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Abstract: Newcastle Disease (ND) 1s caused by Newcastle Disease Virus (NDV) with a respiratory and digestive
mucosal bleeding for typical symptoms. It is an acute highly contacting disease. NDV could multiplicate in DF-1
cells. NDV from waterfowl is different from former NDV from chicken, it lead waterfow] dead. But the molecular
mechanisms of waterfowl NDV infected still are poorly understood. In this study researchers employed the
llumina genome analyzer platform to perform genome-wide Digital Gene Expression (DGE), a tagbased high-
throughput transcriptome sequencing method analysis of DF-1 cells infected NDV-YC. Researchers could reach
a sequencing depth of 5.0-6.1 million tags per library and found 8000 genes to be differentially expressed
during NDV-YC mfection processes. NDV-Y C notably 1dentified genes mwvolved n I-kappaB kinase/NF-kappaB
and TGF-beta signaling pathway. Further analysis employed Gene Ontology (GO) analysis cell part, binding
and biological regulation terms are main items, respectively. The data benefit for better understanding the
molecular mechanism of NDV-YC infected and provide a basis for further in vivo study and clinical trials.
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INTRODUCTION

Newecastle Disease Virus (NDV) which causes a
highly infectious and widespread disease n poultry
(Miller et al., 2010 Alexander and Allan, 1974) is regarded
in China as a notifiable disease by the Office International
Des Epizooties (OIE) and results in severe economic
losses (Caietal, 2011; OIE, 2009). NDV 1s a member of the
Avian Paramyxovirus serotype 1 (APMV-1), belonging to
the genus Avulavirus within the family Paramyxoviridae.
The NDV genome consists of a single stranded negative-
sense RNA with 15186, 15192 or 15198 Nucleotides (nt)
that encodes six structural proteins Haemagglutinin-
Neuraminidase (HN), Fusion (F), Matrix (M) Proteins,
Nucleoprotein (NP), Phosphoprotein (P) and RNA
polymerase (L) (Collins et af., 1989, Chu et al., 1982;
Hussein et al., 2005). Paramyxovirus infection is initiated
by the action of two envelope glycoproteins, one of
which Haemagglutimn-Neuwramimidase (HN), mediates
attachment to the host cell receptor. The other
glycoprotein the Fusion (F) protein is responsible for
virus penetration into the host cell and virus-induced cell
fusion and haemolysis. HN proteins generally contain six
potential glycosylation sites (119, 341, 433, 481, 508 and

538), of which five are conserved in paramyxovirus.
NDV has been found and isolated since 1926, it has
widespreaded throughout the world and the host range
has expanded. Water fow] become the infection host of
ND from recently in China. NDV from waterfow] which is
nature infected and caused waterfow] morbidity death is
different from former NDV from chicken. From 1997, n
Guangdong and Tiangsu, there were many gooses
infected NDV one after another (Cai et al., 2011). The
disease caused serious morbidity, death and 1t gradually
spread to the East Chma. Separated virus from the
morbidity goose groups reserchers conformed that virus
was agreed with biology characteristic and the nucleic
acid sequence of NDV. Tt was very easy to duplicate
sickness artificially.

Next-generation high-throughput deep-sequencing
technology such as Digital Gene Expression tag profiling
(DGE) has recently been adapted for transcriptome
analysis (Xiao et al, 2010; Hegedus et al, 2009).
This direct sequencing methodology allows for the
identification of millions of short RNAs in a sample and of
Differentially Expressed Genes (DEGs) without the need
for prior annotations (Wang et al., 2009, Cloonan and
Grimmond, 2008; Morozova and Marra, 2008).

Corresponding Author: T. Ren, Key Laboratory of Animal Disease Control and Prevention of the Ministry of Agriculture,
College of Veterinary Medicine, South China Agricultural University, 483 Wushan Road,

510642 Guangzhou, P.R. China

2556



J. Anim. Vet. Adv., 11 (14): 2556-2563, 2012

Sequencing-based methods generate absolute
gene expression measurements and avoid many of the
inherent limitations of earlier microarray-based assays
(Wilhelm et al., 2008).

In order to clarify molecular mechanism of
pathogenicity researchers worked from host by illumina
genome analyzer platform to perform a digital gene
expression analysis of the DF-1 cells transcriptome
response to NDV-YC from duck infection. Apoptosis
played an important role in the oncolytic processs
induced by NDV. Go and Pathway analysis showed that
apoptosis signaling pathways induced by NDV. The
research systematically investigate the oncolytic efficacy
and apoptotic mechanisms induced by NDV strains
providing a basis for further in vivo study and clinical
trials.

MATERIALS AND METHODS

Virus cells: DF-1 cells were provided by the collection of
cell lines in the College of Veterinary Medicine, South
China Agricultural University, China. NDV-YC which was
isolated from a duck farm in the Guangdong province of
China was harvested i 9-10 days old Specific Pathogen
Free (SPF) chicken embryos (Guangdong Dahuanong
Animal Health Products Co., Ltd) by using limiting
dilution standard procedures and plaque-purified three
times on priunary chicken embryo fibroblasts. It was
provided by the Animal Infectious Diseases Laboratory
of South China Agricultural Umiversity.

Sample preparation: Cells that were cultured in a
conventional source of amino acids were used as mock
infected controls in parallel while DF-1 cells were infected
with NDV at a Multiplicity of Infection (MOI) of 1.
The DF-1 cells were harvested at 24 h post-infection
(hpi). After washing three times with ice-cold
Phosphate-Buffered Saline (PBS) the total RINA of the
collected cells were obtained using trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to the
recommendations of the manufacturer. The RNA samples
were treated with DNase I (TaKaRa, Japan) to clean up
residual genomic DNA. RNA integrity and concentration
were evaluated by Agilent 2100 Bioanalyzer (Agilent
technologies).

Digital Gene Expression tag profiling (DGE): The main
reagents and supplies are illumina gene expression sample
prep kit and solexa sequencing chip (flowcell) and the
main instruments are illumina cluster tation and Illumina
HiSeqTM 2000 System.

Sequence tag preparation was done using the Digital
Gene Expression Tag Profiling kit (Tllumina) according

to the manufacturer’s protocol. A total of cDNA per tag
library was purified and sequenced by the illumina
genome analyzer I system (ServiceXS, Leiden, the
Netherlands). Image analysis, base calling and tag
counting were performed using the Solexa Automated
Pipelin. For analysis, adaptor tags were filtered and
low-quality tags and tags with a copy number of one were
excluded. The clean tags were classified according to their
copy-number in the library. The percentage of the total
clean tags and analyzed saturation of the library were
showed. Researchers generated the clean tags and
mapped to the reference sequences i the chicken genome
and virus reference sequences (ftp:/fip.ncbinih gov/
genomes/Gallus gallus/RNA/rna. fa gz, ftp:/ftp.nebinih
gov/genomes/Gallus gallus/Assembled chromosomes, all
found in the GenBank database) that only 1bp mismatch
accepted. Tags that only one matched to unambiguous
tags with a criterion were analyzed (Morrissy ef af., 2009,
Hoen et al., 2008).

Differentially Expressed Genes (DEGs) detection: To
compare DEGs across samples (YC/C), the number of raw
clean tags in each library was normalized to the number of
TPM (Transcripts Per Million clean tags) to obtan
normalized gene expression levels. The detection of DEGs
or tags across samples was performed as previously
described (Audic and Claverie, 1997) researchers
should preset the FDR to a number no larger than 0.01
(Benjamini and Yelcutieli, 2001). FDR<0.001 and an
absolute value of log2 ratio>1 was set as the threshold to
judge the significance of gene expression difference.
More stringent criteria with smaller FDR and bigger
fold-change value can be used to identify DEGs.

Cluster analysis of the DEG pattern: Genes with similar
expression patterns usually mean functional correlation.
Researchers perform cluster analysis of gene expression
patterns with Cluster (Eisen et al., 1998) Software and
Tava Treeview (Saldanha, 2004) Software.

Gene Ontology (GO) functional enrichment analysis for
DEGs:
enrichment analysis of functional sigmficance applies

In gene expression profiling analysis GO

hypergeometric test to map all differentially expressed
genes to terms in GO database looking for significantly
enriched GO terms in DEGs comparing to the genome
background. The calculating equation is:

e

1)
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Where:

N = The number of all genes with GO annotation

n = The number of DEGs m N

M = The number of all genes that are anmotated to the
certain GO terms

m = The number of DEGs in M

The GO functional emrichment analysis also
integrates the clustering analysis of expression patterns.
Thus, researchers can easily get the expression patterns
of DEGs anmnotated to the given GO-term.

Pathway enrichment analysis for DEGs: Different
genes usually cooperate with each other to exercise their
biological functions. Pathway-based analysis helps to
further understand genes biological functions. KEGG 1s
the major public pathway-related database (Yi et al., 2006).
Pathway enrichment analysis identifies significantly
enriched metabolic pathways or signal transduction
pathways m DEGs comparing with the whole genome
background. The calculating formula is the same as that
in GO analysis. Here, N is the number of all genes that
with KEGG armmotation, n 1s the number of DEGs in N, M
15 the number of all genes annotated to specific pathways
and m is mumber of DEGs in M.

RESULTS AND DISCUSSION

Cytopathic effect of the NDV-YC-infected DF-1 cells:
After YC infection, the affected DF-1 cells exhibited
obvious CPE after 24 h moculation. CPE was observed as
the most variable morphological alterations of the cells
including cell fusion, degeneration and rounding,
granularity and wvacuolization (Fig. la). Occasionally
plaques of dead cells were present (Fig. 1b). Uninfected
cells stained more densely than infected cells.

Analysis of DGE libraries: Global gene expression
profiles were analyzed using the Solexa/Illumina DGE
system a tag-based transcriptome sequencing method, in
order to investigate the regulation of the host response to
the NDV-YC virus. Researchers sequenced two DF-1 cells
DGE libraries from uninfected C and NDV-YC -mfected
using massively parallel sequencing on the Illumina
platform. The major characteristics of these two libraries
were shown in Table 1.

Researchers obtained approximately 5.6 million total
sequence tags per library with 291822 distinct tag
sequences. After researchers filtered out adaptor tags,
low quality tags and tags of copy number = 1, it produced
5.4 million total clean sequence tags with 111003 distinct
clean tag sequences. The C library had the higher number

Fig. 1. Morphological CPE of DF-1 cells infected with the
NDV-YC on 24 h post-infection. a) YC-NDV-
mfected DF-1 cells; b) Normal cells

Table 1: Major characteristics of DGE libraries and tag mapping to the
UniGene transcript database. All mapping represents the number
of all tags mapped to the UniGene wirtual tag database,
unambiguous mapping represents the number of unambiguous tags
mapped to the UniGene virtual tag database, unambiguous tags
indicate the tags matched only to one gene

c YC
Data Distinct tag  Total tag  Distinct tag  Total tag
Raw data 321990 6194034 261654 5000000
Tags containing N 19213 51720 8353 17443
Adaptors 95 101 0 0
Tag CopyNum <2 178787 178787 155190 155190
Clean tag 123895 5963426 98111 4827367
CopyNum =2 123895 5963426 98111 4827367
CopyNum =5 50704 5758612 41179 4667048
CopyNum =10 33956 5631747 27734 4565226
CopyNum >20 22487 5464369 18589 4431628
CopyNum =50 12652 5146769 10531 4172995
CopyNum >100 7741 4797796 6398 3879496
Tag mapping
All mapping 51629 3341942 42584 26994178
Unambiguous mapping 47976 3012617 39722 2452611
Unknown tag 24597 1247955 16051 905688

of both total sequence tags and distinct sequence than
the YC libraries. Analysis of capacity of libraries revealed
that new emerging distinct tags were gradually reduced as
the total sequence tags were increased (Fig. 2). The
sequencing saturation analysis can be performed to check
whether the number of detected genes keeps increasing
when sequencing amount total tag number increases.
When sequencing amount reaches 2 million or higher, the
number of detected genes almost ceases to increase

(Fig. 3).

Analysis of tag mapping: For tag mapping researchers
preprocessed one reference tag database that mcluded
19208 sequences from gallus unigene. To get the
reference tags researchers used nlalll to digest the
samples and took all the CATG+17 tags as the gene’s

reference tags. Researchers obtamed 154327 total
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Fig. 2: Saturation of DGE libraries: Analysis of capacity of

libraries showed that new emerging distinct tags
were gradually reduced with increasing of total
sequence tags when the number of sequencing
tags was big enough. a) C; b) YC

Table 2: Summary of antisense transcripts

No of UniGene C YC
Sense 31213 25401
Antisense 16763 14321
Overlap 10559 8564
Antisense-specific 6204 5757
Sense/Antisense 1.862 1.7737

reference tag sequences including 146895 unambigous tag
sequences. About polymorphism across samples, only
one mismatch was allowed m each alignment. According
to the criteria, 41.46-43.40% of distinct clean tags mapped
to the unigene virtual tag database, 40.49-38.72% of the
distinct clean tags mapped unambiguously to the Unigene
and 16.36-19.85% of the distinct clean tags didn’t map to
the unigene virtual tag database (Table 1). Researchers
can distinguish transcripts by solexa sequencing. Tt
revealed that overlap transcription were 8564, 10559 of all
detectable unigene and 5757, 6204 antisense-stand
specific transcripts (Table 2). By comparison, the ratio of
sense to antisense strand of the transcripts was
approximately 1.8179 for all libraries. Tlis suggests that in
spite of the high number of antisense mapping events
detected, the transcriptional regulation in the NDV
pathogenicity acts most strongly on the sense strand.
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Fig. 3: Sequencing saturation analyses: The sequencing
saturation analysis can be performed to check
whether the number of detected genes lkeeps
increasing when sequencing amount total tag
number mereases. a) C; b) YC

Identification of Differentially Expressed Genes (DGEs):
To gain the global transcriptional changes in NDV-YC
infected DF-1 cells researchers applied the method
described previously (Audic and Claverie, 1997) to
identify DEGs from the normalized DGE data by pairwise
comparisons between two samples (C/YC). Results
showed that 1922 genes had p<0.005, False Discovery
Rate (FDR) <0.01 and estimated absolute log 2 change <1
in at least one of the pairwise comparisons (Fig. 4), C
versus YC. Statistical analysis confirmed 1922 genes
differentially transcribed in C versus YC which were
declared to be differentially expressed during infection
course (Table 1).

Gene Ontology (GO) and clusters anmalysis: GO
assignments were used to classify the fimctions by the
predicted 9800 genes. With the reference sequence

alignment, >2000 genes can be categorized into
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groups (Fig. 5). GO has three ontologies molecular
function, cellular component and biological process. In
the GO classification, cell part binding and biological
regulation terms are main items, respectively. Researchers
also noticed a large quantity of genes from categories of
organelle catalytic activity and catabolic process and only
a few genes from terms of nucleoplasm part and ligase

20004

15004

1019 903

1000

Number of DEGs

5004

Up-regulated Down-regulated

CvsYC

4: Different expressed genes between libraries. All
genes mapped to the genome were examined for
expression differences different
libraries. Numbers of differentially expressed genes
represent across sense transcripts using threshold
values rate (FDR) <0.01 and log 2 change <1 for
controlling false discovery rates

Fig.

between the

activity and T-kappaB kinase/NF-kappaB cascade. GO
fimctional enrichment analysis and the clustering analysis
of expression patterns were integrated. Researchers can
easily get the expression patterns of DEGs annotated to
the given GO-term. In total, out of 1133 cluster, the cluster
for I-kappaB kinase/NF-kappaB cascade represents the
group 10 out of 1133 genes, 0.9% (Fig. 6).

Signaling pathway analysis: To characterize the
functional consequences of gene expression changes
assoclated with infection with NDV-YC, researchers
performed pathway analysis of DE genes based on the
KEGG (Kanehisa et al., 2004) database by two-side
Fisher's exact test. Researchers chose only signmificant
pathway categories that had a p-value of <0.05 and an
FDR of <0.05. As shown in Fig. 7, the significant signaling
pathways include regulation of actin cytoskeleton,
pathways in cancer, MAPK signaling pathway, TGF-beta
signaling pathway, toll-like receptor signaling pathway,
P53 signaling pathway, Cell Adhesion Molecules
(CAMs), etc.

Newcastle Disease (ND) 1s caused by Newcastle
Disease Virus (NDV) with a respiratory and digestive
mucosal bleeding for typical symptoms. Tt is an acute
highly contacting disease. CPE was observed as the most
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Fig. 5: Histogram presentation of gene ontology classification. The results are summarized in three main categories:

biological process, cellular component and molecular function. The right y-axis indicates the number of genes in

a category. The left y-axis indicates the percentage of a specific category of genes m that main category
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variable morphological alterations of the DF-1 cells
(Ravindra et al., 2009). Although great efforts have been
made by many researchers, the molecular basis of NDV
from waterfow] which is nature infected and caused duck
morbidity death is largely unknown. Here, we report on
the first genome-wide host cell transcriptional response to
NDV-YC mfection using Solexa/[llumma’s Digital gene
Expression (DGE) method which is a new tag-based high
throughput transcriptome deep sequencing method.
Given the nature of the methodology of Illumina’s DGE
system researchers make representative samples for deep
sequencing  analysis.
sequencing depth of 5.0-6.1 million tags per library and

Researchers could reach a

S —= 10w

-1
2

Fig. 6: The cluster of I-kappaB kinase/NF-kappaB
cascade. It represents the group 10 out of 1133
genes
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found =8000 genes to be differentially expressed
during NDV-YC mfection processes. Although, others
studies have admix biological replicates for library
construction and deep sequencing (Glazov et al., 2008;
Hegedus et al., 2009), resulting in the lack of biological
replicate, it may cause fuzzy to the impact of variations in
admix samples.

In the cell multiplication, the differentiation, senile
and perish weakly and so on the vital activities, the
transcriptome has the type and quantity difference. At the
same time, the external environment stimulation including
stimulations and so on biological or non-biotic factor can
obviously affect the mRNA expressed to the protein.
Although, protem 15 the physiological function performer
and biological phenomena, GO and pathway analyses by
DGE can even more draw close to grasps the life the
phenomenon from mRNA and find the vital activity rule.
The research through the establishment Solexa/Illumina’s
Digital Gene Expression (DGE) platform researchers
appraised these difference tag to libraries and analyzes
its function, to further verify the NDV pathogenesis
mechamsm to provide the experiment to rest on. The
research discovered that NDV-YC mfected DF-1 cell had
the many changes in including the cell skeleton, the signal
conduction, the macro-molecule synthesis and the
biological metabolism, etc.

The cell skeleton has three dimensional network
structure which are the micro silk (microfilaments), the

m DEGs with pathway annotation (1415)

Fig. 7. Sigmficant pathway categories. It had a p-value of <0.05 and an FDR of <0.05
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capillary (microtubules) and the middle silk (intermediate
filaments), dynamic distribution in cell (Chen et al., 2007).
The GO mdicated that the cell part 1s playing the vital role
mn virus’s course of infection, 9542 genes can matched the
libraries. The can translated to the host cell’s skeleton
system. In NDV infection host’s RNA synthesis period,
RNP (ribose nuclecalbumin compound) can assembled
with the cell skeleton union, indicate that the cell skeleton
ingredient is related with virus’s RNA synthesizes
(Hamaguchi et al., 1985). Cell part played the vital role in
virus’s 1nvasion, the duplication, infect and bud
processes.

NF-xB is a regulator of nuclear gene transcription
factor, regulates many biologically active mediators such
as cytokines, chemotactic factors, adhesion molecules,
gene transcription and expression. NF-kB can activate
and inhibited the apoptosis. NF-kB as an anti-apoptotic
material, had already been confirmed in macrophage
apoptosis induced by Fasl, NF-xB. It can reduce the
mcidence of apoptosis and macrophage apoptosis n the
processing of the NF-xB inhibitor (Lu et al., 2002). The
research showed that many genes found in T-kappaB
kinase/NF -kappaB cascade.

TGFP signaling pathway not only played an
important role in cell and organism growth and
development process, also closed associated with human
tumorigenesis development. TGFp can show anomalies if
any component, in the signal transduction pathways
TGFR signal transduction, become disorder, resulting in
tumor (Su et al., 2010). NDV applied to inhibit tumor
clinically. The pathway analysis showed that TGEFpP
signaling pathway existed m NDV-YC mfected DF-1 cells.

CONCLUSION

Deep-sequencing analysis of DF-1 cell transcriptome
response to infection with newcastle disease virus of
duck make further understand that ND'V the pathogenesis
mechanism as well as NDV come from waterfow! mfected
cell’s essence. It has provided the experiment basis.
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