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Homologous recombination was to insert the MiniF into the non—coding region between ULS5 and UL56 of HVT strain Fcl126 to generate
HVT-MiniF recombinants. After three rounds of plaque picking, three recombinant HVT sub—clones were obtained. Then, using the bacterial
artificial chromosome technology, the viral DNA of MiniF recombinant HVT was extracted and was transferred into DH10B competent cells to
construct three HVT bacterial artificial chromosomes (BAC). After co—transfection of the expression cassette harboring the infectious bursal
disease virus (IBDV) VP2 and the BAC DNA into CEFs ( Chicken Embryo Fibroblasts, CEF) , the growth kinetics of the vectored HVT re-
combinants, the parental strain and the commercial vaccine strain were tested. Finally, serum samples were collected from specific pathogen
free (SPF) chickens at 3, 4, 5 and 6 weeks after immunization with the three recombinant live vectors so as to detect the antibody against
IBDV with the method of agar gel precipitation test ( AGP). The result showed that we first obtained three purified HVT-MiniF subcloned vi-
ruses, followed by three corresponding HVT bacterial artificial chromosomes (BACs) which were termed as HVT BAC-C1, HVT BAC-C2,
and HVT BAC-C3, respectively. The RFLP (Restriction Fragment Length Polymorphism, RFLP) assay showed the same major fragments,
but with differences between these three BACs. We obtained three recombinants HVT live vectors, namely HVT-VP2-C1, HVT-VP2-C2,
and HVT-VP2-C3. The results of the growth kinetics showed that there were significant differences between these strains at 6, 24, 36 and
72 h (P<0.05), but no significant differences at 12 and 48 h (P>0.05). All three HVT recombinants from the three sub—clones induced
high AGP antibodies which was still lower than the level of the commercial HVT vectored vaccines. There were obvious differences in AGP
antibodies induced by the three recombinants, in which HVT-VP2-C2 produced the highest level of antibody. In summary, this study indi-

cated that mutations might be likely to happen in the HVT genome during serial passages, highlighting the importance of selection of vaccine

strains with consideration of the effect of sub—clone variations on the efficacy of HVT live—vectored vaccines.

Keywords : turkey herpesvirus; sub—clone; live vector vaccine; bacterial artificial chromosome; immunization efficacy

KGRI RE T (HVT) ERE 0 R R 3
o5 1R RR LG 37 e B AR B 2 — T e R
B (MDV) IfiLyh 3 B, HeW N EK I KO o i
K HVT Sl g HVE A a7 e (G (MD) Y
IR, WEE MDV AR aE, RHEN T w4+
MDV F H LA HV-MDV 28558k, HVT A el 42
PR RAL B RE 71, SR, HVT & HA &
ey, nTLISCEE A S IR IR, RS XRG4
GpE MBI, AR R A EAD . BVT MRS
ZRARESAE RO FF DX A G SR AP B T 0 35 DR R 3
Py BE SR, IS St X SR BT A R4 1 S
BT I, RS AR, AT LUK HVT 3% 2Rk
FEWT 5 BE 0 R MR B R A AN M A A AU (A0 HVT +
CVI988) R & 1 A, LA SC B H A8 0 4 91 2R,
HVT Rk A 17 2 (405 1A 36 28 30 1% Y 1 1k R 48 0
JETE (IBDV) VP2 EH M EL HVT IG5, #lan
Vaxxitek HVT-IBD ., Vectormune tHVT-1IBD f;‘ff:, PNt
IBDV AL R PR ECR, Hi Vaxxitek HVT-IBD [
BRECR IR, ek AERMHH T,

JRLIZ I B AL R AR T IR R 4 R
A, BIFERELS , 40 A TYe ik (BAC) , kil
J CRISPR/Cas9 JE Mg A, BAC J&: 45 i [
VR M BN MiniF B4R, i MiniF #5417
fERIAGEIOLEAMIER, PR ELRS DNA 5
NIBEZ BRI, 15 A 075 0 75 36 P 410 4
AT YAk, BAC 2ol Yk, G40 mlBR h
FER e AN I A 5, 38 A PR RO B 45 2 4L
B, BACRHE DL, B ORSE, AT LA K &
JER T H S A A T i e, RO el e

FIRCR ) BEF BAC [ 3 TR AR B 29
K IATIG TR ZRIIFST , R A B3 4R i 2
e B —Fh AR

HIWIN FH BAC 417 i T 24k HVT Fel26
JREEHREE AL IBDV VP2 Rk &% EARE vk, (AR
AR PEREZE R . ARBFFEAE HVT Fel26 ik
BEME ULS5-UL56 Z [A]3E a5 X 4 A MiniF J¥51, $k
VE T L T AN R W O FE A BAC, FRAR 0 R 44l A
IBDV VP2 Fik &, 8  vo B i 51 41306 2w 22,
PRRUG HEATAR S LU /3T, o HVT 5 20 36 844 4
HR R R 0177 5 1) SRR AR AR R i

1 RS

1.1 e, HE. ARNRsS

MiniF JBURL FHAAR F K229 82 01 58 It Nikolaus
Osterrieder ZFZHE W . DH10B BZ S 4MMENA H Invitro-
gen 1], HVT Fel26 gkl A b & B 2 i I 58
JlF (CVCC AV19), T i Vaxxitek HVT-1BD 1y
SEHMHEIEA T, IBDV NJO9 #5385k 0 A8 52 56 %= A
1. MR 4E4iifl (CEF) mASIEs [,
1.2 RFIRREEH

FR % N VI BamH 1 X Ex Tag DNA R & W14
6 H TaKaRa 23] ; &85 DMEM R 553 . 0. 25% i
KNG ML IE I A Sigma /A F] 3 Plasmid Midi kit {5
WA QIAGEN A Fl; BilE# . SN [ pe
T TAEYARRE . SPF XGIRIASKE [ /e 5 AT A 9
BEARFRAR, KX IRmEIL13 2] SPF A5, 5 55 4
e, A 45 ARG BEAL A S 41, fE R B A iR 3R
U3

ZIN o



<94 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 6

1.3 EZH HVT-MiniF B2

F4E HVT Fel26 th4 3L N4 )7 5] (GenBank %
e GCA_000839725. 1), Wittty iR
ik [14] $2EUHVT Fel26 5% # ¥k DNA 5 PCR 3§~
MR, P ULSS-ULS6 il [E ¥/ HR1, HR2,
IR o B V) 2, A # B 2K T - HR1 - MiniF -
HR2,

I3 iR BURE R 34K T-HR1-MiniF-HR2 1 HVT
Fc126 DNA, ¥ HVT Fel26 %k 5532 2357 i i 45 01 K
R CEF, §"RWEite, 7E 48 h 5, WL
PUAHN WG AS f5, UCAE MM, JeHH PBS VYRR, P&
EREACIS , WSCORCAR A, $% B SCHR [ 14] #E4T DNA
PRI, B4 1 pg HVT Fel26 DNA Fl 5 g 558 4k T-
HR1-MiniF-HR2 DNA i FH#RRE554 Y« Ik, £ CEF
PR AT [A] U5 B 4, MiniF #5707 90 5 & (0 9 L A
(EGFP) WL FH, AHEAMI, WS8R E
EGFP (4] HVT i .

1.4 EZ HVT-MiniF BAC HIHERLEE

TEDSOC WU NS QL e a4t JfF i 17 4%
o BREL 1 A& &k 658 6 10 1l B 210K 6 9 2 )2
CEF, EZPRHL 3 R, 8] 3 MaifbryEHAL HVT -
MiniF V5 B9 8 . K 3 PR 3 4130 v 8 95 2 49 il A
CEF BSR4, #4749 %, WA scmk [14] 251
BEHL 3 BRE 4 MiniF HVT W7 52 B 95 5 19 DNA, ¥
5 g DNA HLFALEIEAZ 4006 DH10B H, JH355)1%
i #5425 pg/mL WKW LB BEFR L, 78
32 CHEFR 48 h, PREUAETE, MAZISAH 25 pg/mL
AREMN LB WA IR A, 7832 CHRIK L, SK
WFEE, $EE DNA 17 50E . it R R rEg 1Y, i
T A& A Minik (9B, JEETI0)F . PRI 3 bR
BAC HAwi R %, MAZIEA 25 pg/mlL AEEREN
LB WiAREE #2378 32 °C, 220 r/min BYFE R it
WG, MWHTREEI DNA IR HI M I BEBamH 1
BT, SEATRR S B 2 AT (RFLP) %5,
1.5 EAREHEK

IBDV VP2 Rk AL =M@ fe, HEM
VP2 %3k 5 Vaxxitek HVT-IBD 1) VP2 £k &2
W — 7 5, ¥ VP2 ik & il of fif U) 7% # I HVT
UL55-UL56 Wil [a) J8 % HR1, HR2, 75 %] HRI -
VP2-HR2, 4+ 528 3 4~ [HJ& HVT BAC DNA £
HR1-VP2-HR2 DNA, ¥ 9 H#& SPF i It il £ h
CEF, W HERK )2 CEF 4108 A5G, 435
# 3 BREE 4] HVT BAC DNA 5 HR1-VP2-HR2 441y
CEF, HULJSAE7et st LOWEE i, BRI &

SOV (A@MEE) F CEF I, JFsELkdk
I3 I Ak %
1.6 {EShEKRZIAFNE

3 MRE A IS AR RS HVT Fel26 Bk I
Vaxxitek HVT-IBD #:#% B YL Z % (MOI) = 0.01
AR )2 CEF I, JRTERERP AT . RS 1)
6. 12, 24, 36, 48, 72 h WIERTEIE ., HVT &
THMEESMIRTE, K25 A 1] B0 4 i 22 JBR T
ERCER A S, BOWCEAN, B 1 mL R E
AN, AR 107 FREEE] 107, Rk ES
K HZ CEF 19 96 fLARHY, WMEL 72 h, ds%r~ i
KB, R AE Reed—Muench #3835 3 TCID,, "',
FAEME 3 WK, WIEMELER, 4 3 MRE A
SEEE . SEATERE HVT Fel26 FIT i 2 B bR Vaxxitek
HVT-IBD 7ERAMNEFR I Z R K4
1.7 HYERERNRE

45 H 1 HiRHY SPF XSREAL AL S 41, A, B,
C.DHHI0H, EHS5H, 7E1 HIAR, ¥ A, B,
C 31X 3 Z4fEXS 5 K2 F 45 5 000 PFU 3 #R 411G %k
A, D 4 T #FF Vaxxitek HVT -1BD 5 000
PFU, E @A, 1ERNSAXTIR, MG, 7553,
4. 5H6 JAE, RUCRED R, KA
PHOAEE (AGP) BYJ7 Azl IBDV VP2 HTARTHEE
BIMEZEEWBEZE 1 64, 5 IBDV NJ09 #E4k i it
17 AGP 15, hnoekesh s, & T 37 ¢, fEH 24~
48 h, WELiCHLh
1.8 HIEZHITSHH

{8 GraphPad Prism 9. 0 K4, BEHFWH KI5 %=
BT (Two—way ANOVA) Fl Tukey’s 25 58 LL A B0 X%
W REARIME R B 122 LU K AGP HUiR AT & o

2 #R

2.1 EZ HVT-MiniF BB 541k

L E LA PCR A U1 4%, B MiniF f
BEMREIEREF HR1 RN HR2 #3180 4K I, S35 54
& T-HR1-MiniF-HR2, B MAS5 HVT Fel26 #
DNA 7£ CEF bAb46YL 24 h )5, HILFRE LR O 0OEHY
Y, FRAER)E, TR RIS O TOEEE, BEE
—AEANTE, LdiESE 3 WPk (0O BERIHK
W2 CEF I, 53] 3 M aifbiy E4H HVT -MiniF
WrERe i, X 3 M EA MiniF TV 58 F% 25 T S 40
1, B e A4y 50 4y 4 8 HVT = MiniF - C1, HVT -
MiniF-C2 1 HVT-MiniF-C3 (K1),



B S®E 2025 4F

H578H He .95 .

HVT-MiniF-C1

HVT-MiniF-C2

HVT-MiniF-C3

1 =4 HVT-MiniF FHMEEFES (FRR =50 pm)

2.2 34 IE5EfE HVT BAC HI3RE5IE

BRI 3 4 BAC, fin44 M HVT BAC-C1, HVT
BAC-C2, HVT BAC-C3, &2 £W, 3 kAT 7
P& HVT BAC RY3EFE 2, 2RI N YR BamH 1 i
Yija, HAA KIE—8, EA50500 Ko N & A1 AE
b, Lo kR A KNSR, 3 1 BAC
ZIAfFAE 2S5, 5 HVT BAC-C2 kL, HVT BAC-
C1 F1 HVT BAC-C3 #fk/> 7 —4~ 5 689 bp 1 7 B,
X BamH 1 (45 310) £1 Bam HI (50 991) P4
BEVIO A5, B A5 20 3 4 BAC #HATHECE, kit

17 RFLP %558, B35+ 58 2 TR, RFLP R
B 25 5 2 WV 0 B 7E B AR A B BAC Z AT, EEAE L
KA UEB HVT AL AR AR = AR ) 0 v i 22 [
RAEEZE M,

3000

M. DNA ladder; 1. HVT BAC-CIl; 2. HVT BAC-C2; 3. HVT
BAC-C3,

2 3/EFEFE HVT BAC DNA B RFLP &%

INEHRENERY

¥ 3 AR 7R HVT BAC 43 %5 IBDV VP2
FRGHLEE YL CEF J5, BRI @MEE, JFEE SR
JEfS B 4k PR RO, R HVT-VP2-Cl1, HVT-
VP2-C2, HVT-VP2-C3 (K 3).

2.3

A. HVT-VP2-C1; B. HVT-VP2-C2; C. HVT-VP2-C3,

E3

2.4 ShERINFENES LR
Kl 4 s, 3 BREERORNEES 2 HRXT R 4L 55 19T
JETE 6, 24, 36, F1 72 h FIEER EMEER (P<

INTLRE HVT RHBFESHBE (FRR =50 pm)

0.05), 7 12 1 48 h THE 2% (P>0.05),
Vaxxitek HVT=IBD Fl HVT Fel26 33X 2 Bk 7 2 K 5
I FE 72 h AR E M, 3 MREREUR R B A



- 96 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 6

MR ER B %, B e R EPEZE R (P>0.05),
TE 24 50 36 h MHABI R, RIGIFIRREAR, 3 BRiK
O REHE X 21 22 1) 1) 22 S B A WY 2 52 0 s 2 7 1A A1
2,

@ HVT-VP2-C1

B HVT-VP2-C2
HVT-VP2-C3

¥ Vaxxitek HVT-IBD

4 HVT Fcl26

FREETH /[ TCID,, + mL]
w
1

T T T T T
0 6 12. 24 36 48 72

SR i E]

ns FAREFARE, = F£IR P<0.05, * # £ P<0.01, * % =
FR P<0.001, T,

B 4 3 #RiRFFZF N Vaxxitek HVT-IBD, HVT Fcl26
REREIMNE RSB

2.5 3NEREAFSHEEHSHRNEENS
HIPE 5 AT, 4 ANMREETE 3~6 JABTIRIRIE 2N
BWHGE rE S, EHBCA R B BUR, 125 4 ),
A D HZ e RFIEZES (P=0.0079), B
HY5 D AR FEMZES (P=0.0212), HABJLA
A REEESR (P>0.05), ¥k A, D4l 3 #
PREOFTE 7 A PR | SR, 7R 6 JAmE, 3 fk
PREFEMRGUART RSB B KF . BAR 3 MR #E A
[ IR sEREPR R, fH 3 PR EE 2 AU IR A — 2,
HARBA LB AP URR E, JUHAESS 4 Ja
TR, BIRKAE T 785, (R8T E i 2

BERUPUE, D087 A T AT X VP2 BYRe S MEiA
CIHVT-VP2-C1(A%)
ok CIHVT-VP2-C2(B4l)

HVT-VP2-C3(C41)
1 Vaxxitek HVT-IBD(D4H)

;.[ﬁﬁl ....... - Hﬂ ........... ﬁ [0 A

3 4 5 6

N
(=]
1

*

13
=}
1

IBDVIEY Hifh/log,
s 8

(=}

G e/

E5 THAFSM Vaxxitek HVT-IBD #&E 5 VP2 HiikkE

3 itig

HVT 2 & G AR s ik, iR
Mk, BHAEZAIELTRBIX, It H ] L7 iRERE
PoRAG T 2R T DA A G i A5 5 1 0 S 1
FER, XK E S, BRI A AR A ME ST
BRI GBSO, M TR 5 ST 5 FR A2k A4 b Ji
BRI = A A 37, Vaxxitek HVT-1BD 2 F 4p s {4 F
SLRYZESL PR, R DA 2 E R EM T
A ZEW AR, B R SR 4 HOE R AU
HVT-IBD %, Sh2 22T 364l A s e R 7E
W — R Ikt , HVT ULS5 #1 UL56 Z ] 3k
A X HVT 3% 384 Z 5 DR ) R e e Az o517
AWFFEREAE HVT ULSS £ ULS6 22 18] i A 24 551X §di
NSRS B Vaxxitek HVT-IBD AH[A] () VP2
ik, W TR VP2 363k A0S A RCR i R
Wi, BB v A M) T I 5 A X 4 O 2K A 1 RE 1Y
EH,

FHE HVT 35 2% 1 19 77 5, CRISPR/ Cas9
il Cre—LoxP 45 J7 L AT 2kt i HVT MY )2 1n) 35t 1% 3R
gc, AT RIS SRR, SR, XA OTIE TR
alifk AR — s R ME, T RETT B T Z Rk Pk B4l
fb, FEERRBCE NG, ENAHE Y & AR,
AR AN N T Y ok Tk, B & B IR SF e
P, JNEERY BAC SERAEEME T A S L E AR,
R T 7 R e R 25 5, K 3 AN E s RSy
FEE RS, BAC, sBEGR7E 4 b & 2 WAL AR & A AR
SEXFRIESE 45 S 5, BAC 33X b =5 B 4 <7 B BRI
W F]FKe A B 58 4 419 HVT BAC 1B 8 J5 24 2t
HVT ZARZE M 1F &, FRBEXTFiFA 2 AL
MR HE R eIk &, PR . TR A A 0 R
BAC FEf |, W LLF]F CRISPR £ R Al Cre-LoxP 7
B I8 B AT BE PRI A MG L K B BRI R, K P
g G R B/ SR A A T A S AR

IR R R AR S —Fh AR Y
{HR AR S 0 SR AR AN ) S5 A AT REZE R, ilan
FEHBANNE, FRE SRS B ARG g A
5o HVT 7844 8 5 21 15 25 0 B AT ki A b 75 22 7
CEF LA, FEEREZR, BIFBCEAN
AR S A D TR, AR e e S ™ R e T A A
g, AMFRPGETW s UL 31X, ZEY e
I DNA, JREEHE S LR 5 AR, IR R4l Fik
REX R A A s ARk, IESE T HVT 78 CEF f£{0E
Oy SR E . AHESY R AEE 4 HVT -MiniF 5 #5647
WrERELifl, BN MiniF J2& 75 26 7 1 48 S e =
A, A RRE— DS, TEJR SRR, x4



BHEEE

2025 4F

957 &

%6 .97 .

FER AT, EIAESAL 48, WA BAC HiARF

Hik

s, BE— W5 HARAR S A s X PR RERY

CA

Zi b, AWFER I HVT TEA U R b 5 7= A2

5, IR 5 e 2 18] ) 22 57 T BB 2 X0 PR Bom 7 A
PERCR P A, TEAG I F L HVT % S
AR, R R S R P A 5 AT RE B A
e, X EALG AR A T S RE R LR AR AT R R
IR,

SR

(1]

[8]

METTENLEITER T C, KLUPP B G, GRANZOW H. Herpesvirus
assembly; a tale of two membranes [ J]. Curr Opin Microbiol ,
2006, 9 (4). 423-429

LIU J L, TENG M, ZHENG L P, et al. Emerging hypervirulent
Marek’s disease virus variants significantly overcome protection con-
ferred by [Jl. 2023, 15
(7). 1434.

PURCHASE H G. Prevention of Marek’s disease: a review [J].
Cancer Res, 1976, 36 (2 pt2): 696-700.

HEIN R, KOOPMAN R, GARCIA M, et al. Review of poultry re-

commercial  vaccines Viruses,

combinant vector vaccines [ J]. Avian diseases, 2021, 65 (3):
438-452.

BUBLOT M, PRITCHARD N, LE GROS F X, et al. Use of a vec-
tored vaccine against infectious bursal disease of chickens in the face
of high —titred maternally derived antibody [J]. J Comp Pathol,
2007, 137 (Suppl 1): S81-S84.

LEMIERE S, WONG S Y, SAINT-GERAND A L, et al. Compati-
bility of turkey herpesvirus—infectious bursal disease vector vaccine
with Marek’s disease rispens vaccine injected into day —old pullets
[J]. Avian Dis, 2011, 55 (1) 113-118.

PEROZO F, VILLEGAS A P, FERNANDEZ R, et al. Efficacy of
single dose recombinant herpesvirus of turkey infectious bursal
disease virus ( IBDV ) vaccination against a variant IBDV strain
[J]. Avian Dis, 2009, 53 (4). 624-628.

TSUKAMOTO K, SAITO S, SAEKI S, et al. Complete, long—
lasting protection against lethal infectious bursal disease virus chal-
lenge by a single vaccination with an avian herpesvirus vector ex-
pressing VP2 antigens [ J]. J Virology, 2002, 76 (11): 5637-
5645.

INGRAO F, RAUW F, VAN DEN BERG T, et al. Characterization

of two recombinant HVT-IBD vaccines by VP2 insert detection and

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

cell-mediated immunity after vaccination of specific pathogen—free
chickens [ J]. Avian Pathol, 2017, 46 (3). 289-299.
R, BRI, RAERL, 5. WA SIWIEB AT 16 B A Y
MR SRR [J]. T ERREEE, 2022, 49 (1) 338
-351.

MESSERLE M, CRNKOVIC I, HAMMERSCHMIDT W, et al. Clo-
ning and mutagenesis of a herpesvirus genome as an infectious bacte-
rial artificial chromosome [J]. Proc Natl Acad Sci U S A, 1997,
94 (26). 14759-14763.

S, IR, BB, AR AN N Y G R e B AR S B
NI BE R [1]. &3 sh¥radl, 2023, 27 (1)
68-73.

SHAH A U, WANG Z, ZHENG Y, et al. Construction of a novel in-
fectious clone of recombinant herpesvirus of Turkey Fe — 126
expressing VP2 of IBDV [ J]. Vaccines ( Basel ), 2022, 10
(9): 1391.

WANG J, OSTERRIEDER N. Generation of an infectious clone of
duck enteritis virus ( DEV) and of a vectored DEV expressing he-
magglutinin of H5N1 avian influenza virus [ J]. Virus Res, 2011,
159 (1). 23-31

LIU X Y, CAO G Y, LUO Y, et al. Anti—pandemic influenza A
(HIN1) virus potential of Xilingjiedu capsule in vitro [J]. Pak J
Pharm Sci, 2022, 35 (1) 123-128.

PAN X, LIU Q, NIU S, et al. Efficacy of a recombinant turkey her-
pesvirus (H9) vaccine against HON2 avian influenza virus in chick-
ens with maternal—derived antibodies [ J]. Front Microbiol, 2023,
13. 1107975.

PARKER D, DE WIT S, HOUGHTON H, et al. Assessment of im-
pact of a novel infectious bursal disease ( IBD ) vaccination
programme in breeders on IBD humoral antibody levels through the
laying period [J]. Vet Rec Open, 2014, 1 (1). e000016.
GELB J Jr, JACKWOOD D J, BRANNICK E M, et al. Efficacy of
recombinant HVT-IBD vaccines administered to broiler chicks from
a single breeder flock at 30 and 60 weeks of age [J]. Avian Dis,
2016, 60 (3). 603-612.

CHEN Y Q, SU G M, ZHANG ] H, et al. HVT-vectored H7 vac-
cine protects chickens from lethal the highly
pathogenic H7N9 avian influenza virus [ J]. Vet Microbiol, 2023,
285: 109852.

WANG H, TIAN J, ZHAO ], et al. Current status of poultry recom-

infection with

binant virus vector vaccine development [ J]. Vaccines ( Basel),
2024, 12 (6): 630.

SHITRIT A, NISNEVICH V, ROZENSHTEIN N, et al. Shared se-
quence characteristics identified in non—canonical rearrangements of

HSV-1 genomes [J]. J Virol, 2023, 97 (12). e0095523.





