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High Resolution Melt Genotyping of IBV, CSFV and NDV

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. provisional application 61/738,688 filed on
December 18, 2012.

FIELD OF THE INVENTION

The present invention relates to methods of differentiating and characterizing IBV, CSFV
and NDV strains, and identifying new strains using high resolution melt technology. The present

invention also provides primers and kits for use with such methods.

BACKGROUND OF THE INVENTION

The polymerase chain reaction (PCR) is a primer extension reaction that provides a
method to amplify a specific DNA or polynucleotide in vitro, generating thousands to millions of
copies of a particular DNA sequence. PCR is now a common and often indispensable technique
used in medical and biological research labs for a variety of applications. These include DNA
cloning for sequencing, DNA-based phylogeny, or functional analysis of genes; the diagnosis of
hereditary diseases; the identification of genetic fingerprints; and the detection and diagnosis of
infectious diseases. Some of the variations of the basic PCR include quantitative real-time PCR
(qPCR or RT-PCR), allele-specific PCR, asymmetric PCR, hot start PCR, reverse transcription
PCR, multiplex-PCR, nested-PCR, ligation-mediated PCR, Intersequence-specific PCR, Thermal
asymmetric interlaced PCR and touchdown-PCR. These PCR variations provide wide variety of
uses for different purposes. For example, single-nucleotide polymorphisms (SNPs) (single-base
differences in DNA) can be identified by allele-specific PCR, qPCR can provide a very high
degree of precision in determining the number of copies amplified in the PCR reactions (Bartlett

et al., “A Short History of the Polymerase Chain Reaction", PCR Protocols, 2003).

Recently, High Resolution Melt (HRM) was added as a new molecular technique
for high throughput mutation scanning (Zhou, L., et al.,, Clin. Chern. 51, 1770-1777, 2005).
Mutation determination using HRM is based on the dissociation of DNA, when exposed to
an increasing temperature in the presence of fluorescent dyes interacting with double-

stranded DNA (see, for example US7,387,887; US7,.582,429). There are numerous
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appropriate dyes disclosed in the art. The presence of a mutation leads to the formation of
DNA heteroduplexes followed by a change in melting behavior. Thus, this "mutation
scanning” technique detects the presence of sequence variations in target-gene derived PCR
amplicons. In an HRM experiment, sample DNA is first amplified via real-time PCR in
the presence of a High Resolution Melting Dye. Prominent examples of such dyes are
disclosed in WO 2008/052742. After PCR, the successive melting experiment can be
performed on the same Real Time Instrument, and analyzed with a respective Gene
Scanning Software to identify sequence variants.

Classical swine fever (CSF), previously known as hog cholera is a highly contagious and
multisystemic hemorrhagic disease affecting domestic and wild pigs that results in economic
losses in the swine industry worldwide and is a notifiable disease to the Office International des
Epizooties, according to the Terrestrial Animal Health Code (OIE, 2007). The causative agent is
classical swine fever virus (CSFV) which is an enveloped, positive-sense, single stranded RNA
virus, classified in the genus Pestivirus within the family Flaviviridae. At the genetic level,
CSFV’s can be divided into genotypes 1, 2 and 3, based on the partial sequences of the E2 and
NS5B genes. Each genotype can be classified further into several sub-genotypes, referred to as
1.1,1.2,and 1.3; 2.1, 2.2 and 2.3; and 3.1, 3.2, 3.3, and 3.4, respectively (Paton et al., Vet
Microbiol. 73:137-157, 2000). In Asia, CSF epidemics are ubiquitous and genotypes 1, 2 and 3
have been isolated in several Asian countries.

CSFV can cause acute, sub-acute and chronic swine disease and poses a considerable
threat to the swine industry worldwide causing severe economic losses. Control of CSF involves
either eradication or vaccination, in which eradication is the preferred method of control in
developed countries such as the Europian Union (EU) contributing to a significant amount of
losses attributable to the slaughter of infected pigs. Vaccination on the other hand is the major
control strategy in developing countries like China. The Hog Cholera Lapinized Virus (HCLV)
(also known as the C strain) was developed in the mid-1950s and is widely used in China and
many countries (Moorman et al., J Virol. 70:763-770, 1996). Massive vaccination with the
HCLYV vaccine makes it difficult to distinguish between wild-type and the HCLV-strain of CSFV
in vaccinated swine herds (Van Oirshot, Vet Microbiol 96:367-384, 2003). Sub-clinical and
asymptomatic infection with CSFV is universal (Moennig ef al., Vet. J. 165, 11-20, 2003; Tu,
Virus Res. 81, 29-37, 2001) making infections with wild-type CSFV not easily recognizable by
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farmers and veterinarians, and not detectable by general detection assays, such as virus isolation,
antigen-capture ELISA, and fluorescent antibody tests.

Various diagnostic assays have been developed. However, they all have limitations. Virus
isolation requires 6-12 days for confirmation of results; ELISA isn’t very sensitive and often
produces false negative results; real time PCR assays are faster and more sensitive but are
limited by a high-risk of cross contamination and most importantly. None of these assays are
able to distinguish between wild-type and the vaccines strains of CSFV. Previously, real-time
RT-PCR assays for discriminating wild-type CSFV from the “Riems” vaccine-strain have been
established in the EU (Leifer et al., J. Virol. Methods 158, 114-122, 2009; Leifer et al., J. Virol.
Methods 166, 98-100, 2010; Leifer et al., J. Gen. Virol. 91, 2687-2697, 2010) and an assay for
differentiating between wild-type and the “K-LOM’ vaccine-strain CSFV in Korea was
developed (Cho et al., Can J Vet Res 70:226-229, 2006). In China, a two-step real time RT-PCR
assay to distinguish wild-type CSFV from the HCLV-strain vaccine based on nucleotide
differences at the probe binding site and a one-step real time RT-PCR assay (wt-rRT-PCR) using
a minor groove binding (MGB) probe for detection of mutations in wild-types have been
described.

It is unlikely that a universal detection assay could be used in all countries because
different CSFV vaccine strains have been administered in different countries, ¢.g., “Riems” in
the EU, “K-LOM in Korea and “HCLV” in China. Therefore, there is a need to develop an assay
that is affordable, easy to execute and easy to interpret results to distinguish between wild-type
and vaccine-type for Classical Swine Fever.

Infectious Bronchitis (IB) is a disease prevalent in all countries within poultry industry,
with the incidence approaching 100% in most locations. It is the most economically important
disease. In young chicks, respiratory discase or nephritis lead to mortalities, reduced weight gain
and condemnation at processing, whereas in chickens of laying age, the disease is subclinical and
results in reduced egg production and aberrant eggs (Ignjatovic et al., Archives of Virology,
2006). IB outbreaks continue to occur in vaccinated flocks mainly because it is thought to be
caused by different serotypes, subtypes or variant of IBV, that are generated by nucleotide point
mutations, insertions, deletions, or recombination of S1 genes.

The causative agent, Infectious Bronchitis Virus (IBV) belongs to the Coronaviridae

family. It is an enveloped positive-sense, single stranded RNA virus, with a genome size of 27.6
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kb in length. The first 20 kb encode the viral RNA-dependent RNA polymerase and proteases.
The whole genome has at least ten open reading frames (ORF) from 5’ to 3” and are as follows:
5’-1a-1b-S(S1, S2)-3a,b,c(E)-M-5a,b-N-Poly(A)-3’ encoding four structural proteins, including
the spike glycoprotein (S), the membrane glycoprotein (M), the phosphorylated nucleocapsid
protein (N) and the small membrane protein (E) (Mardani et al., Arch Virol. 155(10):1581-6,
2010).

IBV was first reported in the USA in 1930 and has since been reported in most countries
throughout the four continents of America (Johnson and Marquardt, Avian Dis. 19:82-90, 1975),
Europe (Capua ct al., Zentralbl Veterinarmed B. 41:83-89, 1994; Cavanagh and Davis, Arch
Virol 130:471-476, 1993; Gough ¢t al., Vet Rec. 130:493-494, 1992), Asia (Wang et al., Avian
Dis 41:279-282, 1997) and Australia (Ignjatovic and McWaters, J Gen Virol. 72:2915-2922,
1991; Lohr, Avian Dis. 20:478-482, 1976). In Malaysia, little is known about the prevalence of
the disease. The first report of IB disease was as early as 1967 where the disease was mild and
vaccination unwarranted (Chong et al., Second symposium on Scientific and Technological
Research in Malaysia and Singapore, pp73-83, 1967; Aziz et al., The 8" Veterinary Association
Malaysia Scientific Congress, 23-25™ August 1996, Ipoh, pp76-78). Variants have been present
since at least 1979 (Lohr, Proceedings of the 1% International Symposium on Infectious
Bronchitis, EF Kaleta & U. Heffels — Redmann (Eds), pp 70-75, 1988; de Wit et al. Avian
Pathology. 40(3):223-235, 2011) with reports of a more virulent strain causing nephrosis-
nephritis syndrome that lead to high mortality was first reported in 1980 (Heng et al., Kajian
Veterinar. 12:1-8, 1980; Aziz 1996). Recent publications related to IBD in Malaysia dates back
to year 2000, 2004 and 2009 with clinical reports of variant nepropathogenic IBV strains since
1995 (Maizan, Proceeding 12" FAVA and 14™ VAM congress, 28-28 August 2002, ppll6; Yap
M.L et al. Proceeding VAM Congress 1-4 September. , 2000; Arshad et al. J. Vet. Malaysia. 14
(1&2): 322002; Balkis et al. Proceedings VAM Congress 2004, Zulperi et al. Virus Genes.
38:383-391, 2009).

Worldwide, several different serotypes and genotypes of IBVs have been identified and
new variants are still emerging. One of these new variant is QX-like IB. IB-QX has been
circulating and reported in China since 2004 (Liu & Kong, Avian pathology, 33:321-327, 2004).
The virus which is identified as QX has been predominantly associated with various forms of

renal pathology. Other researchers have also reported similar strains in China (Liu et al., J of Gen
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Virol, 86:719-725, 2005). In 2007, Cuiping et al. (Vet. Microbio., 122:71, 2007) confirmed the
data presented by Liu et al. (2005) reporting the isolation of nephropathogenic strains from
vaccinated and unvaccinated chicken flocks between 2003 and 2005. Similar findings have also
been reported in Russia and other parts of Europe (Bochkov et al., Avian Pathology, 35:379-393,
2006; Landman et al., Proceedings of the 14™ World Veterinary Poultry Congress, 22-26 August,
2005, Istanbul, Turkey, pp369).

It is unlikely that a universal detection assay could be used in all countries because
different IBV vaccine strains have been administered in different countries. Therefore, there is a
need to develop an assay that is affordable, casy to execute and easy to interpret results to
distinguish between wild-type and vaccine-type for Infectious Bronchitis (IB).

Despite intensive vaccination programs, Newcastle disease virus (NDV) remains a
constant threat to commercial poultry farms worldwide. NDV is a member of the order
Mononegavirales, family Paramyxoviridae and genus Avulavirus. It is an enveloped virus which
has a negative-sense, nonsegmented single-stranded RNA genome consisting of 15, 586
nucleotides. Its genome comprises of six genes: nucleoprotein (NP), phosphoprotein (P), matrix
protein (M), fusion glycoprotein (F), hemagglutinin-neuraminidase (HN), glycoprotein and large
polymerase protein (L). Of the six genes found in NDV, its two membrane proteins, the F protein
and the HN protein are most important in determination of its virulence.

The establishment of real-time PCR methods in recent years has brought significant
development to molecular diagnostics of various infectious agents and has rapidly cut-down the
turn-around-time for disease diagnostics for quick and accurate results for veterinary
practitioners in the field and farmers. Many PCR assays have been described for the Real Time
PCR assay for NDV detection and genotype differentiation using several different TagMan
probes or SYBR green (Wise et al., J. Clin Microbiol, 42:329-338, 2004). Tan et al. (J. Virol
Method, 160:149-156, 2009) described a SYBR Green I real-time PCR for the detection and
differentiation of NDV genotypes, however this assay required different primer pairs for
detecting the different NDV genotypes and relied heavily on the analysis of the melting peaks to
differentiate the three genotypes of NDV. Although SYBR Green 1 assay is the most cost
effective and easiest form of real-time PCR to establish compared to other real-time detection
formats, however, the major disadvantage is that the dye molecules binds with any double-

stranded DNA that is present in the reaction mixture including non-specific PCR products or
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primer-dimers. Therefore, there is room for improvement in the current molecular diagnostic

methods for rapid and conclusive results of NDV testing.

SUMMARY OF THE INVENTION

The present invention relates to a method or process of characterizing a strain of IBV,
CSFV or NDV comprising the steps of: a) generating a cDNA from the virus strain; b) exposing
the cDNA to a primer pair comprising a forward primer and a reverse primer in a real-time
polymerase chain reaction (PCR) to yield an amplicon, wherein the primer pair is specific to a
gene or region of the viral genome; ¢) performing high resolution melt (HRM) curve analysis on
a double-stranded product comprising the amplicon immediately after the real-time PCR; and d)
analyzing and comparing the HRM curve thereby characterizing the virus strain. The gene for
IBV may be the S1 gene. The gene for NDV may be the F, NP, P, M, HN or L gene. The region
for CSFV may be the four structural (C, Erns, Eland E2) or eight non-structural protein (Npro,
P7, NS2, NS3, NS4A, NS4B, NS5A and NS5B) region.

The present invention also provides primers and kits for use with such methods.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of example, but not intended to limit
the invention solely to the specific embodiments described, may be best understood in
conjunction with the accompanying drawings, in which:

Figure 1 is a table identifying the SEQ ID NO assigned to each DNA and protein
sequence.

Figure 2 depicts the sensitivity assay of real-time PCR for IBV.

Figure 3 depicts the amplification curve of IB-QX to show specificity.

Figure 4 shows the melting peak of IB-QX to show specificity.

Figure 5 depicts the S1 sequence of IB-QX and blast results.

Figure 6 shows the sequence comparison results.

Figure 7 shows the sequence identity percentage of IBV strains.

Figure 8 depicts the HRM analysis of IB-QX, IBnC90, Mass and 793/B strains.

Figure 9 depicts the HRM analysis of IB-QX and IBnC90 strains.

Figure 10 illustrates the sequence of LBK strain (CSFV) and the blast results.
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Figure 11 illustrates the sequence of VRI strain (CSFV) and the blast results.

Figure 12 illustrates the sequence of Pestiffa strain (CSFV) and the blast results.

Figure 13 illustrates the sequence of MVP strain (CSFV) and the blast results.

Figure 14 illustrates the sequence of QYHC strain (CSFV) and the blast results.

Figure 15 illustrates the sequence of ZBC strain (CSFV) and the blast results.

Figure 16 illustrates the sequence of YSC strain (CSFV) and the blast results.

Figure 17 depicts the HRM analysis of wild-type and vaccine-type of CSFV.

Figure 18 depicts the HRM analysis of different vaccine-type CSFV strains.

Figure 19 shows the nucleotide sequence alignment of wild-type CSFV and vaccine-type
CSFV.

Figure 20 shows the HRM analysis of NDV vaccine strains.

Figure 21 depicts the nucleotide sequence alignment of NDV strains.

Figure 22 illustrates the amino acid sequence alignment of NDV strains.

Figure 23 shows the sequence identity between NDV strains at nucleotide and amino
acids levels.

Figure 24 depicts the HRM analysis of NDV vaccine strains and wild type strains.

Figure 25 depicts the HRM analysis of NDV strains to distinguish velogenic/mesogenic

strains and lentogenic strains.

DETAILED DESCRIPTION

It is noted that in this disclosure and particularly in the claims, terms such as “comprises”,
“comprised”, “comprising” and the like can have the meaning attributed to it in U.S. Patent law;
e.g., they can mean “includes”, “included”, “including”, and the like; and that terms such as
“consisting essentially of” and “consists essentially of”” have the meaning ascribed to them in
U.S. Patent law, ¢.g., they allow for elements not explicitly recited, but exclude elements that are
found in the prior art or that affect a basic or novel characteristic of the invention.

For the purpose of interpreting the specification, the following definitions will apply and
wherever appropriate, terms used in the singular will also include the plural and vice versa. The

113 9 <C
a

singular terms an,” and “the” include plural referents unless context clearly indicates

otherwise. Similarly, the word “or” is intended to include “and” unless the context clearly
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indicate otherwise. The word “or” means any one member of a particular list and also includes
any combination of members of that list.

The term “animal” is used herein to include all mammals, birds and fish. The animal as
used herein may be selected from the group consisting of equine (e.g., horse), canine (¢.g., dogs,
wolves, foxes, coyotes, jackals), feline (e.g., lions, tigers, domestic cats, wild cats, other big cats,
and other felines including cheetahs and lynx), bovine (e.g., cattle), swine (e.g., pig), ovine (e.g.,
sheep, goats, lamas, bisons), avian (e.g., chicken, duck, goose, turkey, quail, pheasant, parrot,
finches, hawk, crow, ostrich, emu and cassowary), primate (e.g., prosimian, tarsier, monkey,
gibbon, ape), humans, and fish. The term “animal” also includes an individual animal in all
stages of development, including embryonic and fetal stages.

The terms “polypeptide” and “protein” are used interchangeably herein to refer to a
polymer of consecutive amino acid residues.

The terms “nucleic acid”, “nucleotide”, and “polynucleotide” are used interchangeably
and refer to RNA, DNA, cDNA, or cRNA and derivatives thereof, such as those containing
modified backbones. It should be appreciated that the invention provides polynucleotides
comprising sequences complementary to those described herein. The “polynucleotide”
contemplated in the present invention includes both the forward strand (5 to 3°) and reverse
complementary strand (3° to 57). Polynucleotides according to the invention can be prepared in
different ways (e.g. by chemical synthesis, by gene cloning etc.) and can take various forms (e.g.
linear or branched, single or double stranded, or a hybrid thereof, primers, probes etc.).

The term “genomic DNA”, or “genome” is used interchangeably and refers to the
heritable genetic information of a host organism. The genomic DNA comprises the DNA of the
nucleus (also referred to as chromosomal DNA) but also the DNA of the plastids (e.g.,
chloroplasts) and other cellular organelles (e.g., mitochondria). The genomic DNA or genome
contemplated in the present invention also refers to the RNA of a virus. The RNA may be a
positive strand or a negative strand RNA. The term “genomic DNA” contemplated in the present
invention includes the genomic DNA containing sequences complementary to those described
herein. The term “genomic DNA” also refers to messenger RNA (mRNA), complementary DNA
(cDNA), and complementary RNA (cRNA). The term “genomic RA (nucleic acid)” as used
herein includes RNA, mRNA, cRNA, DNA and cDNA.
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The term “gene” is used broadly to refer to any segment of polynucleotide associated
with a biological function. Thus, genes or polynucleotides include introns and exons as in
genomic sequence, or just the coding sequences as in cDNAs , such as an open reading frame
(ORF), starting from the start codon (methionine codon) and ending with a termination signal
(stop codon). Genes and polynucleotides can also include regions that regulate their expression,
such as transcription initiation, translation and transcription termination. Thus, also included are
promoters and ribosome binding regions (in general these regulatory elements lie approximately
between 60 and 250 nucleotides upstream of the start codon of the coding sequence or gene;
Doree S M et al.; Pandher K ef al.; Chung J Y et al.), transcription terminators (in general the
terminator is located within approximately 50 nucleotides downstream of the stop codon of the
coding sequence or gene; Ward C K et al.). Gene or polynucleotide also refers to a nucleic acid
fragment that expresses mRNA or functional RNA, or encodes a specific protein, and which
includes regulatory sequences.

The term “‘heterologous DNA” as used herein refers to the DNA derived from a different
organism, such as a different cell type or a different species from the recipient. The term also
refers a DNA or fragment thereof on the same genome of the host DNA wherein the
heterologous DNA is inserted into a region of the genome which is different from its original
location.

The abbreviations for the various nucleic acid bases include guanine (G), thymine (T),
adenine (A) and cytosine (C).

The term “PCR” refers to Polymerase Chain Reaction, a method for amplifying a single
or a few copies of DNA exponentially by means of conventional a thermocycler. PCR could also
refer to a conventional method for amplifying DNA copies that requires a gel electrophoresis
step to view the amplified DNA. .

“Real-time PCR” refers to an advanced PCR method that enables quantification of the
DNA copies and monitoring of the amplification of DNA in real time by detecting the levels of
fluorescence. The method does not require gel electrophoresis, utilizes less time and provides a
more accurate result.

The term “amplicon” refers to a portion of polynucleotide that is to be amplified or

multiplied using the polymerase chain reaction (PCR) methodology.
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The term “High Resolution Melt (HRM)” refers to the technology for the detection of
mutations, polymorphisms and genetic differences in double-stranded DNA samples. It is a
relatively new method for DNA analysis that was introduced in 2002 as a result of a
collaboration between academic (University of Utah, US) and the industry (Idaho Technology,
US) (Reed et al. 2007). High Resolution Melting is used to characterize DNA samples according
to their dissociation behavior as they transition from double stranded DNA (dsDNA) to single
stranded DNA (ssDNA) with increasing temperature. The technique, subjects DNA samples to
increasing temperatures and records the details of their dissociation from double-stranded
(dsDNA) to single stranded form (ssDNA). The Instrument collects fluorescent signals with
much greater optimal and thermal precision than previous methods to create new application
possibilities.

HRM analysis is performed on double stranded DNA samples. Typically the polymerase
chain reaction (PCR) is performed prior to HRM analysis to amplify the DNA region in which
their mutation of interest lies. This region that is amplified is known as the amplicon. After the
PCR, the HRM analysis begins. The process is a warming of the amplicon DNA from around
50°C up to around 95°C. At some point during this process, the melting temperature of the
amplicon is reached and the two strands of DNA separate or “melt” apart. The essence of HRM
is to monitor this process in real-time. This is achieved by using a fluorescent dye which binds
specifically to double-stranded DNA and when it is bound it fluoresces brightly. In the absence
of double stranded DNA the dye has nothing to bind to and it only fluoresces at a low level. At
the beginning of the HRM analysis there is a high level of fluorescence in the sample because of
the billions of copies of the amplicon. But as the sample is heated up and the two strands of the
DNA melt apart, presence of double stranded DNA decreases and thus fluorescence is reduced.
The HRM machine records the process and plots the data as a graph known as a melt curve,
showing the level of fluorescence vs. the temperature. The HRM machine has the ability to
monitor this process in “high resolution” making it possible to accurately document difference in
melting curves and therefore identify if a mutation is present or not.

The term “primer” as used herein refers to an oligonucleotide or short single-stranded
nucleic acid which, upon hybridization with a complementary portion of another single-stranded
molecule, acts as a starting point for initiation of polymerization mediated by an enzyme with

DNA polymerase activity, such as in PCR.

10
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As used herein, the term “antigen” or “immunogen” means a substance that induces a
specific immune response in a host animal. The antigen may comprise a whole organism, killed,
attenuated or live; a subunit or portion of an organism; a recombinant vector containing an insert
with immunogenic properties; a piece or fragment of DNA capable of inducing an immune
response upon presentation to a host animal; a polypeptide, an epitope, a hapten, or any
combination thereof. Alternately, the immunogen or antigen may comprise a toxin or antitoxin.

The term “immunogenic protein or peptide” as used herein includes polypeptides that are
immunologically active in the sense that once administered to the host, it is able to evoke an
immune response of the humoral and/or cellular type directed against the protein. Preferably the
protein fragment is such that it has substantially the same immunological activity as the total
protein. Thus, a protein fragment according to the invention comprises or consists essentially of
or consists of at least one epitope or antigenic determinant. An "immunogenic" protein or
polypeptide, as used herein, includes the full-length sequence of the protein, analogs thereof, or
immunogenic fragments thereof. By "immunogenic fragment” is meant a fragment of a protein
which includes one or more epitopes and thus elicits the immunological response described
above. Such fragments can be identified using any number of epitope mapping techniques, well
known in the art. See, e.g., Epitope Mapping Protocols in Methods in Molecular Biology, Vol.
66 (Glenn E. Morris, Ed., 1996). For example, linear epitopes may be determined by e.g.,
concurrently synthesizing large numbers of peptides on solid supports, the peptides
corresponding to portions of the protein molecule, and reacting the peptides with antibodies
while the peptides are still attached to the supports. Such techniques are known in the art and
described in, e.g., U.S. Pat. No. 4,708,871; Geysen et al., 1984; Geysen et al., 1986. Similarly,
conformational epitopes are readily identified by determining spatial conformation of amino
acids such as by, e.g., x-ray crystallography and 2-dimensional nuclear magnetic resonance.

The term “immunogenic protein or peptide” further contemplates deletions, additions and
substitutions to the sequence, so long as the polypeptide functions to produce an immunological
response as defined herein. The term "conservative variation" denotes the replacement of an
amino acid residue by another biologically similar residue, or the replacement of a nucleotide in
a nucleic acid sequence such that the encoded amino acid residue does not change or is another
biologically similar residue. In this regard, particularly preferred substitutions will generally be

conservative in nature, i.¢., those substitutions that take place within a family of amino acids.

11
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For example, amino acids are generally divided into four families: (1) acidic--aspartate and
glutamate; (2) basic--lysine, arginine, histidine; (3) non-polar--alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine, tryptophan; and (4) uncharged polar--glycine, asparagine,
glutamine, cysteine, serine, threonine, tyrosine. Phenylalanine, tryptophan, and tyrosine are
sometimes classified as aromatic amino acids. Examples of conservative variations include the
substitution of one hydrophobic residue such as isoleucine, valine, leucine or methionine for
another hydrophobic residue, or the substitution of one polar residue for another polar residue,
such as the substitution of arginine for lysine, glutamic acid for aspartic acid, or glutamine for
agparagine, and the like; or a similar conservative replacement of an amino acid with a
structurally related amino acid that will not have a major effect on the biological activity.
Proteins having substantially the same amino acid sequence as the reference molecule but
possessing minor amino acid substitutions that do not substantially affect the immunogenicity of
the protein are, therefore, within the definition of the reference polypeptide. All of the
polypeptides produced by these modifications are included herein. The term "conservative
variation" also includes the use of a substituted amino acid in place of an unsubstituted parent
amino acid provided that antibodies raised to the substituted polypeptide also immunoreact with
the unsubstituted polypeptide.

An "immunological response” to a composition or vaccine is the development in the host
of a cellular and/or antibody-mediated immune response to a composition or vaccine of interest.
Usually, an "immunological response" includes but is not limited to one or more of the following
effects: the production of antibodies, B cells, helper T cells, and/or cytotoxic T cells, directed
specifically to an antigen or antigens included in the composition or vaccine of interest.
Preferably, the host will display either a therapeutic or protective immunological response such
that resistance to new infection will be enhanced and/or the clinical severity of the disease
reduced. Such protection will be demonstrated by either a reduction or lack of symptoms
normally displayed by an infected host, a quicker recovery time and/or a lowered viral titer in the
infected host.

The numbers of possible viral variants for a genome with N nucleotides in length are 4"
possible variants, because there are 4 different nucleotides. For example, there are 10" different
variants for a genome that is only 300 nucleotides in length. (Martin A. Nowak and Robert

McCredie May Virus Dynamics ,0Oxford University Press). The genome sequence of an RNA

12
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virus population clusters around a consensus or average sequence, but each genome is different.
A rare genome with a particular mutation may survive a selection event, and the mutation will
then be found in all progeny genomes. The quasispecies theory predicts that viruses are not just a
collection of random mutants, but an interactive group of variants. (Vincent Racaniello 2009).

Variants include allelic variants. The term "allelic variant” refers to a polynucleotide or a
polypeptide containing polymorphisms that lead to changes in the amino acid sequences of a
protein and that exist within a natural population (e.g., a virus species or variety). Such natural
allelic variations can typically result in 1- 5% variance in a polynucleotide or a polypeptide.
Allelic variants can be identified by sequencing the nucleic acid sequence of interest in a number
of different species, which can be readily carried out by using hybridization probes to identify
the same gene genetic locus in those species. Any and all such nucleic acid variations and
resulting amino acid polymorphisms or variations that are the result of natural allelic variation
and that do not alter the functional activity of gene of interest, are intended to be within the scope
of the invention.

The term “identity” with respect to sequences can refer to, for example, the number of
positions with identical nucleotides or amino acids divided by the number of nucleotides or
amino acids in the shorter of the two sequences wherein alignment of the two sequences can be
determined in accordance with the Wilbur and Lipman algorithm (Wilbur and Lipman). The
sequence identity or sequence similarity of two amino acid sequences, or the sequence identity
between two nucleotide sequences can be determined using Vector NTI software package
(Invitrogen, 1600 Faraday Ave., Carlsbad, CA). When RNA sequences are said to be similar, or
have a degree of sequence identity or homology with DNA sequences, thymidine (T) in the DNA
sequence is considered equal to uracil (U) in the RNA sequence. Thus, RNA sequences are
within the scope of the invention and can be derived from DNA sequences, by thymidine (T) in

the DNA sequence being considered equal to uracil (U) in RNA sequences.

IBV

One embodiment of the invention provides a process or method of characterizing a strain
of IBV comprising the steps of: a) generating an IBV ¢cDNA from the IBV strain isolated from
an animal; b) exposing the cDNA to a primer pair comprising a forward primer and a reverse

primer in a real-time polymerase chain reaction (PCR) to yield an amplicon, wherein the primer
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pair is specific to the S1 gene of IBV genome; c) performing high resolution melt (HRM) curve
analysis on a double-stranded product comprising the amplicon immediately after the real-time
PCR; and d) analyzing and comparing the HRM curve thereby characterizing the IBV strain.

The forward and reverse primers may be selected by aligning the polynucleotide
sequences of the S1 gene of known IBV strains and comparing the conversed regions of the S1
gene. In one aspect of the embodiment, the forward primer has a polynucleotide sequence as set
forth in SEQ ID NO:29 and the reverse primer has a polynucleotide sequence as set forth in SEQ
ID NO:30.

S1 gene is known as the spiked (S) glycoprotein. The S1 subunit carries serotype-specific
sequences and antigenic epitopes inducing virus neutralizing antibody. The different serotypes,
subtypes or variant of IBV, were thought to be generated by nucleotide point mutations,
insertions, deletions, or recombination of S1 genes, which were responsible for the outbreaks of
IB in vaccinated chicken flocks (Zhou et al. J. Vet Med. B51, 147-152, 2004). Nucleotide
sequencing of the S1 glycoprotein is commonly used to determine serotype differences among
IBV strains (Kwon et al. Avian Dis. 1993).

The HRM curve analysis may be performed according to manufacturer’s instructions.
For example, several manufacturers provide instruments for the use of high-resolution DNA melt
analysis such as Applied Biosystems (ABI), Bio-Rad, Cepheid, Corbett, Eppendorf, Idaho
Technology, Roche and Stratagene. In addition, there are also several saturating dyes available in
the market for carrying out the assay such as LCGreen® (Idaho Technology Inc.), Syto9®
(Invitrogen, Carlsbad, CA), EvaGreen® (Bioturn) and LightCycler® 480 ResoLight Dye (Roche,
Indianapolis, IN) (Vossen RHAM et al. Human Mutation 30 (6), 2009).

The real-time PCR may be carried out using the following parameters: a) initial
denaturation at 95°C for 3 seconds, b) denaturation at 95°C for 1 minute, ¢) annealing at 55°C for
1 minute, d) extension at 72°C for 1 minute, and ¢) repeating steps b)-d) for 45 times, followed
by melting curve analysis (95°C for 1 second, 65°C for 15 seconds and 95°C continuously) and
cooling at 45°C for 30 seconds.

The method of the present invention may be used to characterize and distinguish known
IBV strains. The known IBV strains include, but are not limited to, 793/B strain, Massachusetts
strain, QX-like strain, IBNC90 strain, D274 strain, lowa strain, Arkansas strain, Holland 52

strain, Connecticut 46 strain, Beaudette US strain, California strain, Jilin strain, Holte strain, HK
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strain, D41 strain, DEQ72 strain, Spain/92/35 strain, Egypt/F/03 strain and other strains that are
found worldwide.

The invention also provides for the identification of a novel strain of IBV wherein the
IBV sequence does not align to any of the one or more IBV sequences with close homology. The
method comprises the steps of: a) generating an IBV ¢cDNA from the IBV strain isolated from an
animal; b) exposing the cDNA to a primer pair comprising a forward primer and a reverse primer
in a real-time polymerase chain reaction (PCR) to yield an amplicon, wherein the primer pair is
specific to the S1 gene of IBV genome; ¢) performing high resolution melt (HRM) curve
analysis on a double-stranded product comprising the amplicon immediately after the real-time
PCR; d) analyzing and comparing the HRM curve; and ¢) identifying the novel IBV strain. The
novel IBV strain thus identified by HRM curve analysis may be further characterized by
sequencing the amplicon and aligning the IBV amplicon sequence with known IBV sequences.
The novel IBV strain may have about 50%, about 60%, about 70%, about 75%, about 80%,
about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%,
about 97%, about 98%, or about 99% sequence identity with any known IBV sequence. The
sequence may be nucleotide sequence or amino acid sequence (translation of the amplicon
sequence).

Another aspect of the method embodiment provides a means for differentiation between
infected and vaccinated (DIVA) animals. The method comprises the steps of: a) generating an
IBV cDNA from the IBV strain isolated from an animal; b) exposing the cDNA to a primer pair
comprising a forward primer and a reverse primer in a real-time polymerase chain reaction (PCR)
to yield an amplicon, wherein the primer pair is specific to the S1 gene of IBV genome; c)
performing high resolution melt (HRM) curve analysis on a double-stranded product comprising
the amplicon immediately after the real-time PCR; and d) analyzing and comparing the HRM
curve thereby determining whether the cDNA is derived from a vaccine-type strain or a strain
that infected the animal.

One embodiment of the present invention provides an isolated polynucleotide or primer
having the sequence as set forth in SEQ ID NO:29 or SEQ ID NO:30.

Another embodiment of the present invention provides a kit for detecting an IBV strain

comprising: a) a primer pair comprising a forward primer having the sequence as set forth in
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SEQ ID NO: 29 and a reverse primer having the sequence as set forth in SEQ ID NO:30; and b)

an instruction describing the parameters and conditions to perform real-time PCR.

CSFV

One embodiment of the invention provides a process or method of characterizing a strain
of CSFV comprising the steps of: a) generating a CSFV cDNA from the CSFV strain isolated
from an animal; b) exposing the cDNA to a primer pair comprising a forward primer and a
reverse primer in a real-time polymerase chain reaction (PCR) to yield an amplicon, wherein the
primer pair is specific to the NS5B or 3’NTR region of CSFV genome; ¢) performing high
resolution melt (HRM) curve analysis on a double-stranded product comprising the amplicon
immediately after the real-time PCR; and d) analyzing and comparing the HRM curve thereby
characterizing the CSFV strain.

The forward and reverse primers may be selected by aligning the polynucleotide
sequences of the NS5B or 3’NTR region of known CSFV strains and comparing the conversed
regions of the NS5B or 3’NTR region. In one aspect of the embodiment, the forward primer has
a polynucleotide sequence as set forth in SEQ ID NO:8 and the reverse primer has a
polynucleotide sequence as set forth in SEQ ID NO:9.

NS5B is the RNA-dependent RNA polymerase gene. 3’NTR region is the 3’
nontranslated region of the viral genome. Previous studies have shown (Pan et al., J Vet Diag Inv,
2008) notable T-rich insertions sites in the 3’ NTR of the vaccine-type of CSFV which are absent
in the wild-type of CSFV making both genes a suitable genetic marker for differentiation
between wild-type and vaccine strains.

The HRM curve analysis may be performed according to manufacturer’s instruction.

The real-time PCR may be carried out using the following parameters: a) initial
denaturation at 95°C for 3 seconds, b) denaturation at 95°C for 1 minute, ¢) annealing at 55°C for
1 minute, d) extension at 72°C for 1 minute, and ¢) repeating steps b)-d) for 45 times, followed
by melting curve analysis (95°C for 1 second, 65°C for 15 seconds and 95°C continuously) and
cooling at 45°C for 30 seconds.

The method of the present invention may be used to characterize and distinguish known
CSFV strains. The known CSFV strains include, but are not limited to, ALD strain, Chinese

strain (C strain), GPE strain (Japanese strain), C/HVRI strain (from China, genotype 1.1), Riems
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strain (from China), Alfort 187 strain, Ames strain, Margarita strain, Baker strain, New York
strain, Purdue 115 strain, Paderborn strain, Spreda strain, Oregon strain, Singer strain, Osloss
strain, Moredun strai, Frijters strain and other strains that can be found in the literature.

The invention also provides for the identification of a novel strain of CSFV wherein the
CSFV sequence does not align to any of the one or more CSFV sequences with close homology.
The method comprises the steps of: a) generating a CSFV ¢cDNA from the CSFV strain isolated
from an animal; b) exposing the cDNA to a primer pair comprising a forward primer and a
reverse primer in a real-time polymerase chain reaction (PCR) to yield an amplicon, wherein the
primer pair is specific to the NS5B or 3’NTR region of CSFV genome; ¢) performing high
resolution melt (HRM) curve analysis on a double-stranded product comprising the amplicon
immediately after the real-time PCR; d) analyzing and comparing the HRM curve; and ¢)
identifying a novel CSFV strain. The novel CSFV strain thus identified by HRM curve analysis
may be further characterized by sequencing the amplicon and aligning the CSFV amplicon
sequence with known CSFV sequences. The novel CSFV strain may have about 50%, about
60%, about 70%, about 75%, about 80%, about 85%, about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about 99% sequence identity
with any known CSFV sequence. The sequence may be nucleotide sequence or amino acid
sequence (translation of the amplicon sequence).

Another aspect of the method embodiment provides a means for differentiation between
infected and vaccinated (DIVA) animals. The method comprises the steps of: a) generating a
CSFV c¢DNA from the CSFV strain isolated from an animal; b) exposing the cDNA to a primer
pair comprising a forward primer and a reverse primer in a real-time polymerase chain reaction
(PCR) to yield an amplicon, wherein the primer pair is specific to the NS5B or 3’NTR region of
CSFV genome; ¢) performing high resolution melt (HRM) curve analysis on a double-stranded
product comprising the amplicon immediately after the real-time PCR; and c) analyzing and
comparing the HRM curve thereby determining whether the cDNA is derived from a vaccine
strain or a strain that infected the animal.

One embodiment of the present invention provides an isolated polynucleotide having the
sequence as set forth in SEQ ID NO:8 or SEQ ID NO:9.

Another embodiment of the present invention provides a kit for detecting a CSFV strain

comprising: a) a primer pair comprising a forward primer having the sequence as set forth in
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SEQ ID NO:8 and a reverse primer having the sequence as set forth in SEQ ID NO:9; and b) an

instruction describing the parameters and conditions to perform real-time PCR.

NDV

One embodiment of the invention provides a process or method of characterizing a strain
of NDV comprising the steps of: a) generating an NDV ¢cDNA from the NDV strain isolated
from an animal; b) exposing the cDNA to a primer pair comprising a forward primer and a
reverse primer in a real-time polymerase chain reaction (PCR) to yield an amplicon, wherein the
primer pair is specific to the F, NP, P, M, HN or L gene of NDV genome; c) performing high
resolution melt (HRM) curve analysis on a double-stranded product comprising the amplicon
immediately after the real-time PCR; and d) analyzing and comparing the HRM curve thereby
characterizing the NDV strain.

The forward and reverse primers may be selected by aligning the polynucleotide
sequences of the F gene, or NP gene, or P gene, or M gene, or HN gene, or L gene of known
NDV strains respectively, and comparing the conversed regions of the F gene, or NP gene, or P
gene, or M gene, or HN gene, or L gene. In one aspect of the embodiment, the forward primer
has a polynucleotide sequence as set forth in SEQ ID NO:17 or 31 and the reverse primer has a
polynucleotide sequence as set forth in SEQ ID NO:18 or 32.

The fusion (F) protein is responsible in mediating fusion of the viral envelope with
cellular membranes and the haecmagglutinin-neuraminidase (HN) protein is involved in cell
attachment and release (Phillips, et al., Arch. Virol, 143:1993-2002, 1998; Tan et al., Arch. Virol,
155:63-70, 2010). NDV strains are classified into 3 genotypes, highly virulent (velogenic),
intermediate (mesogenic) or nonvirulent (lentogenic). Traditionally, NDV genotypes are most
commonly distinguished by sequencing and amino acid sequences analysis. The consensus
sequence of the F protein cleavage site of velogenic and mesogenic strains is
112(R/K)RQ(R/K)RF117; the consensus sequence of the lentogenic F cleavage site is
112(G/E)(K/R)YQ(G/E)RL117. A recent finding documented (Samal S et al. J. Gen. Virol. 2011)
that a change of glutamine to basic residue arginine (R) at position 114 of the F cleavage site
reduced the viral replication and attenuated the virus pathogenicity. The paper also reported that
the pathogenicity was further reduced when isoleucine (I) at position 118 was substituted by

valine.
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The HRM curve analysis may be performed according to manufacturer’s instruction.

The real-time PCR may be carried out using the following parameters: a) initial
denaturation at 95°C for 3 seconds, b) denaturation at 95°C for 1 minute, ¢) annealing at 60°C for
1 minute, d) extension at 72°C for 1 minute, and ¢) repeating steps b)-d) for 45 times, followed
by melting curve analysis (95°C for 1 second, 65°C for 15 seconds and 95°C continuously) and
cooling at 45°C for 30 seconds.

The method of the present invention may be used to characterize and distinguish known
NDV strains. The known NDV strains include, but are not limited to, Avinew strain, LaSota
strain, MVP-Mukteswar strain, ND-B1 strain, Korea Dalguban strain, Herts 33 strain, Essex’70
strain, 135/93 strain, 617/83 strain, 34/90 strain, Beaudette C strain, D26 strain, MC110 strain,
1154/98 strain and others that can are documented in the literature.

The invention also provides for the identification of a novel strain of NDV wherein the
NDV sequence does not align to any of the one or more NDV sequences with close homology.
The method comprises the steps of: a) generating an NDV ¢cDNA from the NDV strain isolated
from an animal; b) exposing the cDNA to a primer pair comprising a forward and a reverse
primer in a real-time polymerase chain reaction (PCR) to yield an amplicon, wherein the primer
pair is specific to the F, NP, P, M, HN or L gene of NDV genome; ¢) performing high resolution
melt (HRM) curve analysis on a double-stranded product comprising the amplicon immediately
after the real-time PCR; d) analyzing and comparing the HRM curve; and ¢) identifying a novel
NDV strain. The novel NDV strain thus identified by HRM curve analysis may be further
characterized by sequencing the amplicon and aligning the NDV amplicon sequence with known
NDYV sequences. The novel NDV strain may have less than 50%, less than 60%, less than 70%,
less than 75%, less than 80%, less than 85%, less than 90%, less than 91%, less than 92%, less
than 93%, less than 94%, less than 95%, less than 96%, less than 97%, less than 98%, or less
than 99% sequence identity with any known NDV sequence. The sequence may be nucleotide
sequence. The sequence may also be amino acid sequence (translation of the amplicon sequence).

Another aspect of the method embodiment provides a means for differentiation between
infected and vaccinated (DIVA) animals. The method comprises the steps of: a) generating an
NDV c¢DNA from the NDV strain isolated from an animal; b) exposing the cDNA to a primer
pair comprising a forward and a reverse primer in a real-time polymerase chain reaction (PCR)

to yield an amplicon, wherein the primer pair is specific to the F, NP, P, M, HN or L gene of
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NDV genome; ¢) performing high resolution melt (HRM) curve analysis on a double-stranded
product comprising the amplicon immediately after the real-time PCR; and d) analyzing and
comparing the HRM curve thereby determining whether the cDNA is derived from a vaccine
strain or a strain that infected the animal.

One embodiment of the present invention provides an isolated polynucleotide having the
sequence as set forth in SEQ ID NO:17, 18, 31 or 32.

Another embodiment of the present invention provides a kit for detecting an NDV strain
comprising: a) a primer pair comprising a forward primer having the sequence as set forth in
SEQ ID NO:17 and a reverse primer having the sequence as set forth in SEQ ID NO:18; or a
primer pair comprising a forward primer having the sequence as set forth in SEQ ID NO:31 and
a reverse primer having the sequence as set forth in SEQ ID NO:32; and b) an instruction

describing the parameters and conditions to perform real-time PCR.

Immunogenic Compositions and Vaccines

The present invention also provides isolating the novel stain of IBV, CSFV or NDV.
Methods for isolating novel viruses are well known to one of skill in the art (see, e.g., protocols
in Ausubel et al., Current Protocols in Molecular Biology, 1991, John Wiley and Sons, New
York; Sambrook et al., Molecular Cloning: A laboratory manual, 1989, Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y.).

Accordingly, the invention further comprehends immunogenic compositions or vaccines
comprising the novel IBV, CSFV or NDV. The immunogenic compositions or vaccines
according to the invention can include the virus culture or preparation (e.g., inactivated or
attenuated), or antigen or immunogen of the virus. The immunogenic composition or vaccines of
the invention may further comprise one or more pharmaceutically or veterinarily acceptable
carriers, vehicles, adjuvants, or excipients.

The pharmaceutically or veterinarily acceptable carriers, vehicles, adjuvants, or
excipients are well known to the one skilled in the art. For example, a pharmaceutically or
veterinarily acceptable carrier, vehicle, adjuvant, or excipient can be a 0.9% NaCl (e.g., saline)
solution or a phosphate buffer. Other pharmaceutically or veterinarily acceptable carrier, vehicle,
adjuvant, or excipients that can be used for methods of this invention include, but are not limited

to, poly-(L-glutamate) or polyvinylpyrrolidone. The pharmaceutically or veterinarily acceptable
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carrier, vehicle, adjuvant, or excipients may be any compound or combination of compounds
facilitating the administration of the vector (or protein expressed from an inventive vector in
vitro), advantageously, the carrier, vehicle, adjuvant, or excipient may facilitate transfection
and/or improve preservation of the vector (or protein). Doses and dose volumes are herein
discussed in the general description and can also be determined by the skilled artisan from this
disclosure read in conjunction with the knowledge in the art, without any undue experimentation.
The pharmaceutically or veterinarily acceptable carrier, excipient, vehicle or adjuvant
may be a water-in-oil emulsion. Examples of suitable water-in-oil emulsions include oil-based
water-in-oil vaccine emulsions which are stable and fluid at 4°C containing: from 6 to 50 v/v%
of an antigen-containing aqueous phase, preferably from 12 to 25 v/v%, from 50 to 94 v/v% of
an oil phase containing in total or in part a non-metabolizable oil (e.g., mineral oil such as
paraffin oil) and/or metabolizable oil (e.g., vegetable oil, or fatty acid, polyol or alcohol esters),
from 0.2 to 20 p/v% of surfactants, preferably from 3 to 8 p/v%, the latter being in total or in part,
or in a mixture either polyglycerol esters, said polyglycerol esters being preferably polyglycerol
(poly)ricinoleates, or polyoxyethylene ricin oils or else hydrogenated polyoxyethylene ricin oils.
Examples of surfactants that may be used in a water-in-oil emulsion include ethoxylated sorbitan
esters (e.g., polyoxyethylene (20) sorbitan monooleate (TWEEN 80®), available from
AppliChem, Inc., Cheshire, CT) and sorbitan esters (¢.g., sorbitan monooleate (SPAN 80®),
available from Sigma Aldrich, St. Louis, MO). In addition, with respect to a water-in-oil
emulsion, see also US Patent No. 6,919,084, ¢.g., Example 8. In some embodiments, the antigen-
containing aqueous phase comprises a saline solution comprising one or more buffering agents.
An example of a suitable buffering solution is phosphate buffered saline. In one embodiment, the
water-in-oil emulsion may be a water/oil/water (W/O/W) triple emulsion (U.S. Patent No.
6,358,500). Examples of other suitable emulsions are described in U.S. Patent No. 7,371,395.
The immunogenic compositions and vaccines according to the invention may comprise or
consist essentially of one or more pharmaceutically or veterinarily acceptable carrier, excipient,
vehicle, or adjuvant. Suitable carriers or adjuvants for use in the practice of the present invention
are (1) polymers of acrylic or methacrylic acid, maleic anhydride and alkenyl derivative
polymers, (2) immunostimulating sequences (ISS), such as oligodeoxyribonucleotide sequences
having one or more non-methylated CpG units (Klinman et al., 1996; W098/16247), (3) an oil in

water emulsion, such as the SPT emulsion described on page 147 of “Vaccine Design, The
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Subunit and Adjuvant Approach” published by M. Powell, M. Newman, Plenum Press 1995, and
the emulsion MF59 described on page 183 of the same work, (4) cation lipids containing a
quaternary ammonium salt, e.g., DDA (5) cytokines, (6) aluminum hydroxide or aluminum
phosphate, (7) saponin or (8) other adjuvants discussed in any document cited and incorporated

by reference into the instant application, or (9) any combinations or mixtures thereof.

The invention will now be further described by way of the following non-limiting

examples.

EXAMPLES
The standard molecular biology techniques described by J. Sambrook ez al. (Molecular
Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory, Cold Spring

Harbor, New York, 1989) were used in the experiments.

Example 1 HRM analysis of IBV

A total of 56 samples from different farms and locations were submitted to Vet Food
Agro Diagnostics (M) Sdn. Bhd. for routine IBV diagnosis in 2011. The organ samples received
ranged from lungs, kidney, caecal tonsils, trachea and pooled organs. These samples were
suspected to harbor the IB virus and were sent for detection of the specified virus and
confirmation. All these samples were homogenized and tested by reverse transcriptase PCR and
real time PCR in this study.

Nucleic acid extraction was carried out using Trizol LS reagent (Invitrogen, USA)
according to the standard manufacturer’s protocol.

Multiplex Reverse Transcriptase (RT) PCR for the detection of Mass and 793/B

A multiplex, based on S1 gene sequences, from a previously described method
(Cavanagh ct al., Avian Pathology, 28:593-605, 1999) was employed for the detection and
differentiation of two types of IBV: 793/B and Massachusetts. The oligonucleotide (primer)
sequences were as follow: XCE2-": CTCTATAAACACCCTTACA (SEQ ID NO:1); XCE2-":
CACTGGTAATTTTTCAGATGG (SEQ ID NO:2) (RT PCR step); XCE3-:
CAGATTGCTTACAACCACC (SEQ ID NO:3); BCEl+: AGTAGTTTTGTGTATAAACCA
(SEQ ID NO:4); DCE1+: ATACAATTATATCAAACCAGC (SEQ ID NO:5); MCE1+:
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AATACTACTTTTACGTTACAC (SEQ ID NO:6) (Nested step) (Adzhar et al., Avian
Pathology, 25:817-836, 1996, Cavanagh et al., Avian Pathology, 28:593-605,1999). The reaction
conditions were Reverse Transciptase step at 45°C for 1 hour, 72°C for 10 minutes, followed by
initial denaturation step at 94°C for 5 minutes. The amplification steps were 94°C for 1 minute,
50°C for 1.5 minutes, 72°C for 2 minutes repeated for 30 times, followed by final extension at
72°C for 2 minutes. The nested step was carried out with the following conditions: Initial
Denaturation at 94°C for 5 minutes, Amplification at 94°C for 1 minute, 50°C for 1.5 minutes
and 72°C for 2 minutes for a total of 30 times, followed by final extension at 72°C for 10
minutes and hold at 4°C.
One-Step RT-qPCR for the detection of IB-QX

Real time PCR was carried out with a reaction volume of 10uL of SensiFAST SYBR
green master mix, 0.8uL of 20 pmol forward primer (CTTATGCAGTAGTCAA) (SEQ ID
NO:29) and reverse primer (CACGTGGAATCATGCCTGTTAT) (SEQ ID NO:30), 0.2uL of

reverse transcriptase enzyme, 0.4uL of RNAse inhibitor, 4uL of template and 3.8uL of ddH0.
The real time PCR reactions were carried out in a LightCycler 480 real time PCR instrument
(Roche, Germany). The reaction conditions were Reverse Transciptase step at 45°C for 10 min
followed by initial denaturation step at 94°C for 2 minutes. The amplification steps were 94°C
for 5 seconds, 50°C for 10 seconds and elongation at 72°C for 5 seconds. The melting curve
analysis profile were 95°C for 3 sec, 58°C for 1 min and 95°C continuous, followed by cooling
at 45°C for 30 seconds.

HRM assay to differentiate IBN-C90 and IB-QX

The assay was established by using the same primer pair as described above (SEQ ID
NO:29 and SEQ ID NO:30) that amplify the hyper-variable region of the S1 gene of IB. The
assay consisted of 1ul of the highly saturated fluorescent dye (EvaGreen), 12.5ul master mix
(Sensimix, Bioline), 2ul of 25mM MgCl2, 0.5ul of the primer pair, template and PCR grade
water. The samples were loaded into the 384-well microwell plate and subjected to PCR
amplification in a real time PCR machine (LightCycler 480, Roche). The thermal cycling
reactions consisted of an initial denaturation (3 sec at 95°C). The amplification consisted of
denaturation (1 min at 95°C), annealing (1 min at 48°C) and extension (1 min at 72°C). The PCR

was immediately followed by high resolution melting curve analysis. The differentiations of the
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samples were achieved by using the known positive controls and in comparison with their
melting profiles.
Validation
Sensitivity of the RT real time PCR

All concentrations of reference materials were measured by a UV Spectrophotometer.
Concentrations were standardized to 10pg/ul. An end-point dilution (ten-fold serial dilution) was
used until the assay could no longer detect the target organism (no detection signals).
Specificity

The specificity of the test was conducted by testing the protocol against 5 other
organisms (IBV 793/B, IBV Mass, IBD, NDV, CAV, Reovirus).
Sequencing

Samples for sequencing (direct sequencing) were sent to a commercial sequencing
facility. PCR clean up and gel purification was done based on manufacturer’s protocol (Analytik
Jena, Germany). Results obtained were analyzed by BLAST (Basic Local Alignment Search
Tool) for confirmation of the reference material.
Results

Fifteen out of the fifty-six (26.8%) samples tested were positive for 793/B strain, nine out
of fifty-six (16%) were positive for Massachusetts strain; thirty-two out of fifty-six (57%) were
positive for QX-like strain; eighteen out of the fifty-six cases (32%) which were previously
reported as negative for IB were found to be positive for IB-QX when re-tested.

Validation of the real time PCR assay for the specific detection of IB-OX

Sensitivity

Figure 2 illustrates the sensitivity of the assay with an initial concentration of 10 ng/uL.
Based on the threshold derived at 18.48 at the final dilution level, it is estimated that the test is
highly sensitive and may be able to detect the virus at concentrations as low as 100ag.
Amplification Curve — IB-QX (Specificity)

The specificity of the assay was tested with other closely related organisms such as IB-
Massachusetts, IB-793/B, NDV, IBV and Avian PneumoVirus (APV). Figure 3 illustrates the
amplification curves derived from the specificity assay.

Melting peak (Tm) - IB-QX (Specificity)
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The specificity of the assay was tested with other closely related organisms such as IB-
Massachusetts, IB-793/B, NDV, IBV and APV. Figure 4 illustrates the melting peak derived
from the specificity assay.

Confirmation by Sequencing Analysis

The PCR product representing S1 gene of IB-QX strain was sequenced and the sequence
is shown in Figure 5 (SEQ ID NO:7). The sequence was used to BLAST against GenBank
database (NCBI). The screen shot of the BLAST results and tabulated nucleotide sequence
scores as determined by the BLAST analysis are shown in Figure 5. The BLAST analysis
confirms that the melting peaks and bands obtained from the PCR analysis is IB-QX.

Comparison of the previously reported nepropathogenic IB (MH5365/95) with sequences
in Genbank was done and the screen shot of the BLAST results and tabulated nucleotide
sequence scores as determined by the BLAST analysis are shown in Figure 6. The BLAST
analysis confirms that the nephropathogenic strain isolated in 1995 is closely related to recent IB
strains found in Thailand. Figure 7 shows the sequence identity matrix of the 7 closely related
sequences to the previously isolated IB case in Malaysia (MH5365/95 and v9/04).

Figure 8 illustrates the HRM analysis to compare IB-QX, IBnC90, Mass and 793/B.
Figure 9 depicts the HRM analysis to compare/detect IB-QX and IBnC90.

IB-QX was successfully detected from the retained archived samples. 26.8% samples
tested were positive for the variant strain - 793/B strain, 16% were positive for the classic IB -
Massachusetts; while 57% tested were positive for the new QX-like strain that has been
circulating since 2004. 18 out of the 56 cases (32%) which were previously reported as negative
for IB were found to be positive for IB-QX when re-tested. Due to lack of controls and lack of
detection method for the QX strain, some of the 2011 IB cases were falsely reported as negative.
Springing from there, a method was successfully modified from a previously published paper to
accurately detect IB-QX (H. J. Geerligs et al., Avian Pathology, 40(1):93-102, 2011). The
changes were made to modify the method from 3 hours conventional PCR to a 54 minutes real
time PCR assay that could detect nucleic acid as little as 100ag/ul. However, although the
method is highly sensitive and specific, it is foreseen that the new QX detection assay has its
limitations as it would not be able to detect other strains that may be present in poultry

specimens, not be able to detect several different types of IB strains simultaneously
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As the results show, a high resolution melt assay (HRM) that employs gene scanning
software is able to distinguish single nucleotide differences based on the hyper variable region of
the S1 gene to concurrently detect 4 strains (793/B, Mass, QX and IBnC90) as shown in Figure 8.
The possibility of conducting the assay to compare two strains (QX and IBnC90) is also shown

in Figure 9.

Example2 HRM analysis of CSFV

In this study, various wild-type and vaccine-type CSFV strains were used. The wild-type
strains included archived retained sample labeled as LBK and archived retained sample labeled
as VRI (derived from challenged pigs-pigs with the LBK virus). The vaccine type strains
included Pestiffa (live vaccine - C strain), MVP (live vaccine - GPE strain), QYHC (live
vaccine), ZBC (live vaccine), YST (live vaccine), YSC (live vaccine).
Reverse transcriptase step

The reverse transcriptase step to generate the complimentary DNA of the CSF was
carried out as follow: the assay was established by using primer sets that amplify the NS5B and
3’NTR regions of the CSFV sequences encompassing the T-rich insertion site that is unique to
the lapinized CSFV vaccine strains. The primer sets are as follows: forward primer 5°-
GTAGCAAGACTGGRAAYAGGTA-3’ (SEQ ID NO:8) (Y=C or T, R=A or G) and reverse
primer 5’-AAAGTGCTGTTAAAAATGAGTG-3" (SEQ ID NO:9) (Pan ct al., 2008). The real
time PCR mixtures consisted of 10ul of SYBR green master mix (Bioline), 1.6ul of the
respective primer sets (10uM), 0.2ul of reverse transcriptase enzyme, 0.4ul of RNAse Inhibitor
and 3.8ul of PCR grade water to make up the final volume of 20ul per reaction. The PCR
mixtures were subjected to real time PCR amplification in a 384-well microplate in the LC480
Real Time PCR instrument (LC 480, Roche).
HRM curve analysis of CSFV to distinguish its genotype

The samples were subjected to the HRM assay. The assay consisted of 1 ul of the highly
saturated fluorescent dye (EvaGreen), 12.5ul of HRM master mix (Sensimix Bioline), 2ul of
25mM MgCl2, 1ul of the primer pair (5uM), 2ul of template and PCR grade water. The same
primer pairs (SEQ ID NO:8 and SEQ ID NO:9) as used for the reverse trancriptase step were
used for the HRM assay. The uniqueness of the primer pairs is that it would generate an

amplicon size of 367 bp for wild-type strains and 379 bp for vaccine-type strains making it very
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obvious to accurately distinguish between the wild-type and vaccine-type strains. The samples
were loaded into the 384-well microwell plate and subjected to PCR amplification in a real time
PCR machine (LightCycler 480, Roche). The thermal cycling reactions consisted of an initial
denaturation (3s at 95°C). The amplification consisted of denaturation (1 min at 95°C), annealing
(1 min at 55°C) and extension (1 min at 72°C). The PCR was immediately followed by high
resolution melting curve analysis. The differentiation of the genotypes was achieved by using the
known positive controls and comparing their melting profiles.

Nucleotide sequence analysis

Sequence assembly and nucleotide sequence analysis were done using various
Bioinformatics software such as Clustal X/W for multiple sequence alignment and Bioedit 7.0
(Sequence Alignment Editor version 7.0.5.2, Tom Hall, US). All sequences were subjected to
BLAST analysis (blastn) against Genbank database (NCBI).

The LBK sequence (SEQ ID NO:10) and blast results are shown in Figure 10. The PCR
generated a 367bp PCR product. Sequencing of LBK and blast results confirmed that LBK is a
wild-type ALD strain.

The VRI sequence (SEQ ID NO:11) and the blast results are shown in Figure 11. The
PCR generated a 367bp PCR product. Sequencing of VRI and blast results confirmed that VRI
is a wild-type ALD strain.

The Pestiffa sequence (SEQ ID NO:12) and the blast results are shown in Figure 12. The
PCR generated a 379bp PCR product. Sequencing of Pestiffa and blast results confirmed that it
belongs to the vaccine strain, “Chinese” strain (C strain).

The MVP sequence (SEQ ID NO:13) and the blast results are shown in Figure 13. The
PCR generated a 379bp PCR product. Sequencing of MVP and blast results confirmed that it
belongs to the vaccine strain GPE, Japanese strain.

The QYHC sequence (SEQ ID NO:14) and the blast results are shown in Figure 14. The
PCR generated a 379bp PCR product. Sequencing of QYHC and blast results confirmed that it
belongs to the vaccine strain C/HVRI, from China, genotype 1.1.

The ZBC sequence (SEQ ID NO:15) and the blast results are shown in Figure 15. The
PCR generated a 379bp PCR product. Sequencing of ZBC and blast results confirmed that it
belongs to the vaccine strain C/HVRI, from China, genotype 1.1.
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The YSC sequence (SEQ ID NO:16) and the blast results are shown in Figure 16. The
PCR generated a 379bp PCR product. Sequencing of YSC and blast results confirmed that it

belongs to the vaccine strain Riems, Chinese strain.

Results of HRM curve analysis of CSFV

The HRM assay was able to differentiate and group the vaccine-type (Pestiffa) and wild-
type strains (LBK/VRI) (Figure 17). A portion of the nucleotide sequence alignment shows the
T-rich insertion in the vaccine-type and the deletions in the wild-type that enables the
differentiation of the wild-type (LBK) and vaccine-type (Pestiffa) strains respectively (Figure
17). The HRM assay was also able to differentiate and group the different vaccine-types (Figure
18). A portion of the nucleotide sequence alignment of the wild-type (LBK) and the vaccine-
types (Pestiffa, ZBC, YSC, QYHC and MVP) shows the varying sizes of the T-rich insertions in
the vaccine-type and the deletions in the wild-type that enables the differentiation of the wild-
type (LBK/VRI) and vaccine-type (Pestiffa) strains (Figure 19).
Validation - Sensitivity and Specificity

The sensitivity of the assay was carried out by a serial dilution with an initial virus
concentration of 10ng/uL. Based on the threshold derived, it is estimated that the test is sensitive
and is able to detect the target at concentrations as low as 100ag. The specificity of the assay was
tested with other swine viruses such as PCV2, PRRS, Parvovirus, SIV. Our analysis showed that
the primer pairs did not amplify these other viruses and was found specific for the detection of
CSFV.

The study shows that the assay is unique as the primer pair is able to generate different
amplicon sizes for wild-type (367 bp) and vaccine-type (379 bp). The analysis by high resolution
melting combined with nucleic acid sequencing confirms that the assay is able to rapidly detect

and differentiate wild-type and vaccine-type strains.

Example3 HRM analysis of NDV
Organ samples consisting of trachea, brain, bone marrow, lungs, kidney, spleen, intestine,
lymph nodes, caecal tonsil, bursa, proventriculus, liver, heart, thymus and pooled organs were
collected from 14 poultry farms in Malaysia from animals displaying classic NDV clinical signs.

The organ samples were subjected to nucleic acid extraction by using the Trizol LS reagent
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following the standard manufacturer’s protocol. The real time PCR was established with
modifications from a method previously described. The real time PCR mixtures consisted of 10
ul of SYBR green master mix, the respective primer sets and PCR grade water to make up the
final volume of 20 ul per reaction. The PCR mixtures were subjected to real time PCR
amplification in a 384-well microplate in the LC480 Real Time PCR instrument (LC 480,
Roche). The melting peaks and melting curves were observed by using the Absolute Quant
Software provided with the instrument.
Sequencing, Amino Acid Sequence Analysis, Phylogenetic Construction

Primer sets (5-ATG GGCY CCA GAY CTT CTA C-3' (forward) (SEQ ID NO:17), 5'-
CTG CCA CTG CTA GTT GTG ATA ATC C-3' (reverse)(SEQ ID NO:18) were used for

amplifying the fusion protein gene of Newcastle Disease Virus. The PCR protocol was
established with modifications from the method previously described (Berhanu et al., Virol J.,
7:183, 2010). The real time PCR mixtures consisted of 10 ul of SYBR green master mix, the
respective primer sets and PCR grade water to make up the final volume of 20 ul per reaction.
The PCR mixtures were subjected to real time PCR amplification in a 384-well microplate in the
LC480 Real Time PCR instrument (LC 480, Roche). The melting peaks and melting curves were
observed by using the Absolute Quant Software provided with the instrument. The thermal
profile was set at: pre-denaturation at 95°C for 3 seconds, followed by 45 cycles of 1 minute
denaturation at 95°C, 1 minute for annealing at 56°C and 1 minute for elongation at 72°C.
Melting curve analysis was performed to measure the specificity of PCR product. After PCR
cycling, samples were heated to 95°C for 1 second and 65°C for 15 seconds and then heated to
95°C continuously at a linear transition rate. The real time PCR cycle was run using the
LightCycler 480 (Roche®).

The same primer sets were used for sequencing. The PCR products of the expected
amplicon sizes were purified by using the PCR clean-up gel extraction kit according to the
manufacturer’s protocol with slight modifications (Analytik Jena, Germany). Sequencing of the
fusion protein gene of NDV was done in a commercial sequencing facility using the BigDye
Terminator v3.1 cycle sequencing kit. In order to confirm that all positive cases were true
Newcastle disease virus, a Basic Local Alignment Search Tool (BLAST) search of the sequence
was done in the Genbank database. The sequence editing and assembly were done by using

BioEdit Sequence Alignment Editor version 7.0.5.2 (Tom Hall, US). Sequence alignments were
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done by using ClustalX. The phylogenetic tree was constructed by using the distance-based
neighbor joining method by using Mega 5 software (Biodesign Institute, Tempe, Arizona) and
evaluated using the bootstrapping method calculated on 1000 repeats of the alignment. The
sequence identity matrix was generated with BioEdit Sequence Alignment Editor version 7.0.5.2
(Tom Hall, US).

DIVA (Differentiation of Infected versus Vaccine) assay

Positive NDV samples were subjected to the DIVA assay. The DIVA assay was
established by using primer sets: forward primer 5’-CTG CCA CTG CTA GTT GIG ATA ATC
C-3’ (SEQ ID NO:31, I = inosine), reverse primer 5’-CCT TGG TGA ITC TAT CCG IAG G-3°
(SEQ ID NO:32, I = inosine) that amplify the hyper-variable region of the fusion protein gene of
NDV. The assay consisted of 10ul of the highly saturated fluorescent dye master mix (Roche),
2ul of 25mM MgCl2, 0.5ul of the primer pair, template and PCR grade water. The samples were
loaded into the 384-well microwell plate and subjected to PCR amplification in a real time PCR
machine (LightCycler 480, Roche). The thermal cycling reactions consisted of an initial
denaturation (3s at 95°C). The amplification consisted of denaturation (1 min at 95°C), annealing
(1 min at 60°C) and extension (1 min at 72°C). The PCR was immediately followed by high
resolution melting curve analysis. The differentiation of the true NDV virus isolates versus the
vaccine strains was achieved by using vaccines as positive controls and comparing their melting
curve signatures.

NDV genotype differentiation by High Resolution Melting (HRM) Curve analysis

Positive NDV samples were subjected to the HRM assay. The HRM assay was
established by using primer sets (SEQ ID NO:17 and SEQ ID NO:18) that amplify the fusion
protein gene of NDV. The assay consisted of 10ul of the highly saturated fluorescent dye master
mix (Roche), 2ul of 25mM MgCI2, 0.5ul of the primer pair, template and PCR grade water. The
samples were loaded into the 384-well microwell plate and subjected to PCR amplification in a
real-time PCR machine (LightCycler 480, Roche). The thermal cycling reactions consisted of an
initial denaturation (3s at 95°C). The amplification consisted of denaturation (1 min at 95°C),
annealing (1 min at 60°C) and extension (1 min at 72°C). The PCR was immediately followed by
high resolution melting curve analysis. The differentiation of the NDV genotypes was achieved
by using known positive NDV genotypes as positive controls and comparing their melting curve

signatures. Confirmation of the assay was done by sequencing the positive NDV isolates.
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Validation

A typical validation based on ISO 17025 and MIQE (Minimum Information for
Publication of Quantitative Real-Time PCR Experiments has 8 parameters (Analytical sensitivity,
specificity, repeatability, recovery, reproducibility, ruggedness/robustness and
purity/concentration) that should be tested. Upon completion of the development of the assays, a
simple validation of the protocols was carried out to distinguish its analytical sensitivity,
specificity and confirmation by sequencing and amino acid sequence analysis.
Analytical sensitivity

The aim of the study is to determine the limit of detection (LOD)/lowest concentration of
the target agent of interest that can be detected. All concentration of reference materials were
measured by using a UV Spectrophotometer. Concentrations were standardized to 10pg/ul. An
end-point dilution (ten-fold serial dilution) was used until the assay could no longer detect the
target organism (no detection signals).
Specificity

The aim of the study is to assess the specificity of the assay to detect the target agent of
interest in the presence of other infectious agents. The specificity of the test was conducted by
testing the protocol against 5 other organisms (Infectious Bronchitis Virus, Infectious Bursal
Disease Virus, Mycoplasma synoviae, Mycoplasma gallisepticum, Avian pneumovirus). To pass
this parameter, the assay should not produce the same detection signals (melting peaks) or should
not produce any detection signals for other organisms. The method should be specific enough to
detect only the target agent of interest even in the presence of other flora.
Sequencing and amino acid sequence analysis.

The parameter was conducted as described above.

Results

Sampling
Samples from all 14 farms were found to be positive for NDV.

Sequencing, Amino Acid Sequence Analysis, Phylogenetic Construction

BLAST analysis showed that all sequences samples were true NDV cases when
compared with other sequences in Genbank. Amino acid sequence analysis of the fusion (F) gene
of fourteen Malaysian NDV isolates showed that eleven (11) of the isolates were categorized as
velogenic virus and three (3) were lentogenic. The 11 velogenic strains had the F cleavage site

motif 112R-R-R-K-R-F117 (SEQ ID NO:33) while 2 of the lentogenic strains had the F cleavage
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site motif 112G-R-Q-G-R-L117 (SEQ ID NO:34), whilst 1 sequence had the F cleavage site
motif 112G-K-Q-G-R-L117 (SEQ ID NO:35) at the C-terminus of the F2 protein and
phenylalanine (F) residue at amino acid position 117 of the N-terminus of the F1 protein
(Berhanu et al., Virol J., 7:183, 2010). Phylogenetic analysis revealed that 11 of the Malaysian
isolates clustered tightly with the genotype VIId strains, 1 Malaysian isolate grouped together
with genotype I and 2 of our isolates grouped with genotype II. Of the 11 Malaysian isolates that
grouped to form genotype VIId, 10 (F1, F2, F3, F4, F9, F10, F11, F12, F13, F14) had between
97.9 to 98.7% sequence identity similarities with other Malaysian isolates responsible for the
Newcastle disease outbreaks in 2004-2005 and 2007 which were previously reported by
researchers from UPM. All these isolates have between 91-92% similarities with the Indonesian
strain (cockatoo/14698/90). One (F8) of the Malaysian isolate which grouped with genotype
VIId had 96.1% similarities with the China strain (Ch/2000). Of the 3 lentogenic strain isolates
from this study, two (F5, F6) had between 97.4-97.5 % nucleotide sequence similarities with
strain Lasota, genotype 2 while one isolate (F7) had around 88.8% nucleotide sequence
similarities with strain Ulster/67.

DIVA (Differentiation of Infected versus Vaccine) assay

DIVA assay for all the positive Malaysian isolates showed that they had no relationship
with the Avinew or Lasota (Figure 24). The assay was analyzed by using the Gene Scanning
software supplied with the instrument. The clustering algorithm of the software allows all
melting curves to be normalized and it subsequently clusters all samples and data that have the
same melting signatures.

NDV genotype differentiation by High Resolution Melting (HRM) Curve analysis

The HRM assay to distinguish the NDV genotypes correlated with the gene scanning
analysis and amino acid sequence analysis (Figure 25). Similar to the DIVA assay described
above, the same Gene Scanning software from Roche was used for analyzing the data. Amino
acid sequence analysis of the fusion (F) gene of fourteen Malaysian NDV isolates showed that
eleven (11) of the isolates were categorized as velogenic virus and three (3) was lentogenic. The
11 velogenic strain had the F cleavage site motif 112 R-R-R-K-R-F 117 (SEQ ID NO:33) while
2 of the lentogenic strain had the F cleavage site motif 112 G-R-Q-G-R-L 117 (SEQ ID NO:34)
and 1 sequence had the F cleavage site motif 112 G-K-Q-G-R-L 117 (SEQ ID NO:35) at the C-
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terminus of the F2 protein and phenylalanine (F) residue at amino acid position 117 of the N-
terminus of the F1 protein. This confirms that the HRM assay is fit for its intended use.
Validation

The assay could detect as low as 0.05ag for a total reaction volume of 20ul. The primers
were specific for NDV F gene and had no relationship with other organisms as stated in the
methodology.

Analysis of more NDV vaccines using HRM

More NDV vaccine strains were analysed by HRM. These vaccines include: Avinew
(Merial Limited), Clone 30 (Intervet), KBNP- Dalguban (KBNP, Korea), ND-B1 (Merial
Limited), and Mukteswar (Malaysian Vaccine Pharmaceuticals).

The assay consisted of 1ul of the highly saturated fluorescent dye master mix, 2ul of
25mM MgCl2, 12.5ul of HRM mastermix, 1ul of the primer pair (SEQ ID NO:31 and 32),
template and PCR grade water. The samples were loaded into the 384-well microwell plate and
subjected to PCR amplification in a real time PCR machine (LightCycler 480, Roche). The
thermal cycling reactions consisted of an initial denaturation (3 sec at 95°C). The amplification
consisted of denaturation (1 min at 95°C), annealing (1 min at 56°C) and extension (1 min at
72°C). The PCR was immediately followed by high resolution melting curve analysis.

The HRM assay was able to differentiate the vaccine-types tested (Figure 20). A portion
of the nucleotide sequence alignment of the whole genome of the five vaccine-type strains of
NDV is shown in Figure 21. Various nucleotide differences can be observed throughout the
genome of the viruses which account for the distinction of the melting curves. Multiple
alignment of the amino acid sequence of the fusion protein gene of the five vaccine-type strains
of NDV is shown in Figure 22. Similarly various differences could be observed at various sites.

The sequence identity matrix of the whole genome of the vaccine-type NDV and the
sequence identity matrix of the amino acids for the fusion (F) protein of the vaccine-type NDV
are depicted in Figure 23.

The results showed that the HRM (high resolution melt) analysis could distinctly separate
the melting curves into exclusive groups for each vaccine-type. Multiple alignments of the
sequences of the whole genome and amino acid of the fusion protein gene of the five vaccine-
types showed various nucleotide variations at multiple sites throughout the whole genome. Of

the five studies, the KBNP-vaccine type showed six nucleotide insertions “CGTACG” at
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nucleotide position 4500 to 4506. None of the other vaccines tested had this sequence. It is
reported that KBNP is a recombinant La Sota strain (KBNP-C4152R2L) in which fusion (F) and
hemagglutinin-neuraminidase (HN) genes were replaced with the F and HN gene from genotype
VIId virus by mutating the F cleavage motif from '"RRQKR''® (SEQ ID NO:45) to
"2GRQAR "' (SEQ ID NO:46) (Figure 22). The six nucleotide sequence was inserted into the
intergenic region between the matrix protein and F genes for attenuation without breaking the
“rule of six” as a marker (Cho et al., Clinical and Vaccine Immunology, 15(10):1572-9, 2008).
This serves as a good marker for differentiating the KBNP vaccine with Avinew. Similarly, the
other vaccines have nucleotide differences at various sites making it possible to differentiate the
vaccine-types by HRM.

Scoring of the sequences by identity matrices tool for the whole virus genome showed
99% similarity between Avinew and ND Clone 30 (Intervet), 87.7% between Avinew and
Mukteswar (MVP), 94.9% between Avinew and KBNP (Korea Dalguban) and 99.5% between
Avinew and ND-B1 (Merial).

Scoring of the amino acid sequence by identity matrices tool for the fusion protein gene
of the vaccine-types showed 99% similarity between Avinew and ND Clone 30 (Intervet), 88.9%
between Avinew and Mukteswar (MVP), 88.6% between Avinew and KBNP (Korea Dalguban)
and 99% between Avinew and ND-B1 (Merial).

The scoring matrices suggest that the dissimilarity between the NDV viruses are varying
at 12.7% between Avinew and Mukteswar (MVP) based on nucleotide dissimilarity and 11.4%
between Avinew and KBNP (Korea Dalguban) and 11.1% between Avinew and Mukteswar
(MVP) based on amino acid sequence dissimilarity of its fusion protein gene.

Validations were carried to assess the assay and the assay was found to fit for its intended
use in terms of sensitivity and specificity.

The results further demonstrated that the HRM assay was able to generate unique melting

profiles to distinctly identify each vaccine-type.
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What we claim is:

1.

A process or method of characterizing a strain of NDV comprising the steps of:

a) generating ait NDV ¢DNA from the NDV strains isolated from an animal(s);

b) exposing the cDNA to a primer pair comprising a forward primer and a reverse
primer in a real-time polymerase chain reaction (PCR) to yield an amplicon, wherein
the primer pair is specific to the F, NP, P, M, HN or L gene of NDV genome;

¢) performing high resolution melt (HRM) curve analysis on a double-stranded product
comprising the amplicon immediately after the real-time PCR; and

d) analyzing and comparing the HRM curves thereby characterizing the NDV strain,
wherein the primer pair comprises a forward primer having the sequence as set forth
in SEQ ID NO:17 and a reverse primer having the sequence as set forth in SEQ ID
NO:18, or a forward primer having the sequence as set forth in SEQ ID NO:31 and a
reverse primer having the sequence as set forth in SEQ ID NO:32.; wherein a

saturating dye suitable for HRM is used.

The process or method of claim 1, wherein the NDV strain is selected from the group
consisting of, Avinew strain, LaSota strain, MVP-Mukteswar strain, ND-B1 strain, Korea
Dalguban strain, Herts 33 strain, Essex’70 strain, 135/93 strain, 617/83 strain, 34/90
strain, Beaudette C strain, D26 strain, MC110 strain, and 1154/98 strain.

The process or method of any one of claims 1 or 2 further comprising the steps of
sequencing the amplicon and identifying a novel strain of NDV wherein the F, NP, P, M,
HN or L sequence of the NDV strain does not align with one or more known NDV F, NP,

P, M, HN or L sequences with at least 95% sequence identity.

The process or method of claim 3 further comprising the step of isolating the novel strain
of NDV.

The process or method of any one of claims 1-4, wherein the process provides a means

for differentiation between infected and vaccinated (DIVA) animals.
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The process or method of ¢latm 5, wherein the process further comprises the step of
identifying whether the NDV strain is a vaccine-type strain or a wild-type strain that

infected the animals.

The process or method of any one of claims 1 to 6. wherein the real-time PCR comprisecs
the steps of:

a) initial denaturation at 95°C for 3 seconds;

b) denaturation at 95°C for 1 minute;

¢) annealing at 60°C for 1 minute;

d) extension at 72°C for 1 minute;

e) repeating steps b)-d) 45 times.
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