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[WE] B HSHFIEHEH2EKFLHPYMBERFRERSEEAFT, ASFKF
AT RASEAHT, TRERFEEMIIEORITAERER. AE REPCRUERMBIE
FRERSREARTREY, HHTERFIMEBE AN LR R RREM . &R
WIS 2 IR B B R R EB TSR  EFH4H 2K 11 923 nts, leader 58 nts, 1 5
ARG X 4 5L - NP(1353 nts) ,PP(894 nts) \MP(609 nts) ,GP(1575 nts) .LP(6386 nts) ,N-P-M-G [§]
BTN 2.5.5 nts; G-L 3 58] 5 5 5 WK 423 nts;trailer K 70 nts, %8 BLAST R Z 75 X &
7 W4 AT R B bk 22 B 41 PP 5 A0 4 MG O A & TRORIS B RLIE KA 2 R 1K ; R
B MERNARRE SN ERGHEERNKEEEER, AR EREAREEH  WLEH
RIS HFEFIAEL, BRAREBREQER; T ERBERZ AR RAMSIYERFREZA
BAEER BTSSRSO BR , ROBT R A5 R A 5 U R MK 3
BETRHFMKY, BHRABEENGTRERASR TR RS, & WEERRESH
R P FA I BB PR AR 1078 AL S AV R 2RI, RSN LA N R
REESTER, WEEXREYERFEE 1 R, B8 P EM SRS, 2 REFA SIYRIEER 7
FRATERFET HRF P EE WE#EK,
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Complete genome sequencing and analyses of rabies viruses isolated from wild animals (Chinese
Ferret-Badger) in Zhejiang province LE! Yong-liang', WANG Xiao-guang, LIU Fu-ming, CHEN
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[Abstract]  Objective Based on sequencing the full-length genomes of two Chinese
Ferret-Badger, we analyzed the properties of rabies viruses genetic variation in molecular level to get
information on prevalence and variation of rabies viruses in Zhejiang, and to enrich the genome
database of rabies viruses street strains isolated from Chinese wildlife. Methods 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 N genes from Chinese
Ferret-Badger, sika deer, vole, dog. Vaccine strains were then determined. Results The two
full-length genomes were completely sequenced to find out that they had the same genetic structure
with 11 923 nts including 58 nts-Leader, 1353 nts-NP, 894 nts-PP, 609 nts-MP, 1575 nts-GP, 6386
nts-LP, and 2, 5, 5 nts- intergenic regions (IGRs) , 423 nts-Pseudogene-like sequence ( ¥) , 70
nts-Trailer, Conclusion The two full-length genomes were in accordance with the properties of
Rhabdoviridae Lyssa virus by blast and multi-sequence alignment. The nucleotide and amino acid
sequences among Chinese strains had the highest similarity, especially among animals of the same
species. Of the two full-length genomes, the similarity in amino acid level was dramatically higher
than that in nucleotide level, so that the nucleotide mutations happened in these two genomes were
most probably as synonymous mutations. Compared to the referenced rabies viruses, the lengths of
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the five protein coding regions did not show any changes or recombination, but only with a few-point
mutations. It was evident that the five proteins appeared to be stable. The variation sites and types of
the two ferret badgers genomes were similar to the referenced vaccine or street strains. The two strains
were genotype 1 according to the muiti-sequence and phylogenetic analyses, which possessing the
distinct geographyphic characteristics of China. All the evidence suggested a cue that these two ferret
badgers rabies viruses were likely to be street virus that already circulating in wildlife.

[Key words] Rabies virus; Chinese Ferret-Badger; Full-length genome; Sequencing and
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EH EEBRYBBRBAERFN T EHEFRE
F ERAEREE R RIER R R BOR ML,
RERRRREZEH W, HAE 3N EERE
AR BT, T A RBMR RGBS RBIER
WENFEHYER, AERREEEF LY D
BT MEERERIEREE, BaiEEsYaE
(Chinese Ferret-badger/Melogale moschata) & #f 114
ANERFHRATFRIEFAIEZAT R L, N A7 R
PR R RFF TS HAR T EIELER F RN
TREREAY, AAFEHRZ BELTRAEE
B ENERAL, HA LESTREERR
FHBERTHRENAFIIE M. EFFTILHRE
HT L4 2 BRREHEAE R AS B (FO2.F04) 2 BN A 751
58 WA FR RS TRIEERSN, TR
HEHYERBEBEH LA WRTMERFR, UE
BEREFEIPERREEFRTHROERFR.

HRS5TE

1L ARAR SRR AR AR AR B #T LA BEAUER
SRR ERIRAR AR R ERENE
B TR L, BUR 4 A8, 253 DFA B HAE
RIS FHEPUR A RT-PCR QT R FH Rtk
B BRI AR SR A , R T-T0C &

2. 5|t REERRHER 1 RRTETH
BRI S % BT (PV,M13215) 2 X FAF
3 , #| %K 44 DNAStar # Primer Premier 5.0 & +4"
WHRRELSERARERTIIE (LD,

3. RT-PCR : Trizol (Invitrogen, 3 & ) i 7 #1 $2
B4k i £ S 4 4 40 BB RNA, B LS 1 4 pd (N6
(TaKaRa, X ## ) . Ready-To-Go® You-Prime First-
Strand Beads (GE, % B ) [z #% 3 18 | cDNA; A
GoTaq® Green Master Mix (Promega, % B ) i#i47 PCR
¥, R RS BN & PCRY KR
B 1% 33588 (OXOID, & @) B ik &,
QIAquick Gel Extraction Kit(QIAGEN, f& [ ) Y] jit &)

WOHHEAT T X (LA TAY TREARR
FHBARED,

4. FFB 07 : A 54 AL B R 1R B
BIEE R S B 5 H 5 f 5| B F 51 : ATCG . BioEdit.

1 HERFEERAYTHERFRT I WFS

e |

314 FFIS’ ~3) 2R kKE AR
(bp)

3'F GTACCTAGACGCTTAACAAC 3 499 1~499
3' R AAGACCGACTAAGGACGCAT
NF ATGTAACACCTCTACAATGG N 1533 55~1587
NR CAGTCTCYTCNGCCATCT
PF GAACCAYCCCAAAYATGAG P 1001 1500 ~2500
PR TTCATTTTRTYAGTGGTGTTGC
MF AAAAACRGGCAACACCACT M 641 2479~3119
MR TCCTCYAGAGGTAWACAAGTG
GIF TGGTGTATAACATGRAYTC G 1097 3000 ~ 4096
GIR ACCCATGTYCCRTCATAAG
G2F TGGATTTGTGGATKAAAGAGGC G 1542 3995~ 5536

G2R GAGTTNAGRTTGTARTCAGAG

LIF TGGRGAGGTYTATGATGACCC L
LIR CAGCATNAGTGTRTAGTTTCTGTC

L2F GGTCGATTATGATAAKGCATTTGG L
L2R TTGACAGACCCTTTCGATAATC

L3F GGATCAATTCGACAACATACATG L
L3R AAGTCTTCATCHGGCARTCCTCC

LAF AGACTAGCTTCHTGGYTGTCAG L
LAR TACTTTGGTTCTTGTGTTCCTG

L5F AGTGTTTGGATTGAAGAGAGTGTT L
L5R GAAAGACTGCCTGCACTGACAT

726 5430~ 6155

704 5885 ~ 6588

550 6473 ~ 7024

. 708 6882~ 7589

662 7337 ~ 7998

L6F AATAGTCAACCTCGCCAATATAATG L 767 7879 ~ 8645
L6R GGATCTCTGAGTTGTAGAAGGATTC

L7F CCGAGTCAATCATTGGATTGATAC L 621 8517~9137
L7R GAATACCCTCCTTCGCTGTATCTG

L8F GAGAAGGTCACCAATGTTGATG L 1045 8958 ~ 10002
L8R AGATCCAYARCCAGTCATTCTC

LOF ACATAATGCTCAGAGAACCGT L 503 9820~ 10322
LIR CCATTCTGAACATCCTACCTT

L10F TGTTCAGAATGGGTCTGCTCT L 50110311 ~ 10811
L10RTGCATCGCAAATAATGAGGT

LHF ATTATTTGCGATGCAGAAGT L 52410797~ 11320
L11RATGATAGCCACTTTAGACAGAGT

L12F GTTACAGAGGGGAACTCTGTCT L 38611285~ 11670
L12RTCTTCACTATCTTGTAAATCAACCT

5'F TGGATCAGGTTGATTTACAAGATAGT 5 29311640 ~ 11932

5'R ACGCTTAACAAATAAACAACAAAAAT

I :FRIERTI, R VRIS 19; 51055 L HiEE(PV,M13215)
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GENEDOC #4748 4L B ; ATCG . SeqMan i#47 ¥ 5]
Bt% | ClustalX 1.82 # 1T £ H /¥ 5 HXf ; MEGA 3.1
3 4 A Neighbor-Joining (NJ, replications=1000)
Method 21|k & & 4 ## , i &f DNAStar # MegAlign
KUGHATFIBREFZFFI N, 26~ 2FFA
BEFIIBRNAERBEEFN2~7H(GT2~
GT7)FFFsh, Hofh 20N 52 A | ”(GTHER R
#,BEFT)RET GenBank(F 1),

g R

1. EEREE SRR AFIIHR : 211 5
TIEBHER , 3518 2 kR EAE R % 2 (Accession No:
F02: F1712195; F04: FJ712196) & % R A% H 8K /¥
5l BE ALK 11 923 MEH M (nts) , 3 HF S W
8 5 FF RIS EHE (ORF) , KK HEFI NP M .GHI
LEH, &1 ERERES AACAMRBHMALR
E Poly(A) Bf55 AAAAAAA DI K BB R A5 X
& 1R B 5 F ATG 14 1k % 75 F TAA (B TAG/
TGA) ¥ 5HAMFF —B(F2). 3 WmNERE LI
A—BSS I BEEMNERRTFAHMERT
(leader) , 5’ % LEF T A —4ib 70 MEFH RIS
#% [X (trailer) , leader 3 N X %i (ACG CTT AAC
AAC) fltrailer #f C K %% (TTT GTT AAG CGT) #] 12
MEHEBFIZLRF, AP N IMEEFREER
[ H %b ; ZEN-P-M-G 6] A 2.5.5 M HB M E R T

8764THA

74

Hum-Trans-IND Saliva from symptomatic organ recipient(Genmany) AY 956319
NNV-RAB-H Homo sapiens(India)

Australina bat lyssavirus
European bat lyssavirus 2
0 European bat lyssavirus 1
Duvenhage virus

1 Lagos bat virus

Mokola virus

5, RS EIERFEFH P, 6 XEEH:CT,
CAGGC # CTATT, tb 8 % B : N-P % [8] & X FO2
H TT, F04 2 TC; P-M % A 8] B§ X B% CTN181 %
CATGC 4b, HAMFE A 1 BF5) 58 2—3: M-G B H (6]
B X F02 .FO4,CTN181.8764THA y CTTTT; G-L %
HEAE 423 M ERRAIEEY(ES),

2. BATHEEALSFFI L3k : APV BREE T 5
YRyt BR , S RBERE R AR BERK 55| M S P 1L
BERLEAEEMKT ERNER, RFIMERE
FO2 .FO4 #R7E R RIS H A TE B MR AR AL NP 47T
B 332 R T, B 373600 S; PP EHER
R AR 1k 22 FBR L 55 63 ~ 64 LI FIEE 162,210,
2712 ¥ P.S.S.S.S, 5 M3 30 71 & H (dynein) 12
4 LCS YE I X 18,55 143 ~ 148 {i X B, 2 DRXTQT;
MP ; £ 7% B 35 Be A 2 A4 DO RE A 45 4 1856 35 ~ 38
1 % PPEY ; GP: ¥ 7E OB e 1k (R 4) B AR SE 37 ~
39 fii 3 N-L-S, %5 319~ 321 {if 9 N-K-T, %5 247 ~
249 {3 % (F02:R-E~T; F04: D-E-T) ; LP: {&~F 51
X% 729 ~ 731135 GDN,

3. FFIMAE LR T A EER RS
B (PV) . EM/LE (DRV) B R (MRV)E
R BB A K B R AER 5% B 7 B vk (BDO6) £ 4
RIS E A XS H R A RT3 55
B, MEFRRESILRELERNARTRT
FIF BB AL, ZRTE1.7% ~ 16.7%ZH],

Attenuated rabies vaccine strain EF206707

Vero cells adapted from vaccine strain EU182346
Avirulent vaccine strain AF499686
Attenuated rabies virus M31046
Pasteur Strain M13215
Sika Deer(China) DQ875051
Fox(France) EU293115
Animal vaccine AB009663
Vaccine strain EF542830
Vaccine strain DQ099524
Vaccine strain DQ099525 | GTi
Vole(China) DQ875050

EF437215
Homo sapiens(Thailand) EU293111
Dog(China) EU549783
Vaccine Strains EF564174
Chinese Ferre-badger(This study) FJ712195
Chinese Ferre-badger(This study) FJ712196
Raccoon(Canada) EU311738
Dog bitten by a bat(French) EU293113
Silve-haired bat(USA) AY705373

NC_003243) GT7
FEF157977 | GTé
EF157976 | GTS
EU293119 | GT4
EU293110 | GT2
NC_006429) GT3
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%2 F02.FO4 ISR IAH ZHFRILEEF
mRNA CDS
e 455 B Kt Fs)al Kk
521 A1 P31 R i {0k 8
N FO2/F04 AACACCCCT 59~ 67 ATGAAAAAAA 1474~1483 ATG TAA
P F02 AACACCCTT ATGAAAAAAA
Foa AACACCOCC 1486 ~ 1494 ATGAAAAAAA 2465 ~ 2474 ATG TGA
M FO2/F04 AACACCACT 2480 ~ 2488 GTGAAAAAAA 3273 ~3282 ATG TAG
¢ FO2/F04 AACATCCCT 3288 ~3296 AGGGGGACATC 4945 ~ 4 955 ATG TAA
GAGAAAAAAA 5345~5354
L FO02/F04 AACACTTCT 5379 ~ 5387 CTGAAAAAAA 11844 ~ 11 853 ATG TGA
%3 F02.F04 EHEAIRKX 75 Rl B fbEE A | BIFFFIE B B 3, R FEE 1
ERAMK k) 7, k5t B i bk CTN181 FI R 47284k BDOG 3t
leader RNA  FO2/F04 58 1~58 A E \ s
NP Fo2 2(TT) taphoras A EE, S CINIBUER Rt EROITE,
Fo4 2(1C) 5 DRV MRV HAth E 5 BF A4 s HE KR 3 (B2 RE
P-M F02/F04 5(CAGGC) 2475~2479 W@ %E)H&ﬁﬁﬁki&k;&%ﬂ Hf.ﬁ:@o
M- FO2/F04 5(CTITT)  3283~3287 '
v FO2/F04 423 4956~5378 it #®
trailer RNA  FO2/F04 70 11854 ~ 11923

HESR R &R E R H M S E R
FUPERH : FO2 5 FO4 /P51 ARt B 5 (98.1%)
ST HRBEANRAK L HFFI AL : NP (nt/aa,
2.2%/1.3% ) PP (nt/aa, 09%/0.3% ) . MP (nt/aa, 0.8%/
1.5%) .GP(nt/aa, 0.3%/0.6%) . ¥(nt:0.5% ) .LP(nt:
2.7% ) ; FO2 5 CTINIS1 Ml K Z (92.5% ) , 5
DRV MRV PV BRI RAK (R S) .

4. B RRES SHTLMEERREREF
315K F GenBank P AR ER X AEARF %
BERIE 20 BR A 1 B3 A K HoAth 6 N H B 5Y
HAETELRSERALFSI NEENMERE
(B, SRER, MEERRFELEAFISH

B8 BLAST B £ 55 Xt 877 #f 1L 4 SR
RIS EEHF A B AEHRS BRBE
#+ (Rhabdoviridae ) 5 R # 8 /& (Lyssa virus) ##1E ,
F02 . FO4 R FFI 2K 11 923 nts, (A+U)%EE
(F02:55.03% ; FO4: 54.83% ) , NThBE E A B &2
RNA . %S X JEmig X fERX 4 NS, BHHK
MEER TP RS RN, AEEBKFR
HERTRER, EARRSERMBETFRERK
ZRTFRNEE, WEERFERASERNAKERE
HSMHEARBEEROKERE TR, FMEH
BIHESHPoly(A) BE S LI AE N EHRE XM
B A IEFETFESHART -, RERGX £

%4 BERNE GPHURNLR SRRALS AR

sms O Gl Gli ik UATES
231 34-42 147 184 198-200 330-~357 37~39 247-249 319~321
PV L GCTNLSGFS R R KRA  KSVRTWNEIPSKGCLRVGGRCHPHVNG ~ N-L-8 NET NK-T
F02 L GCTNLSGFS K R KRA  KSVRTWNEIPSKGCLRVGGRCHPHVNG ~ N-L-8  RET  NK-T
FO4 L GCTNLSGFS K R KRA  KSVRTWNEIPSKGCLRVGGRCHPHVNG ~ N-L-S D-ET  NK-T
CTNI81 L  GCTNLSGFS K R KRA  KSVQTWDENPSKGCLRVGARCHPHVNG ~ N-L-§  NET  NK-T
B06 L GCTNLSGFS K R KRA  KSVRTWNEIPSKGCLRVGGRCHPHVNG ~ N-L-8  D-EI  NK-T
DRV P  GCTNLSGFS K R KRA  KSVRTWNEIIPSKGCLRVGGGCHPHVNG ~ N-L-§ NET NK-T
MRV L GCTNLSEFS K R KRA  KSVRTWNEIPSKGCLKVGGRCHPHVNG N-L-§  G-ET  NK-T
RS WEIERAT FO2 SHEARRRBIT MM EERIF SR (%)
BB (RHR)

Rk 7 5 o Z 7 L 1ML
F02-F04 97.8(98.7) 100.0(%9.7) 99.2(98.5) 99.7(%9.4) 99.5 97.3 98.1
F02-PV 87.1(96.5) 82.2(90.3) 84.7(94.1) 84.5(92.4) 745 84.7 84.0
FO2-CTNI81  93.2(97.3) 92.7(%6.0) 95.4(97.5) 93.4(96.0) 903 920 925
F02-B06 91.8(98.7) 87.4(92.6) 91.1(95.1) 88.1(93.3) 839 89.1 88.9
F02-DRV 85.1(92.0) 82.4(88.9) 84.7(92.6) 83.2(89.3) 757 84.2 83.3
F02-MRV 87.2(96.9) 82.1(89.3) 85.9(93.6) 84.3(89.7) 764 84.2 83.7
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AL, X4 B W A MR T PR AL R A AR TR L
RS, B B A E RN R, T
ERB RPN IR G R s i e B R T B
WEHE, 54 B M AT B HGAAT S BEHUR LS A B4
BEMMERSRIERDEN™, MEREHKS
NGBS 5 LA 8 A — 3, FO2 . FO4 7E 4 A5 X
MR EHRREBENER, X BITIEEALAFF
AEZR FHEBXHERRBENERERET
WREHBAMBE, FFUERBEHERBEY,
BB S T NP A 4= AALE B 8 K 5895
RO AN ~ Ny AN, Nok R ; NS 332
AL NWEE I3 E MR A BEMNER, FEHPP
EAMMHR A LERAS PR S AR A
LCS M EAE P X S AR <P, MP B EE{RF
HE & WEBAN L (L-Domains ) PPxY B/FER
FNERAFEDENEHEM™, HREMPE
29~ U BERFI R, WEERFREFERX—4
R GP 5HAIbES & FESRAMAMRIMNX
R R EMA AR WAL, RNAKBK
RNA ¥ 4 B (RNA-dependent RNA polymerases,
RdRp) ¥4 #) GDD £ FF £ BER I L, T
A GHIXH AR, ERER T LPRFRF I X5
729 ~ 731 {3 GDN EF7E LB K BT A R IR B bR B0
LP XM T PR XHRFI,

ZRFIALHE R BERE M REEEGERS
EERFFHUES RS, FIHIERMAHWER
R EFFARLER S, SPRHE TN EER
1 RERFEFERGTRR ™Y, B#UCBRRSF,
HEERTUEN | RFLTR S EERVE S
HEE SRR . Smith 2504476 BR A2 R FF
FIEBIAR R BB M RATRFE R R AT AN R
FE5) s Rk i 5k, 3 LR B AR P51 Rl i 22 R R B
H5ENEEZRRTITA X, FEERFEHLE
BA-BHERAEERT P EMSEI RS,
R LB

NP RERFHEBENHURENER, HEE
MR SN EWEAFRRTY, i FARES
RBBREI NP FRRI R B R AR T AR IR
—BHiEY:, HRINPHURER R EERFIEER

HERFHENSBOEERKE, A AHRERNE
Ry R RAN, SFLREE R R FEEFRYR
FEA Y, FEREKRS LRI RERX
BB B, BA P EME S, EERRESREE
B (BDO6) LA RIEMFRE LR, th TR R B A
Y TEE BRF S, R B REHEIEER AT
REHER R, EMMEERREREFETERAR
HREE KEER, WEFEREER TR, FEHIAM
REIER) R/ N BE TSR, i — S IR ER RN EF
YR RT BEIREHTEZEA,
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