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Abstract: To sequence the full length genome of Japanese encephalitis virus attenuated strain SA4-12-
1-7, direct information about the genomic structure and the possible relationship to the attenuated and
stability mechanism has been provided in this study. Six pairs of primers were designed according to the
published sequences of SA4-14-2 and SA,, strains, covering full-length genome of the JEV virus. Using
RT-PCR, cDNA fragments of SA4-12-1-7 strain were got and cloned into pGEM-T vector, then trans-
formed into competent TG1 hosts. The positive colones were screened and then the inserted fragments
were sequenced. The results of sequence analysis showed that genome of SA;4-12-1-7 strain consistes of
10976 nucleotides and containes a single open reading frame of 10299 nt which encodes a polyprotein of
3432 amino acids. Compared with the published sequence of SA;4-14-2 and SAy, strain, the homology
of the nucleotide sequence and deduced amino acid sequence were all more than 99 %, the mutation sites
were located in different regions. In E region, 5 sites are the same as SA14-14-2 and other 3 sites are the
same as SA;4 strain. Some sites in NS3, NS5 and 3" NTR may relate with the attenuated stability. So
the sequence of SAj4-12-1-7 strain genome is similar to the published information, several mutation
sites are responsibe for the attenuation of the virus and the virulence stability. The sequence analysis
would aid in understanding attenuated mechanism of the vaccine.
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ARG, I, FERTTRAIMNEAE LS
H,EFRARITHATCEHERINET KW
BU HBRREI T XE, FGBE 2B TR
BRIF 0 a8 AE, B B0 M ICF B TRTY 7 eE, Xt ki
(e R M S RARNREEFERANRNEE
EHl T

H B0 W % i A KT B RS TS
Pt REM KB IEEE R SA,-14-2 BRIV fE
AXTEAMRITHECERRNAFRERR T HEEE
A EZeHEMAEREYBEEIEE!S, B
WHO CH#F#MT EL2REH, IFCiTit@dH M
. ISR A AR SALFE R K
T EE 100 R, BETRERE 3 KISHEEBN
SA-12-1-7 37, SR Bl X S i 2 sME
AN T BE £ K 50 R 1 K 15 12 8 MR FF BE SA4-14-2
BRI, SAL-12-1- 7 R EEMNHF EE, C2ARE
BEHARRE, BRI E&— RS RS 4
EARJUARBITT A B E R, B, X F SA,-12-1-
7 pREEE 4H 1 & 7 B 5E X8 R 2 B 2 B R A
REMHEXMEBRFEEEENEXY, Fh#—F
EEEHRE.HIERERETMEERGHEEE X,
1 MEEFHZE
1.1 RERRET RNARR

WA PE B SA4-12-1-7 ¥k, ZZHF, F Vero
A EEPE . 0.5mL 3E3F B0 0. 5SmL Trizol
LS(GibcoBRL), FE4 iR 5, Z B E 10min J5 I
0.2mL&AH, 75 ZE %, Z1R 10min, 13000rpm &L
15min, ;L L&, WMEEBM R AE, £ 10min,
13000rpm & > 15min, F £, A 1mL 75% Z B
—i, 8000rpm & > Smin, F L, EE B T %
15min, 11l DEPC 4t ¥t #/KIE R 3 RNA,
1.2 5|¥igit

G E ST Z iR 8 SA L F SA4-14-2 BRI
BERFEHNC G TRERENMREEREA 6 1
AHEEEREW 6 X514, 31K E 18 ~21bp, ¥
WHEKE N 1.3~2.3kb, s NE&EA G
ETATE B
1.3 YR L PCR I ¥

TR ELAT RNA, T 6 BHFBE VLI (S
GEAT), WK BRI FEFARMFIH, 60C K
R 10min /&, KK 1A RNasin( promega), 5 X
¥ — 882 v ¥, INTPs(Phamacia), Superscripsell 13

¥ % B8 (GibcoBRL), &4 204L, 42°C {18 60min,
FE /5 95C Smin, FFf8 cDNA 7] H fit PCR Sz iV #i45 .
B cDNA, 10 X PCR & ¥, IE . K [5 5|¥7, dNTPs,
Vent ¥ & M (Biolab), #M 7K & & & 50,1 #47 PCR
T, Y HETE RS 3, Bl 95C Smin J§ A
Vent B, PCR WV Z¥(.94°C 40s, 55C 60s, 72T
90s~150s, 3t 35 WIFFF, B Jg —IRP§3FJS 72°C &M
15min, PRI B 1 AT A cDNA B4R i T #7531
VIS ISR HRE,
1.4 PCR =¥ iE

PCR ¥ )5 F 0. 5% BRAB¥E BRI B Uk, £ 4T
T PCR ¥ #4553, B PCR F B B 7l & (18
KAaDBEIWBRHYT AR, B BENMARK
5 pGEM-T # & (promega ) # 1, TSS iK%
SHE TGL BN EEFTHBEE.IPTG M X-gal By
LB ¥R, 37C ¥ 37 /5, Pk B & 5 7% F 7L R 0 %8 ik
& (Biochain) ¥1 i i AL AHBAHF RV EE, &
PCR Mg Y1 — 35 4 2 5 Tl ¥ .
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2.1 SA,-12-1-7 RERALFEIIRGH
SA4-12-1-7 k& B A 1 58 k& 5 3] ] 2 o mg
WE 1. ZkfE 3 m 3 P e bk SA-12-1-7 BRENH
HLFI ek 10976 MREEFR, BMEAM:A:3 036
1(27.66%), T:2 298 1~(20.94%);G:3 121 4~
(28.43%), C:2 521 P (22.97%), &FH — 1 #—
FRCGERES, S HERB XA 95 M EH R, 3' 3
JEmMITX H 10 395 &F 582 MM, FILEE
HEZE 5B 96 (TR 46, F] 10 394 1k, 3L 10 299 P EHF
B, 405 3 432 M EER, BERIUTFHIMEHWE
HMAEL M EH . C-PrM-E-NS1-NS2A-NS2B-NS3-
NS4A-NS4B-NS5, E E B ¥4 A% 127,167, 500,
415.164.131.619.267.137.905 1~

s{clp™ £ | nsi [vs2a] 28] ns3 Nsa aB]  wnss s

2222 5461 6970

2122 3543 6857 9177
3393 5600 9078 10976

Bl 1 SAy-12-1-7 B30 469 SEREA R 5 2 SN
Fig-1 Cloning and sequencing strategy of SA 4-12-1-7 genomic cDNA
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2.2 SA-12-1-7 B 5 SA,-14-2 B F0 SA Bk iLE
FFILER
KRB SA,-12-1-7 BREHF A TR S LA
Fr @l SA-14-2 R % BRUY . B & BTl SA4.-14-2
BRI BBk SA L HEATHOR, R K 1. SETE
P SA4-14-2 BRFFIF A 31 MEFBR AR, 55

ELHILX NS2B & 1 4, NS2A 2 4, C.NS3 1 3" 3%
EHIL X E 3 41, E.NS1 fil NS4A & 4 1, NS5 6
o 5 SALBKRMEA 62 MEEBRAR —2, BIFF
HSMHASNCR2HM.CX 4N EKX 16 M.NS1 KX 5
T NS2A K 3 AUNS2B X 1 ANUNS3 X 11 4,
NS4A X 5 NS5 X 11 1 3'NCR 4 1, &
[l E I BN 99.6% .99.6%F1 99.4 % .

Tl SAL-12-1.7 554,142 Bl ¥k Wk sA  ZEHAZRTFRIER
Table 1 Comparison of nucleotide difference among SA4-12-1-7 and wild strain SA,; and SA;;-14-2

i B ) g
Nt Region Nt Region
12-1-7 Vaccine IJEVSAA JEVSAV 12-1-7 Vaccine JEVSAA JEVSAV

21 5’NCR C T T T 5634 NS3 A A T A
39 S'NCR A A A T 5994 NS3 A G G G
127 C G A A A 6008 NS3 T T T C
292 C C C C T 6425 NS3 G G G A
316 C G A A A 6634 NS4A T T C T
375 C A G G G 6728 NS4A G A A G
1017 E A G G G 6904 NS4A C T T T
1061 E C C C T 6944 NS4A A G G A
1217 E C C C T 7005 NS4A G A A A
1296 E T T T C 7121 NS4A T T T C
1389 E A A A G 7193 NS4A T T T C
1503 E G G G A 7227 NS4A G G G A
1506 E A G G A 7655 NS4 G G G A
1532 E G A A A 7736 NSSs C T T C
1769 E T T T G 7768 NSSs C G C C
1813 E A T T A 7809 NS5 C A C C
1921 E C T T C 7871 NSS C T C C
1977 E C C C T 7926 NS4 T C C C
2012 E T C C C 8067 NS5 C G G G
2293 E G G G A 8099 NSS T T T C
2441 E G A A G 8261 NSS G T G G
2691 NS1 A A A C 8276 NS4 C C T C
2843 NS1 C C C T 8394 NSS T T T C
3351 NS1 G A A G 8832 NSS C T T C
3516 NS1 A A A C 8882 NSS A T T A
3528 NS1 G C C G 8891 NSS T T T C
3530 NS1 C T T T 9593 NSS G T G G
3539 NS1 A A A T 9688 . NSS T - C C T
3599 NS1 A A A G 9695 NS5 A A A G
3652 NS1 C T T C 9818 NSS T T T C
3677 NS1 T T T C 9898 NS5 G G G A
3776 NS2A T T T C 9954 NS5 G C G G
3801 NS2A T T T C 9971 NS5 G A G G
3929 NSzA C C T C 9978 NS5 T C T T
4106 NS2A A G G A 9995 NS5 T C T T
4250 NSzA G A A A 10046 NS5 A A A G
4403 NS2B G T T G 10139 NS5 T T T C
4408 NS2B G G G A 10217 NS5 C C T T
4475 NS2B G C G G 10428 3'NC C C C T
4782 NS3 G G G A 10551 3'NC A G G G
4825 NS3 A A A G 10574 3'NC C T C C
4921.22 NS3 GC GC GC CT 10701 3'NC G C C C
4922 NS3 C . T T T 10771 3'NC A G G G
5230 NS3 C T T T 10781 3'NC C C T C
5234 NS3 T T T C 10949 3’NC G C G G
5311 NS3 C T T T 10950 3'NC C G C C

Vaccine: SA4-14-2 in our study; JEVSAA:SA 4-14-2 in Japan; JEVSAV:SA 4 in Japan.
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T2 SA-12-1-7 5SA,-142 B EEk P K A BEERNEX
3= 27):0]= 4.5
Table 2 Comparison of amino acid difference among attenuated strain

SA;4-12-1-7, vaccine SA,-14-2 and their parent SA|, strain

i £ Strains
AA nt Region -
12-1-7 Vaccine JEVSAA JEVSAV
11 127 C S
66 292 C
74 316 C
94 375 C
308 1017 E

401 1296 E107
432 1389 E138
470 1503 E176
471 1506 E177
558 1769 E264
573 1813 E279
609 1921 E315
628 1977 E334
733 2293 E439
1086 3351 NS1
1133 3493 NS1
1145 3538 NS1
1148 3539 NS1
1186 3653 NS1
1436 4403 NS2B
1438 4408 NS3B
1460 4475 NS2B
1563 4782 NS3
1577 4825 NS3
1609 4921-22  NS3
1712 5230 NS3
1739 5311 NS3

P54 QR <L CC®E PP ROROR T PRI S<SATAASAG

4T O P TI R -~ W 0P <8 < 40<4=~0R<TTULCAITZUATCEZT»<ATOP AOZ

> 0> O <X ZDEWP ~Z 440 < ~0RLOCCU<CRIEZ®OANTLCEIPSAEATQY RO Z
- > O < DT Z 0T ~2 £ 404 —~P>REZCC WP 20300 X0 ~0C0» ROZ

1967 5994 NS3 S
2180 6634  NS4A A
2270 6904  NS4A A
2304 7005  NS4A \Y
2378 7227 NS4A \Y%
2558 7768 NS5 G
2572 7809 NS5 R
2611 7926 NS5 C
2658 8067 NS5 H
2722 8261 NS5 M
2913 8832 NS5 H
3166 9593 NS5 Q
3198 9688 NS5 v
3268 9898 NS5 G
3287 9954 NS5 A
3295 9978 NS5 L

Vaccine: SA4-14-2 in our study; JEVSAA: SA;4-14-2 in Japan:
JEVSAV.SA,, in Japan.

2.3 SA-12-1-7 ¥k 5 SA,,-14-2 B F0 SA, BB E
Bt '

ARG SAL-12-1-7 BREHAHF W ERERF
35 SA-14-2 F1 SABRIF R ST R, B R W&
2. HERNOIEEHRTFIREBERFREHREEY
SA14-14-2 BRAH—BUF PIHEAT L, 3 21 N E
BAFE,HFCX34,EKX34,NS1 X 44,
NS2BX 1 ~,NS3 X 3, NMA K 2 4,NS5X 5
Do 5 SARFR ST HE, 368 28 M EEB T
Fl,HFCX41,EX 10 1,NS1 K14, NS2B X
14,NS3 X 6 4, NS4A X 3 4, NS5 X 3 4, &4k
Z [HH FEITRYES FM 99.3% .99.4% F1 99.1%

3 iTie

SA4-12-1-7 $R 2 B Z BY i 4R 95 2 BF B 4k SA,
20 7E FEACH BUF 400 _E1%F 100 AERE 3 KRS
REBMREK, EHEM L, 23 E TRk Er
FEEE, BT AT A RBIEEDY SA 142 4, K
H,SAL-12-1- 7T R EBEBIRTREFELEEMNE
Ao SA-12-1-7T M B EE A WE IR EH,
BB ARBE, BHIRM, 7FRRF & — R R
REATE LR ATEERAEE . T SA,-
12-1-7 wREE 4 £ 5 3 09 101 52 75 BT #E M B 2 B AR
BREBEES TEHM, Y RGEEMRBEZEH M
Fr—REE TR E A, R RXT B R
FRLEEBR SA4-12-1-7 Bk i) B B 4 £ F 3 SE47 1l &
58,

SA-12-1-7 BRI FHIM S LR R H, HEH
MK 10 976 IR, JFF M FRIRGIEL S )
JEM BRI AR B A — 3, 5 AT ] i R B bR
SA,-14-2 B A Bl f) SA4-14-2 ¥k A1 EF 8k SAL,
RO R 99% UL b, #1&2% E W hRE—
P, S REMESHTREEEAMN SN XM, #ES
EL3E SA4-12-1-7 BB R, SA4-14-2 BB 3
WSALMFR, FERESFEH  ERIMBEH®
R REM S, NTI TERENRELIERTRE
HHoZEAEL,

FRILLEE R ERH, N SAL B SA,-12-1-7T F
M ERERT, SRANEFHOREMRK, HF
E X hHsE 2 Riws 3 8 7 0 32 B X3, 1R 4 SR
5 mEFXRFEYIN E-138.E-176.E-315.E-439 %
JUAMEE & 1120, oot SA,-12-1-7 %k F 2 MY AR &
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WESEEKR -, BEEERTIE 2/ EER
(E-177.E-279) K £k, X B L& SA,-12-1-7
5 B R PR SAL, 3 KRR AEWE, WTHES SA,-12-
17T HENROCEBENMTIBRES X,

o, AEEMEAEERMERBREET ML
THAREREWEREN AN EERE, CHERS
NS1 EHESHEEEME, M NS REHENEH
EEHIEE JERE, NS5 w3 K ¥ T RNA 9 RNA B &
B, SREMERAE X, BTIEFRTHES, (T
—Wo TR RS E RS RN R, A
NERPT R NS KEHEE S TEERUE, ™
SA4-12-1-7 B 1 31k, ¥£ NS2B 1 NS5 K 15
EHRE A A 1 D2 ML SA,-12-1-7 BRFKEE .
HAE, AT EE R W FE R 7 NSS K 5 H AW
GRA S TEERMER MEE A ARHNITFE
M SA4-14-2 Bk H SA4-12-1-7 BRTE NS5 K FH 7
MEERNAR ENE R EHHEKRLESE 7 ME
RO A AWM SA,-12-1-7 BRBRFBERE, X
Bk BLATTI BE 5 SA,-12-1-7 bR B R 48 58 58 T
BHHRSENTSRE, REAERENZE X,

X R AR E NN BT
PITHRETER O, B M B AR R SRR G e K
HeH H R YETORE , A5 FT RE R BE S — L, S BRI
R P A A B 3R AR BE e A
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