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Table 1. Primers used to sequence the complete genome of

rabies virus CVS-1 strain

Primer Position of the
Primer sequence (5°—37)

name fulldength (nt)

IF ACGCTTAACAACAAAACCAGAGA 1-933

1R TGGATGAAATAAGAGTGAGGAAC

2F CAGAGTGGGCACAGTCGTCA 742 -2034

2R ACCATCCTAGCTTTCGAAGGTTG

3F CCCAACCTCCTGTTCCAATCGTACC 1778 —2986

3R ATATGACATTGTCTTGCGCTCACTC

4F CATAGGATGATTGGGTTAGTCA 2754 -4011

4R TCATCCACAAAGCCGCAAGTCTT

S5F TGACAGATTTGGACCCATATGACA 3792 - 5087

SR CTAGAAGATCTCCCGTATTAAGAG

6F ATAGGAGTGGAGGTGAGATCAG 4866 - 6084

6R CACAATCAACAGTCCCCATATT

TF CTCAAAGTGGGCGGAACTGC 5674 - 7061

7R TCGATCTTCAACTCCCGTTCCT

8F GGGCCTGTTCCTAGCGAGAAG 6910 - 8094

8R TAGGTAGATTATCCGCGACAT

9F AGTATCCACCAATGCGCTGAC 7899 -9155

9R TATCTGGCAGACTTGAACCTA

10F ACTCCCGTCCTTCGATCAGT 8856 —9965

10R GTGATTGCCTCTCGCTCATA

11F CCCTGTCAACATATACGGCAAAG 9627 - 10877

11R CCATCTATAGACAATGCGAAATC
12F TCCACTGCCTCCTTCAGCAATCA
12R ACGCTTAACAAAAAAACAATAAAAGA

10632 - 11927

F: Forward primer R: Reverse primer

Fz2.CVSd1 £ HFHBE SR 519

Table 2. Primers for four-segments amplification of the complete genome of CVS-1

Primer Restrict enzyme Annealing
Primer sequence (5°— 37)

name site underlined temperature / C
F1¥ AGCTGGTACCCTATAGTCACGCTTAACAAC Kpn 1 63

FIR CATCTTGCATGATTTTGCTTAGCTTGTC Bip 1 60

F2F CGAGGCTGACAAGCTAAGCAAAATCATGCAAGA Bip 1 65

F2R AAACGTACGTTAGCGCGCAAGTGTTAGTTTTTTTGGTTATCCT Bsiw I , BssH I 69

F3F CGTACGTAAGAACCGCGGGCTGGGTCATCTAAG Bsiw | 5 Sacll 69

F3R GTAACACAAAATCGATCTGTTGCCTTCTCTCATAGTGG Cla 1 70

F4F TTGCCCTTGCAACCCATCGATTTTGTGTTACCTCCAAC Cla 1 66

F4R GCGGCCGCTCCGACCCACGCTTAACAAAAAAAC Not 1 65

FH# A DNAMAN 2041 1.3 CVS1 54
F 50 19 5 VR R D)L i Bt 514 (R 2) 4 (8 T B
BIE A B IR I AH N Mg VT4 e BL 13

cDNA 4K, IR 2 59 8 F1.F2.F3.F4 Jy
B. F1 Fl F4 A B 7% #: & pEASY Blunt Simple
AR, F2 FF3 B4 o % #: % pEASY Blunt 344 .
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F3-F4. ¥ pEASY-F¥1-F2 fl pEASYF3F4 F Bsiw |
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J5 5 HamRz-AB & #%, 73 3| pcDNA3. 1 - HamRz-AB.
HdvRz-A B ZZ B K e 95 3 4 Not 1 ~Pme 1 7K Ui
)X 5% HdvRz-AB, pcDNA3. 1 -HamRz-AB £ Not [
Pme 1 XU 1] 5 HdvRz-AB ¥ #, 14 %] pcDNA3. 1-
HamRz-HdvRz. pEASY-CVSH1 F1  pcDNA3.1-
HamRz-HdvRz 34T Kpn [ Fl Not 1 XUEE V) ¥ 4= K 9%
FH R 4] cDNA J BE Al pcDNA3. 1 -HamRz-HdvRz %
TR BOE 2, 19 31099 4% cDNA 4 K ik pcDNA3. 1-
CVS-1. A HiSpeed Plasmid Midi Kit (QIAGEN)
HH & Bk, T - 70C R4 . 4 KR R
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Table 3. Synthesized Hammerhead Ribozyme and Hepatitis delta virus Ribozyme sequences

Ribozyme Restrict enzyme
Ribozyme sequence (5°— 3°)
name site underlined
HamRz-A CTAGTGTTAAGCGTCTGATGAGTCCGTGAGGACGAAACTATAGGGTGAGGTAC Nhe 1, Kpn'1
HamRz-B CTCACCCTATAGTTTCGTCCTCACGGACTCATCAGACGCTTAACA
HdvRz-A GGCCGCAGGGTCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGCACGTCCACTCGGAT Not 1, Pme |
GGCTAAGGGACCC
HdvRz-B GGGTCCCTTAGCCATCCGAGTGGACGTGCGTCCTCCTTCGGATGCCCAGGTCGGACCGCGAGGAG
GTGGACCCTGC
[ N~ e [IM[[ 6 [Wv] L [l
VY2 & i
- F4
BssHII, Bsiw | F3 i
HamRZ Fl iHdvRZ
Kpn 1 Bip 1 Bsiw 1, Sacll Cla ] Not 1
Nhel Kpnl BssHII, Bsiw 1, Sacll Not 1 Pme |
HamRz HdvRZ

pcDNA3.1-Ham-HdvRz

1. pcDNA3. 1-CVSd1 ETREE
Figure 1. Construction strategy of pcDNA3. 1-CVS-1.
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PL 1.3t cDNA Sy B, R R 4 519, xF
CVSH1 ) N PG Al L K& P IT 503 52 #E (ORF) 33k
17 PCR ¥ 38, L 2L DX 73 W BLEAT § 38 - 3 J5 49 il e

% & pcDNA3.1, 15 3 %l B) )i i pcDNA3. 1-N.
pcDNA3. 1-P.pcDNA3. 1-G 1 pcDNA3. 1L, 5l
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Table 4. Primers for N, P, G and L gene amplification
Primer Restrict enzyme
Primer sequence (5°— 37) Annealing temperature / °C
name site underlined
N-F ACACCGCTAGCATGGATGCCGAC Nhe | 63
N-R GGGGTACCTTATGAGTCATTCGAATACGTCT Kpn 1 64
P¥ CCTTTCAAACGGTACCAAATATGAGCAA Kpn 1 59
PR TCGAGAATTCGGTTAGCAGGATGTATAG EcoR 1 61
G-¥ GACTTAAGGAAAGATGGTTCCTCAGGTTCTTTTGTTTG ARt 65
GR GGGGATCCTTCACAGTCTGATCTCACCTCCACTCTTA BamH | 68
L1¥F TGCTAGCATGCTAGATCCGGGAGAG Nhe [ 63
LI-R CACAAAATCGATCTGTTGCCTTCTCTCAT Cla | 61
L2 ACAGATCGATTTTGTGTTACCTC Cla 1 55
L2R GTAGGTACCGGCTTACAAACAACTG Kpn 1 58

1.6 fRFRYEK

6 fLAR T NA 48 i (¥ % JE A2 K 22 60% - 80% I
THUG e Y, B A UKL & 04 - 42 K FORD peDNA3. 1-
CVSH1 2 g, i By it Ki pcDNA3.1-N 0.5 pg,
pcDNA3. 1P 0.25 ug, pcDNA3.1-G 0.15 pg #
pcDNA3. 14, 0. 1 g, # 44k 7 15 Lo % Super
transfection reagent (QIAGEN) i B 5 4T 1. 3L
¥ 3 h g, WY B 5% iR T LG 1Y) DMEM 41 Jig
BFRM37C 5% CO 5 NHFR 6 d, HAL 148, &
52 VR Rk WSOER 0 B o
1.7 BERERALEEBETE rCVSdl

5 WCR (10978 5 RS PP NA 40 g, 1% 9% 48 h, A i
[t %€ » FITC A5 id HUAE R 35 N 8 3 20 Pk g o,
DS RTAL &K 25 SR
1.8 RT-PCR %%

Ay B B wiCVSH 1 f1 rCVSHL 41 i 2 19 &
RNA, J % 5% 6 i 35 25 41 eDNA (5907 1.3) .
4 wtCVSd1 1 G 4 ¥ of 5l W, B WiE 50—
ACAGGGGGGAATGTGTCAGTC3- Hl F W 5°-
TGTTCCCTGTCTTCAACCATTC3", BL % [ 1) ¢DNA
TR BEAT PCR 97195 1% By JIG 4 ok JI HL Uk 25 7€ -

2 4R

2.1 CVSH1 2ERAFINEERE S

i RT-PCR J5 4 46 15 2 76 5 CVSHI k4> 5
DALy 12 /> H W B B, 8 1% 35 IR Bl B I v
UK AR E] 12 A H IR 4 e /N IR g5 A — 3 (]
2) . CVSH1l 4 K B2 45 B 5 GenBank

(GQ918139) CVSH1 J¥ 4| Lkt & L : 4 L M 41 3L 5
AEFEAF, A5 P& 1 AG EA2 AN L
A2 ARERE AL .
1 234 567 89101112 M b
P

—2000
— 1000
— 750

& 2. CVSd1 £ F4 RT-PCR &4 R
Figure 2. RT-PCR amplification of the complete genome of CVSH1
strain. Lane 1 — 12, amplified bands by 12 primers; M, DL 2000bp

maker.

2.2 CVSdl 2 KFERYETE

CVSH1 ¥k 4> K it B peDNA3. 1-CVSHd1l £
Nhe | #1 Kpn 1 XUEG V) B V) 5= ) 22 1% 356 0 5t 11
HLUK, 143 3 K /N2 5400 bp #1 12000 bp 1) H ) 4% 17
(I 3) , [F] T &5 S — 3.

J.EHSKRANBILEELER
Figure 3. Identification of fulldength recombinant plasmids
digested by Not | and Kpn I . M, DL 15000bp maker; Lane I,
pcDNA3. 1-CVSd1; Lane 2, pcDNA3. 1-CVS-1 was digested by
Not ] and Kpn I .
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2.3 WEHIRKEE

i oBh i ki peDNA3. 1-N. pcDNA3. 1-P.
pcDNA3. 1-G Fl peDNA3. 1-L 43 51| FH #4) 2 4 N [ 2
— kB I Py D) G AT OSUG D) s e B V) 4 1%
Tt W g s LYK S 3 Sl £ 21 29 1400900 16006600
H1 5400 bp H 14487 » 1] T 45 1 — B (- 4) -

1 2 3 4 M

E 4. WA MBI EELER

Figure 4. Identification of four Help plasmids digested by two restriction
enzymes. M, DL 15000bp maker; Lane 1, pcDNA3.1-N was digested by
Nhe I and Kpn I ; Lane 2, pcDNA3. 1-P was digested by Kpn I and EcoR
I ; Lane 3, pcDNA3. 1-G was digested by Afl Il and BamH 1 ; Lane 4,

pcDNA3. 1. was digested by Nhe I and Kpn [ .

2.4 EERBRRAFEEE rCVS4l

PRBO B AR NA 4, B9 4 R, W
1 1] 5 » ] FITC b5id HuAE R Wi 58 N 8 H 26 3t
PR, 78TO B N MR B S 5k (B 5) L iE
S99 B PR RO
2.5 RTPCRFZLEHR

il RT-PCR 7543 B4 18 wiCVSA1 F1 rCVSA1
RIERZ G Ak, 33 7= W) 22 1% 35T W 8 0 PR VK

witCVS-1 4 5 75 5 25 780 bp [ H 4% Bt, rCVS-

L1l T ER T 08 5 D IX, 45 21129 440 bp 19 H ) 4
B, R T 4 21— 5 (151 6) .

3 e

S 1) 35 A 15 AR S 3 4 OR TV e e (R B, BBk
AN B RNA 5 25 (1 S 1) 388 4% 3R 48 b B o R )
A A K TURE B A A PR B H RT o ks H
VA AE RO 25 10 9K BOK 22 J5 BR T 55 B R A B
TR 73 B i e 7 X R bn A Mol 25 CVSHL R
ILIA oy 4 By 3 908 7 BUR UOE & B U R
BB peDNA3. Lo A7 B 572 W] e 5% J5 i 5 2k A 41
RNA 37152 s (R R fy 1 68 93 B 169 A8 2D 4K B 52 5%

(A)

(B)

B S &k HmErCVSH1l EERARBLELER
Figure 5. ldentification of rescued virus of rCVS-1 by DFA. A:DFA
positive result of rCVS-1 in NA cell; B: DFA negative cells.

1 2 M

780 bp —»

437 bp —

& 6. RTPCR £ EL R
Figure 6. ldentification of rCVS-1 by RT-PCR. M, DL 2 000bp maker;
Lane 1, RT-PCR amplification of G-L region from wtCVS-1; Lane 2,
RT-PCR amplification of G-L region from rCVS-1.

" B LA A T HamRz Al HdvRz J5 51, 28745 Pk
B KT U » 43 W4T N 2599 7 cDNA 5 35 5 fig 5 1
UE A K TR 8% 5% TN 7 A RS 10 57 5K s R0 37 oK o 42
TR RO R . E S e SR EAT R A L
BRI CVSHT bk G 2 PR % 5 5 e mRNA A7 8¢
Ko SR X, 3 R XA A 24 AN RETF IR, % T
CVS-1 Bk G JE K 93 43 5k 2 B X 1 42 345 115 2 A
DX, B GL &b 5 2 3 A BRI 3 DT )7 515 3K b o
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Sequencing the complete genome of rabies virus CVS-1
strain and constructing its fulldength infectious cDNA

clone
Xianghong Xue'?, Xuexing Zheng’®, Weiwei Gai >, Hongru Liang'?’, Jinzhu
Ma®?, Ling Li"??, Tiecheng Wang’’, Na Feng’’, Geng Huang’’, Yongkun Zhao®’,

Songtao Yang” >, Xianzhu Xia'?*"

' College of Animal Science and Veterinary Medicine, Jilin University Department of Prologue and Veterinary, Jilin
University, Changchun, 130062, China

? Institution of Military Veterinary, Academy of Military Medical Sciences, 'Jilin Province Key Laboratory for Disease

Prevention and Control, Changchun, 130122, China

Abstract: [Objective] To sequence the complete genome of CVS-1 strain and establish a reverse genetic system of CVS—
11 to further study its pathogenic mechanism, virulence genes and antigenic sites. [Methods] We amplified12 fragments
covering the complete genome of the CVS-1 strain by RT-PCR, and then cloned to pEASY Blunt vector for sequencing
the complete genome of CVS- 1. We analyzed single restriction enzyme sites of the full length ¢cDNA of the CVS-1 strain
by DNAMAN and designed 4 pairs of specific primers. We amplified the fulldength ¢cDNA of CVSd1 by RT-PCR. We
obtained four fragments and cloned into pcDNA3.1. We named the fulldength ¢cDNA plasmid pcDNA3. 1-CVSHd1. We
also cloned helper plasmids pcDNA3. 1-N, P, L. and G expressing N, P, L and G protein of CVS-1 strain, respectively.
We co-transfected NA cells with the fulldength plasmid and four helper plasmids. We identified the supernatant of the
transfected and then passaged NA cells by immunofluorescence staining and RT-PCR and found the recombinant virus
rCVS41 rescued successfully. [Results] Sequencing results showed that the complete genome of CVS-1 was composed
of 11 927 nucleotides. The complete genome of CVS-1 encoded 5 structure proteins and gene array was the same as other
reported rabies viruses. We successfully constructed a reverse genetic system of CVS-H1, namely the full length plasmid
pcDNA3. 1-CVS-1 and 4 help plasmids pcDNA3.1-N, P, L, G and rescued the rCVS-1 from a fulldength infectious
c¢DNA clone. [Conclusion] The reverse genetic system of the CVS-1 strain laid the foundation for future studies on
rabies virus.

Keywords: rabies virus, CVS-1, the complete genome sequence, infectious cDNA clone
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