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Newcastle disease virus (NDV) or avian paramyxovirus 1 remains a constant 
major threat to commercial poultry production. The virus has shown remarkable 
effect as an oncolytic agent as well as a promising vaccine candidate against 
animal diseases. Although various studies have produced positive response 
rates for these two applications, there are still some important issues to be 
addressed which requires reverse genetics application. The rescue of a 
Malaysian NDV would help in the development of a recombinant vaccine; one 
which is phylogenetically closer to those viruses from current outbreaks with a 
potential to be used as a novel oncolytic agent. One such candidate strain with 
these potentials is the strain AF2240-I, a derivative of the viscerotropic velogenic 
local NDV strain AF2240. The main objectives of this study are to sequence the 
full genome of NDV strain AF2240-I and perform in-silico characterisation and 
to generate a reverse genetics system to rescue stably virulent NDV strain 
AF2240-I. Firstly, full genome amplification was performed using PCR and rapid 
amplification of cDNA ends (RACE) method followed by sequencing to verify the 
sequence. Full length sequence analysis showed that the strain AF2240-I 
belongs to genotype VIII at a length of 15,192 bp which follows the rule of six. 
The amplification of the haemagglutinin-neuraminidase (HN) gene of the strain 
given (initially presumed AF2240) has indicated the presence of Arg 403 residue 
in the HN gene which was reported to be absent in the HN gene of strain 
AF2240. A frameshift was also observed between the amplified matrix (M) gene 
of AF2240-I and the published M gene sequence of AF2240. It was concluded 
from that the frameshifts in both HN and M gene were likely due to quasi-species 
interference. Meanwhile, rescue of virus was done using the helper plasmid 
method. Three helper plasmids consisting of nucleoprotein (NP), 
phosphoprotein (P) and large protein (L) genes were prepared in pCI-Neo 
expression vector. The full length NDV anti-genome was synthesized and cloned 
into a transcription vector, pOLTV_phiX. The synthesised genome contained a 
silenced BsmBI RE site, at position 6741, by replacing G with A (CGTCTC to 
CATCTC) to serve as a genetic marker. These plasmids (helper plasmids & full 
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genome plasmid) were co-transfected into Baby Hamster Kidney (BHK) cells 
stably expressing T7 RNA polymerase by lipofectamine transfection reagent 
using 5 different ratios and harvested at different time. The recombinant AF2240-
I (rAF) recorded an intracerebral pathogenicity index (ICPI) and mean death time 
(MDT) values between 1.83 - 1.85 and between 47 h to 49 h respectively for 
passage 1 to passage 5. In summary, 16 h post transfection is sufficient to 
produce infectious viral particles in cell supernatant and that all 5 ratios showed 
no preference in the production of AF2240-I infectious virus particles. Also, both 
pathogenicity indices showed that rAF possesses a stable virulence capability 
even after 5 passages. Thus the reverse genetics system of a local NDV strain 
AF2240-I was successfully achieved. 
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PENCIRIAN DAN PENYELAMATAN VIRUS REKOMBINAN PENYAKIT 
NEWCASTLE STRAIN AF2240-I 

Oleh 

KAVITHA MURULITHARAN 

Februari 2016 

Pengerusi 
Institut  

: Profesor Datin Paduka Khatijah Mohamad Yusoff, PhD
: Biosains 

Virus penyakit Newcastle (NDV) atau avian paramyxovirus 1 masih merupakan 
menjadi ancaman yang utama bagi pengeluaran ayam komersial. Virus ini telah 
menunjukkan kesan yang luar biasa sebagai agen onkolitik dan juga sebagai 
calon vaksin haiwan. Walaupun pelbagai kajian telah menghasilkan keputusan 
pada kadar positif bagi aplikasi-aplikasi yang dinyatakan, masih terdapat 
beberapa isu-isu penting yang perlu ditangani. Oleh itu, penyelamatan virus NDV 
Malaysia berperanan dalam membantu pembangunan vaksin rekombinan; yang 
secara filogenetik lebih dekat kepada wabak-wabak semasa dengan potensi 
untuk digunakan sebagai agen oncolytik yang baharu. Salah satu calon dengan 
ciri-ciri ini adalah strain AF2240-I terbitan daripada strain NDV tempatan AF2240 
yang viscerotropik velogenic. Oleh itu objektif utama kajian ini adalah untuk 
mengenal pasti jujukan genom penuh strain NDV AF2240-I dan melaksanakan 
pencirian in-silico bagi menjana sistem genetik pembalikkan untuk 
menyelamatkan strain NDV AF2240-I yang stabil. Pertama, genom aplifikasi 
penuh telah dilakukan dengan menggunakan PCR dan kaedah aplifikasi pesat 
hujung cDNA (RACE) diikuti oleh pengesahkan turutan itu dengan cara 
penjujukan. Analisis penuh jujukan menunjukkan bahawa strain AF2240-I 
kepunyaan genotip VIII dan panjanganya adalah 15,192 pasangan bes yang 
mengikut undang-undang enam. Aplifikasi daripada haemagglutinin-
neuraminidase (HN) gen daripada strain yang diberikan (pada mulanya dianggap 
AF2240) telah menunjukkan kehadiran asid amino Arg 403 dalam gen HN, yang 
sebelum ini dilaporkan tiada dalam gen HN di strain AF2240. Mutasi sebingkai 
juga telah diperhatikan di antara matriks (M) gen AF2240-I dan jujukan M gen 
yang diterbitkan bagi AF2240. Secara kesimpulan, mutasi dalam gen HN and M 
dianggap disebabkan oleh gangguan kuasi-spesis. Sementara itu, pemulihan 
virus telah dilakukan dengan menggunakan kaedah plasmid bantuan. Tiga 
plasmid bantuan yang terdiri daripada gen nucleoprotein (NP), phosphoprotein 
(P) dan protein yang besar (L) telah disediakan di dalam vector pCI-Neo. Anti-
genom NDV telah disintesis dan diklon ke dalam vektor transkripsi, pOLTV_phiX. 
Genom yang disintesis mengandungi tapak BsmBI enzim yang disenyapkan, 
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pada kedudukan 6741, dengan menggantikan G dengan A (CGTCTC ke 
CATCTC) untuk bertujuan sebagai penanda genetik. Plasmid-plasmid ini (plasmid 
bantuan & plasmid anti-genom penuh) telah bersama-sama ditransfek 
menggunakan reagen lipofectamine ke dalam sel-sel Buah Pinggang Hamster 
Bayi (BHK) yang secara stabil boleh mengekspreskan T7 RNA polymerase 
menggunakan 5 ratio and masa pengumpulan supernatant yang berlainan. 
AF2240-I rekombinan (rAF) mencatatkan indeks patogenitasi intraserebrum 
(ICPI) dan masa kematian minimum (MDT) antara 1.83-1.85 dan antara 47 j 
hingga 49 j masing-masing untuk laluan 1 hingga 5 kali di dalam telur. Kesimpulan 
dibuat bahawa 16 j selepas transfeksi, supernatan yang dikumpul cukup 
menghasilkan zarah virus berjangkit dan kesemua 5 ratio tiada keutamaan 
menghasilkan virus. Juga kedua-dua indeks patogenitasi intraserebrum 
menunjukkan bahawa rAF mempunyai keupayaan yang stabil untuk 
menyebabkan jangkitan walaupun selepas 5 laluan di dalam telur SPF. Oleh 
sedemikian, satu system pembalikan gen bagi NDV tempatan AF2240-I berjaya 
dihasilkan. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 
1.1 Background 
 
Newcastle disease, caused by Newcastle disease virus (NDV) or avian 
paramyxovirus 1 is a poultry disease that affects chicken and many other known 
birds. It has resulted in severe economic losses to the poultry industry worldwide 
and remains a constant threat. The virus is a member of the genus Avulavirus 
of the family Paramyxoviridae (Alexander, 1997). 

 
 

Different strains of viruses exhibit different pathogenicity and virulence. The 
contribution of specific proteins to the pathogenicity has been studied 
extensively and current progress has narrowed on the role of HN, F and a non-
structural V protein. The HN protein allows the attachment of the virus on host 
cell membranes (Deng et al., 1999), the cleavage activation of F gene and the 
removal of progeny virions from host cell. The F gene then mediates the fusion 
of viral envelope with host cell membrane (Lamb et al., 2006). Finally the V gene 
acts as an alpha interferon antagonist. The genome is flanked by a leader and 
trailer region. Each gene has conserved regions at the beginning and the end of 
the genes for transcriptional control purposes. Located between the gene 
boundaries are the non-coding intergenic (ITG) sequences which vary in sizes 
(Figure 1.1) (Krishnamurthy and Samal, 1998). 
 
 

 

Figure 1.1 : NDV genomic representation. 
 
 
Negative-stranded RNA virus genome of NDV encodes six genes nucleoprotein 
(NP), phosphoprotein (P), matrix (M), fusion (F), haemagglutinin-neuraminidase 
(HN) and large (L) gene. The genome itself is flanked by a leader and trailer 
region. The genes are separated by intergenes (ITG) which varies in lengths. All 
genes except for P encodes for one structural proteins from a single open 
reading frame (ORF). The P gene expresses the P protein and an additional of 
V and W protein by mRNA editing process during P gene transcription (Paldurai 
et al., 2010).  
 
 
 
 
 



© C
OPYRIG

HT U
PM

2 
 

Reverse genetics is a technique that enables the production of an infectious viral 
particle from complementary deoxyribonucleic acid (cDNA) plasmids. This 
technique has established a solid platform for research on negative stranded 
ribonucleic acid (RNA) viruses whereby the negative stranded RNA viruses lack 
the ability to initiate an infectious cycle unlike positive stranded RNA viruses 
(Romer-Oberdorfer et al., 1999). This can be overcome by reverse genetics 
technique which allows the viruses to be recovered from plasmids, making it 
easier to manipulate the negative stranded viral genome (Schnell et al., 1994). 
Such modifications allow the genomes of these viruses to be manipulated for 
further molecular understanding of the virus, its pathogenicity and virulence.  

 
 

Prior to this, the vaccination programmes for NDV depended on live attenuated 
lentogenic strains. The newly emerging NDV strains are somehow able to 
overcome the effectiveness of live attenuated vaccines. The reverse genetics 
system therefore has allowed for the production of a more stable and efficacious 
attenuated vaccine due to better understanding of its virulence. Even though 
attenuated vaccine provide substantial protection from the disease, virus 
shedding is not completely prevented and disease can still occur in vaccinated 
birds. There still exists a need to continue to develop better vaccines to protect 
birds from both the disease and the infection to reduce virus shedding (Miller et 
al., 2013). In addition, the current NDV vaccines are bivalent vector which would 
be able to offer protection against two diseases besides NDV such as avian 
influenza virus (AIV) and infectious bursal disease virus (IBDV) (Kanabagatte 
Basavarajappa et al., 2014, Kim et al., 2014, Liu et al., 2015).    
 
 
Besides being useful as a poultry vaccine, NDV possesses a natural ability to 
target and kill cancer cells leaving normal cells undisturbed (Russell et al., 2012). 
Due to this property, NDV has become a favourite in virotherapy against cancer 
as it possess many advantages such as tumour selective replication and safety 
profile, its oncolytic potential and its immunostimulatory properties when 
compared to other oncolytic viruses (Fournier and Schirrmacher, 2013). Reverse 
genetics has boosted further the potential of NDV for the fight against cancer. 
Among the developments of NDV cancer vectors is the production of 
recombinant NDV with the expression of immuno-stimulators which allows and 
enhanced oncolytic property. 
 
 
1.2 Problem Statement 
 
The current study focuses on establishing a reverse genetics system for the local 
NDV strain AF2240-I. This strain is a viscerotropic velogenic genotype VIII strain. 
It was first isolated in Malaysia in the 1960’s and is being used as a challenge 
virus in vaccine trials (Yusoff and Tan, 2001).  The oncolytic study of this strain 
has been conducted by both in vitro and in vivo means.  It has shown to act as 
a good apoptotic agent in several tumour lines such as 4T1 breast cancer cell 
line, MCF 7, WEHI-3B leukemic, brain tumour cell line U-87MG and HeLa cell 
line (Motalleb et al., 2009, Othman et al., 2009, Molouki et al., 2010, Alabsi et 
al., 2011, Ali et al., 2011). Overall, it was demonstrated that AF2240-I possess 
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the ability to induce apoptosis in many tumour cell lines. Although various 
research are being carried out on negative stranded viruses in Malaysia, 
particularly NDV, there has been no development of a recombinant virus via 
reverse genetics method.  
 
 
Prior to generating a reverse genetics system, it is essential that the complete 
genome sequence of AF2240-I to be established and this has yet to be done. 
Knowledge of the sequence would enable researchers to identify all restriction 
sites within the genome which ultimately will assist in the development of an 
antigenome cDNA, a crucial step in reverse genetics. Moreover, it was 
necessary to recognise the complete sequence for genome modifications to be 
conducted.  
 
 
There has been a report indicating that recombinant viruses may revert mutation 
and lose its properties (de Leeuw et al., 2003) after one passage. An important 
property of AF240-I is its velogenic virulence which as a lytic NDV strain, it is 
able to continuously produce infectious viral particles thereby leading to an 
amplification of the viral load; essential as an oncolytic virus (Schirrmacher and 
Fournier, 2009). Therefore, upon any successful rescue of a virus via reverse 
genetics, the virus must be ensured to be stable especially its pathogenicity.  
 
 
1.3 Objectives 
 
The objectives of this study are: 
 

a) To sequence the full genome of NDV strain AF2240-I and perform in-
silico characteristics analysis  
 

b) To generate a reverse genetics system to rescue NDV strain AF2240-
I. 

c) To ensure the stability of pathogenicity of the rescued recombinant 
NDV strain AF2240-I  
  
 

1.4 Significance of study 
 
This research applies the principle of reverse genetics based on a synthetic NDV 
antigenome which was co-transfected with helper plasmids nucleoprotein (NP), 
phosphoprotein (P) and large protein (L). The virus rescue will be successfully 
performed in a shorter duration as compared to overlap PCR or restriction 
enzyme method. It is believed that this approach is important for the field of 
virology which is constantly subjected to new strains of viruses. Reverse 
genetics can be utilised as an important tool for the analysis of a negative 
stranded virus’s genomic functions, development of novel poultry vaccines and 
oncolytic studies and allows to expedite the current related research that are 
taking place in Malaysia.   
 



© C
OPYRIG

HT U
PM

4 
 

On an international level, despite increasing number of recombinant NDV strains 
being produced worldwide for animal vaccine and cancer research, an effective 
virotherapy has not yet been fully materialised (Buijs et al., 2015, Cardenas-
Garcia et al., 2015). Virotherapy studies are currently being conducted to 
effectively improvise the application of NDV (Schirrmacher, 2005, Lorence et al., 
2007, Kim et al., 2014). However, reverse genetics system must be applied for 
such studies and with the development of reverse genetics system in Malaysia, 
this matter can be helped to be addressed. 
 
 
Recombinant NDV as an animal vector has been highly promising, but there can 
be significant advantages with the use of vaccines homologous to circulating 
strains such as improved potential to reduce environmental viral load, increased 
level of specific humoral antibodies, and increased survival rates after challenge. 
Such improvised animal vaccine can be produced with the application our 
developed reverse genetics techniques for Malaysian researchers.  
 
 
In the present work, critical components such as the ratio of transfection 
plasmids, duration to harvest viral particles from transfected cells and types of 
allantoic fluid inoculum which may influence virus rescue were compared. By 
optimising the experimental parameters it will be possible to develop a robust 
and highly efficient system for the rescue of full-length AF2240 from cDNA. The 
results of the experimental variations upon AF2240 rescue can provide valuable 
guidelines for the generation of other negative strand RNA viruses from cDNA.  
 
 
1.5 Hypothesis 
 

a) The sequenced genome of AF2240 will have similarity up to 99% with 
previously published AF2240 NCBI sequences  

b) The recombinant virus strain AF2240-I would be successfully rescued 
using a synthetically produced antigenome cDNA with helper plasmids 
expressing NP,P and L genes.  

c) The rescued recombinant virus will stably maintain its pathogenicity as 
compared to its wild type after several passages.  
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