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[WE] HHY MEERFFRFHTHRBEBEARRBEEA(GP)RHNALF, N3F
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oy B R EE, RT-PCR KM I RE FER AR R B H LBk GP B M RUFH) , AT T FIRIB
BEAMHEIMT. BR  BUF RIS R IR AT R PR M 9 BR R IRIE R 8 GP B H P
5, 2K 1575 MEER, S5 S24 M EEM . BITRERS K XEFH EEREHRAE
H P 5 AU 7E 82.3% ~ 99.9%H1 85.1% ~ 99.8% 2 6], # R4 B B/~ #i TR M2 H 1 B, GP
FREAXEH, TERRMAREABRKNER, &it WGP EE-RENESMTERY,
EREXBAERBHURRA W T BEEEK, TR B AN EL YRR E 5, Hi 1T GP 2
BAERR/DN, 5EN A X FITHR RIS, B8 T HAR ik, EEREHREM R
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[Abstract] Objective Based on sequencing the genomes of glycoprotein (GP) gene of rabies
viruses isolated in Zhejiang, we analyzed the properties of rabies viruses genetic variation in
molecular level, and to compare with those of other representative vaccine strains and street virus
strains, get the information about rabies viruses variation. Methods Suckling mice against rabies
virus were selected. Overlapped fragments were amplified by RT-PCR and full-length genomes were
assembled to analyze the nucleotide and deduced protein similarities and phylogenetic analyses of the
GP genes. Results  The fourteen full-length genomes were completely sequenced and they had the
same genetic structure with 1575 nts and deduced protein with 524 aa. Genetic analysis revealed that
the nucleotide and amino acid homologies of GP gene from Zhejiang strains and other vaccine strains
or street virus strains were 82.3%-99.9% and 85.1%-99.8%. The fourteen strains were genotype 1
according to the phylogenetic analyses. The GP amino acids of Zhejiang strains rabies virus strains
without any recombination occurred in GP and no larger variation appeared in the major antigenic
sites. Conclusion The comprehensive analysis based on the first-level structure of GP demonstrated
that it was possible that some advantageous antigenic epitopes existed in certain areas and potential
antigenic determinants. It was evident that the GP gene of Zhejiang strains appear to be stable and
their sequence similarity with the representative strains of street virus in China were higher than those
of other vaccine strains. Some differences showed in the genetic structure and evolution relationship
among Zhejiang strains, other street strains in other regions and vaccine strains.
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HER 59 B4 B H (glycoprotein, GP) 75 %% &
MR R LB A& T EREREE
A, REA B HERUREY, AMUE SR =4
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1 ARAR IR . BT 2008 F2— 12 A R4
TR RE X B BT ML & A K R b X 4 08 £k TR F) il
BMRMER, & BB R (DFA) f
RT-PCR & B Rl A KA 2 4 P R AU AR, 3t
KGO AtER AL A S PETE RIS, H
d R B WK T #2 B B (D01, D02, D04, D06,
D08 ~ D10) .#% B £ (D03) M%% = £ (D11) , B4
Bk 8w K AR X (FO1) FHT M i 75 22 B 1l 5t
(FO2 ~ F03) . 7% 5 (F04) F13C B (FO05) , P i H 4R
BAKRET-0 CEH.

2. /M A R EM S EIERFRE & LR
FRiZE BT B 5 R A B2 R 1 ~ 2 B AL, 4 R ARAE
R BRI ET , 7 BN 1R BUEL B i A LT
RIS, B HE KRB R i 8
e, M7E L &4 T HRGARNALR,-70 CHHE.
kR BRIRTAETE R/ NRUIRE 2 21 dJ5BULIRN A 245
B S8 W P36 (ELISA ) # DFA K33,

3. 3|9 5 RT-PCR: PCR ¥ 15| ¥ Kl 5 FA 3|
YW EEETAY TEREARARSERAR) A BIE
1, 381t Trizol (Invitrogen, & B X AR IE R /R
7 FH 44 A 28 21 48 2 55 RNA; FHBE LS B pd (N)
(TaKaRa, K i% ) . Ready-To-Go® You-Prime First-Strand
Beads(GE, % H ) ) %1% 8 cDNA ; F GoTaq® Green
Master Mix (Promega, 3 [H ) #£47 PCR ¥ 3 , I B &

ARGV, KRR SER6],

F1 PCRY I RIFASIHIFFI

' B PHKE ®WE
Bk FEFI(S' ~3") £R (bp)  BE
G1-F TGGTGTATAACATGRAYTC Gps 1097 3000~
G1-R ACCCATGTYCCRTCATAAG 4096

G2-F TGGATTTGTGGATKAAAGAGGC 3995 ~
GP3 1542
G2-R GAGTTNAGRTTGTARTCAGAG 5536

4. FHIME 747 . PCRY MBI RME R B 1%
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QIAquick Gel Extraction Kit(QIAGEN, i [ ) 4] & [5]
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FHEMRAFED . MFEENIERRRE GPEEFF|
SIS F LT £ Y 544k - ATCG  BioEdit
F1 GENEDOC i T ¥ 5| 4’8 4k 38 ; ATCG Fll SeqMan
FF 583 ; ClustalX 1.82 FI F % &R b xt
(multiple sequence alignment) 43 #7 ; MEGA3 v3.1 3k
4 B F 4> F #4638 1% 4+ 7 , Neighbor-Joining (NJ,
replications=1000) 2 | B 7 & 4 #% ; F DNAStar
& MegAlign 3 4 i# 17 £ 51| UC BC #0 £ & % %) L
(Clustal ) ; DNAStar 3 Protean 34 i H1 L %47
£ #+ (antigenicity: Jameson-Wolf) . /& & ¥ K
(hydropathy : Hopp-Woods) . 3 1 7] RE #4 (surface
probability : Emini ) 1 3 ] #4 X %, (flexible regions:
Karplus-Schulz) i #) 73 #7 . 51 FAF 51 ¥R 8 T
GenBank(Accession No 5HE{EE LK 1),

s B

LGPERMF - SHUMEEERKRRE
(Accession No: FJ712193 ~ F1712194, FJ825133 ~
F1825135) #1 9 #k R ¥ 1K % 75 & (Accession No:
FJ712195 ~ FJ712196 . F1825126 ~ FJ825132) GP #
B 40 2 751 2 #2538 GenBank, ¥ R 55 755 2 #ff 11 f
7 ¥ GP FF B A3 4E (open reading frame, ORF) 3£
1SS EHR, R SUNEER, FAERRE
R BRI R EDBER ) 2 4 X B2 1 ~ 5T 4L
BB B R {5 5 B (signal sequence) , 58 ~ 1374 i
& 4b X (ectodomain) , 1375 ~ 1440 i Fy B £ X
(transmembrane domain) , 1441 ~ 1575 i AN X
(cytoplasmic domain),
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) Antigenic Index-Jameson-Wolf

1 GPHIERLE S EAK MM (R A Jameson-Wolf, Hopp-Woods Ji#)

AL G 1 B4 (34 ~ 200 X Bt )34 ~ 42 {3 (MRV 2l
GCTNLSEFS, Hth & GCTNLSGFS) . 147 fii (aG
N, HAl R R) . 184 £ (R) FT 198 ~ 200 {31 (KRA ) Z B
" A G I 2 (330 ~ 357 X Bt ) £ 330~ 340 L (5
333{i CTN 2 Q, HAtlh ¥k R) ERMELITE/N; X
GPHyFXAEH EE M 4K/ X R R
N-X-S B N-X-T(X WAL —FEER)%F 37~ 39
fii (N-L-S) . % 247 ~ 249 fii (FO2 ~ FOS: R-E-T;
DO1 ~ D04.D06.D08 ~ D11,F01:D-E-T) .8 319 ~
321 fif (N-K-T) . %5 480 ~ 482 {if (K~V-S){¥ 247 fif
KA, WGP AARFNBEHE, BALRE
FEIFRE W GP H R,

3. ARG KT GP R B SS
BTURFAES JRE K RE ] BTN
X%, D01.FO17E 29,427 ~ 431 [ HL R RO H
BEAE , HP29MNABHESPVHREIL, 427~
431 i 5 CTN #8230 ; FO5 76 29.69 ~ 71.85,175 ~
177,180 ~ 182,388 ~ 389 fi Hi L H R B E F+
&, HH 175 ~ 177,180 ~ 182 fi EEMR AR K FOS
A, X S X AT R PR R AL 8 AT REME
BK, AR BN EARYURRE R, KR 0L
FEBES PV BREHE ; REEK ST LR
PEHRRMMMAEART R (E 1), FE XM T
GP EE T RENE (= 1) LA B BER D, P
86 ~90. 99 ~ 110, 124 ~ 148, 161 ~ 168, 198 ~ 204

212 ~222.294 ~ 301,481 ~ 490 {7 [X 15, B 3¢ i 7] 8k
HERA; BEAREE X TP X CTN B A 32
A, D01.FO5.PV #8344, FO1 3 354, P Ho %
K By X 38 4> 76 7E 122 ~ 138,173 ~ 187,212 ~ 225,
419 ~ 43300 (E2),

4. FPFIARMLTE t e : a7 7K 2 51 b 3
TAERIRRED B vk SRR AR At X 75 4k GP
EHNAMFRAEEMFFIZENER, WITHRE
WML B HFRANEERFI ERE
0~ 12.29%H10.2% ~ 6.7%Z 18, i K W55 FE bR A B
6. 9% & ¥ FO1 2 /8 (nt/aa, 98.6% ~ 100%/98.5% ~
99.8% ) . H fth Wl 3 R 7% 7 #K Z (6] (nt/aa, 99.4% ~
100%/99.4% ~ 99.8% ) FItEAEH & , B EBURE
8 3k A DO FOL FO5 B AR bk S HAS | F
Pl T B (R 2) B HBAEERFF ML E
82.3% ~99.9% F1 85.1% ~99.8% < [A] , JX08-48/
ZI-LA(RhFETR MR, 1L VG ) 5 FOS MM R & , 5 FOL
HB A ;s Wzl (H)/Wz0(H) (A Bk, B4 ) 5 DO1 A
PIERE, 5F01KZ, 5 F05 &K ; D01, Fo1 54t
Y18 £ B 070308 K4 Wbk, 94 ) MU B
B .5 MRV (R, W E ) DRV (R, FAK) .
CHII-BK (FE IR Bk , I 5 ) 81K (82.3% ~ 85.3%) , T
F05 5 070308 MRV . DRV ,CHI1-BK A {bI 4 35 L%
15 (83.0% ~ 88.2% ) ; 3% H ¥k CTN 5 FO5 #8 &
5,5 D01 FOL Mtk Z , BTk PV ..aG 5 D01,
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B2 GPHUFEREAIEME KT WX 5047 (K A Emini, Karplus-Schulz 755 )
F2 F5 GPEEBMAEIEEL IR L
DOl FOl Wzi(H) WzO(H) 070308 JX08-48 Z}LA F05 CTN MRV PV aG DRV CHII-BK
DO1 988 993 993 983 876 882 882 874 834 836 831 825 853
FOI 99.0 985 987 981 873 879 879 870 829 832 8§28 823 850
WzI(H) 987 983 90 980 875 881 881 873 832 834 833 826 852
WzO(H) 990 987 985 982 876 881 881 87.2 832 832 829 822 851
070308 992 992 985 989 877 882 882 8§71 834 835 832 827 851
JX08-48 941 941 937 937 947 993 992 928 837 839 837 828 863
ZILA 943 943 939 939 949 996 999 929 840 82 837 829 865
FO5 943 943 939 939 949 996 9938 930 840 842 839 830 865
CIN 914 914 914 914 920 939 941 941 831 841 844 834 853
MRV 888 886 884 886 8901 895 897 897 869 897 891 895 990
PV 905 903 905 903 909 922 924 924 888 886 9.6 904 926
aG 880 878 888 880 884 89 901 9.1 80 874 905 %4 914
DRV 853 851 857 851 857 870 872 872 842 89 872 931 89.8
CHII-BK 928 926 928 926 931 945 947 947 910 912 937 918 884
H:BPAREAERBIENE (%), BEAFZ IR BRI (%)
FO1.F05 FE 51 #E AP B A% (82.8% ~ 84.2% ) » ¥ GP £3 5GP ARFIX BRI AR
EEFIFHENEEANR X BB (F o fEBFs B B BN
D ARERGPER ERFETHEIR BARE o Rl e rh e w0 e
S, BRI, SN ARXS B RSF o DOI/FOS 789 789 887 964 879 864 874 864
5. MRRAEST W ABERRHBHITBRA  povwzm) 877 789 998 998 1000 1000 993 977
B EF GenBank FY XM | MEMM R AR R  DOVCIN 804 778 877 945 803 773 904 886
. FO1/FOS 789 789 883 961 894 909 867 864
Btk SRR LR B L B B 6 N R R 6
o PR IR R £ A T (B 3). 4 FOI/IX08-48 772 789 877 959 894 909 867 864
H#TETG R Do BHR pumia 789 789 883 %1 894 909 867 864
BR LR EGRERFI SHMER 1 BFEIE  rocTN  s21 778 872 943 818 818 896 886
BT LAY S, SEB AL | B RTT R YEAE RS FOS/Wz0(H) 789 737 887 887 879 864 867 864
; . . - FOS/JX08-48 982 1000 99.1 99.8 100.0 100.0 100.0 100.0
B FO1 S5iEM . Jb 5 .
ﬁﬁﬁﬁﬂaﬁ RIpfAEER kﬁﬁm AL TJ' FOS/ZI-LA 1000 1000 99.8 100.0 100.0 100.0 100.0 100.0
AL AR K Wzl (H)/WZ0(H) \BeijingH1 Hebei0  posory 857 778 933 966 894 864 956 955
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Isolate No. Species of origin/Country ~ Accession No. EMWREAX . H
Fo1 Ferret-badger FJ825133 T
M on Dog FIS25132 462 ~505 i H B M
D06 Dog FI825128 (10] o B
D03 Dog F1825126 AR tFXTi’j‘ i
bos Do Fiasi2 R A5 2 7 L b GP
DOt 2
=l Do Dog F1825129 EEEMKE, &R
D09 Dog FJ825130 -
Sl D02 Dog FI712194 1 %’H‘JIAFX"%%&HZ,
D10 Dog FI825131
Wzl(H) Homo sapiens(Zhejiang) EU700030 iz z&% T Ejt ﬁﬁ
W2z0(H Homo sapiens(Zhejiang)  EF556198 £ A
9 W,l(1( ) Dog(Jiangsu) EU267773 % m ﬁ ﬁ #‘fﬁ ! ﬂﬁ
Mdo6 Dog(Yunnan) EU253477 /NEIAR AL BB AT E B i
Beijing Hul Homo sapiens(Beijing) EU700029
Hebei O(H) Homo sapiens(Hebei) EU267752 @J ﬁ % B’\] j’ff‘ E ﬁ , ﬁ
Sq6 Dog(Henan) EU267754
L FEiDoNG  DogtAnhui) DQ84%073 GTt kK B REIX R
NC Dog(Jiangxi) DQ849064 o 3
070308 Buffalo(Hubei) EF643518 WX F{E SRR, #7 L
Wh22 Dog(Hubei) EU267761
HNDBI8 Dog(Hunan) EU008926 ﬁk GP % E E g E ig
CNX8511 Homo sapicns(Ningxia) AY009099 9H &
CQ92 Dog(Chongging) DQ849072 %% ARE, EEM
CTN Human vaccine AY009100 U= dat) ﬂﬁj{ 1}]
CGX89-1 Dog(Guangxi) 104523
A101 Dog(Guizhou) EU267746 TR HEEHIER
Fo4 Ferret-badger Fi712196 .
100} F02 Ferret-badger FI712195 bR R S AL e rhs'
103 Ferret-badger FJ825134 4] AR £
FO5 Ferret-badger Fi825135 I ﬁ%@’ﬂi’ﬂyﬁ B/J
s ZJ-LA Ferret-badger(Zhejiang) FJ719756 ﬁE% gi % AI 4t ]‘i
IX08-48 Ferret-badger(Jiangxi) FI719752 I
CHI-BK Deer(Henan) AJ325471 BEFAEREH LA
! MRV Vole(Henan) DQ875050 .
100 DRV Sika Deer(Jilin) FQ875051 FEHHM,
PV Pasteur Strain M13215 e
w11 CVS Challenge Virus Standard ~ AF406694 7T 1 X 14 %
%L SRV9 Animal vaccine AF499686 s, E
Australian bat lyssavirus A?S%%Z : GT7 Lid kﬁ{ﬁﬁ = zﬁﬁi
European bat lyssavirus 2 A GT6 A g
European bat lyssavirus 1 AY863300 | GT5 5l {:ﬂ Ky ﬁﬂe & z‘
3 Duvenhage virus AF298146 I 614 BEBHRBBHRNE
Lagos bat virus AF298148 | G612 - .
Tl Mokola virus $59447 | o3 FASFEREUHE
0.05
{01, %445 B8 604 4 1
23 b (9]
H3 ETHERFREGPEHNMM R KT (B MEGA3 v3.154") GP $0 B 37 & F Ho

3 I (Bootstrap Values: 91) , ZEFf Rififb b EKE KR
B 5 Wb FE IR % B MU Bk FO2 ~FOS 5 V1 75 Bk
JX08-48/Z)-LA 3£ %5 443 37 1T (Bootstrap Values:
100) , ALk R EGE , 5 AR E B CTN A1 75 . 5%
MK IR BB CGX89-1.A101 EZ X REE, 5H
fib BF 4= 5h 5 43 BS #k 070308 , MRV . DRV, CHI1-BK
PR RIVBOR ; HLR kS B R PV it b
RART,
W ®

ERBREZILR 1410 GPEEFFIKEYH
1575 MG, i3 S24 ME BB E CRTIK, 72
PIBR N S 9N ERBE, TRRNPEEELS
B R RAKEER, RBMEER L& 5051

AR BFINEEINEERX, BIMNX f1 1 ~43940
HERAL; BRI - ) 440 ~ 461 S B 22 B KE

IHEEAL S HATEER M, RERE 4R B I e 52 1 S S
HEN R M EEIEE, TSR EE
AL S A E R, B TR ES
RS E BB KREEAKEY, HREGRANES
FREEH FRBEEME AR ER™, [ B
¥ X TEA AR RS RX HFE
# X 15,, Jameson il Wolf "# HMEZESTIMF R, &
HEONEENES R _REW & 40% 2K
& 30% K E AT BB & 15% R8I & 15%00, 54
T X BRI AR EPURE A AR etk iR, 7T
BB ENEARTERER. AHRSEHE
AT VL0 (] P9 oAt BORE R B A vk LA B A
¥R GP A R8N A TEHRIEXERYAR
K, XEFAERFREA G BLAREHRERE
H 7EE ERK T CTN Bk 55 B S M AT s bk Aa ol
HEHTFHZ G R, NTTEE T CINRIEA B R
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BREGIRIPSRD i BX se 5 d bk £ B MPLRALR
BALF MRt g e, 1R S dik.
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RIENAR — W, FHE A b SR
IR, RHERR X S RPN R BUR S #
FIFGREIENE R R,

HEAE R R HTLARS P B A R XA
FHETRRGP ERARTY, RBMTLRFERE N
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H N — SRR A SR, IR E—E R LR
B S RAMBX AT HARRROHE LSS T HAi
BV R RS RIS E SR A e E
SRS, ENZRIEEREH R#EXEE
FE—ERER, RHTUEBMHEMAR—EXH
RBEFMNLER, TREERFREEAS R HER
BT HALR R, S0E R Ak R 7 anaE i i
FHERE ERTE

AN () 2 R 7 ) K% () — 784 o R[] X i) A
RIFRBEN LR T, & B GP EHBIER AR S
MRISE P B R K —1, H FRNARERE
2, M R —F R P th RN B KK FF 2
5, EXERELTEENTRZE N R AL
£, Fris B 8 7 51 R R LA 5 A M BE A EL S
U9 Sacramento ¥E 2T BRI AL EERHR SR
HHRZ B GP £ 71X 147%"" , H R H B LELEHR
TR, JU R X AR L B 7 i 2k AR B ) R R
BHERFRREN S FRATRERE, B s
Pk GP BN 2IEH L ER, 512 H e E M xHE
RIFBFIYHARERFEEP TR, X TFEHE
YRR D BERI—-EERTRER
R B R o X A T IS X BT A SR O A S
WS, B A SRR B B T R, T3 EXT FHER
I B AL YL IR A B AE ShAIAE R i Se R T By i JB 55
B, 8 XERRRE GP MBI R 4L KL 0k A E
RE B EUEE A R AR E R ATR T, H it
e EREE R RRE GP AR ELNEE,

$ % X W

[1] Anilionis A, Wunner WH, Curtis PJ. Structure of the glycoprotein
gene in rabies virus. Nature, 1981,294;275-278.

[2] Badrane H, Bahlout C, Perrin P, et al. Evidence of two Lyssavirus
phylogroups with distinct pathogenicity and immunogenicity. J
Gen Virol,2001,75:3268-3276.

[3] Zhang YZ, Xiong CL,Lin XD, et al. Genetic diversity of Chinese
rabies viruses: evidence for the presence of two distinct clades in
China. J Infect Genet Evol,2009,9(1) :87-96.

[4] Yao WR, Pan GQ, Xiong CL,et al. Detection and genetic
characterization of rabies virus from human patients. Virologica
Sinica,2007,22(4):307-315.

[5] Lei YL, Wang XG, Li H, et al. New animal hosts of rabies virus
in mountain areas in Zhejiang province. Chin J Epidemiol,, 2009,
30(4):344-347.(in Chinese)

AR, TR, 2%, FHILELRERFHE WS,
PR ATIR 444, 2009,30(4) :344-347.

[6] Meng SL, Yan JX, Xu GL. A molecular epidemiological study
targeting the glycoprotein gene of rabies virus isolates from
China. Virus Research,2007, 124:125-138.

[7] Jameson BA, Wolf H. The antigenic index: a novel algorithm
for predicting antigenic determinants. Comput Appl Biosci,
1988,4(1):181-186.

[8] Hopp TP, Woods KR. Prediction of protein antigenic determinants
from amino acid sequences. Proc Natl Acad Sci USA, 1981, 78
(6):3824-3828.

(9] Kumar S, Tamura K, Nei M, et al. MEGA3: integrated software
for molecular evolutionary genetics analysis and sequence
alignmen. Brief Bioinform,2004,5(2) : 150-163.

[10] XuL,Guo ZZ, Zhang YZ,et al. Advances in the research of the
glycoprotein of rabies. Chin J Zoonoses, 2006, 22(9) : 876-879.
(in Chinese)

RO, kiR, B ERBREREOTRAR PEA
BB, 2006,22(9) :876-879.

[11] Wunner WH, Dietzschold B, Smith CL, et al. Antigenic variants
of CVS rabies virus with altered glycosylation sites. Virol, 1985,
140:1-12.

[12] Zhao YJ, Guo L, Huang Y, et al. Sequencing and analysis of
the complete genome of one wild strain of vole rabies virus. Chin
J Zoonoses, 2008 ,24(7) :651-658.(in Chinese)
B, BH, HEL. %5 | RRERR R RREXNAF
SIME S, FEABILRRER,2008,24(7):651-658.

[13] Meng SL, Xu GL, Ming PG, et al. Sequences determination and
analysis of the rabies virus nucleoprotein and glycoprotein genes
in CTN-1 strain of eight generations. Chin J Zoonoses, 2007, 23
(4):327-332.(in Chinese)

R BB AR, BN, 55 FER AR R BB CTN-1 /AR K
N H1 G J NP5 52 Ko 7. o A B 3 AR 22 4] , 2007, 23
(4):327-332.

[14] Zhang YZ, Xiong CL, ZouY, et al. Molecular characterization
of rabies virus isolates in China during 2004. Virus Res, 2006,
121:179-188.

[15] Johnson N, McElhinney LM, Smith J, et al. Phylogenetic
comparison of the genus Lyssavirus using distal coding sequences
of the glycoprotein and nucleoprotein genes. Arch Virol, 2002,

147:2111-2123.

[16] Tang Q, Lillian AO, Charles ER, et al. Sequencing and position
analysis of the glycoprotein gene of four Chinese rabies viruses.
Virologica Sinica, 2000, 15(1) : 22-33.(in Chinese)

JE# , Lillian AO, Charles ER, %. & EVIHIE RFRHEREA
EERFISHT LT L. EREF,2000,15(1):22-33.

[17] Xiong CL, Zhang YZ, Lu SQ, et al. Progress on the study of
biological characteristic of rabies virus. Chin J Epidemiol, 2006,
27(10):913-916. (in Chinese)

REIR , AR, P RA, B ERR S YR T R
A ATIRE R, 2006,27(10):913-916.
(ks H $:2009-08-14)
(A 5% HAIR)



