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Establishment of Reverse Genetics System of Highly Pathogenic
H5N1 Avian Influenza Virus A/goose/Guangdong/1/96
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(‘Animal Influenza Laboratory of the Ministry of Agriculture and National Key Laboratory of Veterinary Biotechnology,
Harbin Veterinary Research Institute, Chinese Academy of Agriculture Sciences, Harbin 150001,
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Abstract: A/goose/Guangdong/1/96(GSGD/1/96) is the first highly pathogenic H5N1 avian influenza virus isolated from the
mainland of China. It is the HA gene donor of the Hong Kong 97 H5N1 viruses and the ancestor of current HSN1 viruses circulating
in the mainland of China. In the present study, the authors have established an eight-plasmid reverse genetics system and rescued
GSGD/1/96 (R-GSGD/1/96) through cell transfection. Animal studies confirmed that the rescued virus maintained the biological
properties of the wild type GSGD/1/96 virus (W-GSGD/1/96). Both R-GSGD/1/96 virus and W-GSGD/1/96 are highly pathogenic
for chickens with intravenous pathogenecity index (IVPI) of 2.01 and 2.10, respectively. The viruses could not replicate in mice,
though lower titer viruses could be recovered from the lungs of few mice 1-2 days after inoculated intranasally with 10°EIDs, of the
viruses. The successfully establishment of the reverse genetics system of GSGD/1/96 will enable us to conduct extensive studies of
the molecular basis of the evolution of H5N1 avian influenza viruses.
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8 1 ZEEEE. HSN1 8 & B0 & FUBR% 3 A/goose/Guangdong/1/96 ¥R [AI 3 K R /E R A5 N 1687

BB ER T IERR SRR 8 A B
i, 1878 ER AR HRMEBKBREZEZSCH
120 BAEMPE. B H AR E MRS ZAEE,
SFENHSRE XK, FFAl 2 mBUAtE B RAR
SALHE HS F1 H7 AR 13- 8, (R 57 &
W fEFEN R AN, FEGFEENRZEFRE
9o PE B U B B A R B BE T AR R A
1997 #F#E HSN1 WA/ aEsge 18 A, Hp 6
AFET=.2003 SEFH HSNT W RI R FBm s R 2 A,
1 ABETZ; #7122 HIN7 WRIERURR R ERY 84 A, 1
ABET:. 2004 EFEE HSN1 TR &7 %R0 &Y 11
N, 7 AFET, iR HSN1 WA R Bk #5222 A,
15 ABET. ka0, — BB EEoA M &R, &
JLEFRFEHRM S, TSSOk B A B HT IR G
G NHIBE S, A ZEIE W 3 A B & 1 B

o KR 1996 4F 43 B3 T 2 —HK HSNL WA 5
B &R #E Goose/Guangdong/1/96!), i HLBf
EI A RB ZA BN S e —SRTEREEN
HER B AR EFH N HINL TR EAR, X
WEAMREEPE XM EBERS S ZHEE, FEE
WIRAG T R AR AV R K,
1999 £ £ 2002 (A1 89445 BBk 5 Goose/Guangdong/
1/96 H— B [FYRMEIR R, Goose/Guangdong/1/96
2 OHRIEMFTA HSN1 TR 870 55 0 E AR 98
BRI FE D, dEWESEATR P EEHER S
IR FE AR LB Bk B0 M R W L B R g
STEBMUMEER ., 1997 EFHLEHE L4
Goose/Guangdong/1/96 K FE ] HA 2R KT T 7B
WP, RGN R [ FEHBE RE AT, 2R E
AYERtE S L ERNZ MR R AERE S HRIE=Y
SRR ThEE S R AIBF T R BEAL T — Ffrdfe I o B B4 41
R B, BT —FMAFR HSNI TR [H R4 B bk
YR ) B (R B A RS S PR A T % o B i W R 7
i — Bty Ml BB STH B H04E TR R HSNL T RY
BIRINE A/goose/Guangdong/1/96 ¥k [f] % [ B[Rl 4
RS

1 ¥MRS5A®
1.1 w5541

J% BE Pk Goose/Guangdong/1/96 H1Ms /RIE 84 BEBF ST
Frsh it b O R . HIRTE B HRIE T R T 10

Hi#& SPF SR P itk 3 )5, Wb, 43, -70°CRE
&H.

1.2 5%

R4 GenBank 4 Goose/Guangdong/1/96 & v Bt
HIFFI ¥, BT 5 I HERE & _EF 12 bp IR F 13 bp
RSP
1.3 FEZERERESFIINE
1.3.1 #H 54 pBD Wi REH 4K ZH
pPoll-Sapl-ribozymeC ki H Xba 1 BEVYE, HKE AR
1JEBN T Sap 1 BEUML 3 RAK B TE LI S5 A HESER N 3
pCI # 44 (Promega, Madison, WI) [f] Xpa 1 {7 g%, 1§
3 pBD JE KL b & A A B F K R A Polll
(CMV)-ribozyme-Sapl-Poll-SV40 £ % A 5%, H
W Sap 147 s 4 FORIE AR B cDNA. Sap 1 B§A1
Kleonw X H Bl H NEB A w], dGTP F1 dATP W4T
EYTEBERAR, REWGRFIGME R LiEEaE4sy
TRERAF. pBD H4A 55 H Sap 1 BEF Kleonw A
HBALE, R, FH.

1.3.2 7% RNA £l 5 R¥ X PCR RNA #£HR
# Trizol, YR RFEFE (MLV) %A, RNaseOUT
FIPfx mifRE DNA BAFIIWHE Invitrogen 24 7] . IR
T RNA 5 K % PCR LA & it BT,
1.3.3 FEH. #HILSHMEET T4DNA BEES
T4 DNA E#EW B NEB A+, dCTP #1 dTTP T
EHEYTHEARAR, SFH Taq B INTP T =
EYTHEERAR. % 8 NIERE FBM PCR =¥
dCTP H1 dTTP #74 FH T4 DNA B-&EEALHE, 55
50567 PBD #4445 4 0 1~6 1 1 fItL#), 16CF,
T4 DNA EREEERHEUNS, RGN TR
Jm109 B2 A KA, BREXBHME R, ISR, PCR
KE.

1.3.4 FHWESRMTIE  WEs5I Y hEREE
KBELWKFRM; CEQ™DTCS Quick Start Kit 113
H BECKMAN vd], #AFI&HHKRNG, 7F CEQ
8000 DNA /FFI{X Bl )75, FIH CEQ8000 ¥k
FEEAT 57 HT o

1.4 REEK

141 HBRIRRHIWES T EHITIRE R L
Jm109 KGH 6245410, H Eppendorf 2 w4 7=
i) Perfectprep Plasmid Mini X7 &R BUFRL, 4
1.4.2 AfMHES  HERi 1 d, ¥ 293T 41fEsl 6
iR b, FEALARECEE 2X10°~10X10°, 441/
FREIRE) 90% LA LR EN AT HEAT i g
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1.4.3 #§ #HYRAF A lipofectamine 2000 J B
Invitrogen 2> ], ¥ 5 W 7 & FE R v BRA 8 DN EHLUFR
S CER[1010 7 3L 56 4 293 T 40 M, TR BRIR
#, BPFHRHBL 10 HiES SPF B REREH, 73,
-70°CHRF

1.4.4 HPFHEEMNEE RIEIPHIEN RNA, &
RT-PCR 4y HI¥ iR m R FAR 8 M E, KERWE
U, Fl DNA Star 814 EL B3 3 1751 5 TUHF 51 2
w8

1.5 ZhYRie

1.5.1 s£IZh¥ 10 B SPF A3 AEAI 6 A& SPF 3%
I 8 E R LR B G JRVE B AR RATSE R s 0
SPF sLB s, 6 kS SPF Balb/c /NI H bR 4
BRHRLRHIPBEARBRAE . SIWERIEEY T
AR ER}AT.

1.5.2 XASHBURMERE BRIFFELHFELRE
# Goose/Guangdong/1/96 4 B BEIR R IR W PBS
FRE 10 15, PFMKEM 6 A SPF XY, 0.1mI/R, %
SEMEL10d, WRARAET GO, HE VTR
Bl. FBKBURTEBAVPD, FTHFEES 3 KEER
H7 EMtiE B T IT RS E .

1.56.3 X} SPF Balb/c /MRMBURERK WE TR
PR 5 A F Goose/Guangdong/1/96 FRFEW IR
R BUR BB (EIDsp), K H 4> BIFRE 2] 10°EIDs, 3R
#F/50ul, BETUKIREEY L. HTUKEERREE 6 AR

1 GSGD/1/96 R H KRR E X SPF 18 AYBIFR T tb i

SPF Balb/c /N, 8 R /NR& S RE 50 pl i R
W, AEEHANGHRERE, 1~6d, BHZIR3
FUNR, BU. B, BbAE. PRARFIE AR TR E S

2 HERE5SR

2.1 ¥ Goose/Guangdong/1/96 #lifLj5, MEHAEN
REWTHRIBUFE RNA, H 8 M Rol i
RT-PCR, ¥ #3958 3 R 4 h 4358 8 NEE K 2T
%), ¥iX 8 M B TakER pBD # 4k L, PCR %5 X FH
PRI B FF 5, R 58— REEAEXT N I B kA7
ST H|5E A TER R 8 AL Foki .

2.2 S FFRIILEYL 293T M5 72 h, KEE 44
B IR SR 10 HiS SPF 38 A8, 57 48 h,
FET-HHBOYRE, FRBERA MBI N 25, HAKIE
TXS R PREEW I T MBS P . 9T AR P 0 PR 2 v
FFR 10° 1%, Rk 10 A% SPF X8HE, 48 h W3k REEW
#HU RNA, £ RT-PCR ¥#4, [RlWill)y*, 5 PBD &
R LIPS, AR HBRNE, SR
B RNA 522 KYE T 8 UKL A% .

2.3 SHIFEHKFAE (RGSGD/N/96) G AH &
(W-GSGD/1/96) /R EERFFE 10 15, LBERBKIEF 6 A
% SPF X%, ~PIFET-BIEA 5.1 #15.5d, kBT
¥ (IVPD)A 2.01 A1 2.10, WFEH 3 RIYAT A
FIgR FRMEER PR ERE R D.

Table 1 Comparison of the pathogenicity in SPF chickens of GSGD/1/96 and rescued virus

FRRKBUR TR H

HrRsoEER s 250

273 . L ASE I AR (8 9] SEFE TR 6] o .
. Intravenous pathogenecity . . Results of virus isolated from swabs (shedding/total)
Virus . Mortality (death/total)  Mean mortal time (d)
index & Oropharyngeal WE K Cloacal
RGD 2.01 8/9 5.1 3/9 5/9
WGD 2.10 9/10 5.5 2/10 8/10
2.4 R-GSGD/1/96 5 W-GSGD/1/96 i) EIDso 43 5llch  #4rBIE0HL % 2.
10" #1 107°, MBS, 10°EIDs R BREEYL 6 AR .« g
3 it

SPF Balb/c /N, R-GSGD/1/96 5 W-GSGD/1/96 X #
ANRRAERHRFREEK, —HKERER
H—F, MREETHULE. BAEFRE 1 RMNE 2K
KFIHE R-GSGD/1/96 5 W-GSGD/1/96 &/ &)
R 23R v 4y B 78, (R R IERMK, Ak

REHRBRIEB 5 BRHE, ML MmE2S (REmN.
LD RIEARRE: B3I RE, MRAERK
RRERHEERTE, TERESEA>HIRE, R

BAR EAMEE 90 4E4X, Neumann Z O HE T H
17 BUki R PR RUE A BB PR B, (3 B 58 LT
BERBEPERNE > FHROMRE. AR
Goose/Guangdong/1/96 F:R4 8 A Fy B4y Bl se #h 7g
FE%| pBD #ifk b, LYY 293T 40 /5 SIhIE R L i%
3 (R-GSGD/1/96), %4 RT-PCR %¥:5&, RHRHWEMN
cDNA 5z 3| PBD # 4k L FIAHN 75522 —3 %
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8 ZFE L, HSNI U B B 30K B RUR W HF A/goose/Guangdong/1/96 #E J% (] 2E K B 1 R 4L ¥ oL 1689
# 2 $E#h W-GSGD/1/96 F1R-GSGD/1/96 FARXEU R EMBHEHF S BIFR LK
Table 2 Results of virus isolated from the mice infected by W-GSGD/1/96 and R-GSGD/1/96 in different days after infection
ik #F1X st day #2XK 2nd day #3~5 K 3rd-5th days
. fit g g =1 it % & =4 it 54 g ¥
Virus Lung Brain Spleen Kidney Lung Brain  Spleen Kidney Lung Brain Spleen Kidney
R-GSGD/1/96 2/3 0/3 0/3 0/3 2/3 03 0/3 0/3 0/3 03 0/3 0/3
W-GSGD/1/96  3/3 0/3 0/3 0/3 173 0/3 0/3 0/3 0/3 03 0/3 03
g v FERE B, —HWABEYE Balb/c MR,
& noft Goose/Guangdong/1/96 AEH H AR HSN1 TE
Z sk Y48 L 5 4N BB RO SE RIS, T LS 3 PR
I 2004 47T M ATV BT A AEREALIY LB R G B
Y o5l # CEILIY Goose/Guangdong/1/96 J [n) 3 [K 1 R4t
< KA FAT BB ARAT F T RS AR, B
gol—— v e e . )
13 s 7 9 11 13 RER , BREESBERAFENKTERITI Y
RS K3 Days after infection (d) Goose/Guangdong/1/96 FIEM IR &, AN RIE
—+—W-GSGD/1/96 —®—R-GSGD/1/96  —&—CONTROL R HEEHEZER], Hoh SRk n] R EH RN

B NEEEEL
Fig. Weight changes of mice

BRI BSR4 8 S B OR YR T A ik .

& R-GSGD/1/96 5 W-GSGD/1/96 FFEE R 10
%, ZWFKER 6 R SPF WEHE 3 K, NERT
AT e PRI 3 BB EE, PN REAR AR R 5 D
Sy RGNy FUE L PR IS M A HE R . ARE P ROk
i1 5 E AR KR SPE X85 10d I EFE 90%(H)
H, RIE OIE ¥, FhKEEMS 10d )53 75%LL
bR RS LUBE T B R B N R BUR B AR, BRI
¥IAEBUR 1 #FM. R-GSGD/1/96 5 W-GSGD/1/96
KBRS B A 2.01 A 2.10, T H HA R
HRALL SN 6 MELE MY FEM(-RRRKKR-),
Fac K 8 [ 5K (1) ) e AR HE IR B4 = BUR ) #E K

R-GSGD/1/96 5 W-GSGD/1/96 % Balb/c /N B
Ja, MRAERENK, SRAKEEKMEET
AT, T HBREEARWIER. ABERES 1. 2
RT3/ MR N 4 B EMR R SRR, A
HHEE FHBE, B3 REMEHREED)HER
o B SHRER R PR SKREBEENE,
Bl R B 2 8 LB, 33 RWRSENE
10"“EIDsp/ml BA 1P, FrEA2E#iA 4 R-GSGD/1/96 5
W-GSGD/1/96 —H /MBI AR &, Z Ll &
EMEE 1, 2 RS 5B 2], AIEE2 &R
HEBEHANS, AR NRERTE. X
U5 R B BOR B 5 R A B R X L ah W R IR

B, WCRARI X —RE, GLERESREE
RUSRAR , RN B U BB - L sh A o ) R
MR BAh, EIXRGHIHAE it —
LB cDNA AT A Aok, PR EE S TR
P EIRERR: YRR R AR AT R B
REEHRTRTASIREYEREERN S T35
fili, HETIRT SIS & B S ST RER KR,
£ cDNA F BN BRI K, Bk s v 1
AR, BT RN (B TR

4 Lig

FIET GSGD/1/96 4=#B 8 Nk PRIIXI [n) ik i
K, ¥ 8 FrRigLEY 203T MMEIRR T %% #E (R-
GSGD/1/96 ), # IR B IR K T 45 3% & ¥ 8 (W-
GSGD/1/96)— B A W45 tE, RO RIIELT
GSGD/1/96 i1} 8 Fiki AR EBIE RS . ZRGENE
SL A3 P T R B B B S U R 4 B AR AR

YiER . SBEMTUREWS LB RAMAEE T
Fath.
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