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Abstract We describe a simplified RNA polymerase II-
based reverse genetics approach that allows for the efficient
rescue of high-titer infectious bursal disease virus (IBDV)
from cloned cDNAs of genomic segments A and B. Unlike
the previously reported RNA polymerase II-based meth-
ods, the developed strategy does not necessitate the
introduction of a ribozyme sequence at both ends of the
genomic cDNA sequences. This was achieved by fusing
the 5’ terminal sequence of the cDNA of each segment to
the transcription start site of the immediate early cyto-
megalovirus promoter, while a ribozyme sequence was
only introduced at the 3’ end. Using this strategy, and
without complementing with IBDV structural proteins,
titers as high as 10" tissue culture infectious dose 50 were
reproducibly obtained in chicken embryo fibroblast cells
immediately upon co-transfection with cDNAs of both
segments. We anticipate that this modification could
improve reverse genetics for any other RNA virus and may
be beneficial for vaccine development and dissection of the
viral life cycle.

Infectious bursal disease virus (IBDV), a member of the
family Birnaviridae, genus Avibirnavirus, is the causative
agent of an avian-restricted disease, known as Gumboro.
This disease has a major economic impact on the poultry
industry. IBDV displays a bi-segmented double-stranded
RNA (dsRNA) genome. The genomic segment A (3.3 kbp)
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contains two overlapping open reading frames (ORFs) [1,
10]. The smaller ORF encodes VPS5, a non structural,
membrane-bound accessory protein, and the second ORF
specifies a polyprotein which ultimately yields the two
capsid proteins, VP2 and VP3, as well as VP4, the viral
protease. The smaller segment B (2.9 kbp) encodes VP1, a
protein associated with an RNA-dependent RNA-poly-
merase and capping enzyme activities [9, 26, 29]. In
virions, VP1 protein is bound to both genome segments
[27].

Reverse genetics has significantly increased our
knowledge on aspects relating to the antigenicity and vir-
ulence of IBDV [16]. It also offers the advantage of
conceiving modified viruses and improved vaccine strains
[3-5, 12, 15, 18, 24, 25, 28, 31]. Like many other RNA
viruses [6, 20, 23], generation of IBDV particles through
reverse genetics was initially achieved by co-transfecting
eukaryotic cells with in vitro-synthesised RNA transcripts
of both genomic segments [17]. This method involves
partial exposure of the RNA, which decreases the effi-
ciency of the experiment, as witnessed by the recovered
low virus titers. Lim et al. [12] succeeded in generating
IBDV progeny upon transfection of cells with cDNAs
cloned downstream of the cytomegalovirus (CMV) pro-
moter of a eukaryotic expression vector. According to the
constructs made in this report, the synthesized transcripts
must have contained both 5’ and 3’ plasmid-born sequen-
ces, thus, limiting the recovery efficiency. Another
recovery method based on intracellularly synthesised
transcripts with authentic termini was devised [2, 3]. For
this purpose, the 5’ end of each genomic segment cDNA
was fused to the T7 promoter and cloned into plasmid
vectors. To ensure the generation of correct 3’ ends, the
hepatitis delta virus (HDV) ribozyme sequence was cloned
downstream of each 3’ end. Co-transfection of both

@ Springer



1132

Arch Virol (2008) 153:1131-1137

plasmids into fowlpox-T7 virus-infected cells, which
express T7 polymerase, resulted in the formation of
infectious IBDV particles. This cDNA-based approach
proved to be more efficient than the widely used cRNA
method [5].

Recently, a strategy based on RNA polymerase II was
reported and proved to be very efficient in producing IBDV
[19]. In this method, the synthesis of authentic genomic
cRNAs was ensured by flanking the genomic cDNA with
hammerhead and HDV ribozyme sequences. Thus, rescue
of IBDV occurs through direct transfection of various cell
lines. Here, we provide a simpler alternative that does not
necessitate a ribozyme sequence at the 5’ end of genomic
segments. Our approach consists in fusing the 5’ end of
each genomic cDNA to the transcription start site of the
immediate early CMV promoter while preserving the HDV
ribozyme sequence at its 3’ end.

To construct IBDV infectious clones, plasmids FKP2A
and FKP2B, containing the full-length cDNAs of genomic
segments A and B, respectively, of the IBDV tissue-cul-
ture-adapted attenuated P2 strain (Germany), were used.
These plasmids were kindly provided to us by Dr. Egbert
Mundt  (Friedrich—Loeffler-Institut, Federal Research
Institute for Animal Health, Germany). The plasmids were
used as templates for PCR amplification of both genomic
segments with the primer pairs SASAC/Aext3 and SBSAC/
Bext3 (Table 1). PCR reactions were performed with the
Expand High Fidelity Tag polymerase mix (Roche Applied
Science, Germany) and were carried out for 30 cycles

consisting of 94°C for 1 min, 55°C for 1 min and 72°C for
3 min. The amplicons were used for the fusion of the
genomic cDNAs (segments A and B) to the CMV promoter
of the pVAX vector (Invitrogen) at the Sacl site (Fig. 1). A
two-step cloning procedure was required to clone the
segment A amplicon in pVAX as its sequence contains an
internal natural Sacl site at position 867. The amplified
segment A cDNA was first simultaneously digested with
Sacl and EcoRI, and the largest fragment was directionally
inserted into Sacl/EcoRI-cleaved pVAX. Then the full-
length cDNA of segment A was reconstituted by inserting
the smaller Sacl-Sacl fragment. The plasmid containing
the latter insert in the right orientation was selected and
termed pVAXSA. The amplicon corresponding to segment
B was digested with Sacl and PsfI and was directly sub-
cloned into similarly restricted pVAX vector, yielding the
pVAXSB plasmid construct.

The sequence of the HDV ribozyme [7] was assembled
from two overlapping PCR fragments, products of the two
primer pairs, Riblint/Rib2 and Riblext/Rib2ext. Briefly,
the overlapping primers Riblint and Rib2 were mixed,
denatured, and allowed to anneal for 5-min periods at
decreasing temperatures (5°C increment) from 80 to 40°C.
Pfu DNA polymerase was added for a 1-h extension at
72°C. Next, a PCR was carried out for 30 cycles with Tag
DNA polymerase (Amersham Biosciences) under cyclic
conditions: 30 sec at 94°C; 30 s at 55°C; 30 s at 72°C,
using the primer pair Riblext/Rib2ext. The resulting PCR
product, corresponding to the full-length HDV ribozyme

Table 1 Nucleotide sequence, orientation, and positions on genomic segments of the primers used in this work

Primer Sequence (5'-3') Orientation Nucleotide no Restriction

designation sites

SASAC CACGAGCTCGTTTAGTGAACCGGGATACGATCGGTCTGACCCCG + 1-22 Sacl

Aext3 AGAGAATTCTGTACAGGGGACCCGCGAACGGATCCAATT — 3,237-3,261 EcoRI

SBSAC CAGAGCTCGTTTAGTGAACCGGGATACGATGGGTCTGAC + 1-18 Sacl

Bext3 CGATCTGCTGCAGGGGGCCCCCGCAGGCGAAGG — 2,806-2,827 Pstl

Riblint CTCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGCACGTCC +

Rib2 AGTGGCTCTCCCTTAGCCATCCGAGTGGACGTGCGTCCTCCTTC —

Riblext GGGTCGGCATGGCATCTCCACCTCCTCGCGGTC —

Rib1Fus ATCCGTTCGCGGGTCCCCTGGGTCGGCATGGCATCTCC +

Rib2ext AGTGGCTCTCCCTTAGCCATC +

SABG ATCAGATCTGCTCTTGACTGCGATGG + 3,025-3,041 Bglll

SAFus AGGGGACCCGCGAACGGAT — 3,242-3,261

Rib5apa TGCGGGGGCCCCCGGGTCGGCATGGCATCTCC + Apal

Rib3apa TACGGGCCCGAATTCAGTGGCTCTCCCTTAGCCATC — Apal,
EcoRT*

U2 ATGTGAGGCTTGGTGAC + 660-676

L2 CCTGTTGCCACTCTTTC — 1,192-1,209

The restriction sites, wherever present, are underlined in the sequence

?EcoRlI in this primer was used to verify the orientation of the cloned ribozyme sequence
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Fig. 1 Schematic representation of plasmids containing the full-
length cDNA sequences of the P2 strain segments A (pVAXSA.Rib)
and B (pVAXSB.Rib). In both constructs, the cDNAs of both
segments were placed so that transcription from the CMV promoter
starts at the first 5’ nucleotide, whereas the HDR sequence was

sequence, was cloned in pCR2.1 vector (Invitrogen),
yielding the pCR.Rib plasmid construct.

Insertion of the HDV ribozyme sequence at the 3’ end of
the segment A cDNA in the pVAXSA expression plasmid
was achieved by first fusing the 3’ end of segment A cDNA
to the ribozyme sequence by assembly PCR. For this pur-
pose, two independent PCR reactions using the primer
pairs SABG/SAFus and RiblFus/Rib2ext were performed
on the templates pVAXSA and pCR.Rib, respectively. The
amplicons of the two PCR reactions were then combined to
produce a PCR product using the external primers SABG
and Rib2ext. The latter PCR product, which contains the 3’
end of the segment A cDNA fused to the HDV ribozyme
sequence, was digested with Bg/II and EcoRI and cloned
into the similarly digested pVAXSA to yield
pVAXSA Rib.

Introduction of the HDV ribozyme sequence at the 3’
end of the segment B cDNA was readily achieved through
the natural 3’ end Apal site (nucleotide position 2,820). The
HDV ribozyme sequence was amplified with Rib5apa/
Rib3apa oligonucleotide primers, restricted with Apal (the
site of this enzyme was added to the 5’ end of the primers)
and inserted into pVAXSB. A clone containing a properly
oriented ribozyme sequence was selected, using the EcoRI
restriction site of the reverse primer Rib3apa, and named
pVAXSB.Rib. The 5’ and 3’ manipulated regions were
checked by sequencing for both pVAXSA.Rib and
pVAXSB.Rib constructs.

Primary chicken embryo fibroblast (CEF) cells [22],
growing in 100-mm dishes at 80% confluence, were

introduced downstream of both segments to ensure the generation of
authentic 3’ ends. The segment A-encoded viral proteins VP53, pVP2,
VP3, and VP4, as well as the segment B VP1 protein are shown. 5’
and 3’ refers to the untranslated regions

co-transfected with 5 ug each of plasmid constructs
pVAXSARib and pVAXSB.Rib using FuGENE 6
according to the manufacturer’s protocol (Roche Applied
Science, Germany). Three days later, consistent cytopathic
effect (CPE) reminiscent of IBDV replication was obvious
in several foci and was maximal by the sixth day post-
transfection (data not shown). No such CPE was observed
in CEF cells transfected with 10 pg of the original pVAX
vector. The experiment was reproduced twice using two
new CEF cell preparations, and the same results were
obtained.

At 6 days post-transfection, the supernatant was col-
lected (Passage 0; Pg), clarified by centrifugation at
200x g for 15 min, and used to re-infect freshly prepared
CEF cells at a 1/10 dilution (P;). A consistent CPE was
observed as soon as 2 days post-infection (Fig. 2). Three
additional serial passages (P,—P,) were performed, and all
produced the same CPE. To confirm that the observed
CPE was accompanied by IBDV release, we subjected the
supernatant of the first passage to RT-PCR amplification
targeting both the minus- and the plus-sense strand of the
genomic double-stranded RNA. The latter was prepared
as described previously [8], including a DNase I treatment
to eliminate any residual plasmid DNA. As shown in
Fig. 3a, a PCR product corresponding to the expected size
(a 549-bp fragment lying in the hypervariable region of
VP2 sequence) was obtained from both the plus- and the
minus-sense strand. Corresponding products could not be
amplified directly from the RNA preparation, eliminating
the possibility that amplification could have occurred
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Fig. 2 Detection of cytopathic
effect in CEF and Vero cells
infected with the supernatant of
CEF cells co-transfected with
plasmids pVAXSA.Rib and
pVAXSB.Rib. The appearance
of CPE is visualized in CEF
cells (b) and in Vero cells (e). a,
d Show mock-infected CEF and
Vero cells, respectively; ¢, f
represent CEF and Vero cells
infected by the Bursine-2
vaccine strain, respectively

from a residual plasmid DNA. Thus, transcripts generated
from pVAXSA.Rib and pVAXSB.Rib yielded double-
stranded RNA that was released into the supernatant and
passaged as infectious (passage-competent) IBDV parti-
cles. Next, we confirmed by nucleotide sequencing that
the obtained amplicons corresponded to the P2 strain
(data not shown).

To unambiguously demonstrate that the observed CPE
was accompanied by the release of IBDV particles, the
supernatant of passage 1 (P;) was pelleted and subjected to
immunoprecipitation using an anti-VP2 monoclonal anti-
body, kindly provided to us by Dr. Bernard Delmas (Unité
de virologie et immunologie moléculaires, INRA, Jouy-en-
Josas, France). As shown in Fig. 3b, the anti-VP2 mono-
clonal antibody recognized a protein band of
approximately 40 kDa, the expected molecular mass of the
IBDV VP2 protein, which was also revealed in a Bursine-2
concentrated virus stock. Electron microscopy analysis
performed on the same pellet further confirmed the
presence of viral particles typical of IBDV virus (data
not shown). Taken together, these data indicate that

@ Springer

co-transfection of CEF cells with constructs pVAXSA.Rib
and pVAXSB.Rib yielded infectious IBDV virions.

The supernatant of co-transfected CEF cells (Py) as well
as of passages P;—P, were subjected to virus titration in
both CEF and Vero cells according to the Reed and Mu-
ench method [21]. The titration was performed in triplicate,
and the results are shown in Fig. 4. Strikingly, titers in CEF
cells reached unprecedented values varying from 10'*3
(Po) to 10% (P,) tissue culture infectious dose 50 (TCIDsy/
ml), peaking at 10""® in P5. Similar results were obtained
when titration was performed on Vero cells (Fig. 4) and
when viral stocks obtained from independent co-transfec-
tion experiments were titered. The difference in titers
between passages may stem from the fact that different
CEF preparations were used.

Reverse genetics based on the RNA polymerase II sys-
tem has been recently applied with high efficiency to RNA
viruses such as rabies virus [11], borna disease virus [14,
30], and measles virus [14]. The approach consists in
flanking the genomic cDNA with ribozyme sequences so
that transcripts with authentic 5 and 3’ termini can be
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Fig. 3 a Amplification of the VP2 hypervariable region using RNA
extracted from the clarified supernatant of passage 1 (P;) of rescued
IBDV. RT-PCR using the primer pair U2/L2 targeted either the minus
strand (lane 3) or the plus strand (lane 4) of the genomic segment A
by initiating reverse transcription with U2 and L2, respectively. As
negative control, RT-PCR was performed using RNA extracted from
the P, supernatant of pVAX-transfected CEFs cells (lane I). In
addition, a PCR was performed directly on DNAse I-treated RNA
extracts (without RT reaction) to exclude the possibility that

13 - —8— CEF
-4- Vero

Po P1 P2 Ps3 P4
Passages

Fig. 4 Evolution of the titer (in TCIDsy/ml) of CEF-passaged
rescued virus. Titering was performed in both CEF and Vero cells.
The supernatant of cells co-transfected with plasmid constructs
pVAXSA.Rib and pVAXSB.Rib (passage 0; Py) was serially
passaged (P,—P,) at a dilution of 1/10. The titer of each passage
represents the mean value of three independent experiments. As
mentioned in the text, variations in titers could be attributed to the
use, at each passage, of a different CEF preparation

obtained. In comparison to the T7 RNA polymerase-based
reverse genetics approaches, methods based on RNA
polymerase II benefit from the increased genome expres-
sion induced by the viral structural proteins, thus resulting
in higher rescue efficiency [11, 14]. In this respect, it is
worthy of mentioning that the T7-based reverse genetics
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amplification might have occurred through residual plasmid DNA
(lane 2). M: 1-kb DNA ladder (Invitrogen). b Western blot analysis of
the pellet fraction of the P, supernatant (in CEF cells) of rescued virus
using anti-VP2. As positive control, we used the pellet fraction of the
supernatant of CEF cells infected with Bursine-2 vaccine strain.
Mock-infected CEF cells were analysed in parallel. Molecular sizes
(in kDa) of the high-range rainbow molecular weight marker
(Amersham Biosciences) are given on the left

yielded very high IBDV titers, reaching 10'°? TCIDsy/ml
with prior transfection with a plasmid construct encoding
the polyprotein [18].

Following a similar strategy, and using the CMV
enhancer and beta chicken actin promoter, Qi et al. [19]
have recently increased the rescue efficiency of IBDV. In
the present report, we have further simplified the RNA
polymerase II approach for IBDV rescue by designing a
strategy that does not necessitate the introduction of a
ribozyme sequence at the 5’ end of the genomic cDNA
sequences. For this purpose, we simply fused the 5’ ter-
minal sequence of the genomic segments to the CMV
promoter transcription start site. Our strategy resulted in a
high yield of infectious particles and proved to be repro-
ducible. Although the RNA ends of both segments
produced with our method have not been verified for
authenticity by nucleotide sequencing, the regular high
titers of the recovered IBDV suggest that both genomic
RNAs were produced in an optimal infectious state, thus
validating the developed approach. It is, of course, very
difficult, or even impossible, to make any comparison with
the results obtained by Qi et al. [19], as the two approaches
must be compared under identical conditions. Indeed, the
difference in titres may be inherent to the nature of the
strains used. In fact, using this refined reverse genetics
strategy, we have recently been able to generate a tissue-
culture-adapted mosaic strain with a mutated segment A of
a very virulent Tunisian IBDV isolate [13], whose titer
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reached 10" TCIDsp/ml in CEF and Vero cells prior to
passaging (manuscript in preparation). The transfection
protocol may also account for the higher titers obtained in
this work. In our case, we used 2.5-fold higher amounts of
DNA and transfected CEF cells with FuGENE 6, which in
our hands allowed higher transfection rates in CEF cells
than does lipofectamine™ 2000. In addition, the CMV-
based plasmid used in this work may direct increased
transcription levels, thus resulting in higher rescue rates.

In summary, we have developed a simplified RNA
polymerase II-based reverse genetics strategy that proved
to be reproducible and allowed the rescue of very-high-titer
IBDV stocks. We have recently successfully applied this
method to generate a minigenome of segment A which, in
complementation assays, proved to be competent for both
replication and packaging (manuscript submitted). Fur-
thermore, the availability of such a simplified and
reproducible reverse genetics strategy could be applied to
other viruses and will help to foster the generation of
genetically modified, high titer viruses, for vaccine
development.

Acknowledgments We thank Dr. Egbert Mundt (Friedrich—Loef-
fler-Institut, Federal Research Institute for Animal Health, Germany)
for providing plasmids FKP2A and FKP2B, harboring the full-length
cDNA sequences of IBDV (P2 strain) segments A and B, respec-
tively. We are also grateful to Dr. Abdelgélil Ghram and Mrs Latifa
Gribaa for providing CEF cells. We thank Pr Jaafoura Mohamed
Habib and Mrs Ben Ammar Aouatef (electronic microscopy service
of faculty of medicine of Tunis), for help with electron microscopy.
This work received funding from the Tunisian Ministry of Higher
Education, Scientific Research, and Technology.

References

1. Bayliss CD, Spies UK, Peters RW, Papageorgiou A, Miiller H,
Boursnell MEG (1990) A comparison of the sequences of seg-
ment A of four infectious bursal disease virus strains and
identification of a variable region in VP2. J Gen Virol 71:1303-
1312

2. Boot HJ, ter Huurne AA, Peeters BP, Gielkens AL (1999) Effi-
cient rescue of infectious bursal disease virus from cloned cDNA:
evidence for involvement of the 3’-terminal sequence in genome
replication. Virology 265:330-341

3. Boot HJ, ter Huurne AA, Hoekman AJ, Peeters BP, Gielkens AL
(2000) Rescue of very virulent and mosaic infectious bursal
disease virus from cloned cDNA: VP2 is not the sole determinant
of the very virulent phenotype. J Virol 74:6701-6711

4. Boot HJ, ter Huurne AA, Hoekman AJ, Pol JM, Gielkens AL,
Peeters BP (2002) Exchange of the C-terminal part of VP3 from
very virulent infectious bursal disease virus results in an attenu-
ated virus with a unique antigenic structure. J Virol 76:10346—
10355

5. Boot HJ, ter Huurne AA, Vastenhouw SA, Kant A, Peeters BP,
Gielkens AL (2001) Rescue of infectious bursal disease virus
from mosaic full-length clones composed of serotype I and II
c¢DNA. Arch Virol 146:1991-2007

6. Boyer JC, Haenni AL (1994) Infectious transcripts and cDNA
clones of RNA viruses. Virology 198:415-426

@ Springer

10.

11.

12.

13.

14.

15.

17.

20.

21.

22.

23.

24.

25.

. Chowrira BM, Pavco PA, McSwiggen JA (1994) In vitro and in

vivo comparison of hammerhead, hairpin, and hepatitis delta
virus  self-processing ribozyme cassettes. J Biol Chem
269:25856-25864

. Diaz-Ruiz JR, Kaper JM (1978) Isolation of viral double-stranded

RNAs using a LiCl fractionation procedure. Prep Biochem 8:1-
17

. Dobos P (1993) In vitro guanylylation of infectious pancreatic

necrosis virus polypeptide VP1. Virology 193:403-413

Hudson PJ, McKern NM, Power BE, Azad AA (1986) Genomic
structure of the large RNA segment of infectious bursal disease
virus. Nucleic Acids Res 14:5001-5012

Kenichi I, Youko S, Ichiro K, Toshio I, Takeo S, Kinjiro M
(2003) An improved method for recovering rabies virus from
cloned cDNA. J Virol Methods 107:229-236

Lim BL, Cao Y, Yu T, Mo CW (1999) Adaptation of very vir-
ulent infectious bursal disease virus to chicken embryonic
fibroblasts by site-directed mutagenesis of residues 279 and 284
of viral coat protein VP2. J Virol 73:2854-2862

Mardassi H, Khabouchi N, Ghram A, Namouchi A, Karboul A
(2004) A very virulent genotype of infectious bursal disease
virus predominantly associated with recurrent infectious bursal
disease outbreaks in Tunisian vaccinated flocks. Avian Dis
48:829-840

Martin A, Staeheli P, Schneider U (2006) RNA polymerase II-
controlled expression of antigenomic RNA enhances the rescue
efficacies of two different members of the Mononegavirales
independently of the site of viral genome replication. J Virol
80:5708-5715

Mundt E (1999) Tissue culture infectivity of different strains of
infectious bursal disease virus is determined by distinct amino
acids in VP2. J Gen Virol 80:2067-2076

. Mundt E, Beyer J, Miiller H (1995) Identification of a novel viral

protein in infectious bursal disease virus-infected cells. J Gen
Virol 76:437-443

Mundt E, Vakharia VN (1996) Synthetic transcripts of double-
stranded Birnavirus genome are infectious. Proc Natl Acad Sci
USA 93:11131-11136

. Peters MA, Lin TL, Wu CC (2005) Infectious bursal disease virus

recovery from Vero cells transfected with RNA transcripts is
enhanced by expression of the structural proteins in trans. Arch
Virol 150:2183-2194

. Qi X, Gao Y, Gao H, Deng X, Bu Z, Wang X, Fu C, Wang X

(2007) An improved method for infectious bursal disease virus
rescue using RNA polymerase II system. J Virol Methods
142:81-88

Racaniello VR, Baltimore D (1981) Cloned poliovirus comple-
mentary DNA is infectious in mammalian cells. Science
214:916-919

Reed LJ, Muench H (1938) A simple method of estimating fifty
per cent end points. Am J Hyg 27:493-497

Schat KA, Purchase HG (1989) Cell culture methods. In: Pur-
chase HG, Lawrence HA, Domermuth CH, Pearson JE (eds) A
laboratory manual for the isolation and identification of avian
pathogens. American Association of Avian Pathologists, Kendall/
Hunt Publishing Co., Dubuque, pp 167-175

Schlesinger S, Dubensky TW (1999) Alphavirus vectors for gene
expression and vaccines. Curr Opin Biotechnol 10:434-439
Schroder A, van Loon AA, Goovaerts D, Mundt E (2000) Chi-
meras in noncoding regions between serotypes I and II of
segment A of infectious bursal disease virus are viable and show
pathogenic phenotype in chickens. J Gen Virol 81:533-540
Schroder A, van Loon AA, Goovaerts D, Teifke JP, Mundt E
(2001) VPS5 and the N terminus of VP2 are not responsible for the
different pathotype of serotype I and II infectious bursal disease
virus. J Gen Virol 82:159-169



Arch Virol (2008) 153:1131-1137

1137

26.

217.

28.

29.

Spies U, Muller H, Becht H (1987) Properties of RNA poly-
merase activity associated with infectious bursal disease virus and
characterization of its reaction products. Virus Res 8:127-140
Tacken MG, Peters BP, Thomas AA, Rottier PJ, Boot HJ (2002)
Infectious bursal disease virus capsid protein VP3 interacts both
with VP1, the RNA-dependent RNA polymerase, and with viral
double-stranded RNA. J Virol 76:11301-11311

Van Loon AA, de Haas N, Zeyda I, Miindt E (2002) Alteration of
amino acids in VP2 of very virulent infectious bursal disease
virus results in tissue culture adaptation and attenuation in
chickens. J Gen Virol 83:121-129

von Einem UI, Gorbalenya AE, Schirrmeier H, Behrens SE,
Letzel T, Mundt E (2004) VP1 of infectious bursal disease virus

30.

31.

is an RNA-dependent RNA polymerase. ] Gen Virol 85:2221—
2229

Yanai H, Hayashi Y, Watanabe Y, Ohtaki N, Kobayashi T, No-
zaki Y, lkuta K, Tomonaga K (2006) Development of a novel
Borna disease virus reverse genetics system using RNA poly-
merase II promoter and SV40 nuclear import signal. Microbes
Infect 8:1522-1529

Zierenberg K, Raue R, Nieper H, Islam MR, Eterradossi N, To-
quin D, Muller H (2004) Generation of serotype 1/serotype 2
reassortant viruses of the infectious bursal disease virus and their
investigation in vitro and in vivo. Virus Res 15:23-34

@ Springer



	Efficient rescue of infectious bursal disease virus using a simplified RNA polymerase II-based reverse genetics strategy
	Abstract
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


