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Abstract: This study focused on determination of the genomic character of bovine ephemeral fever
virus (BEFV) strain HN1/2012, which provided data for clarifying the genetic evolution of
domestic strains of BEFV in China. Based on the complete genome of BEFV strains deposited in
GenBank, eleven sets of primers were designed and used for RT-PCR for eleven overlapped DNA
fragments. The obtained fragments were cloned to pGEM T-easy for sequencing and then assem-

bled to obtain the complete genome sequence of the strain HN1/2012, using the DNAstar soft-
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ware. Individual genes and the corresponding open reading frames (ORF) were determined based
on the transcription initiation ( TI) and transcription termination/polyadenylation ( TTP)
sequences. The evolutionary relationships between the strain HN1/2012 and the referenced BE-
FV strains were analyzed based on the sequence similarities and phylogenetic tree constructed
based on the G gene sequences. The results showed that the genome of HN1/2012 strain is
14 899 nt in length, comprising a leader sequence (50 nt), N gene (1 328 nt), P gene (858 nt),
M gene (691 nt), G gene (1 896 nt), Gys gene (1 785 nt), alaZ gene (638 nt), B gene (459 nt),
y gene (400 nt), L gene (6 470 nt), and a trailer sequence (70 nt). The nine genes were separa-
ted by intergenic regions (IGRs) of 26, 43, 47, 53, 37, 39, 30 and —21 nt. At genomic level,
HN1/2012 demonstrated the highest similarity with JTO2L that was isolated form Zhejiang in
2002, but its G gene had highest similarity with epidemic strains LYC11 and LS11 that circulated
over the same period. Gene recombination was not found in HN1/2012 by recombination analy-
sis, indicating that gene mutation promoted by immune selection pressure may account for the
evolution of HN1/2012. The genomic sequence of bovine ephemeral fever virus strain HN1/2012

was determined in the present study, which may lay a foundation for evolution analysis of BEFV

49 %

based on complete genome in China.
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BeI R TASR % ., ZEHT 201247 ARA
T] T 28 % B T J) 320 0 2 4RI o I I 2R L R ST 5
% 5 W TR AR A R I8 T Bl B 4 R A 0 Y
JAR 2R AT AR AR, SR 4R R AU (PR 3% 40. 0 C LD
() EDTA Frigif . T —80 CHEAF,
1.2 FERXF

RNA ## Bt #] RNAiso Plus, — # 3 RNA
RT-PCR i #] & PrimeScript™ One Step RT-PCR
Kit Ver. 2, Premix Taq™ . DNA #i 4k i 7| & .

DL2000 DNA Marker ., i f7 $2 BUKL 7] &, 0 3 K%
TaKaRa 2 @) ; pGEM T-easy #R {4 . 7% 32 fifi & Pro-
mega 23 A 77 i s A2 AU Trans5a W 4 65 425K
S YRR A BRAA R A 5 2 oy [ 7 s )
Mréti
1.3 5|#i&it

R4 GenBank it 5% #9 K #] I BEFV
BB7721 tk iy 4 5 K 41 J¥ 5] (GenBank % 5% 5.
AF234533) Db e 38 [ B30 43 25 Pk Beijing-1 A9 %8 4
HH 40 ¥ 91 (GenBank % 5§45 JX564640, U72399
AY854642) ¥ i 35 BEFV SEF AR 11 %519
(ED T H 114 DNA 5 B, HHSm 2 4
DNA F B HA M E & T RS AR 7 51 PF 4 .

x1 519EFE5
Table 1 The sequences of the primers
BiEY| P FEE (53" {8 /nt FYIKE /bp
Primers Primer Sequences Positions Product lengths
BEFVI1F ACGAGAAAAAACAAAAAAAC 1 820
BEFVIR GATACAAAAATCCAATCAAG 820
BEFV2F ACAAGGATGCCGCAGGAC 770 2079
BEFV2R TTCCCTCTTCTTTTGCTC 2 848
BEFV3F ATTCATCCTAGAGATC 2733 1458
BEFV3R ACCATTCCCCCTCTTGTTG 4 190
BEFV4F CTCTGTTTGTCCTTACCAG 4108 2071
BEFV4R AATGACAGTATCTTCATCAG 6178
BEFV5F GTGAGTACATAACAGGTC 6 108 2 025
BEFV5R GCTAGATCTAATCTCCT 8132
BEFV6F GGGTAGTGCCTACATG 7930 631
BEFV6R CTCTACTAAAGGATCT 8 560
BEFV7F GAAGAGGAGTCCATG 8 483 1304
BEFV7R GATGAGTTTGGAGATC 9 786
BEFV8F CCTAAAGAGTTAGAAG 9017 2012
BEFVS8R TGTCCTCTGATTGCTGG 11 028
BEFV9F CAGACAATCAGCATGTG 10 604 2 181
BEFVI9R TACAGTTCCTTGAAGTGC 12 784
BEFV10F AAATTTGACGCATCGCAG 12 718 1701
BEFV10R TCCTGATCTGAGTATGGT 14 418
BEFVI1F AGTCATCTAGTAACAACAAAG 14 345 556
BEFV1IR ACGAAGAAAAACAAATAAAATAC 14 900
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M RNAiso Plus i 7] #: /E 36 B . )\ BEFV
HN1/2012 {54095 75 Bt % i 42 B RNA, R 77
T — 80 °C ny ¥ & I 7 4 fif 7R J5 HL 300 plb 2 G
RNase 8.0 & H. il A 800 L RNAiso Plus, fill A
200 pL S5 IR A WA EEME 5 min, K5
12 000 g 4 ‘C &0 15 min, W FIEWHEB 2 5 —
BEODEFR A 700 L MRHNERS . EERME
10 min 7,12 000 g 4 ‘C&.[» 10 min, X iEIf
fiIA 800 pL 75% WL R 415 12 000 g 4 C B>
5 min, /N0 FEE BE, EE T B UIE 5 min, ITA
50 pL G RNase /K%t RNA,
1.5 RT-PCR MIEREEE

R4 — 253 RNA RT-PCR a5 & 36 W 45 e 1
SN S AR Z R AT 2 X Buffer 25 L. RNase
Free dH,O 18 pL. F {51 ¥ F0 X5 1 (9 F Ui 51 4
(10 pmol - L H& 1 pL.Enzyme Mix 2 pLL.RNA
3 pLIRANE R B FEF 50 °C 30 min;94 ‘C 2 min;
94 °C 30 5,55 “C 30 $,72 °C 2 min, XM 35 MG
Ja 72 CLIEM 10 min, P IELEHIG . 1 Y05 IRbE
LUK I U Ee Il 5 9 254 . 5 pGEM T-easy #ifk i
P2 )5 4k Trans5a J8Z 25 40 M0, Pk B A5 7 L 1)
Premix Taq #47 W 7% PCR %@ . ¥ 9140 % % 4 FH
P 2 TR B 9% SR EUOR % B & W ER AR R A
B 28w HEAT P 4100 5
1.6 EFRARFI . EREHMEERLDH

I 26 [ 1 R R A5 B o (NCBD ) 3
W) VecScreen 78343 U 7y 3R 45 19 45 7 BOIt

bp M I 2 3 4

2000

1000
750
500
250
100

FBREARIF A, 2 J5 FIH DNAStar {442 H i) Se-
qMan B AF AT P50 9882, A0 8 2 R H A7,
2% GenBank IR (9K F . BB7721 #f i) & K 2H
5 B (AF234533), R ¢ BEFV 3t A 1Y 7% 5% 2 1h
(TD e 4L/ 2 BRIk (TTP) J¥ 41, # &
85 F5 DR R 57 % eE IO (1 FF ) 2 AE CORF) L 9 3 4%
SRR T A, B G 1 28 GenBank, 3K 7 4]
5. FIJH DNAStar #4432 ) MegAlign #f4, %
HI Clustal W 3977 35 347 LU XS 40 B 45 3k PR R A 1
M2 M Mo 0 & R 5 2 % & bk BB7721
( AF234533). Ad12/TUR (KY012742). JTO2L
(KY315724) iy J 5 AP . L HN1/2012 #R 8 2E
FI G 3B 1 fE A1 25 48 38 4 B )7 41 (1 572 no) HEAT
BLAST (http://blast. ncbi. nlm. nih. gov/) £ £k [t
Xt A3 AT s T 2R R VR 81 L )R R 4R 4R £ RDP4
1 ) RDP., GENECONV, Chimaera, MaxChi,
SiScan,3Seq.LARD % Jy 3% #F 47 &  , 4 #f HN1/
2012 #RIEN AT HE & /LR 4L . A FH Mega6 Hi {4
HEAT 7 41 b X, 4 R G kA, 4 B HND/2012
PRI 3 2 A7

2 # R
2.1 RT-PCR ¥ 18

JHBEAT Y 11 %51 91347 RT-PCR ¥4, 28 1%
BhUNE BERE i L K L 5 2 T 5 U0 R4 Y 11 N H
B 5 U0 RN — S i BOR R g G Ol 820,
2079.1458.,2 071,2 025,631,1 304,2 012,2 181,
1.701.,556 bp(J& 1),

6 7 8 9 10 11

M. DL2000 HXJ 43 F BTt bRk s 1~11. 5[#xF 1~11(Z 0% DRT-PCR 1 74
M. DL2000 DNA marker; 1-11. RT-PCR product amplified with primer pairs 1-11 (see Table 1)

B 1 RT-PCR ¥ 1% BEFV £ ERF 4

Fig. 1 The RT-PCR amplification of complete genome of BEFV
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7% PCR %€ Bon . i 11 AR R B
FEF] pGEM T-easy gk v, K BH M 5 41 3 1% 7 42
WUk 22 0y PE . AR A3 T HN1/2012 #k (9 4 5
HA S, 4K B 14 899 nt, % JF 4 B #25 Gen-
Bank, % 545 KM276084,
2.3 ERAEHIH

R4 BEFV FE K (% TT ft TTP J7 41 xf HN1/
2012 PRI HEAT 20 A T RS, 45 R & B HN1/2012
M5 2% Mk BB7721,Ad12/TU HA7 AH L 5 A
LM & FEW B & A R Sr i T1 P 91 UUGUCC,
FE 5 SR Y mRNA &4 5'-cap- AACAGG-45 14 5 Bk
BEEH ) TTP 41y GUACLU s KA KK /g TTP
FPo4 R GUACLU L,  fE#% 5 ) mRNA B A CATG
(A)7 854, AN ol JERIFN o2 K5 h T B AT S [R] Y
TI A TTP J7 56 T W] — 5% Sk IT N 7E o2 1Y
ORF 75-—230 {3 i % 75 — 132 A% 4 A [] ) Fff ) 2 1
a3, HNI1/2012 bREEHH £ & 17 5 5 51 (50 nt, 1—
50 fii) N FE A (1 328 nt,51—1 378 fii). P &R
(858 nt,1 405—2 262 fi/) M FEH (691 nt,2 306—
2 996 fi1) .G FK (1 896 nt,3 044—4 939 fif) ,Gys F&
A (1 785 nt, 4 993—6 777 i) .ala2 % [ (638 nt,
6 815—7 452 i) B HH (459 nt,7 492—7 950 fif) .y
[ (400 nt, 7 981—8 380 fii) L H:[H (6 470 nt,
8 360— 14 829 f37) R B (70 nt,14 830—14 899 fif),
AH 2 B 3 PR PR DR () B X CTGR) 3 42, (0 46 . N-P
(26 nt) . P-M (43 nt) \M-G (47 nt) .G-Gys (53 nt) .
Grs—ala2(37 nt) ., ala2-(39 nt), Fy (30 nt), L
(—21 nt, PR ZE) & 21 nt EEHX), HN1/2012
Pk G B RTE 5 Skl IG5 5 Nl 5 ORFE Z [u] 19 4 4
XA — A BB G R , BAFF & &4 i) BEFV
HE PRI
2.4 ERATROH

FEA LLH o A & B0, HN1 /2012 fR2 BE A 5
AL F W A2 IR [E 2002 4FE 43 B bk JTO2L A A%
i AR i 5 (99. 300, Hok O +HH: 2012 443 B
Bk Ad12/TUR(92. 3%) A K FI I 1968 4F 43 5 #k
BB7721(90.5%) ., fEEHBR/KT. KR BEFV ##
2Z (8] F Ay DR ST R 5 TR 20 T g X B Ry iG 2 41 R 2 R
JPH, ok N P CE B3R U R 95, 8%0) (y Jk
L 3R o1 38 G2 M UM R 94, 226 ~
94.8%) M FEH BN .G [N Gus T K 1 1% R
P o0 AR 5 48 K COF- B3 AH B A 93, 026 ~ 94, 0%4)

R IR AT N & A& ST 5 5o R sF CF 1
FRARIME R 99200 ok oy MR L B .G A COF
PIAPE R 97.2%~98.1%) . v BB HE M .Gus
B ol AN EERZ R B KR CFS AR E
91.4%~94.9%) . P.a2.a3 F& K ¥ B A& 5 iR
S5 R B 4 R 89. 9% ~91. 9% 1 71. 5% ~
90. 8% I fF TR RAE S . R . HN1/2012 FR3E
K20 45 3L 5 TTO2L #RAH A8 S48 /0N , 5 3% [ 1
4y BBk Beijing-1 LR G 3k R AH 1P b & 1
SNy Kk BB7721 FI Ad12/ TUR, {HH [ 8 & ([
H o3 5& % # bk Beijing-1 B 1F IR L & L MR Y 17
TER R 2R (R 2) . Ul W 8 & 1 75 3 [F BEFV #
PRI AL s FT BB A #E/E . HIN1/2012 £k 5 90 B
X 2011 4F BEFV 4y Bk LS11.LYC11 L) J% 2002 4F
WLy Btk JTO2L 9 G iR R —3% . HIREE
itk JB76H AH Lb, X S bk G3 R RB KA T
53 fi7 (K—=N) Fll 263 i (G—=E); G4 £/ (G HEH
455—482 fii) Wy A8 K A T 461 £ (K—E) Al
475 AL (A—>MD, 517K 2011 455 B kAR S e A A ]
HJGHAE 476 Ai¥g N T E—D 48 ; Gl £ AL (487—
503 1) F G2 A7 (168—189 7)) 78 & [ < i 43 B8 1k
7 2)
2.5 RS

BLAST 45 1 %/~ . HN1/2012 # G & (9 i1 4h
ghEA I A X 5 3 (P K 5D L H AR B AR L
KEAy 2012 4F o 44> B Ak (TR/CUL5 . TR/CU16,
TR/CP3) FlI5 F 4y 85 #k (EGY12) il 4% 1 12 48 o 1
h95.020~99. 0% , 55 v 7R Al 43 85 Bk 1) A 1 TR AH
IPER 92,026 ~93. 0% . 5 WK FI W 43 55 bk 19 4% 1
FRAHALE N 90. 0% ~91. 0% ., 5 GenBank Hr it 5%
/) BEFV &K A G B H S % 75 k47 A
Rl K & B HN1/2012 pR R A% . FIH
Mega6 {4 #4738 4k 53 1 . BEFV 8¢ 8k 7] 73 8 R
R VPR R DL MR RS RS R
o, HN1/2012 #RAL F R W48 323X — K
43 SR AL G TR [ P b I A B Al BEFV 43 85 6k L3R
B G sk R AR bk (B 3, HHHE
2012 4F i 4% B # TR/CUI15, TR/CU16, TR/CP3
Rz K 4y Bk EGY12 4k F R W 4 2. HN1/
2012 ¥R 5 FRET R 2011 4R 43 B bk LS11 #9354 ¢
ARG A% R RN A L R 1 A RLPE 2 ok 99, 690, H
WORTRE A B Bk LYCLT DA IR 2011 4F 4% B #k
A% 2 R4 5 R 4R AU 4 530k 98. 7 %6 ~99. 4 Y6 AN
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Table 2 Percentage of nucleotide and amino acid similarity between individual gene coding region of HN1/2012 and reference viral

strains %
N X N R PR MER GER GuZER ol BEHE o2 FH o3 B pERN yHERKN LEN BHKX
Strains Leader N gene P gene M gene G gene Gys gene al gene a2 gene o3 gene [ gene ¥y gene L gene Trailer
JTo2L 100.0  99.8 99.9 99.7 97.0 99.4 100.0 99.1 97.4 99.4 99.7 99.6  98.6
— 99.7 100.0 99.5 99. 3 98. 6 100. 0 94. 8 96. 0 99.0 100.0 99.4 —
Ad12 98.0 93.8 88.2 92.0 92.4 90. 1 92.1 89.5 89.1 91.4 91.3  93.7 100.0
— 99.0  87.4 98.2 97.1 92. 4 94. 3 93.9 72.5 97. 1 96.4 97.6 —
BB7721 98.0 93.7 87.7 90. 3 90.5 89.6 90. 6 86.0 83.3 90. 4 93.6 90.9  90.0
— 98.3 85.2 96.8 94.7 91.8 92.0 87.9 58. 8 93.4 94.7 96.2 —
Beijing-1 96. 3 83.1 82.3 76.3 82.4 84.1

97.9

79. 80. 2 58.8 87.9 88.6

n

—. RHEEER T A s AR T 3R S I LT 9 AR LA

G3 (215-231)

. No amino acid sequences; The similarity of amino acid sequences are shown in italic script

G3 (262-271) G4 (455-482) G1 (487-503)

G3 (49-63) G2 (168-189)
HN1-2012 FLTPCTINDSKTKGCPLKDITG
LS11-2011
LYC11-2011

Shandong-virion
Shandong-2011
JT02L.-2002
JB76H-1976
TN2-Taiwan 2014
HL-Taiwan 2014
HC-Taiwan 2013
TN-Taiwan 2013
YL-Taiwan 2014
TNI1-Taiwan 2014 |...
KS-BEF-2 2015
KS-BEF-1"2015
TR/CU15 2012
TR/CP3 2012
TR/CU16 2012
AdI2-TUR 2012
TR/ADYMN 2012
E496 2012
BVLB6_2012

KSFRSELNETERLWEAP

HTKSIYEGIEEYQKLIKFEVMEYDNIEE

IENQTESDFQ

YEEDEKFKPVNLSPHEK

2 HNI/202 %k 52ZFHR CEORMILE

Fig. 2 Comparation of the epitopes on the G protein of HN1/2012 strain and reference viral strains

98.8%0~99. 6 %0 . X $E F AR AL T — AN 10 3L,
AR L YIA 6. BeAh, HN1/2012 #k 5 o [
1976 4E4r B4k JB76 H DL Jz 2002 4F 43 B kk JTO2L
Sy PEE G B 2013—2014 AFErh E G 40 5
PRAIH A% 2015 4F 43 85 k. + B0 2012 4F 43 55 Bk
CU15.CU16 ,CP3 Ff &5 4 X} &3 , vl 68 76 3 fk 1%
DI,

3 W i

H 1867 4F7E AR B K & BEF, ik £ 4 C
A 150 RAERPIE . s¢ i BEF M E R L R
GAPREE DR 28 2 A B L XU A ) EE R

VI V2R B B R A B O A A AR AR sh i
S R IR A I RPN o i g SR o N i Ny i [ B
FEBSAE4ED . 4k 20 HH28 30 4F 4% L Ep R L B
BEJRVE I . H A E BEF 25 . K E T 1955 4EIF =
Wl KA KB, 2 1991 E IR EREL
WCRAT » 8 A7 T [ 7 3 0 o A 22448 X i FLAE AL
D5 AL T A R TR T R b X T
FRID B RS, H 1983 iFEAA 8 IR KW
BEF Ji 47 H i 30 (9 3 38 R 2011 4R, K9 R N
30 %0 BT 2R GK 5261 )3 7 3K 1) 1 7R b X A 42 3
TR TAT » B B MRS RE 2011 4F 43 5 MR 7E 3
Al 37 )i S S
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63 AY954451 2001/TW China/TN2
AB462042 ON-BEF-01-2 2001 Japan
AY954459 2001/TW China/TN10
AY935241 2001/TW China/TN1
AY954457 2001/TW China/TN8
AY954452 2001/TW China/TN3
AB462041 ON-BEF-01-1 2001 Japan
AY768942 Taiwan China HL-2002
AB462043 ON-BEF-01-3 2001 Japan
AY954458 2001/TW China/TN9
AY062166 Taiwan China UL-1-2001
AY818194 Taiwan China TN -2004-124
AB462044 ON-04-1 2004 Japan
KJ605426 2004-CH1-Taiwan China
KJ605427 2004-CH2-Taiwan China
KJ605428 2004-KS-Taiwan China
@ KY315724 JTO2L China 2002

KJ605437 2012-HL-Taiwan China
KJ605434 2012-TN 1-Taiwan China
KJ605435 2012-TN2-Taiwan China
AB985267 ON-3/E/12 2012 Japan
KP403933 2012-TN3-Taiwan China
KP403936 2013-PT-Taiwan China
KJ605430 2007-KH1-Taiwan China
KJ605431 2007-KH2-Taiwan China
69 KJ605429 2007-CY-Taiwan China

— KJ605433 2009-PT2-Taiwan China
100— KJ605432 2009-PT1-Taiwan China
AF208840 Taiwan Chinal999

— AY935240 1996/TW China/TN1
67— KJ605424 1996-TC-Taiwan China

98

85

100 97|:|
99

56

100

95

65

100

100

100

B 3 BEFV &tk G EE &g ki
Fig.3 Phylogenetic tree based on G gene of BEFV strains

KC470312 2012/TR/CU15
KC470313 2012/TR/CU16
KC470310 2012/TR/CP3

@ X234571 Shandong virion 2011

@ JX174661 Shandong/China/2011

@ JX564638 LYC11 China 2011

A KM276084 Bovine/China/HN1/2012

@ JX564637 LS11 China 2011
KP403940 2014-TN2-Taiwan China
KP403938 2014-HL-Taiwan China
KP403935 2013-HC-Taiwan China
KP403937 2013-TN-Taiwan China
KP403932 2014-YL-Taiwan China
KP403939 2014-TN1-Taiwan China
LC155958 KS-BEF-2 Japan 2015
LC155957 KS-BEF-1 Japan 2015

@ JX564640 JB76H China 1976
AB462039 ON-BEF-89-3 Japan 1989
AB462030 Japan Hirado-9 Japan 1988
AY935239 1984/TW China/TN1
KJ605423 1984-VAC-Taiwan China
AB462037 ON-BEF-89-1 Japan 1989
AB462038 ON-BEF-89-2 Japan 1989
AB462035 ON-BEF-88-3 Japan 1988
AB462036 ON-BEF-88-4 Japan 1988
AB462031 Amakusa-1 Japan 1988
AB462029 Hirado-6 Japan1988
AB462028 YHL Japan 1966
KJ729108 EGY12 Egypt 2012
KY012742 Ad]2-le=[{ 2012
KC788421 2012/TR/ADYMN
GQ229452 2008/TR/CP77
GQ229451 2008/TR/CP62
JN833633 ISR10/1 Israel 2010
JN833635 ISR10/3 Israel 2010
JN833634 ISR10/2 Israel 2010
JN833630 ISR00 Israel 2000
JN833631 ISRO1 Israel 2001
JN833632 ISR04 Israel 2004
KF679437 V1956 1956
KF679455 D826 2010
KF679458 D853 2010
KF679475 E496 2012
KF679456 D831 2010
KF679476 BVLB6 2012
KF679483 E714 2011
KF679461 V7203 2008
KF679462 V8363 2010
KF679472 V6330 2004
KF679440 CS1911 1989
KF679438 CS1908 1989
KF679452 CS1952 1992
KF679436 CS1951 1992
KF679473 X837 1991
KF679474 X760 1991
AF058322 CS1647 1984
AF058323 CS1619 1984
KF679470 V933 1986
AF058321 CS1180 1982
KF679407 CS1179 1982
KF679405 CS355 1980
KF679406 CS366 1980
KF679444 CS968 1979
KF679480 V629 1976
KF679479 V511 1974
KF679485 V496 1974
KF679435 CS1942 1971
KF679416 CS1933 1973
AF058324 CS42 1975
KF679412 CS1867-1970
KF679404 BB7721 1968

Australia

Middle East

East Asia
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