,
B2 H N K& AP ¥ 5 A/mallard/Czech
Republic/13438-29K/2010 (H11N9) AH{BlIE:1H %
Fo 6 NNTBEL T MP NS NP BE[H 2 57T H
X Y HON2 & s #atk[al i, B4R PB1 BEH 5
A/brambling/Beijing/16,/2012 (HIN2 ) 7£ i fk 4 rf
b TR — 43 3, i R AR R A A e 2 A/
chicken/ Jiangsu/Q3/2010 (H9N2) Ji B #k ( #H 5 %X
Ja AR ), 5 Kageyama SN TE S R AR
DL 8 HTNO & I igi 5 0 37 2 1) 22 U5 7 21 0
B 15K HTNO & Ui 2 1 5 TR A 53 i R ¢
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