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HVT

HVT Fc-126

HVT

1 AR

11 ##
1.1.1

Promega

*1 EARSEBIBBRUEREESY

pBeloBAC11 Invitrogen pNI1-gpt
BAC Escherichia coli DH5a
HVT BAC DHI10B Herpesvirus
of turkey HVT Fcl26
1.1.2 Pacl
(513, 14) NEB T4 DNA
BAC ATP dNTP LA Taq
BAC TaKaRa DMEM
Invitrogen Difico Calcium
BAC Phosphate Transfection Kit Promega Qiagen
plasmid Midi kit Qiagen PCR
Bioflux mycophenolic acid
BAC MPA xanthine hypoxanthine
HVT Sigma Gene Pulser Xcell™ Electroporation
System Bio-Rad
1.1.3 SPF 9~10 SPF
12 3Rt 5EM
GenBank HVT Fcl26
pGEM-T AF291866 pBeloBAC11
pMD18-T TaKaRa PCR Invitrogen

Table 1  Primer pairs used for amplication of fragments for construction of transfer vector and verification of the recombinant virus

Name of primers

Sequence of primers(5 %5 -3 T

Description of target gene

A-F
A-R
B-F

ATAGTCGACACATCGGGCCACGTTCCGCC
ATATTAATTAAGGATCCGATGAGCTGACGTGTGGA
ATCTTAATTAAAAGCTTACTAATATGGGCACAC
ATCGGGCCCTGGCCCATCTAGGTGATTAT

homologous arms

ATGTTAATTAACGCCATGCATTAG
ATGTTAATTAAGCTTACAATTTACGC

CTCCAATGCGCCTCTCATACAT
ATGTATGAGAGGCGCATTGGAG
ATTCGTTAATTGCGCGCGTAGG
GAATATTCAGGCCAGTTATGCT

TGGGTGGGCATATTTCTAGTTCTG
CGCGGACTGAACATGAGTCAT
CGTCTTCTCGCGTGAGTACCAAAT
TCCGCCCAAGTTTCACACGTGATC
GGATTTCCGTTTGCGTCGACAAT
GGTACCCGAGTATGCCTAATGTC
ACAGCGGTAGCGATGTAGGTTGC
CTAAGGGCCCCTCAGTCTGATT
TGAAACTTGGGCGGACCTGTATC
ATCATACTCGCCGAGATCGTC
GCG CTC GCT CATATTTAG C
TGA GAAAAATGC CGGAAAC
CCGATTCACGTGTACTTTAGGTCA
CCGAAAGTGGTGTGTATATGGGTAG
ACAATACTTCCACCGTCGTTCC
GCCCCATTGCCATAGCTAGACTT

Genes essential for HVT growth
in vitro and/or in vivo
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13 EARSEBHEMEE

9~10 SPF [15]
CEF
24h 1x107 PFU/
HVT 72h  70%
(16l DNA PCR
HVT Fcl26 US2
A( 137758~139758)
B( 140762~143442)
20kb  2.7kb pGEM-T
pGAB pN1-gpt PCR
PacI gpt
Pac pGAB Pac
pGAB-gpt pBeloBACI11 Hind

pGAB-gpt  Hind
pGAB-gpt-BAC11
14 EHFRFHIWE

[16] HVT
DNA dsDNA dsDNA
0.1~0.2 pg/ul pGAB-gpt- BACII Qiagen
plasmid Midi kit Eppendorf Biophotometer
0.5 pg/uL 5~10 pug
pGAB-gpt-BAC11 2 g
DNA CEF Calcium Phosphate
Transfection Kit 70%
CEF 1
( 2% 1% S/P 300 pg/mL
60 pg/mL 100 pg/mL
DMEM) 24 h
70% CEF
6 DNA
E. coli DH10B PCR
us2

purified-rtHVT
15 BAC #TmELFEEES

Bio-Rad
E. coli DH10B -80
6
DNA E. coli DH10B
37 100 uL
SOC 30 ug/mL
LB 37 24 h

30 pg/mL LB 37
16 h BAC
Qiagen plasmid Midi kit
0.8%
EcoR
Hind Pst Sal
PCR BAC-gpt HVT

16 ERBHHEY
Qiagen plasmid Midi kit

BAC DNA Calcium Phosphate Transfection
Kit CEF
CEF
70%
BAC-derived tHVT
17 EAFRFEIMEREEANE
wt-HVT
purified-rHVT BAC DNA
BAC-derived rHVT 1x107* PFU/
CEF
(3]
wt-HVT purified-rHVT  BAC-derived rtHVT
CEF
2 BERFA
21 BEHRSEBIRLEER
HVT DNA PCR
2.0 kb A 2.7kb B
pN1-gpt PCR 1.3 kb
gpt
pGAB-gpt-BACI1
16.6 kb A B BAC-gpt
8.8 kb
0.8%
16.6 kb Hind
BamH

22 ERFHHIMEFIEFGENL
pGAB-gpt-BAC11  HVT

DNA CEF
5d HVT 4
DNA PCR
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0.8 kb HVT US2 DNA CEF HVT-BAC6
6 PCR 0.8 kb HVT-BAC8 HVT-BACI0 BAC CEF
HVT  US2 6 HVT
BAC6-derived rHVT BACS8-derived rtHVT  BACI10-
23 BACHTRHRUFESHEEER derived rHVT
PCR 25 BUHESFERERIMEREE I
HVT Qiagen wt-HVT  purified-tHVT BAC-derived tHVT
plasmid Midi kit 6 BAC DNA, CEF 3 wt-HVT
BAC DNA purified-rHVT CEF
1 BAC10 DNA BAC-derived tHVT  CEF
EcoR Hind Pst Sal BAC-derived rtHVT  CEF
PCR 4
BAC-gpt HVT 2
25 HVT BAC
bp
BAC
B
15000 4 |
7500 v
5000
2500
1000 L&Y |

1 HVT BACs iz ik B

Fig. 1 Electrophoresis pattern of purified HVT-BACs DNA. 1.
BAC6; 2. BACS; 3. BAC10; 4. BAC12; 5. BAC16; 6. BACIS;
M. DNA Marker DL15000.

2 BAC-gpt % UFHE HVT EREFSVEER
PCR ¥ ZEE

Fig. 2 Some essential genes of BAC-gpt fragment and HVT
genomic DNA were analyzed by PCR tests. 1. DNA Marker
DL2000; 2. gpt ORF(462bp); 3. repA(681bp); 4. gC  1564bp; 5.
gD(1247bp); 6. US8(1367bp); 7. gH(2346bp); 8. gl(1362bp); 9.
gK(1082bp); 10. UL41(1524bp); 11. UL48(1379bp).

2.4 M BAC DNA & EHFS

6 BAC BAC

3 wt-HVT. purified-rHVT #1 BAC10-derived rHVT
£ CEF BRI REBE L 75 LR

Fig. 3 Morphology of the plaques on CEFs 96 h after infection
with wt-HVT purified-tHVT and BAC10-redrived rHVT. A:

Normal CEF; B: wt-HVT infected CEF(96 h); C: pruified-rtHVT
infected CEF(96 h); D: BACI10-derived rHVT infected CEF

(96 h).
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Fig. 4 Comparison of the growth curves of wt-HVT, puri-
fied-rHVT and BAC10-derived rHVT on CEFs.
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1997  Messerle U7

BAC E. coli F

BAC Rec-
MCMV BAC DHI10B [23]
BAC a By - o BAC pBeloBAC11
e 1999 Suter 7.4 kb F
152 kb HSV-1 BAC oriS repE parA
fHSV fHSV
parB parC  cos
DNA 350 kb BAC
fHSVApac fHSVApac DNA
HSV-1
T [19]
fHSVApac DNA Cre/loxP BAC
HSV-1 BAC
HSV-BACs DNA
HSV BAC
[24, 25]
HVT
2007 Osterrieder
[21] -
EHV-1 RacH lacZ
pRacHI eGFP
WNV ptM  E EHV-1 BAC HVT
WNV E IgG(T), IgGb Eco-gpt
EHV-1 ~ WNV IMP
o[22
Yoshii Oka XMP IMP MPA
vOka BAC pOka MPA
RecA
MuV HN - XGPRT  gpt
pOka ORF13 vOka-HN-
BAC rvOka-HN DNA
VZV  HN
MuV \7AY% Eco-gpt
MuV HN gpt CMV
VZV  MuV SV40 poly A gpt
BAC ATG
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BAC CEF
gpt gpt
BAC
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loxP

250 pg/mL
50 pg/mL

1 mm

Cat
BAC
BAC

pBeloBAC11
Hind

BAC
BAC
DNA
HVT

DNA

DNA
BAC

MPA
300 pg/mL
65 ng/mL

MPA

BAC
1500V 25 pF 200Q
5 ms BAC
Eco-gpt
pBeloBACI1 BAC

HVT

Red/ET Cre/loxP

HVT
HVT
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5 % x #
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Reconstituting turkey herpesvirus with bacterial artificial chromosome clones
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Abstract: Herpesvirus of turkey (HVT) is an alpherpesvirus and widely used as a live vaccine against Marek’s disease
(MD) because of its antigenic relationship with Marek’s disease virus (MDV). [Objective] The aim of this study was to
construct Herpesvirus of turkey Fc126 strain as an infectious bacterial artificial chromosome (BAC). [Methods] Using the
selection marker Eco-gpt (Xanthine-guanine phosphoribosyl transferase)(1.3 kb) and BAC vector pBeloBAC11(7.4 kb),
we constructed the transfer plasmid pGAB-gpt-BACI11. Then, the transfer plasmid and HVT-infected cells’ total DNA
were cotransfected into primary chicken embryo fibroblasts (CEFs). After six rounds of selection in medium containing
mycophenolic acid, xanthine and hypoxanthine, we obtained purified recombinant viruses. Genomic DNA was extracted
and electroporated into Escherichia coli DHI10B competent cells. BAC clones were identified by restriction enzyme di-
gestion and PCR analysis, and then tested for infectivity after transfection into CEFs using calcium phosphate. [Results]
We obtained 25 BAC clones, and reconstituted recombinant viruses by transfection of HVT-BAC6 DNA, HVT-BACS
DNA and HVT-BAC10 DNA into CEFs respectively. [Conclusion] In this study, we cloned the complete genome of HVT
Fc126 strain as an infectious bacterial artificial chromosome.

Keywords: Herpesvirus of turkey; virus rescued; bacterial artificial chromosome(BAC); BAC molecular cloned virus
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