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FE:[ HAY] 7% 2010 4F Lok 2B T Bk = 1 0 X 5 38 455 75 9% 73 % ( Duck Tembusu virus, DTMUV ) GDNS2010. 1,
GDNS2010. 2 ,GDZQ2012 . GDPY2013 ¥kAY 4> FHFE. [ )57 ] 2% GenBank YUY DTMUV JS804 #k , Heif ik 11
SRR |9, 34 T 4 Mo TR RN s A B [ 45 R R4 )4 BT 2K 290 10 990 bp, G Ploy (A) EB45H4
L&A 1 AKI ORF, S 4565 3 426 A4 3E 1R, 5" S X (5" UTR) £45 & 47 94 bp. 7 3’45 X (3" UTR) ,
GDNS2010. 1 ,GDNS2010. 2 #FKFE 103 395 ~ 103 411 bp kbl 10 ASGRIL. B4 BT IRI0 B 00 @ 19 2 AR5 22791
(GDHZ2012. 1 .GDHZ2012. 2) , Jfl DNAstar il MEGA6. 0 FE81 57 546 6 #5573 J5) GenBank Y3 74 [l 4 i EL fh 38
SRR FERR LU XS , R AL R )7 S AH B AE 98% LA I, 55 Niaya Jp5 B Sitiawan 5 3EAB UM 5K, AU AR E 73% A2
A5 5V BN EE  H AR SN AR PR TS AR UM AR T 63% . 6 MR REBERR AR 1 E A% IR)T 5 AL A
97.5% ~99.9% PR IR IT AV RAUMELE 97% LA b, Hrp ] — 4 X 4 8 i) s A AH AUV d5c =1, 35 99. 9% ;s TEZE AR
H E154 AR — OB 5L Asn-Try-Ser, 75 E B EA5H5 11 55 £289 {7, #R PR IE LT Y Lys 28 Al PR
FURLAT Y Glu, HE DU X — 037 5 T RE AR 22 1 3 1 0.

KR MM IR TR Y £REYFY) ; BEEAF A MR
hE 4y %2 . $855. 3 SCERFR ARG A B HE.1001-411X(2015)03-0013-07

Molecular cloning and sequence analyses of the complete genome of
duck Tembusu virus isolated from the Pearl River Delta region
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Abstract ; [ Objective ] In order to comprehend the molecular characteristics of duck Tembusu virus , the
isolations of GDNS2010. 1, GDNS2010. 2, GDZQ2012, GDPY2013 in the Pearl River Delta region were
analyzed. [ Method] From the reference strains ( GenBank accession no. JS804) , eleven pairs of specific
primers were designed and synthesized to amplify genome sequence fragments of GDNS2010.1,

GDNS2010. 2, GDZQ2012, GDPY2013. The whole genome sequences of these four viruses were ob-

tained. The complete genome sequences of four viruses were obtained by sequencing and splicing. [ Re-
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sult and conclusion] Analyses showed that the full length of these four viruses was 10 990 bp, no Ploy
(A) tail structure comprising one large ORF, encoding 3 426 amino acids. The 5’ non-coding region (5’
UTR) contained 94 bp. Ten bases were missing from 103 395 bp to 103 411 bp of GDNS2010. 1 and
GDNS2010. 2 strains in the 3’ non-coding region (3’ UTR). Two sequences of GDHZ2012.1 and
GDHZ2012. 2 preliminarily determined were joined for a sequence analysis. DNAstar and MEGA6. 0
were used to analyze the sequences of six virus strains. Comparisons with other domestic Tembusu viruses
recorded in GenBank showed that the similarity of the nucleic acid sequence was more than 98% . In
comparison with Ntaya virus, Sitiawan virus, the similarity was about 73% . Compared with West Nile vi-
rus, Japanese encephalitis virus and yellow fever virus, the similarities were less than 63% . The similar-
ity for nucleic acid sequence of envelope protein in the six isolates remained between 97. 5% —99.9% ;
the similarity of deduced amino acid sequence was found to be more than 97% whereas isolates from the
same area had 99.9% similarity. In the site of E154 in envelope, there are a potential glycosylation site

Asn-Try-Ser and a potential virulence loci in E289.

Key words :duck Tembusu virus; cloning and sequencing; complete genome sequence; virulence loci in

536 &

envelope protein; duck flavivirus

TS +H 45 5 %5 2 ( Duck Tembusu virus, DTMUV)
J& T e RE AL O 7 m B R B A, L R 4 4
1 5 HAB BT EEAAL , & —FP 29 11 kb HR ERERY
RNA Jji5 5. FERACH 1A RIBIEHESE (ORF) |
Uit e S R R A DGR 5 A 3 i AR A X L
K20 2 1A~ KB R, J5 1618 £15 5 BIKEE A
i B 22 Z TR AR WY L W) A0 AR T 24 0 3 4%
FE T A ARG T TR R A By oy 5 -
C-prM-E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5-3", H:
RSPy p R s AN DA il o & ISR A ]
T AR R A DL Ko B 21 e o F b B S B A
. FE, E R E WS s R W bR, A
ZPPLIF AL, AT 7 & R R A R e
PENIE . NSS I K ARGE I 1, & 910 MR
KR, HA RNA MR RNA S5 g P R RE A5 1
AR R W S PG 7E . Forwood 2577 2 B
O RE NS5 ZEFRIX Y 37 A2 LR (369 ~405 {24 Ak
IR) & A # % 015 5 (Nuclear localization signal,
NLS) , fE 2 Hewi 1) 327 ~ 343 23 & A % i th 1y 41
(NES) , 755 75 2 PR 41 1) 52 i) o 7% v & 43 DG B .
T T R S A R SR A T R s L R A AR K
ZHE ) BURDLER A o1 SRR, A B T EE 2
TF S B0E 1595 A I 8. DR A SO 5 943 B
T 2010—2013 4FE43 25 T2k = A 1) 6 BRTS I 3H A7 5%
BEARSER 2.
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1.1 RXew#

L1 smahwie WENEEN) R AR ES

R, G S 1 23 30l Tt E 2 W) BBk 7 2 £t

1.1.2 ®EHIH5E KR KWEHIBFEE Escherichia coli

DHSa (1) 7R KA AR 3l Wy Ok Ak s s 03 A7 BR A W) A= 245

WF & FpCMRAT , pGEM-T-easy vector system “Aj Promega

/AP TN

1.1.3 %X # RNA/DNA #li42i{ %] &  DNA

Marker DI2000 M-MLV J% %55 (10 x ) PCR Buffer

(% Mg>*) .ANTP PrimeSTAR Max F{#E DNA R4

fiti \xTaq TG WEYY Fy TaKaRa 23 7] 7 it 5 5 18150

& N CREA R GR &0 Omega 23 R 77 il N

%52 (Amp) Jy Invirtogen 23 7] )™ il ; LB 1537 2 A

JNER AR YIRS .

1.2 RIeAH*

12,1 w3e A 5om A A R B 79 69 31 S 353 5 A %
Z: I GenBank WUBHIIHAT 71557 JS804 R (E 5

NC_015843) J 41, i A Primer premier5. 0 k{4111 5]

W, WAL, T M HERERE 57 50 A7 PR A 745 78

1.2.2 mAFRNAHBREAGART N SR

TaKaRa 7 iy RNA/DNA ifi4 1270 & 5 W1 5 20 B 4

Fi#E RNA. FIF M-MLV J2 %% 5% i ( TaKaRa 23 7] ) il

BEALS [ P0K RNA Sz 5% 5 cDNA  JUSEAR 2wl Ran-

dom Primer 1 L #l1 RNase free ddH,0 % 6 plL,70 C



553 1 RTCIL, 45 - BR A DS 3 A 900 2 (9 A D ) 0 5 20 A 15
®1 WBEGAHHEHEEREEARN PCR FE54%
Tab.1 PCR primers for amplification of the full-length genome of duck Tembusu virus
EIR/EA Y gl [OACH K& /bp
TemF1 5'-AGAAGTTCGCCTGTGTGA-3’ 1 ~900 900
TemR1 5"-CTCGTCGTTCCCAGATTCC-3'
TemF879 5'-GCTGGAATCTGGGAACGAC-3’ 879 ~1 742 863
TemR879 5'"GGAGGGCTCCTTCTTGTGAT-3""
TemF1392 5"-CCACGGAAGCGAGCACCT-3’ 1392 ~2775 1383
TemR1392 5"-TTCGGCAGCCTCTGATTAGTTT -3’
TemF2704 5'- CGCCATTGACTTGACTGT-3’ 2704 ~3 979 1275
TemR2704 5'-AACAAGTGGCAGAGCAAAGGAG-3'
TemF3958 5"-CTCCTTTGCTCTGCCACTTG -3’ 3958 ~4 863 905
TemR3958 5'-ACGCCATTCCATTGCTTC-3'
TemF4635 5'-CCGAAGTAGGCAATGGAGT-3' 4 635 ~5 994 960
TemR4635 5'-TGTCTGTTATTGGCGAGTTG-3’
TemF5573 5'-TCCAACTCGCCAATAACAGAC-3’ 5573 ~6 143 571
TemR5573 5'-CGTCAACCTTGTCCCGCTCT-3'
TemF5847 5'-CGCAACGGGTCATAGATAGTC-3' 5 847 ~7 491 1 645
TemR5847 5'- AACATTCCAAACTCGGTCAAG-3’
TemF7465 5'-GCTAACCTTGACCGAGTTTG-3' 7 465 ~8 888 1 424
TemR7465 5'-CCAGGGCTGCGTTACTATT-3'
TemF8788 5'-CGTGGCAAGATGGATGTG -3’ 8 788 ~ 10 029 1242
TemR8788 5'-CATGAGACAGGGACAGATGAG-3’
TemF9382 5'-GAATAAGGTGGTGAAGGTAATGC-3’ 9 382 ~10 990 1 608
TemR9382 5'-AGATCCTGTGTTCTACCAC-3’

YEF 10 min 57K B 2% 2 ming BLOBRP G 4% Bk
AR PEER 6 wl 5 2 wL 5 x M-MLV Buffer 0.5
L dNTP-Mixture 0. 25 pL RNase Inhibitor 0.25 pL
RNase M-MLV |1 pL RNase free ddH,0 J£%5], & RS
1 4% cDNA, JZ W 514:30 C10 min,42 °C 1 h,70 °C
15 min, G5H S BG4, 23l BT i | 4y
1T PCR § 3, I WK 2R R :2 x PrimeSTAR Max 5 %
L DNA RS EEHUR A 25 wL. ETFFSI& 1 ul,
cDNA itz 2 wL, KB ddH,0 £ 50 uL,PCR J Jij %%
.95 °C HiAS Pk 5 min;98 C AR 10 5,55 °CiB 7k 10
s,72 °C FE At [ AR A% A Be K/l 2 (10 s - kb™')
35 MEFR ;72 C10 min, A5 H 1Y Fr B

1.2.3 Rey kB k5 a4 PCR Y™ ¥
ATISESE ,220.01 g - mL™ SR BHEERS VK S, DI R
H 2%, 1T DNA- B i [l R & sk H ) i B
WCH B BL i 3% pGEM-T-easy vector 2 {4, H1 20 5 ki
¥k DHSa 32 25 4 s 7% A6 J5 X 29 iRk A T 4% 100
g - mL~ Y Amp (1 LB BEASHR b, 227, PR 5E B

PETEVE  FETE , Hh3R Bk PCR S5 hy PV I 16 i b
e /i RS N

1.2.4 BWARGFINERE 54 WpgRiE
1o [ b B R $2 58 NCBI Blast Server #EATHRHLIG R
PLK 5 GenBank H 0k iy HoAth B 95 75 1) AH L A% 1R
FeA 47 FL 343 8. W A DNAstar ( Version 5. 07) 43
B B i AR A 1 4 R TS 35 A5 77 0 B ik Rl B i)
FE50 53 AT B BRAN DF 42 , T8 1 o8 % 1 B R
H|. Bt 4 GDHZ2012. 1, GDHZ2012.2 4§ % J¥¢ 41,
DNAstar 1] MegAlign H11Y clustal W method 83 3%
AN T] 3t IXC ) TS HEL AT 25000 B 45 2 1 AR A% 1 R A BE TR
FEHAHAME ] Mega 6. 0 21y NJ B3, 34l R &R
G R\ LR

2 #R

2.1 £EFRAZEREY G
BT 5 ¥4 PCR ¥4 H LA, Bk S
AR T SR PR (B 1)
http://xuebao.scau.edu.cn
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2.2 £ERERAHMNES LS

MFF45 R 2 SeqMan FAF L8 AR PHESS , 15 5]
TN 2K T RITF Y, H i GDNS2010. 1,
GDNS2010. 2 B #k7E 103 395 ~ 103 411 bp b4
10 AP KR ; i X AT 95 ~ 10 372 bp, $h45ft 3 462
ANEIER B PHE I 97515 GenBank |- IS 1Y) 16
AT F (L7 10 A~ TMUV F1 6 AN E R
B EE) , L3R 2 Hi 16 Z5)7 51, 48 MegAlign #X14 L
T 2) 4y B k5 HoAth TMUV 35 Ak A AL #5178
98% ) I, H:rp GDHZ2012. 1 5 GDPY2013 Wi & 4k
52 7% Btk JS804 AH UM & =, 4 A 99.4% |
99. 3% ; AL 73 BT 7, GDPY2013 £k 55 JS804 4b
FEIR]— 19 &5 7E 6 TR Z 8], GDZQ2012 55 HAth B #k
ES K, 448 T A — M 7 1 GDNS2010. 1,
GDNS2010. 2 1 GDHZ2012. 1, GDHZ2012. 2 [y % #
FRARAAPEAR &7 , A T A A b B [a)— 5 6, AT RE H (]
—BEPRIEALAR 2. 5580 B 8 i R AH E R B AR AR
PE 5 1Y S Sitiawan 5 8, AHRUPE Dy 87.5% ~
88. 1% , K Ay Niaya-IPDIA BRA1 LA €,51 1 KX i 15
BERIG T, HIMLEE R Ky 72% LA L, 10 75 J& % ol 5 75
H A AU AR5 5 8 FA00s 7 5 A LA, AR i A1
F 63%.
2.3 REFTELMEAEEEASH

P AWM EREEA 5 M TMUV

http://xuebao.scau.edu.cn

d
M:DNA marker DI2000; 1 ~11 F B K/IN3Jl 4 900 863 .1 383 .1 275 905,960 571 .1 645 .1 424 |1 242 1 608 bp.

K1 GDNS2010.1(a) .GDZQ2012(b) ,GDNS2010.2(c) .GDPY2013(d) 4= FL X 3] F EX i) PCR §1%
PCR amplification of the complete genome of GDNS2010. 1 (a) ,GDZQ2012(b) ,GDNS2010.2(c) ,GDPY2013(d)

10 11

R2 SESKRRFIERS

Tab.2 Reference strains in GenBank and their accession

numbers
Bk B A B
Sitiawan virus Lok 2000 JX477686
HLD115 HfE - 2012 NC_017086
17D vaccine strain S [E- TN 1985 NC_002031
West Nile virus - M 1993 NC_001563
Japanese encephalitis virus I A< 1987 NC_001437
IPDIA Wk Z 1966 NC_018705
Israel/106819 Lar] 2010 KC734552
FX_2012 hE - L% 2012 KC990541
SDMS PE - 1% 2013 K(333867
Wi-1 hE - R 2012 JX549382
WR il - fEe 2010 JX196334
s hE - Jeat 2012 10920422
Byd-1 P - b 2012 10920420
7] 407 HIE - i 2010 JQ314464
7J GH-2 1 - #T 2010 J0314465
JS804 HE - T 2010 NC_015843
Fengxian-1 E - L 2011 HQ833330
HNI Wi - 2012 1669731
SHYG-1 HiE - YR 2013 KC581714
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byd1/China/2012/JQ920420

FX-2012/China/2012/KC990541

B GDPY2013

JS804/China/2010/NC_015843

B GDZQ2012

B GDHZ2012.1

B GDHZ2012.2

WR/China/2010/1X196334

WIJ-1/China/2012/JX549382

B GDNS2010.1

M GDNS2010.2

JS/China/2012/JQ920422

JXSP/China/2012/JQQ920423

7J 407/China/2010/JQ314464

ZJ GH-2/China/2010/JQ314465

SDMS/China/2012/KC333867

— Sitiawan virus/Malaysia/2012/JX477686
IPDIA/Cameroon/1966/NC_018705

106819/Israel/2010/KC734552

Japanese encephalitis virus/Japan/1987/NC_001437

West Nile virus/USA/1993/NC_001563

HLDI115/China/2010/NC_017086

17D vaccine strain/USA/1985/NC_002031

B2 WA 95 REAR BEAL I (2R 4% )
Fig.2 Phylogenetic tree of DTMUV strains( by NJ method)

(ZHEMIFE2 5 4 F75) WA, B BRIT 5
FIEER 97. 5% ~99. 3% , e R KR 7 51 AH AL 1
1E97% LA E(1E 3). & 3 ) WL, R R PR~T (00 7
E FER P8 S e vt A 0 - BR = A 40 25 6 REE S
P A 3 X 73 B A0 7 bR L 5t 4% 5C & | S804
GDHZ2012. 1, GDHZ2012. 2, GDPY2013, GDZQ2012
5 SHYG-1, GDNS2010. 1, GDNS2010. 2 5 Fengxian-1
o35 SR L X 4d7s DTUMYV i3 n] BETEIT 3 4F
HKIF R B K 22 55 19 38 5 7 #k. GDNS2010. 1,
GDNS2010. 2, GDZQ2012 , GDHZ2012. 1, GDHZ2012. 2 |
GDPY2013 %Rk 55 2 7% Btk IS804 A Lo #5 i 4t 2

Wi 2% B2 JyJo L8 6 PREEbRIAlfE T 2 SR 2
A A% 0 W32 3. GDHZ2012. 1 .GDHZ2012. 2 %5 128 fif
FAEEIR B R M TE HL T 1Y) Avg A8 Ry AR AR P AN L AT
1Y) Met; GDHZ2012.2 55 289 i Hy #l 1 417 1F Ha, £ (1)
Lys 72 gl Pt £ FL A 1Y) Glus 7575 458 AL p Al PEAS
HrHLfar Y Ser A8 R AEMK 1k Pro; GDPY2013 £ 7E 313
AL AR PR A T HL AT Y Arg A8 Ay AR A AN A L a7 1Y
Met. 36 P58 2 P AR P BT FRL r 25009 02 s AR AT BB AL
EVETERBE DL J3 o, BN 2 154 (iAfEdE—
AMETERIBEHEAL A S (Asn154-Try-Ser) , X — 1V g 7E
PNE 2§y o E A AU
http://xuebao.scau.edu.cn
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100

. GDHZ2012.2.seq

80 o GDHZ2012.1.seq

47 [— @ Gorv2013 seq
H— JS804/China /2010/ NC015843-1.seq

100

. GDZQ2012-1.seq

SHYG-1/China/2013/KC581714.1 .seq

—— @ GDNS2010.1-1 5¢q

. GDNS2010.2.seq

ﬁ|| — fengxian-1/China/2011/HQ833330seq

—
0.002

HN1/China/2010/JQ669731.1-1.seq

B3 WSIEA IR E SRR b (4845
Fig.3  Phylogenetic tree of envelope gene of DTMUV strains ( by NJ method)

R3 EERAHESESERRER

Tab.3 The mutations in the deduced amino acid sequences of envelope gene

LS B AL AL B AE 1L
GDHZ2012. 1 128/179/451/488 R—M,V—-I,K—>R, V-l
GDHZ2012.2 128/179/289/451/458/488 R—M,V—>I,K—-E K—-R,S—>P, VoI
GDPY2013 107/313/445/468 L—-F,K—E, VA L->P
GDZQ2012 232/367/394 T—M,T->M,R—K
GDNS2010.1 369/474 [->V, M-I
GDNS2010. 2 474 M—I
3 it RSO R 2257 A BR 2010—2013 4R35

2010 AR I A 355 1A Y S8 SR AR 5 Tk o A
BIREKE SRR TERMAETIR. BTN
I8 I A7 3o B R LG R | 54 [ B S B
J& TR BE R BOM B5 8 1Y B0 5 T B0 7R b R
RS U N g B, U H AR 2 TR fig AR 5k B R
05 WAL PRI A % Tang 20T XE 132 £y £
P I (NG W < (1 o1 S 7 N B vy
71.9% ,63 i 11 J 4K+ K2 il 9 B RNA BH M 2 58
47.7% ,3XJ& 15 2L R 5 M 30 A7 750 75 [ JHC At 1 B0
BEJE L —FE B A S AR B SGA TR E— 2 A
BTG YA 505 B A — PP ] BT A, HL I T A 4
KR R N FE S B A LT &, Yu &5t
2010—2012 4E4p B3I 6 BRIAG I FE Y E B 45
F B R A R A 9 R B, S A TR B T
112 ASFERAY, [,y 322 B R A, A ]38 e B 2 B
A SRR I A 13 AL, T A e 5 1 Rl
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MFPHATH 6 B 75 L BT 515 GenBank WY
10 BRIBAT SRR FUE, A B 6 BERR MR H AR BA
T 4 4 [ PARAE A A S5 RE AT R T S AR
AR, 7E 97% VAL 3 B/ 1 4 AF (8] B A S50 2
R B AR AL 5, e U B BA TR E
A BN 2010 AR i R Bl 3L A, A0 B O P
A5 AT B — T T S R S A R
PR TR T S P 5% 5 73— D7 T ] RE-S H T ALk
ZHBBRAREE -5 25 I DUA 5C, 7E IR R O
T I PR e s /0, BERERERG BE A R KB
AR AR BER N TS 7 2 BB T e, 4N
TERTIRER H , EH KB 6 Bk 2012 AR50 3 T2
JHE 2 Bk G T 8L A7 £ B N 22 5, W E kB
GDHZ2012. 1 ] EIDy, k. GDHZ2012. 2 ¥ EIDs, & H 2
ARRERE 20 5 ARTR LN LAl 7 /NS I AT AE
516 WL A e PRAE AR, L Z AU T, Ja A R e g, H
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RS AR B R T R AE B ST A
GDHZ2012. 2 . GDHZ2012. 1 £ 2 A=A 5, Tt I
J& GDHZ2012. 2 %5 289 i th ) P77 1E L £ir ) Lys 28
AR SR AT ) Glu, 33K — (37 5 2 1 PRl L
WO CAMITEERA, 2 289 (2L IR T B
FEELIER L T, 255 I A B s R H A
L3 2 B R IS P R R A

1 7 3 9F # %€ S5, & B GDNS2010. 1,
GDNS2010. 2 FEFRAE 103 395 ~ 103 411 bp 4bHk4k 10
AR, AR R IX 2 FERRAY EIDs, A R 5 S AR
HEIY EIDg 43510 1077 107 X B R 7 S AL AE
B 3" UTR, 1X Bk 5k 19 1 91 J2 1 e i 2 2 1l fiE
T HoAth 4 PREE A DDA, ) o o S e v B B AR A
pE— L HFFTRAIA , SCHR AR IE 12 B RE Y 37 UTR 22
) 25 9 25 1) AL 1 B L SR A B R

8y Y A 3 2 1 DA — o ] AT 1 A e P
I, BRI TR T 27 4 e BOW LB S5 A ) 2
Tk i ANRAR T E Wi PR L ik = A5 A58 i A 0 - B 5 B
TAREE 2515 QLA 2 7 D N\ A . AR Sl
SE T T 2010—2013 4F[8] 73 B T ER =M HLIX 1Y 6 Hk
S P AT TR RE , 9 T — 2 BB T 0k o T2
ST ARAEBERE T S,

S5 3Lk -
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