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Abstract: [Objective] To evaluate the potential association of the molecular characteristics of avian influenza A H7N9 virus with
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its pathogenicity and patients’ clinical outcome by comparing the molecular differences between the two avian influenza A H7N9 virus
strains isolated from the fatal case and the patient showing mild disease with full genome sequences, so as to provide further evidence
for better understanding of the pathogenesis of avian influenza A H7N9 virus. [Methods] The two virus strains isolated from the fatal
case and the patient showing mild disease were subjected to whole genome sequencing. The genome characteristics, the evolutionary
relationship, the receptor binding sites, host specificity, virulence, drug resistance and potential glycosylated sites were analyzed by
bioinformatics software. The sequences of avian influenza A H7N9 viruses isolated from the deceased and the recovered patients during
2013 and 2014 were downloaded from The Global Initiative on Sharing All Influenza Data (GISAID), and the pivotal sites were
compared to elucidate their relationship with the pathogenicity and the clinical outcome. [Results] The HA NA and M gene of the two
virus strains clustered with original novel avian influenza A H7NO virus circulating in East China in 2013, while the NP, NS, PA,
PB1 and PB2 gene originated from avian influenza HON2 virus circulating in the poultry of Guangdong in 2013 . The mutation rate of
L336M in PA and 1368V in PB1 were increasing with time and had geographic differences. The two virus strains had over 99.2%
nucleotide identity and 99.5% amino acid identity, but also showed several amino acid differences. Receptor binding sites exhibited
one amino acid difference (2261 and 226Q). Site 591 and site 627 in PB2 related to host specificity were different (591L and 591Q,
627E and 627K). Site 353 in PA and site 627 in PB2 associated with virulence were distinct (353R and 353K, 627E and 627K). The
M2 protein of both virus strains had S31N mutation. All potential glycosylation motifs were relatively conservative. The mutation rate of
PB2-E627K substitution of all the avian influenza A H7NO viruses isolated from the fatal cases reported from 2013 until October 2014
was higher than the viruses isolated from the recovered cases. [Conclusions] The emergence of the two avian influenza A H7NO virus
strains in Guangdong may due to the further reassortments between the original novel avian influenza A H7N9 virus circulating in East
China and the avian influenza HON2 virus circulating in the poultry of Guangdong. The avian influenza A H7NO virus was evolving
because of the frequent reassortments and the increasing and geographic mutations of several key sites. Therefore, it is necessary to
monitor its evolution and prevent a potential outhreak. The two virus strains, with different clinical outcomes, shared high sequence
similarity, but also had differences in some pivotal sites. The mutation E627K in PB2 might be associated with the pathogenicity and
the clinical outcome.

Key words: avian influenza A H7N9 virus; genome sequencing; molecular characteristics; molecular evolution; pathogenicity ;
clinical outcome
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Table 1 The genome characteristics of the two isolated

virus strains

Open reading frame

Gene Length(nt) Amino acid

Location Length (nt)

HA 1683 560 1-1 683 1683
NA 1398 465 1-1 398 1398
NP 1497 498 1-1 497 1497
PA 2151 716 1-2 151 2 151
PB1 2274 757 1-2 274 2274
PB2 2280 759 1-2 280 2 280
M 932 M1.252 1-759 759

M2.97 1-26,715-982 294
NS 838 NS1.217 1-654 654

NS2:121 1-30,503-838 366
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e, M FEH 5 A/Nanjing/2/2013 Fil A/Hangzhou/
1/2013 [a) 5 55 ;NS PA PB1 NP Fl PB2 Jt[H
55 2013-2014 476 ) R AIF B TATIIN HIN9 &
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A : The electrophoresis result of successful clones of A/Guangdong/6/2013 ;B The electrophoresis result of successful clones of A/Guangdong/7/

2013
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Fig.1 The electrophoresis results of successful clones of avian influenza A H7N9 virus
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Fig.2 The phylogenetic analysis of the novel avian influenza A H7N9 virus
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Table 2 The homology analysis of the two avian influenza
A H7ND9 virus strains (%)

Gene Virus Nucleotide identity Amino acid identity

HA  GD/6/2013 99.8 99.5
GD/7/2013

NA GD/6/2013 99.6 99.6
GD/7/2013

NS GD/6/2013 99.2 100
GD/7/2013

NP GD/6/2013 99.9 100
GD/7/2013

M GD/6/2013 99.9 100
GD/7/2013

PA GD/6/2013 99.4 99.6
GD/7/2013

PB1  GD/6/2013 99.8 99.6
GD/7/2013

PB2  GD/6/2013 99.6 99.5
GD/7/2013

7 & FEMR ), 140 R (140-145 i & KR ), 220 3
(219-228 Vi & IR ), 190 #2JiE (190-196 11 & H
iz ) DL R4y 150 3 (156 -160 i 2 JE 1R ),
Dortmans 55 71N\ HA SZ K 25 & 47 5. Q226L F1
G186V ZE 78 fiff H7NO & i J2%J B X} SAa-2,3Gal
TARIIGE A0, R SAa-2,6Gal 324K By 45 4 1l
5, IR S TR R R AN EE N R — A
FEIPRIGTE HA ZIRZ5 5018 & G186V %
Ap R RE G B 4y B Bk GD/6/2013 HA & 4E T
Q2261 RA% | T EAER B 77 BI bk GD/7/2013 e fi
AR PR GD/6/2013 ] RE T 25 By IR N5, A

=3 MHRRSREBRMEEBRERSW
Table 3 The differences in sites between the two avian

influenza A H7N9 viruses

Base  The sense The sense Aming acids mutation of sites

Gene mutation mutation

mutation

GD/6/2013 GD/7/2013

number  number  location
M 1 0 - -
HA 3 3 381A-C 127D 127E
452A-G 151G 151E
704A-T 235L 2350
NA 5 2 197G-A 66N 665
355T-C 119p 1198
NS 7 0 -
NP 1
PA 13 332G-A 111D 111G
431A-T 1441 144H
1 058A-G 353R 353K
PB1 5 685G-A 229K 229E
PB2 8 4 752G-A 251K 251R
1 562C-T 5211 521T
1 772A-T 591L 591Q
1 879A-G 627E 627K

7% & W HA 2 1 H 2 B 158D/224K /2261
110Y/160A/2261./228S . 196R/2261./228S = fili 5
A —Fh, SEREME HSNT & 3B S AE b
WP A R A 3 3 IR TE B AR L% GD/
6/2013 i R G IR —FH G R, #R
ZINEE M AR AT CIRERR I 7o 5, AN AT
REPERS /N, R TR] Bt B 7R 1205 B 1E 7E ) 3 A Jak e
LS T R (£ 4),

252 f5 ERFFESM HA ARG AL R

F4 HA ZEEEHXEIERMS
Table 4 The pivotal sites related to the receptor binding property

HA 130 loop 140 loop 150 loop

Sites 131 133 136 138 145 153 155 156 157 158 159 160
GD/7/2013 R N T A S W L S N T D N
GD/6/2013 R N T A S W L S N T D N
HA 190 helix 220 loop

Sites 186/ 187 188 189 190 192 193 194 196 219 221 222 225 m 227 228
GD/7/2013 \ S T A E T K L G A p Q G Q S G
GD/6/2013 M S T A E T K L G A p Q G M S G

The HA gene was under H3 numbering system
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FEME R E R, peah, Hofth 3L X i 3=
PRt A EEE L, GD/6/2013 Al GD/7/2013
PA 5 ) & 42 1.336M %8745 Bussey %5 HIE S PA
M L336M 2848 1] LA 5 35 95 2 X IR L3 1)
W AR R g K PBI-F2 M, 4 E
F B E 52 5 0 2L sl 0 118038 07 P AR OG0T Mok 21
i oF A 5T R B HTNO & B B 1Y PB2 R 1
Q591R Fl E627K 5872 [t B b 4 5 25 Yt Jdo #5 X
/N BRI B BE 7 LA KO I L 2l P 003 o . TR
I 1143 B Bk GD/7/2013 (¥) PB2 45 (1 & A E627K
RAF RRAS AT RERZ T EE BRI (£ 5) .

253 FAEESH  GD/6/2013 FIl GD/7/2013
() NA & [ 28FF X 69 ~ 73 of G KLk e A i o 5
A R B B FE HSNT ¥ B0 7k & 18 1
H I, R R R bRz — {H HTNO
BB RN NA SRR, S sny BAR4Y)
R AT T IR M1 &A= N30D #1
T215A =78 ,PA K /F L336M 748 PB2 &/ L8V

RAR NS KA PA2S R74%  HRWT LAYE R0 5 1 5
JIB PRI R R AR LR S AR S HRE S 1)
S ERR GD/7/2013 14 PB2 &R 11 KA E627K 2748,
ZAS SR REIG R TR EE T, IR I m
JTE(# 6),

254 @i s oA HETPUmBYR MY 3
BRI, ISR AT NA A9 b 2 (R i
Wl GEIE), TR R NA BB IE P07 48 & A4
E119G R152K H274Y .R292K 2780}, 23800k
B RE A PR 5 — 20 M2 Bl E
WS (NIBERE 2259 ), 24 M2 H 1.26F | V27A |
A30T S3IN F1 G34E 1 (1 AFAT] — 457 13 19 i 28 4R
P (I FE X IZ I 2 ) P A W 2 e, SRR
B GD/6/2013 F11 GD/7/2013 #) M2 ¥ % 4= S31IN
GRAE AR I AR B R 3 T P A AN
B, PR TEIN A KA NA BEESCREN S AE 7
7N R P 28 28 IR AT 1 R T 2P (R 7)o

2.5.5 EAEMEEEE M AT PG

*5 REFREEIHREEXAS
Table 5 Sites associated with the host specificity
PB1 PB2 PA PB1-F2
virus 375 158 271 588 590 |591||627| 636 701 714 85 186 [336| 97 400 423 476 |90aa
N-S E-G T-A A-I G-S |Q-R||E-K| L-F D-N S-R T-1 G-S |L-M| T-1 P-L. M-I V-A
GD/7/2013 N E T A G Q K L D S T G M T P \ A |90aa
GD/6/2013 N E T A G L E L D S T G M T P \ A |90aa
The PB1, PB2 and PA gene were numbered from start codon (M)
R6 MARSSNHEXRME
Table 6 Sites related to the virulence
HA NA M1 PA PB2 NS1
Virus D225G  S315N 69-73 N30D T215A L336M K353R L8V E627K P42S
deletion
GD/7/2013 G deletion D A M K v K
GD/6/2013 G deletion D A M v

The HA gene was under H3 numbering system. The NA gene was under N2 numbering system.

Other internal genes were numbered from start

codon (M).
F7 RERSMHEXMS
Table 7 Sites related to drug resistance
NA (N2 Numbering) M2
virus
E119G R152K H274Y R292K L26F V27A A30T S31N G34E

GD/1/2013 E R H R L \ A N G
GD/6/2013 E R H R L Y A N G
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Table 8 The differences in pivotal sites between the virus strains isolated from the fatal and the recovered cases
Clinical outcomes HA226 NA152 NA292 PA336 PA353 PB2591 PB2627 PB2701
Recovered (22) 20(L) 21(R) 22(R) 21(L) 21(K) 19(Q) 13(K) 19(D)
1(Q) 1(K) 1(M) 1(R) 2(x) 9(E) 3(N)
1(1) 1(L) 21(D)
Fatal (23) 19(L) 23(R) 20(R) 21(L) 23(K) 22(Q) 18(K) 2(N)
2(Q) 3(K) 2(M) 1(K) 5(E)
2(I)

“X” :unknown aminol acid

) HA B 54 5 MRSFRTSTER AL A5, 23 5]
4 30NGT 46NAT 249NDT . 421NWT 493NNT; NA
W EH 3 NELEIRERAL AL 2, 7351k 82NLT
142NGT 197NAS,, BRI B T FERE AL AL s 1%
A RAEFCEH AL E AR, HEMDE B AS 2 5 e
XPIMRIRRERE ) 22 5 IR 3R
26 HREXEESERUSERSEEIGKRER
KRS

M GISAID T #k T 22 #RERAE (T &) 1 23 #k
FE (FET2) B 4 B PR, T TR |l 43 B S B A A5
RAF G IRYLFIGIR TR OC R . B0 FVEIE 43 B
¥k HA-Q2261 NA-R152K .NA-R292K .PA-L1.336M .
PA-K353R .PB2-Q591R ,PB2-D701N Z& 75 fit) 28 715
RIGH AR, B4 PB2 &1 E627K M8 R
A U] 25 R (e« EERE A8 22.59% . 78% ) , i —
6B PB2-E627K 278 ] R Xt B Bow PE ik &
BAE (R 8),

#

3 3
2013 4% 4 H HIN9 A & it JE 7E 48 A b X 2%
K, BUEZE 2013 4F 10 7 BGYse R 137 4], 58T
45 ], Liu ZED9RF5E 3B HINO B dn e 20 N
DU 5 E 4 G 1, HA JE R NA JE R 4> 5 5 A/
duck/Zhejiang/12/2011 (H7N3) Hl A/wild bird/
Korea/A14,/2011(H7N9) [a] 5 , NS I K A I8 F VT
Hi DX B 2 HON2 N1 Y 65 37 JE%os 75 1T LA ) i 3
DR R YR T L VA R L o il X6 2K Y HON2 5 37 JeK
JeTE, 2013 4F 10 H 7] 2014 4F ) HIN9 A&
T AE SR AR L DX BT AR AT, TR o]
A 317 ], AW 45 R K, GD/6/2013 Fi
GD/7/2013 PIRRIREEHY HA NA T M LR SEJE T

2013 4F L J 78 8 2R i X AT A9 HTNO & I B
B, HAM S NIEFEBPRIEFET AMEFBEI P
AT HON2 B iBoms 8, & — M E gl
H7N9 & 3BT, X R HB X A7 1 HoAth 6 Bk A
H7N9 & it B 2 A TR 20 AT, 45 0 5 X PR
B0, RULHEN AR AR X AT N HING &
TR A — A AL AL, Hoh T A
Hi W AR b DX A T BE R S A, AT IR
ST Z WA TR BT A5 B HaE A o0 #r

XA TR ST T 9 7 0 B R 1 A3 TR
FCE A M1 B T IRATT S 4y . T M HTNO & i JEoi
FEAIFEAL Y I HINO & Ui B 7 4 32 it
Blegfcdl, AT S5 R R0, HTINO & i B
BEAEATA I B PO A A= Ar 5, o PB1 AR
1368V Fl PA 2K [ 1.336M (1) 58 25 2R bifi 5 i £ 7 i [1]
MRE R AT LTS, e 10 28 AR Bl IE S B
% 42 v o B 1 ) RO I 2L B 1 Y 3 S 1R
IR S BRI BOR AT RE A A T A2 Ak

PR HA SZARSE 5 A7 55 226 i 2 FE R
WAFEZE SR ,GD/7/2013 2 Q, 1fif GD/6/2013 Jy
L, KA T Q226L 7%, Q226L 52 A i #E 5 A
IR bRz A0 SAa—2, 6Gal 744 Y 45 4 1
5, 8 GD/6/2013 AIREHE By iRy N2, GD/7/
2013 /) HA FE B KR A Q2261 %748, tifgRkyL
AN, 7R HA B Q2261 AR AL & B
BRI NI 7003 55

Liu S 57 3 B4R RS M X A7 9 HINO &3
JEOE B 40 B BR PB2 3 PRUOR IR T A M8 AT 1Y
HON2 EJilEiag , (H# 19 PB2 856 627 &
BRI AR ZE R, B KR KA T E627K (1)
RAZ M5 FAIR N 6278, #2718 PB2 % 1 E627K
S5 T 6 2 B R 5 Xof T 7L 2 4 . 174 o A
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RZ—, Mok S5 o 5 48 SLGHIE W] PB2 2K 1
E627K 5875 R 3 5 5 X7 /N BRI B0 1 F i L.
S N FRATTE I AR | HEE A3 B R O
RILTR L 5 1 22 5 % Bl PB2 1 1 E627K 7% n]
fie 5 IR T BB S RUAR G, $ER HIN9 B
B B 1 PB2 25 (1 E627K 28748 n] BE X 75 14 3%
SR AR, deAh, PR B A EE DA A
S5 PA B A5 353 A1 PB2 BRI 591 i & LR
S S AAFTE 25 5, Hu S8 SR PA SR R
K353R 287% , 5 HPAT H5N1 76 /N BUA A B S
PR B B A G, {HR ARSI HTNO 85 i &
S B I BOR PRI R R A FRdE— 2P e

AMFFREE IR, PIMRIN BE 3 FHRHIE R 22 5
AT RS9 B B0 1 M RS R 22 S A % V)
KF, P, $H Horb g B ) T AT 50 4 e )
BRI BOR ML, (RURR B T ORI R S
15 EMEAERREE R, MUSRERASHA X B 5
16 FERZFEAHIC, N T RGO M B 7 R
BB AR S BURTER OC R, B TFZEXTIR
BEMEOR M TR A IIESE

(30t 45 3 Bl GISAID 4 AHF 50 R4 AT A HING &
AR A A B R R G B Bl WHO P B s A
SR IR TRy 42 4] Pl IR IR TR ) P S T R R R R
T 22 s B BRAE T AL PO SE CDC F LA
£ F HINO &%, )
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