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Abstract

Background: Newcastle disease virus (NDV) strain ZM10, a typical enterotropic avirulent vaccine strain, has been
widely used in China for chickens against Newcastle disease. To elucidate its enterotropic mechanism and develop
recombiant multivalent vaccines based on it, the reverse genetics system for NDV ZM10 is an indispensable platform.

Results: A full-length cDNA clone of NDV ZM10 and three supporting plasmids were constructed using the ligation-
independent cloning method. Recombinant NDV rZM10 was successfully rescued after these plasmids were co-trans-
fected into BHK-21 cells. Besides, the recombinant virus rZM10-RFP encoding the red fluorescent protein was gener-
ated by inserting the RFP gene into the full-length clone of NDV between the P and M genes. These rescued viruses
were genetically and biologically identical to the parental strain and showed similar growth kinetics.

Conclusion: The recovery system of NDV ZM10 strain was established, and can be used as a foundation for research

poultry.

on the enterotropic mechanism and development of multivalent vaccines against viral diseases of livestock and
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Background

Newcastle disease (ND) is a highly contagious avian dis-
ease affecting all species of birds that can cause tremen-
dous socio-economic impact on the poultry industry
[1]. The etiological agent of ND, Newcastle disease virus
(NDV), belongs to genus orthoavulavirus of the Para-
myxoviridae family. Strains of NDV are categorized into
four pathotypes depending on the pathological severity in
chickens: highly virulent (velogenic), intermediate (meso-
genic), low-virulent (lentogenic), and asymptomatic
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enteric [2, 3]. Velogenic viruses are further subdivided
into viscerotropic and neurotropic based on the severe
symptom types of intestinal lesions and neurologic signs,
respectively [4]. The infection of chicken with velogenic
NDYV strains causes a severe acute disease with high mor-
bidity and mortality, characterized by the organs impair-
ment of neurological, gastrointestinal, reproductive,
while lentogenic and asymptomatic enteric NDV strains
often cause subclinical infection with no symptom or
mild respiratory signs and have been used as live attenu-
ated vaccines worldwide [5].

NDV is a non-segmented, negative sense single
stranded RNA virus and comprises one of the three
genome size:15,186, 15,192 and 15,198 containing six
genes and encoding at least six proteins, the nucle-
ocapsid protein(NP), phosphoprotein (P), matrix
protein (M), fusion protein(F), hemagglutinin-neu-
raminidase protein (HN), and largepolymerase protein
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(L) arranged in the order of 3’'leader-NP-P-M-F-HN-L-
5'trailer [6, 7]. The ZM10 strain was isolated from the
intestine of broiler chickens showing no signs of respir-
atory disease, and replicates both in the respiratory and
intestinal tract, with preference for the intestine. The
ZM10 virus is an avirulent strain which has no detect-
able respiratory reaction in chickens regardless of the
administration route [8, 9]. It is widely used in China
as a vaccine strain and could induced solid immunity
in inoculated chickens with high titer NDV antibody in
the serum and robust mucosal response in addition to a
systemic response [8].

Since the first reverse genetics system for NDV has
been established in 1999 [10], many NDV vaccine
strains such as Anhinga LaSota [10, 11]; Beaudette C
[12]; Italien [13]; Mukteswar [14]; Banjarmasin/010/10
[15]; VG/GA [16]; TS09-C [17]; NA-1 [18] and R2B
[19] have been successfully rescued. The advent of the
vectors of NDV strains not only allows us to study the
pathogenesis of NDV but also provides a powerful
tool to develop new vaccines to express foreign genes
against the diseases of poultry and other animals. It is
necessary to develop the reverse genetics system for the
ZM10 strain as it has been proved to be an excellent
NDV vaccine candidate. Therefore, the present work
describes the development of a reverse genetics system
based on the full-length ZM10 c¢DNA. Furthermore,
the recombinant virus rZM10-RFP, which expresses
a reporter red fluorescent protein RFP, is especially
useful for studying its enterotropic mechanism and
developing it as a vaccine vector for the delivery of het-
erologous proteins.

Methods

Viruses, cells culture and plasmids

The NDV ZM10 strain was purchased from QYH Bio-
tech Co., Ltd and propagated in 9-day-old SPF chicken
embryos. Baby hamster kidney BHK-21 (CCL-10; ATCC)
cells and DF-1 cells (CRL-12203; ATCC) were main-
tained at 37 °C and 5% CO, in Dulbecco’s Modified Eagle
Medium (DMEM, ThermoFisher Scientific) supple-
mented with 10% heat-inactivated fetal calf serum (FBS,
Beyotime, China), and antibiotics (100 pg/mL streptomy-
cin and 100 U/mL penicillin). The DF-1 cells were cul-
tured in DMEM containing 10% allantoic fluid (AF) from
10-day-old specific-pathogen-free (SPF) chicken embryos
for all subsequent infection experiments unless other-
wise indicated. The culture medium was replaced every
3 days. The modified pBluescript plasmid (a gift of Dr
Qingzhong Yu) which possess T7 promoter at upstream
and HDV Rz sequence at downstream of the multi-clon-
ing sites was used during the vector construction [12].
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Construction of full-length NDV cDNA

To obtain the cDNA, the original ZM10 strain was puri-
fied by the limiting dilution method through 9-day-old
SPF chicken embryos for 3 passages. During each purifi-
cation, the HA positive allantoic fluid of the highest dilu-
tion was collected and used for the subsequent passage.
Viral genomic RNA of the purified virus was isolated with
a MiniBEST Viral RNA/DNA Extraction Kit (TaKaRa Bio
Inc, Japan). The full length genomic sequence of ZM10
was determined by RT-PCR in which the whole genome
were divided into five fragments and the 3’ leader and 5’
trailer sequences of strain ZM10 were determined using
3/-rapid amplification of ¢cDNA ends (3’-RACE) and
5'-RACE, respectively (Data not shown), and the com-
plete genome was submitted in the Genbank database
(accession no. OL676769).

Based on verified sequences of ZM10, the NDV full-
length cDNA clone was constructed by three steps of the
ligation-independent cloning (LIC) as illustrated in Fig. 1,
by using an In-Fusion PCR Cloning Kit (Clontech, Moun-
tain View, CA). Primer sets were designed to contain a
15-nucleotide (nt) overlapping region of homology at
their 5’ end to amplify the three cDNA fragments and the
linearized vector backbone (Table 1). The viral genome
was divided into three segments (Fragment 1, Fragment 2
and Fragment 3) to construct the NDV full-length cDNA
clone. All the three fragments were obtained by using the
RT-PCR method. For the RT step, briefly, viral genomic
RNA of purified ZM10 virus was isolated with a Min-
iBEST Viral RNA/DNA Extraction Kit (TaKaRa Bio Inc,
Japan). cDNAs of Fragment 1, Fragment 2 and Fragment
3 were obtained by using a PrimeScript  II 1st Strand
¢DNA Synthesis Kit (TaKaRa Bio Inc, Japan) with the
specific primer F1 F, F2 F and F3 F respectively. For the
PCR stage, all the three fragments are achieved by using
the PrimeSTAR® GXL DNA Polymerase (TaKaRa Bio
Inc, Japan) to avoid mutations, as shown in Fig. 1, it Frag-
ment 1 was generated by using PCR with the cDNA of
Fragment 1 as template and with primers F1 F and F1 R.
Then the Fragment 1 was cloned into the corresponding
modified pBluescript vector which also linearized by PCR
with specific primers F1 Vet F and F1 Vet R (Table 1),
resulting in production of a pZM10-F1 subclone. Subse-
quently, Fragment 2 was amplified with the primers F2 F
and F2 R and cloned into the pZM10-F1 vector linearized
by PCR with specific primers and F2 Vec F and F1 R), to
obtain the subclone pZM10-F1-F2. Finally, The plasmid
PZM10 containing the whole genome was constructed
by insert the Fragment 3 into the subclone pZM10-F1-F2
using the above method with the primers F3 F and F3 R
for Fragment 3 and F3 Vec F and F2 R for linearized vec-
tor pZM10-F1-F2. The plasmid were transformed into
Stbl2 cells (Weidi Bio, China) and amplified at 30 °C for
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Fig. 1 Schematic representation of the construction of full-length cDNA clone of NDV ZM10 strain and rZM10 expressing the RFP gene. A The
full-length cDNA plasmid of the NDV genome was assembled from three fragments by ligation-independent cloning method. All the three
fragments share 15 nt homologous sequence and are shown by different colors: blue (Fragment 1), Red (Fragment 2) and Green (Fragment 3).
The full-length clone is under the control of T7 promoter; the fragment Tr was followed by the hepatitis delta virus (HDV) ribozyme and the T7
terminator. B Cloning strategy to incorporate the RFP gene into the full length NDV clone of strain ZM10. The RFP cassette was amplified from
pLS-RFP vector and sub-cloned into the NDV full-length genome between the P and M gene incorporating the NDV gene-start and gene-end
signals as an independent transcription unit (ITU). Kozak. Kozak sequence, ORF: open reading frame
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24 h and then purified by using a QIAprep Spin Miniprep
kit (Qiagen).

Generation of helper plasmids of NDV strain ZM10

Viral genomic RNA of purified ZM10 virus was iso-
lated with a MiniBEST Viral RNA/DNA Extraction Kit
(TaKaRa Bio Inc, Japan). And three cDNA fragments NP,

P, and L which contain the open reading frames (ORFs)
of the nucleoprotein (N), phosphoprotein (P) and poly-
merase (L) were carried out by using a high-fidelity RT-
PCR Reagent Kit (TaKaRa Bio Inc, Japan) with three pairs
of specific primers separately. To clone the NP, P and L
genes, three primer pairs of NP F and NP R, P F and P
R, and L F and LR were used for PCR with PrimeSTAR®
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Table 1 Primer sequences of the construction of ZM10 full-
length cDNA clone

Primer Primer sequence Primer name

7 ACCAAACAGAGAATCCGTAAG FIF

2 CAAGAGATATGACAGTTAAAACG FIR

3? CTGTCATATCTCTTGTATGTGGTATACTTAGCC  F2F
TGG

4 ATCCAGTCTATGTTGGAGATTCCCAGCTG F2R

5 CAACATAGACTGGATGACGGCATAACTCAG — F3F
ATGAC

& ACCAAACAAAGATTTGGTGAATGACAAGAC  F3R

7° ACAACCCTGTCCTGCTTCCTCTG RFP-F

8  CGCTCGGGGTGTTGGACCTTGGG RFP-R

9®  CTGTCATATCTCTTGGGCCGGCATGGTCCCAGC — F1Vec F
crec

10°  GATTCTCTGTTTGGTCCCTATAGTGAGICGTAT 1 VecR
TAGCG

11¢ CAACATAGACTGGATGGCCGGCATGGTCCC  F2VecF
AGCCTCC

12 AAATCTTTGTTTGGTGGCCGGCATGGTCCCAGC 3 Vec F
cTec

13 CCAACACCCCGAGCGCAACTCTCCAAGCGG — Vec-RFP-F
CAATC

14°  GCAGGACAGGGTTGTAGCGAGAGAGGTAAC — Vec-RFP-R
GATTAG

159 AAACACGATAATACCATGTCTTCTGTATTCGAT NP F
GAG

16 GTGGATCGGATCTTATCAGIACCCCCAGTCGGT  NPR
GTC

179 AAACACGATAATACCATGGAGATGGCCACCTTT P F
ACAG

18 GTGGATCGGATCTTATTAGCCATTCAGTGCAAG PR
GCGC

19 AAACACGATAATACCATGGCGAGCTCCGGTCCC L F
GAG

207 GTGGATCGGATCTTATTAAGAGTCACAGTTACT LR
GTAG

219 TAAGATCCGATCCACTAGTTCTAG Vet up

229 GGTATTATCGTGTTTTTCAAAGGAAAACC Vet down

23 TGGACCCTGGTTGTGCC RFP dect F

24°  GGCTTCTTCATTCCCAACC RFP dectR

All the primers were labeled with a superscript lowercase letter to better
illustrate them. Nucleotides shown in bold letters represent homology
sequences with a vector backbone, which were used to facilitate the RE
independent cloning using the In-Fusion® PCR Cloning Kit (Clontech). 2Primers
1-6 were used to RT-PCR amplify the Fragment 1, Fragment 2, and Fragment3
genes from the viral RNA of NDV ZM10 strain. ®Primers 7-8 were used to amplify
the RFP genes from LS-RFP plamid. “Primers 9-14 were used to amplify or
linearize the subclone vectors and the vector for RFP gene. “Primers 15-22 were
used to generate the helper plasmids of NDV strain ZM10. *Primers 23-24 were
used to amplify the insert part and a part of NDV vector gene

GXL DNA Polymerase (TaKaRa Bio Inc, Japan). These
genes were then cloned into the protein expression plas-
mid pTM1, kindly provided by Dr. B. Moss [20]. The
pTM1 vector was linearized by PCR with a pair of spe-
cific primers (Vet up and Vet down) with PrimeSTAR®
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GXL DNA Polymerase (TaKaRa Bio Inc, Japan). After gel
purification, the fragments NP, P and L gene were cloned
into the linearized pTM vector using the In-Fusion PCR
cloning kit. Corresponding plasmids were designated as
pZM10-NP, pZM10-P and pZM10-L, respectively.

Construction of full-length clone of NDV harbouring RFP
gene

To facilitate the RFP insertion into the NDV full-length
clone as an additional transcription unit, a cDNA frag-
ment containing the LaSota M noncoding sequences,
gene end of M (GE) and gene start (GS) signals, Kozak
sequence and the ORF of RFP protein were amplified by
PCR from a recombinant plasmid LS-RFP (A gift from Dr
Qingzhong Yu) by using the specific primer RFP-F and
RFP-R, whereas primers Vec-RFP-F and Vec-RFP-R were
used to amplify the linearized vector of pZM10. The RFP
gene was inserted into the pZM10 between the P and M
genes of the rZM10 genome to generate pZM10-RFP by
using the In-Fusion PCR Cloning Kit, as shown in Fig. 1.

Transfection and recovery of recombinant NDV

To generate recombinant viruses, BHK-21 cells were
grown overnight in a six-well plate to approximately 80%
confluency and infected with MVA/T7 at a multiplicity
of infection (MOI) of 3 before the transfection. Subse-
quently, the cells were co-transfected with 2 pg of pTM-
ZM10, 1 pg of pZM10-NP, 0.5 pg of pZM10-P, and 0.1 pg
of pZM10-L by using 6pL Lipofectamine™ 3000 (Invitro-
gen) according to the manufacturer’s instructions. After
incubation for 6 h at 37 °C, the transfection mixture was
replaced and the cells washed once by PBS buffer and
maintained in Opti-MEM medium containing 10% allan-
toic fluid (AF). After 72 h, the culture supernatant of each
well was harvested, clarified and injected into the allan-
toic cavities of 9-day-old embryonated SPF eggs. 3 days
later, AF was harvested and tested for NDV-specific
haemagglutinating activity (HA). HA-positive viruses
were filtered by 0.22 pM filter twice and diluted in phos-
phate-buffered saline (PBS), then inoculated into chicken
embryos for 3 passages. Stocks were then prepared
from harvested allantoic fluids. The complete genomic
sequences of the rescued viruses were determined by
direct sequencing of RT-PCR products amplified from
the viral genomic RNA with the RT-PCR system we built
before.

Confirmation of the rescued viruses by western blot

DF-1 cells were infected with the recombinant NDV
rZM10 and rZM10-RFP. After incubation for 48 h, the
infected cells lysates were harvested. Cells were lysed
and protein concentration was measured with BCA kit
(Beyotime, China). 15 ug of total proteins obtained from
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the NDV infected DF-1 cells were subjected to SDS-
PAGE. After trans-blotting, the membrane was incu-
bated with mouse anti-HN protein monoclonal antibody
(A gift from Dr Qingzhong Yu), rabbit anti-RFP tag ploy-
clonal antibody (Genscript, USA), or mouse anti-B-actin
monoclonal antibody followed by reactions with HRP-
conjugatedgoat anti-mouse IgG secondary antibody and
HRP-conjugatedgoat anti-Rabbit IgG secondary antibody
(Beyotime, China). Then the expression of HN protein
and RFP from each sample was measured with the Brad-
ford assay kit (Bio-Rad, USA).

Characterization of the rescued viruses

To evaluate the biological properties of the recombinant
NDV rZM10 and rZM10-RFP, the pathogenicities and
growth abilities of the recombinant viruses were exam-
ined by conducting titration assays and mean death time
(MDT) and intracerebral pathogenicity index (ICPI)
analysis. The virus titration was measured by the stand-
ard HA test in a 96-well microplate, the 50% tissue cul-
ture infectious dose (TCIDs,) assay on DF-1 cells, and
the 50% egg infective dose (EIDj) assay in 9-day-old SPF
chicken embryos, and ICPI was determined in 1-day-old
chickens, according to standard procedures [21].

To analyze the growth kinetics of the parental virus
and the recombinant viruses, monolayer of DF-1 cells (in
triplicate) was infected with the each virus at 0.01 MO],
respectively. The virus lysates was harvested at 12h inter-
vals, and the virus titer of each time point was measured
by TCIDyg, titration on DEF-1 cells in triplicate from two
independent experiments.

To determine the genetic stability of the additional
gene in the recombinant NDV genome, ten successive
passages of rZM10-RFP in 9 days old SPF embryonated
chicken eggs were performed. Briefly, the egg-passaged 3
(EP3) rZM10-RFP virus was diluted 10° fold with phos-
phate buffer solution (PBS) and 100 pL of the diluted EP3
inoculated into the allantoic cavity of each embryo. Three
independent repetitive groups (A, B, and C) were set for
each passage with 3 eggs for each group. The AF of the
infected eggs was harvested and pooled within each rep-
etition group at 96 h post-infection. The egg-passaged
viruses were diluted 10° fold, and passaged on their cor-
responding groups of eggs for six more times. The seri-
ally egg-passaged viruses were designated as EP4 (A, B or
C) to EP10 (A, B or C), respectively. Then the genomic
RNA was extracted from the allantoic fluid of EP4, EP6,
EP8, and EP10. The parental rZM10 virus stock were
used to amplify the RFP insert by RT-PCR with the spe-
cific primer RFP dect F for the RT stage using the Pri-
meScript” II 1st Strand cDNA Synthesis Kit (TaKaRa
Bio Inc, Japan) and a pair of specific primers (RFP dect F
and RFP dect R) for the PCR program with PrimeSTAR®
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GXL DNA Polymerase (TaKaRa Bio Inc, Japan). The
RT-PCR products were analyzed by electrophoresis on
1% agarose gel and photographed using a Tanon-1600
Imager (Tanon, China).

Results

Construction of full-length cDNA clone of NDV strain ZM10
In this study, the genome of NDV ZM10 strain was suc-
cessfully cloned into the pBluescript and the RFP gene
was inserted into pZM10 between the P and M genes
as an independent transcription unit as shown in Fig. 1.
To generate the vector pZM10-RFP, the RFP cassette
was introduced in the non-coding region of the vec-
tor pZM10 between the P and M using In-Fusion® PCR
cloning techniques. The total size of the pZM10-RFP was
found to be 16 092 n, followed ‘the rule of six!

Rescue of recombinant NDV from cloned cDNA

Rescue of the recombinant rZM10 or rZM10-REP virus
was performed by co-transfecting the plasmids pZM10
or pZM10-RFP respectively with the supporting plasmids
PZM10-NP, pZM10-P and pZM10-L together into BHK-
21 cells. The rescued viruses were amplified by inoculat-
ing 200 pL of the infected cell lysate into the 9-day-old
SPF chicken embryos’s allantoic cavity and incubating
for 96 h at 37 °C. Then the rescued viruses were collected
by harvesting the AF and the virus titer was further
detected by hemagglutination (HA) assay. The rescued
virus was diluted and propagated for three times in the
SPF chicken embryos. The AF was harvested after the
propagation and stored at — 80 °C. The insert gene and
the viral genome of the rescued virus were determined by
sequencing the RT-PCR products amplified from the AF.
Besides, the viral cytopathic effect (CPE) produced in the
BHK-21 cells typically consisted of clumping and round-
ing of cells and fusion of cells with syncytia formation as
observed 48 hpi under the light microscope(Fig. 2A). The
expression of RFP could be observed as a bright red fluo-
rescence under a fluorescent microscope at 200 x magni-
fications (Nikon, Eclipse Ti, Melville, NY) (Fig. 2A).

Confirmation of the recombinant viruses

In order to confirm the viruses, rescued viral RNA was
extracted from fresh allantoic fluid, and the full-length
genome was sequenced. It was found that the genomic
sequence of the recombinant virus was identical to that
of the parental virus, with only two exceptions: G at nt
8405 instead of the original A and A at nt 11209 instead
of G. Both mutations were located in the open reading
frame of the L protein sequence. The codon at nt 8405
was changed from A (Ala) to T (Thr) while the muta-
tion at nt 11209 caused no amino acid change. As the
rZM10 or rZM10-RFP have kept the similar biological
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Fig. 2 The CPEs and expression of RFP by the recombinant viruses rZM10 and rZM10-RFP. A DF-1 cells in a 6-well plate were infected with

the recombinant viruses at 0.01 m.o.i. the CPEs and the fluorescence of the infected cells were examined and digitally photographed 48 h
post-infection, under an inverted fluorescence microscope at 100 x magnification. The DF-1 cells which were not infected was set up as negative
control. BWestern blotting analysis antibodies response in DF-1 cells infected with the recombinant viruses rZM10 and rZM10-RFP. The molecular
weight of HN protein is approximately 87 kDa and was present in the cells infected with the rZM10 or rZM10-RFP. The RFP(~ 30 kDa) protein bands
could only be detected in the rZM10-RFP infected cells, confirming the expression of the RFP gene by rZM10-RFP
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characterization compared to their parental virus (see the
“Results” section), it seem the mutation have no influence
on the recombinant virus, which could be considered a
genetic marker of rescued virus particles.

The expression of NDV HN protein in the recombi-
nant NDV infected DF-1 cells were analyzed. As shown
in Fig. 2B, western blot analysis showed that the HN
protein had a molecular weight of approximately 67 kDa
and were present in the cells infected with the rZM10 or
rZM10-RFP, indicating that the recombinant NDV was
successfully rescued. While the RFP(~26 kDa) protein
bands could only be detected in the rZM10-RFP infected
cells, confirming the expression of the RFP gene.

Biological and molecular characterization

of the recombinant viruses

To evaluate biological properties of the parental and
recombinant viruses on viral pathogenicity and growth
dynamics, the recombinant NDV viruses rZM10 and

Table 2 Biological assessments of the NDV recombinant viruses
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rZM10-RFP were examined in vitro and in vivo by test-
ing the virus titration (EIDg,, TCIDs, and HA test), mean
death time (MDT), and intracerebral pathogenicity index
(ICPI). As shown in Table 2, the rescued viruses rZM10
and rZM10-RFP showed similar attenuated character-
istics in SPF embryonated eggs and day-old chickens
with a long MDT (> 150 h) and low ICPI (0.0) compared
to the parental strain ZM10. The titers of the recombi-
nant viruses grown in embryonated eggs were measured
by EIDg,, TCID;s, and HA. The results showed that the
recombinant virus rZM10-RFP were slightly lower but
were comparable to that of rZM10 and ZM10 strain.

As shown in Fig. 3, the growth kinetics study was car-
ried out on DF-1 cells with a collection interval of 12 h
until 72 h of infection. The growth kinetics of the two
recombinant viruses was slightly delayed in the onset of
replication compared to the parental virus ZM10, how-
ever, after 36 h, the recombinant viruses displayed a com-
parative replication kinetics and magnitude. The rescued
virus rZM10 and rZM10-RFP had a similar kinetic and
replicative efficiency as evident by the growth curve,
indicating that the insertion of the RFP gene did not
influence the viral replication of NDV (Fig. 3).

To determine the genetic stability of the rZM10-RFP
virus, RT-PCR was carried out to test the inserted gene
RFP of rZM10-RFP EP4, EP6, EP8, and EP10. The pre-
dicted molecular weight is 1684 bp which includes the

Viruses MDT ICPI HA EIDs, TCID,
ZM10 >150hs 00 210 3.16 x 10° 178 x 108
rZM10 >150hs 0.0 210 3.16 x 10° 1.78 x 108
rZM10-RFP >150hs 0.0 2° 562 %108 433 %10’

8

7

6

Titer Log,,(TCIDg/mL)
F=y

12 24 36

Hours Post-infection
Fig. 3 Growth kinetics of the recombinant viruses rZM10 and rZM10-RFP. DF-1 cells were infected with the indicated NDV viruses at 0.01 MOI. Every
12 h post-infection, virus lysates were harvested. Virus titers were measured by TCIDs, titration on DF-1 cells for each time point in triplicates from
two independent experiments and expressed in mean log10 TCIDs,/mL with a deviation

s ZM10 strain

w=fll= rZM10 strain

w=@= rZM10-RFP strain

48 60 72
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RFP cassette (906 bp) and a part of the recombinant
ZM10 vector (778 bp). As shown in Fig. 4, the RT-PCR
products amplified from the EP4, EP6, EP8, and EP10
of rZM10-RFP virus (A, B, and C) migrated to approxi-
mately 1.7 Kb on the agarose gel, which corresponds
to the predicted molecular weight. While the RT-PCR
product amplified from the rZM10 virus migrated to the
proximity of the predicted molecular weight position
(778 bp). These result indicated that there was no gross
noticeable deletion/insertion in the rZM10-RFP virus
insertion region.

Discussion

In this study, the reverse genetics platform for entero-
tropic Newcastle disease virus strain ZM10 and rZM10,
expressing an inserted foreign gene RFP was established.
The reverse genetics system for NDV is difficult and com-
plex compared to DNA viruses or positive-sense RNA
viruses [22—24]. First of all, the naked genomic RNA of
NDV is not infectious. It is only functional when being
encapsidated with protein complex, ribonucleoprotein
(RNP) formed by the viral NP, P and L proteins. Secondly,
the genome length and genome complexity have made
that the cloning of the full-length NDV genome remains
the most challenging and laborious of all the steps [23,
24]. Moreover, the NDV genome has to meet particular
requirements for successful rescue such as the rule-of-six
[25, 26] and generation of the precise 3’ and 5’ ends [24,
26]. To get the precise integral NDV genome, the tradi-
tional method is dividing the NDV genome into a set of
short fragments from 6 to 11 [10, 14, 27-31], and it takes
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months to complete for the multiple DNA fragments
cloning [23]. In this study, the genome of NDV was
divided into three fragments 6, 6 and 3 kb. Compared
to the approaches before, the design in this study needs
much shorter time for the full-length genome cloning.
As the amplification of a cDNA fragment around 10 kb
is available by using the commercial high fidelity reverse
transcription PCR by now, it seems the strategy of divid-
ing the whole NDV genome into two parts is possible,
which need to be explored in the future.

A majority of recombinant NDVs expressing one for-
eign gene (FG) as vaccines or biological therapies express
through either an independent transcription unit (ITU)
or an internal ribosomal entry site (IRES) approach [29,
32, 33]. The efficacy of these two strategies has been
investigated, showing that the ITU approach was more
efficient than that through the IRES approach [32].
The expression levels of FGs through ITU at different
genomic locations were variable and the optimal inser-
tion site in NDV genome for efficient expression has been
identified as the non-coding region between the P and M
genes [16, 17, 34]. Here, the RFP gene was inserted into
the NDV genome at the site of the non-recoding region
between P and M gene. Our data showed that the RFP
could be stably expressed in a high level in this region
(Fig. 4), and the recombinant virus rZM10-RFP did not
showed any significantly differences in MDT and ICPI
(Table 2), indicating that the noncoding region between
the P and M genes is a suitable position for rZM10 to
express an FG and provides the design strategy for the
recombinant bivalent vaccines.

EP4 S s
M A B C A B C

2000

1000—>
750

A B C A B C

EP10
rZM10 M

€—i684
€— 778

Fig.4 Detection of the RFP gene in egg-passaged virus stocks by RT-PCR and gel electrophoresis. Viral RNAs were extracted from the EP4, 6, 8 and
10 stocks (A, B, and C), and rZM10 as control. The RFP gene insert and surrounding sequences in the NDV vector were amplified from viral RNAs by
using a PrimeScript™ Il 1st Strand cDNA Synthesis Kit (TaKaRa Bio Inc, Japan) and a pair of specific primers. The RT-PCR products were analyzed by
electrophoresis on 1% agarose gel and photographed using a Tanon-1600 Imager (Tanon, China). The sizes of the DL2 000 Plus DNA Ladder marker
(Zoman Bio, China) are labelled with black arrows on the left side of the gel. The predicated sizes of the RT-PCR products from the rZM10-RFP

(1685 bp) and the rZM10 control (778 bp) are labeled with black arrows on the right side of the gel
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Pathogens especially the viruses could infect corre-
sponding host cell types, results in replicating in specific
host organs [35-37]. The ZM10 strain has an obvious
preference for replication the intestine though it could
infect both the respiratory and intestinal tract. This
characteristic makes the ZM10 to be an ideal vector to
express the protective antigen of intestinal pathogens,
therefore, an important application of our NDV rescue
platform would be to use the recombinant viruses as
vaccine vector for the expression of protective antigens
against avian or other animals’ diseases to develop multi-
valent vaccines (Additional file 1).

Conclusions

In this study, the full-length genome of NDV ZM10 strain
was cloned and the reverse genetic system for ZM10 was
established. The recombinant ZM10 could express the
RFP and both the rZM10 and rZM10-RFP showed simi-
lar biological properties and growth kinetics compared to
the parental virus. Considering that the ZM10 is an avir-
ulent enterotropic NDV strain, our research provides an
ideal vector for developing recombinant multivalent vac-
cines, especially for the pathogens grows in the intestine.
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