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SUMMARY

African horsesickness is an infectious but non-contagious disease caused by an
orbivirus belonging to the Reoviridae family. The disease is classified as notifiable by
the OIE because of the potential severe ecbnomic consequences that can result from
outbreaks. Bluetongue, an arthropod-transmitted disease of wild and domestic
ruminants, is caused by the bluetongue virus, which is the prototype species of the
genus Orbivirus. Bluetongue is also a notifiable disease because it can spread very
rapidly in naive populations of susceptible livestock. Strict restrictions have been

issued for the trade in animals and animal products from infected areas.

In the present study, a duplex one-step real-time RT-PCR using the fluofogenic dye
SYBR® Green | was developed for the specific detection and identification of AHSV
and BTV in one reaction, using melting temperatures (T,) to discriminate between
the viruses. Two primers pairs were designed to bind to areas of homology within
genome segment 7 (VP7) of AHSV and genome segment 5 (NS1) of BTV
respectively. The duplex real-time RT-PCR based test utilizes single tube RT-PCR

amplification in which AHSV and BTV primers were used simultaneously.

The RT-PCR primers amplified 232 bp of genome segment 7 from all nine serotypes
of AHSV and 79 bp of genome segment 5 from all 22 BTV serotypes that were
tested. When both viruses were present, two melting peaks were simuitaneously
generated at 76.30 °C and 80.04 °C representative of BTV and AHSV amplification
products respectively. Serogroup-specific products were amplified from dsRNA of
field isolates of AHSV and BTV. dsRNA from EHDV and EEV failed to demonstrate

either the 232 bp specific AHSV PCR product or the 79 bp specific BTV product.
iit
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These results indicate that the duplex real-time RT-PCR could be a useful technique

for detection of AHSV and BTV from isolated viral dsRNA.
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LIST OF ABBREVIATIONS
AGID Agar gel immunodiffusion
AHS African horsesickness
AMV Avian Myeloblastosis Virus
BME Beta-mercapto-ethanol
BT Bluetongue
BTV Bluetongue virus
CsCl Cesium chloride
cDNA Complementary deoxyribonucleic acid
CcP Crossing points
CPE Cytopathic effect
Ct Threshold cycle
°c degrees Celsius
DNA Deoxyribonucleic acid
dNTP deoxynucleoside triphosphates
dsRNA double-stranded Ribonucleic acid
EEV Equine encephalosis virus
EHDV Epizootic haemorrhagic disease virus
ELISA Enzyme linked immunosorbent assay
EMEM Eagle’s minimum essential medium
KCI Potassium chloride
LiCl Lithium chloride
pl microlitre
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MGB Minor groove binder

MgCl Magnesium chioride

mi millilitre

mM millimolar

MMOH Methyl Mercury (ll) hydroxide

mRNA Messenger RNA

Nt Nucleotide

NTC No template control

NS Non-structural

OIE Office International des epizooties

ovI Onderstepoort Veterinary Institute

PAGE Polyacrylamide gel electrophoresis

Pfu Plaque forming units

PCR Polymerase chain reaction

RNA Ribonucleic acid

RT-PCR Reverse transcriptase Polymerase chain reaction

ssRNA Single-stranded ribonucleic acid

SDS-PAGE Sodium dodecyl sulphate- polyacrylamide gel
electrophoresis

TE Tris-EDTA

Tm Melting temperature

U Unit

ug/ml microgram per milliliter

A Ultra violet

VP Viral protein

£ Sterling

glcm® grams per cubic centimeter
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CHAPTER 1

1. LITERATURE REVIEW

1.1. INTRODUCTION

African horsesickness (AHS) is a disease that has originally been described in Africa.
In Southern Africa it was recognized subsequent to the introduction of horses by the
first settlers in the Cape of Good Hope in 1652. The first major outbreak occurred in
1719 when over 1700 animals died and over the next 200 years major and several
lesser outbreaks have been recorded in Southern Africa (Henning, 1956). Travelers
such as Livingstone, Anderssen, Burchell and Scherzer were unable to use their

horses due to severe AHS (Flemming, 1878).

The methods that have been prescribed for international trade (OIE Manual of
Standards for Diagnostic Tests and Vaccines, 2004), such as complement fixation
(Mclintosh, 1956) rely upon virus isolation procedures followed by virus neutralization
tests to serotype the virus using serotype-specific antisera. This can take about two

to three weeks before completion.

Bluetongue is a disease of sheep and is characterized by fever and lesions of the
mouth and feet. The name bluetongue was derived from the bluish discoloration of
the lining of the lips, the tongue and the gums. It has been recognized since the
introduction of merino sheep into the Cape colony in the late 18" century. The first
incidence of bluetongue in the temperate areas of South Africa was reported by

Spreull (1902) and it was described as “malarial catarrhal fever of sheep”. Later a full
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description of the disease was given by Spreull where he indicated that bluetongue is

not contagious and was caused by a filterable agent (Spreull, 1905).

Bluetongue is usually not a fatal disease, but the infection has an economic impact
due to production losses and restrictions placed on the export of animals or animal
products from BTV endemic countries (MacLachlan et al., 1989). Conventional
diagnostic assays that are used to identify the virus depend on virus isolation,
followed by serial passage in cell culture to confirm the presence of the virus by the
appearance of typical cytopathic effects. Routine serotyping is carried out by virus
neutralization tests. The disadvantage of these assays is that they are cumbersome

and may need to be repeated due to inconclusive results.

Agar gel immunodiffusion which detects anti-BTV antibodies and competitive enzyme
linked immunosorbent assays (Afshar et al., 1989; Lunt et al., 1988) can also be
used for laboratory confirmation of BTV. RT-PCR is also used for identification of
viral nucleic acid in blood and other tissues of infected animals. Although an RT-
PCR is available, it is a nested PCR (Katz et al, 1993) which means two
amplification steps are needed, and it relies on gel based identification of the PCR
products. It is very sensitive and specific but is labour intensive and due to the nested

step, also prone to contamination.

1.2. ORBIVIRUS CLASSIFICATION

Orbiviruses constitute a genus within the Reoviridae family that includes vertebrate,
arthropod, and plant pathogens. There are nine genera in the Reoviridae family
which include Orthoreovirus, Rotavirus, Coltivirus, Aquareovirus, Cypovirus, Fijivirus,
Phytoreovirus and Oryzavirus. The Orbivirus genus contains 20 confirmed
serogroups, based on their serologic cross-reactivities. Several unclassified dsRNA

viruses have also been isolated (Mertens et al., 2000). Nine serotypes of African
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horsesickness virus (AHSV 1-9) (Howell, 1962; Mcintosh, 1958) and 24 serotypes of

bluetongue virus (BTV1-24) have been identified (Howell, 1969).

1.3. THE VIRUS
1.3.1. PHYSICAL ASPECTS OF ORBIVIRUSES

Orbiviruses are non-enveloped viruses with a genome consisting of ten double-
stranded RNA segments (Verwoerd, 1970) each encoding at least one viral protein
(seven structural and three or four non-structural) (Reviewed by Roy, 1989). The
virion has a spherical appearance with an icosahedral capsid and a diameter of
about 80 nanometers. The buoyant density of the virion is 1.36 g/cm®in CsCl. The
virus can exhibit a marked decrease in infectivity around pH 6.5-10.2, and remains
relatively stable around pH 8-9. At pH values less than 5.0 both virion and core are
disrupted and the outer coat proteins may be lost. The virus has been shown to be
fairly resistant to treatment with solvents or detergents (Reviewed by Mertens et al.,

2000).

1.3.2. GENOME STRUCTURE, ORGANIZATION AND CODING
ASSIGNMENTS

The ten BTV and AHSV dsRNA segments can be separated by PAGE. These
segments are numbered 1 to 10 in order of migration and may also be referred to as
large, medium and small segments (L1 to L3, M4 to M6, and S7 to S10) (Verwoerd et
al., 1979). Each of the genome segments codes for seven structural proteins (VP1-
VP7) and four non-structural (NS1-NS3/A) proteins (Verwoerd et al., 1970; Roy et al.,
1990; Roy, 1992).The structural proteins are numbered in order of their decreasing
sizes on SDS-PAGE. VP2 and VP5 are located on the outer capsid (Bremer et al.,
1976; van Dijk & Huismans, 1982; Roy et al., 1994), and they determine the antigenic

variability of the virus and the serotype (Verwoerd et al., 1972; Huismans & van Dijk,
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1990; Grimes et al., 1998).The two major proteins VP3 and VP7 and the three minor
proteins VP1, VP4 and VP6 make up the inner shell or the core. VP7 is the most
abundant protein in the core and it is highly conserved among the various BTV
serotypes (Gumm & Newman, 1982; Huismans & van Dijk, 1990; Mertens et al.,
2000). Sequencing of cloned copies of genome segment 7 of various orbiviruses has
shown that there is close similarity between BTV, AHSV and EHDV (Huismans &

Erasmus, 1981; Wilson et al., 2000).

NS1 is present in the cytoplasm where it forms tubules which are characteristic of
orbivirus replication (Nel et al., 1991). NS2 is associated with the outer capsid and
has the ability to bind single-stranded RNA,; it also plays a role in virus replication
(Huismans et al., 1987a; Van Staden et al., 1991; Kar et al., 2007). NS3/3a are both
found in glycosylated and non-glycosylated forms in infected cells and are
responsible for virus release from infected cells (Bansai et al, 1998; Hyatt et

al.,1993).

1.4. EPIDEMIOLOGY AND DISTRIBUTION

1.4.1. AFRICAN HORSESICKNESS

Du Toit (1944) discovered that both African horsesickness and bluetongue are
transmitted by Culicoides midges when he injected emulsifications made from wild
caught insects into animals. This finding was later confirmed by Wetzel and
colleagues (1970) when they demonstrated the transmission of the virus by

Culicoides from an infected insect to a susceptible horse.

Culicoides imicola has been considered to be the major species that is involved in

transmission of AHSV in the field (Meiswinkel, 1998; Meiswinkel et al., 1994).
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Because of this, AHS has a seasonal occurrence, and its prevalence is influenced by
climatic conditions and other conditions which favour the breeding of Culicoides
species. It is most prevalent in warm coastal regions or low lying, moist inland areas

during the second half of summer (Coetzer & Guthrie, 2004).

African horsesickness is endemic in eastern, central and most parts of Southern
Africa and occurs regularly throughout sub-Saharan Africa (Theiler, 1921; Barnard,
1998). There have been frequent reports of the disease in North African countries
from where it has occasionally extended into countries of the Middle East and Spain.
Outside Africa, AHS outbreaks have been experienced in countries such as Spain
(1987-1990) and Portugal (1989) and it seemed as if the virus had overwintered four

times in the process (Rodriguez et al., 1993; Mellor & Hamblin, 2004).

1.4.2. BLUETONGUE

Bluetongue occurs throughout temperate and tropical regions of the world (Gibbs &
Greiner, 1994; Mellor, 1990). The distribution of BTV is restricted to areas where
competent Culicoides vectors are present and where climate conditions are

favourable for adult vector activity (Mellor & Boorman, 1995; MacLachlan, 2004).

A variety of Culicoides species which include Culicoides imicola, Culicoides
variipennis, Culicoides insignis and Culicoides wadai have been proven to be
vectors of BTV in different parts of the world such as Africa, the Middle East, North
America and Australia (Reviewed by Verwoerd & Erasmus, 2004). Prior to 1998,
Europe had suffered BT epizootics but the disease was not endemic to the region.
Recently, new outbreaks have occurred each year from 1998 to 2008 in southern
and central Europe, involving five different serotypes (Mertens & Mellor, 2003; Purse
et al., 2005). Serotype 8 was identified during the European outbreak in 2006

infecting ruminants in a wide area across the country. During this period up to 10 %
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of cattle in affected areas succumbed to the disease and the fatalities reported for

sheep were between 30 and 50% (www.promedmail.org. accessed 20-08-2007).

1.5. CLINICAL SIGNS

1.5.1. AFRICAN HORSESICKNESS (AHS)

There are four recognized clinical forms of African horsesickness; the acute or
pulmonary form, the subacute or cardiac form, the mixed form and the febrile form
which is also known as “horsesickness fever” that is found in enzootic areas only
(Rodriguez et al., 1993; Theiler, 1921). The pulmonary form occurs most commonly
when AHSYV infects fully susceptible horses. Fever may be the only sign, following
the incubation period and the rectal temperatures may reach a maximum-of 41°C or
even higher. Sometimes an apparently healthy horse may suddenly become listless,
dyspnoeic and die shortly thereafter. Fever subsides gradually in recovering horses

(Coetzer & Guthrie, 2004).

The mixed form is the most common form of AHS and is a combination of the cardiac
and pulmonary forms of disease. This form of AHS is rarely diagnosed as such
clinically. The diagnosis can only be made during necropsy when lesions of both the
~ pulmonary and cardiac forms are observed. The mortality rate is approximately 70%
and death usually follows three to six days after the onset of fever (Coetzer &
Guthrie, 2004).The cardiac or sub-acute form of the disease is characterized by
fever, subcutaneous oedematous swelling of the head and neck, and a time course
of several weeks. Some animals may repeatedly lie down or appear restless when
standing, and death usually occurs within four to eight days from the onset of fever.

The mortality rate can exceed 95% (Coetzer & Guthrie, 2004).
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1.5.2. BLUETONGUE (BT)

The clinical signs of bluetongue vary in different ruminant species and breeds of
sheep. The severity of the disease is affected by environmental conditions and many
infections in sheep are clinically inapparent. The course of the disease in sheep can
vary from peracute to chronic, with a mortality rate of between 2 and 30 % (Verwoerd

& Erasmus, 2004).

Cattle, game, goats and most wild ruminant species such as the American white-
tailed deer, have an asymptomatic or subclinical bluetongue infection. In sheep the
signs of bluetongue are reflected as congestion, oedema and haemorrhage as a
consequence of virus-mediated vascular injury. When sheep die as a result of acute
BT disease, the lungs may show interalveolar hyperaemia, severe alveolar oedema
and the bronchial tree may be filled with froth. BTV infected sheep in endemic areas

develop mild disease (MacLachlan, 2004; Erasmus, 1975).

1.6. LABORATORY CONFIRMATION OF CLINICAL
DIAGNOSES

Most of the approved tests for orbivirus identification and serotyping require virus
isolation from unclotted whole blood, spleen, lymph node or lung samples. For trade
purposes, the OIE has prescribed procedures to achieve identification and serotyping
and they are given in the Manual of Standards for Diagnostic tests and Vaccines

(2004).
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1.6.1. AFRICAN HORSESICKNESS (AHS)

Clinical signs and lesions in association with previous epidemiological information are
often sufficient to allow clinical diagnoses to be made. However, AHS must be
confirmed by isolation and identification of the virus because most of the clinical
signs and macroscopic lesions are not characteristic of the disease (Mellor &
Hamblin, 2004). The virus can be isolated either by direct inoculation onto cell
culture, or by intracerebral inoculation of infant mice. The presence of the virus can
be detected by monitoring mice for neurological signs. Virus neutralization which is
type-specific for the 9 AHS serotypes is used for typing virus isolates (Howell, 1962).
These methods require the use of laboratory animals for virus isolation and the

production of antisera.

Several serological tests may be used for identification of virus isolates, these include
complement fixation (McIntosh, 1956), ELISA (Laviada et al., 1992; Hamblin et al.,
1991) and the agar gel immunodiffusion (Afshar et al., 1989). Complement fixation
can be used to distinguish between the 9 AHSV and other causes of disease in
horses. It has been extensively used and has been approved for international trade
by the OIE (Manual of Standards for diagnostic Tests and Vaccines, 2004). Even
though it is frequently used for demonstration of group-specific antibodies against
AHS virus, it has shortcomings such as the anti-complementary effect of some sera.
An indirect ELISA and competitive ELISA using either AHS virus antigen or a
recombinant protein have been validated. These procedures have been found to be
sensitive enough to detect virus antigens from infected spleen samples, leading to
minimal usage of complement fixation (Hamblin et al., 1991; Wade-Evans et al,,

1993).
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1.6.2. BLUETONGUE (BT)

Rapid and reliable confirmation of bluetongue virus and serotype differentiation is
essential at the beginning of an outbreak to allow for early selection of the correct
vaccine for the identified serotype. The attenuated live-virus vaccine that has been
used to control BTV in endemic areas of South Africa comprises of three bottles
containing five serotypes each, which have to be administered separately at three-
week intervals. Traditionally, laboratory diagnosis of BTV has relied upon the
detection of BTV antigen by virus isolation in embryonated chicken eggs followed by
cell culture and virus neutralization tests. These techniques can take several weeks
to confirm initial clinical diagnosis and they are labour intensive (Howell & Verwoerd,

1971; Erasmus, 1975).

Techniques such as complement fixation which detect group-specific antigens are
often used to identify BTV. Even though it can not distinguish between different
serotypes of BTV, it is able to distinguish the different orbiviruses. The agar gel
immunodiffusion test has replaced complement fixation because it is simple to
perform and it is easy to generate the antigen that is used. It has been endorsed as
one of the standard testing procedures for international trade. However, this test has
been shown to lack specificity in that it detects antibodies to other orbiviruses (EHD

serogroup) (Afshar et al., 1989; Reddington et al., 1991).

Competitive ELISA which measures BTV-specific antibodies can be used to
overcome the problem of cross reactivity with other orbiviruses (Afshar et al., 1989).
An indirect-ELISA which can be used to distinguish between natural infection and

animals vaccinated with inactivated virus, based on the detection of NS3 has been
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reported (Laviada et al., 1995). The applicability of this test is limited by the fact that

inactivated vaccines are currently not in use.

1.7. NUCLEIC ACID BASED DIAGNOSTIC TESTS
1.7.1. POLYMERASE CHAIN REACTION (PCR)

The polymerase chain reaction (Saiki et al., 1985; Mullis & Faloona, 1987) is an in
vitro technique that allows ampilification of a specific deoxyribonucleic acid region
lying between two regions of known nucleotide sequkences. It has had a great impact
in recent years as a key development in molecular biology and foIIovys the same
principle as semi-conservative replication of DNA. One of the reasons for the
success of the PCR is the simplicity of the reaction and relative ease of the practical

manipulation steps.

The PCR consists of three distinct steps which include denaturation, annealing and
extension. These steps are repeated 30-40 times or cycles. During denaturation, the
double-stranded template DNA is denatured by heating the reaction to above 90 °C.
The second step is annealing, during which the primers bind to their complementary
bases on the single-stranded DNA at a temperature of 55 °C ~ 65 °C. The third step,
extension, is carried out by a thermostable DNA polymerase. The most commonly
used enzyme is Taq DNA polymerase. The DNA polymerase binds to the hybridized
primer and begins to add complementary nucleotides forming a new strand. The
result is a new double-stranded DNA molecule consisting of one of the original
strands and one newly synthesized strand. As the system is taken through

successive cycles of denaturation, annealing and extension, all the new strands will

10
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act as templates and there will be an exponential increase in the amount of DNA

produced.

Kawasaki & co-workers (1988) reported on a procedure whereby RNA is converted
into cDNA which can then be used as a template in PCR. The process is termed
reverse transcription PCR. RT and PCR can make use of a single primer set to
amplify specific fragments because the reverse transcription reaction is, as with PCR,

initiated by the annealing of an oligonucleotide primer to a target sequence.

To render a better diagnostic service by reducing the time between suspicion of a
disease and providing diagnostic results, molecular biology techniques like RT-PCR
are being used. RT-PCR has proved to be the most powerful tool in the field of
diagnostic medicine and has been successfully used to identify several infectious
diseases of veterinary importance, including African horsesickness (Zientara et al.,
1994; Zientara et al., 1995; Bremer & Viljoen, 1998; Sailleau et al., 2000, Koekemoer
& van Dijk, 2004) and bluetongue (Wade-Evans et al., 1990; Akita et al., 1992; Billinis

et al., 2001).

The sensitivities of these different methods were found to be between 1pg and 1fg or
10? molecules of virus per reaction and 4.1 TCIDs, /ml for AHSV (Zientara et al.,
1994, Stone-Marschat et al., 1994; Koekemoer & van Dijk, 2004; Aradaib et al.,
2006). BTV-specific methods detected as low as 5 TCIDs (Billinis et al., 2001). Some
of these assays were performed directly from clinical samples (Koekemoer & van

Dijk, 2004) or dsRNA was directly extracted from infected cells (Aradaib et al., 2006).

These RT-PCR assays are based on the principle that the presence of a particular
virus is indicated by the amplification product obtained after using a target specific

primer set during the RT-PCR. The techniques have been shown to be very rapid,

11
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but there are risks involved in relying entirely on the presence of an RT-PCR
amplification product to indicate the presence of a particular virus or serotype in a
test sample. False negative results can occur as a result of sequence variations in
primer binding sites and the amplification of non-specific products can be incorrectly

interpreted as an indication of a specific virus.

Currently none of the published serogroup-specific RT-PCRs for AHSV have been
approved for use as international trade tests. Routine diagnosis of BTV is based
primarily on RT-PCR methods that detect viral dsRNA. The world animal health
organization (Office International des Epizooties, OIE) has approved one nested
PCR (Katz et al., 1993) that amplifies part of genome segment 5 (NS1) of BTV for

use as an international trade test.

Even though RT-PCR based assays can be reliably used to detect viral nucleic acid
without virus isolation, they require post-PCR handling steps. These methods limit
the number of samples that can be tested in a day.

1.7.2. GROUP-SPECIFIC AND SEROTYPE SPECIFIC TARGETS FOR
DETECTION OF AHSV AND BTV NUCLEIC ACID

Detection of the viral genome by RT-PCR is a convenient and effective method and
several genome segments have been used in group specific or serotype specific
PCR based methods, some of which have been acknowledged by the OIE. VP2 is a
variable protein located in the outer capsids of the virion and it determines the
antigenic variability of the virus and serotype (Verwoerd et al., 1972; Huismans et al.,
1987b; Scanlen et al., 2002; Sailleau et al., 2000). Several serotype-specific RT-PCR
assays have been reported for segment 2 of BTV (Mertens et al., 2007) and AHSV
(Koekemoer & van Dijk, 2004; Sailleau et al., 2000). In this study the genome

segment encoding NS1 was chosen for the group-specific real-time PCR for BTV

12
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because it is the most targeted gene for group specific nucleic acid based tests (Katz
et al., 1993; Toussaint et al., 2007). Sequence analysis of genome segments
encoding NS1 revealed that it has a 97% nucleic acid identity (Roy & Gorman, 1990);
therefore it is highly conserved among the BTV serotypes.

The genome segment encoding VP7 was chosen as a target sequence for primers
that can be used for AHSV group-specific real-time PCR. VP7 is the maijor
immunodominant serogroup antigen (Huismans & van Dijk, 1990) and has been
reported to be highly conserved among the AHSV serotypes (Bremer et al., 1990).
Various RT-PCRs have been developed to detect VP7 of BTV (Anthony et al., 2007)

and AHSV (Zientara et al., 1993; Zientara et al., 1995).

1.7.3. REAL-TIME PCR

The principle of real-time PCR is based on the detection and quantification of a
fluorescent reporter signal during the PCR amplification. Combination of thermal
cycling, fluorescence detection and software analysis on one instrument has made
the detection of fluorescence during each cycle possible (Wittwer et al., 1997). As no
post-PCR steps are required, the possibility of cross-contamination by PCR products
is minimized and this advantage makes real-time PCR a method of choice for
diagnostic applications. The target genes can be quickly identified independently and
multiple PCR reactions can be carried out in one tube by employing melting curve
analysis. Real-time PCR is faster, is more sensitive and has a wider dynamic range
and reproducibility compared to conventional PCR (Schréter et al., 2001; Reviewed

by Gunson et al., 2006).

Numerous chemistries such as dual labelled probes (Hydrolysis and Hybridization

probes) and dsDNA intercalating dyes (SYBR® Green |) are available to carry out

13
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real-time PCR (Wittwer et al, 1997). SYBR® Green | assays represent an
economical approach which may be suitable for large-scale molecular diagnosis and
is the most commonly used intercalating dye in both commercial and in-house master
mixes. When SYBR® Green | is used in a real-time system, the accumulation of
amplicons in the reaction can be monitored over time. After PCR amplification, the
decrease in fluorescence resulting from the release of SYBR® Green | during DNA
melting point analysis is continuously monitored by slowly increasing the temperature
(Wittwer et al., 1997). The melting temperature (T,) of specific amplicons and unique
shape of the melting peak can be used to differentiate the target amplicons (Ririe et
al., 1997). Crossing points (CP) or threshold cycle (Ct) is also used to characterise
individual reactions at a point where fluorescence first rises above defined

background fluorescence and the lower the Ct the more abundant the initial target.

Multiplex PCR is the amplification of several targets simultaneously within a single
reaction tube using several primer pairs, saving considerable time. Multiplex SYBR
Green-| based real-time PCR methods have been described for quantification of
Japanese encephalitis virus (Santosh et al., 2007), detection of enteric viruses
(Beuret, 2004), detection and typing of Avian influenza viruses (Ong et al., 2007) and
detection of tetracycline efflux genes of Gram-negative bacteria (Fan et al., 2007).
These methods could rapidly identify the investigated organisms within hours and
they were also found to be sensitive with detection limits as low as 10° CFU per
reaction (Fan et al.,, 2007) and were 10-100 fold more sensitive when compared to

conventional RT-PCR (Ong et al., 2007).

14
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1.8. AIM OF THE STUDY

Prevention, control and surveillance of AHS and BT require reliable and accurate
diagnostic procedures. One of the crucial parameters for identification of AHS and BT
is to minimize the manual input because there are no post-PCR analysis steps. The
results can be obtained in a shorter time than conventional PCR because it has

shorter cycling times.

The aim of the study was to use sequence data and modern molecular techniques to
design a real-time RT-PCR that can detect two serogroups of orbiviruses in a single,
one-step test. This will make it possible to use a single protocol and one set of
reagents to specifically detect two different but related viruses in a routine diagnostic
setup. Although it is not likely that clinical samples suspected to contain bluetongue
might contain AHSV and vice versa, either or both of the viruses might be present in
the midge vector. In addition to the advantage of having one test that can be used to
detect two orbiviruses, it will be useful as a screening test when entomological
surveys are carried out. The assay can also be used during epidemiological studies
and it will also help to monitor BT and AHS infection in endemic and non-endemic

countries when exporting livestock free of these diseases.
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1.9. OBJECTIVES OF THE STUDY

The main aim of this project was to develop a group-specific duplex Real-time PCR
for AHSV and BTV. The following objectives were carried out in order to achieve the

main aim:

* Analyzed all available sequence information from AHSV and BTV for
identification of potential areas on the genome that can be targeted for group-
specific RT-PCR amplification of all AHSV serotypes 1-9 and all the BTV
serotypes that are prevalent in South Africa (BTV 1-19 & 22-24).

» Sequenced specific regions of genome segment 7 of AHSV 1-9 and genome
segment 5 of 19 BTV serotypes (2-9, 11-19 & 22-24) using primers that have
been reported for AHSV (Zientara et al., 1995) and BTV (Katz et a}., 1993) RT-
PCRs.

* Designed a set of primers based on the analyzed genomic sequences.

* |nvestigated the specificity of the RT-PCR primers with dsRNA prepared from the
9 AHSV and 22 BTV reference serotypes and related orbiviruses.

* Tested the sensitivity of the assay by using a dilution series of genomic dsRNA.

= Converted PCRs into a real-time format using DNA binding dye (SYBR® Green
[).

= Tested the two sets of PCR primers for use in combination as a duplex reaction.

= |nvestigated the specificity of the RT-PCR primers using field isolated AHS and

BT viruses.
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CHAPTER 2

2. MATERIALS AND METHODS

2.1. INTRODUCTION

This chapter describes all the materials and methods that were used to carry out the
experimental work described in chapters 3, 4 & 5 for development of primers and a
method for real-time RT-PCR based assay targeting parts of AHSV genome segment

7 and BTV genome segment 5.

2.1.1. VIRUSES AND CELLS

AHSV 1-9 and BTV 1-19& 22-24 reference strains, which were in a freeze dried form,
were obtained from the OIE Reference Center for AHS and BT at the Onderstepoort
Veterinary Institute. Tables 2.1 and 2.2 list the names and year of isolation of the

AHSV and BTV reference strains that were included in this study.
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Table 2.1

AHSYV reference strains

Isolate Serotype Year of isolation
AHSV 29 1 1962
AHSV 82 2 1961
AHSV 13 3 1963
AHSV 32 4 1962
AHSV 30 5 1962

AHSV 2 6 ‘ 1975
AHSV 31 7 1962
AHSV 10 8 1962
AHSV 90 9 1961

AHSV information was previously reported by Potgieter & co-workers (2003). The
reference strains were obtained from |. Wright at the OIE reference centre for
Bluetongue and African horsesickness at the Onderstepoort Veterinary Institute,

South Africa.
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Table 2.2

BTV reference strains used in the study

Isolate _Serotype Year of isolation
BT 494 1 1989
BT 513 2 Unknown
BT 535 3 1986
BT 922 4 1986
BT 545 5 1986
BT 5011 6 Unknown
BT 8011 7 1979
BT 585 8 1985
BT 460 9 1979
BT 1926 10 Unknown
BT 1891 11 Unknown
BT 635 12 Unknown
BT 1894 13 Unknown
BT(Unknown) 14 Unknown
BT (Unknown) 15 Unknown
BT 7766 16 Unknown
BT 037 17 1979
BT(Unknown) 18 1962
BT 143 19 1976
BT81/184 22 1979
BT 68/5 23 Unknown
BT 24 24 1985

List of BTV reference serotypes used to validate the real-time RT-PCR; all viruses
were received from the OIE reference center for AHS and BTV at Onderstepoort

Veterinary Institute.
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2.1.2. CELL CULTURE AND VIRUS PROPAGATION

Vero cells were grown in 175 cm? cell culture flasks. EMEM supplemented with 8%
foetal bovine serum, 1% of L-Glutamine , 1% 100x Pen/Strep/ Fungizone , (10,000
U/mL Penicillin G, 10,000 pug/mL Streptomycin, 25 ug/mL Amphotericin B) and 1%
non-essential amino acids was used. The cells were incubated at 37 ° C until a
confluent monolayer was formed. Virus stocks of all the reference strains that were
used in this study were prepared according to the following procedure: freeze dried
virus was suspended in 1 ml of EMEM supplemented with 1% L-Glutamine and 1%
Pen/Strep. Five ml of EMEM was added to four 175 cm?cell culture flasks and 0.25
ml of the suspended virus was added to each flask and this was found to be
adequate for infecting with a sufficiently high multiplicity of infection. The flasks were
then incubated for 30 minutes in a 5 % carbon dioxide incubator. After every 10
minutes the flasks were swirled such that the virus containing medium could be
spread throughout the flask. At the end of incubation about 10 ml medium was added
to each flask. Individual flasks infected with the different viruses were kept at 37 °C
for 24-48 hours until CPE was observed in 80-100% of the cell monolayer. The cells

together with the medium were harvested and stored at 4 °C.

To prepare infected cells for dsRNA isolation, Vero cells that reached confluency
were infected with the virus working solution by removing half of the medium in each
flask. 1ml of the untitred virus working solution was then added to each flask and it
was incubated for 2-3 days in a 5 % carbon dioxide incubator until CPE was seen in

100% of the cell monolayer. Ten 175 cm? flasks were used per dsRNA preparation.
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2.1.3. dsRNA EXTRACTION FROM INFECTED CELL CULTURES

Cells were harvested by decanting the medium and cells into a 50 ml tube and
collected by centrifuging at 4 °C for 10 minutes at 3000 rpm. Total RNA was
extracted using a commercial acid/ phenol guanidinium based reagent (TRI-reagent,
Molecular Research Center, Inc.) and this method is based on that of Chomczynski
and Sacchi (1987). This consists of using 1 ml of Tri Reagent per 75 cm?flask. 0.2 ml
of Chloroform per 1 ml of Tri Reagent used was then added and the sample was
centrifuged at 12 000 x g for 15 minutes. Thereafter the aqueous phase which
contains the RNA was transferred into a new tube. 0.5 ml Isopropanol per 1 ml of Tri
reagent used was added to precipitate the RNA. The sample was then centrifuged at
12 000 x g for 10 minutes at 4 °C. The RNA pellet was resuspended in 200 ul sterile
TE buffer per flask, and incubated for 30 minutes at 30 °C. Lithium ‘chloride was
added to a final concentration of 2M (Diaz-Ruiz & Kaper, 1978) and kept overnight at
4 °C. The sample was centrifuged at 12000 x g in a benchtop centrifuge at 4 °C for 1
hour to precipitate single stranded RNA (ssRNA) (Diaz-Ruiz & Kaper, 1978). The
supernatant was aspirated and the concentration of the LiCl in the supernatant was
increased to 4M, thereafter it was put at 4 °C overnight. To precipitate dsRNA the
sample was centrifuged at 4 °C for 1 hour. The resulting dsRNA was washed with 75
% ethanol and the pellet was air dried. Then the pellet was resuspended in 100 yl TE

buffer. Three ul of the sample was run on a 1% agarose gel.

2.1.4. RT-PCR

Viral dsRNA samples were denatured with 20 mM MMOH (Wade-Evans et al., 1990)
for 15 min at room temperature, followed by addition of 0.2 M BME to reduce MMOH.
The RT-reactions contained 2 ul of 2.5 mM dNTP-mix, 10 pmol of each of the forward

(AHSV S7/01 & BTV NS1/A) and reverse primers (AHSV S7/02 & BTV NS1/B) (see

21

Digitised by the University of Pretoria, Library Services, 2011



b
W UNIVERSITEIT VAN PRETORIA

0 UNIVERSITY OF PRETORIA
Qe VYUNIBESITHI YA PRETORIA

Tables 3.1 & 4.1), 4 ul cDNA buffer (50 mM Tris-HCI, pH 8.3, 100 mM KCI, 5 mM
MgCl;), 5 units of AMV reverse transcriptase (Promega) and water to a final volume
of 20 ul. Reverse transcription was carried out at 42 °C for 45 minutes. 5 yl of this
cDNA mixture was used for PCR amplification in a total volume of 30 ul. The PCR
mixture contained 5 ul of a 2.5 mM dNTP-mix, 10 pmol of each of the forward and
reverse primers, 5 U of Ex-Taq polymerase (Takara), 3 ul of the supplied 10x buffer
and water to a final volume of 30 ul. Thermal cycling conditions were as follows:
initial denaturing of the cDNA was carried out for 3 minutes at 95 ° C, followed by
thirty cycles of 95 °C for 30s, 55 °C for 30s and 72 °C for 90s, and a final incubation
at 72 °C for 10 min. After electrophoresis on a 1.2% TBE agarose gel stained with
ethidium bromide, amplicons of the expected size were excised from the gel and
purified using a MinElute gel-extraction kit (Qiagen) according to the manufacturer’s

instructions.10-15 ul of buffer was used to elute the DNA from the column.

2.1.5. SEQUENCING OF PCR PRODUCTS

The purified DNA was used for sequencing of the amplification product in both
directions using the original PCR primers. Sequencing was done on a 3100 Genetic
Analyzer sequencer using the ABI PRISM BigDye Terminator Cycle sequencing
Ready Reaction kit v3.0 (Perkin-Elmer Applied Biosystems). Raw sequence data for
each AHSV and BTV isolate was assembled using Staden Package’s GAP 4

(Bonfield et al., 1995).
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2.2. REAL-TIME RT-PCR

The RNA Master SYBR® Green | Kit (Roche Diagnostics) which is a “Hot Start”
reaction mix was used for all the real-time PCR reactions. This kit is adapted for one-
step RT-PCR by making use of Tth DNA polymerase together with aptamers. Tth
DNA polymerase is a thermostable enzyme that exhibits both reverse transcriptase
and DNA polymerase activity, allowing both reverse transcription and amplification to
be combined in a single reaction tube. The assay was performed in a volume of 20 pl
containing 3.25 mM of Mn(OA,),, 0.2 uM of each primer (AHSV forward & reverse
primer pair (Table 3.1) and BTV forward & reverse primer pair (Table 4.1)), 7.5 ul of
RNA Master SYBR® Green | and 9.2 pl of water. 1 pl of dsRNA was added to make
up 20 pl. Amplification was carried out in a LightCycler 1.5 and the thermocycling

programme was as described in Table 2.3.

2.3. DUPLEX ONE- STEP real-time RT-PCR

The one-step RT-PCR kit (Roche) was used to reverse transcribe the dsRNA then
amplify cDNA in a duplex RT-PCR containing both primer pairs (AHSV primer set
and BTV primer set). The reaction mix contained 7.2 pyl PCR grade H, O, 3.25 mM
Mn (OA.) 2 0.2 uM of each primer (two forward and two reverse) and 7.5 pl of the
LightCycler® RNA Master SYBR® Green |. Three capillary tubes were used in this
experiment, whereby capillary tube 1 contained 3 pl of AHSV dsRNA, 3ul of BTV
dsRNA was added to capillary tube 2, and in the third tube there was a mixture of
AHSV and BTV (1.5 ul of AHSV dsRNA and 1.5 pl of BTV dsRNA) which were then
added to 17 pl of the reaction mix. Results were analyzed with melting curve analysis

and Tm values were assigned from a plot generated by the Roche Light cycler
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instrument to verify the specificities of the amplicons. The products were analyzed on

a 2% agarose gel.

24

Digitised by the University of Pretoria, Library Services, 2011



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

%
<

Table 2.3

Real-time PCR programme and PCR conditions

Reverse Transcription

Target (°C) Hold (hh:mm:ss) | Slope (°C/s) | Sec Target (°C) | Step size (°C) Step delay | Acquisition
(cycles) mode
61 00:20:00 20 0 0 0 None
Pre-PCR denaturing
Programme name Denaturation
Cycles 1 Analysis mode None
Target (°C) ‘ Hold Slope (°C/s) | Sec Target (°C) | Step size (°C) Step delay Acquisition mode
(hh:mm:ss) (cycles)

95 00:00:30 20 0 0 0 None
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Table 2.3 (cont.)

PCR
Programme name PCR
Cycles : 30 Analysis mode Quantificatlorllw
Target (° C) | Hold ’ Slope (°C/s) | Sec Target (°C) | Step size (°C) Step delay Acquisition mode
(hh:mm:ss) (cycles)
95 00:00:05 20 0 0 0 None
55 00:00:15 20 0 0 0 None
72 00:00:10 20 0 0 0 Single
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Table 2.3(cont.)

Melting curve analysis

Programme name Melt
Cycles 1 Analysis mode Melting curves
Target (°C) Hold Slope (°C/s) | Sec Target (°C) | Step size (°C) Step delay Acquisition mode
(hh:mm:ss) (cycles)
95 00:00:00 20 0 0 0 None
65 00:00:15 20 0 0 0 None
95 00:00:00 0.2 0 0 0 Continuous
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CHAPTER 3

3. AHSV GROUP-SPECIFIC REAL-TIME RT-PCR

3.1. INTRODUCTION

In this study a real-time RT-PCR was developed for the group-specific detection of AHSV
from dsRNA preparations. As discussed in Section 1.7.1.1. it was decided to select genome
segment 7 for this purpose. Both sequence data available in the GenBank database and
data obtained from nucleotide sequencing of genome segment 7 were used to design a pair
of RT-PCR primers. These primers were tested for their ability to amplify cDNA from the nine
reference strains of AHSV. Once the group-specificity of the primers were established, they
were used in a real-time RT-PCR that made use of SYBR Green | as a reporter of cDNA
amplification. Finally the sensitivity of the method was determined by making use of a

dilution series of dsRNA from AHSV 1.

3.2. SPECIFIC OBJECTIVES

v' To gather data by searches of the GenBank database for AHSV genome segment 7
nucleotide sequences

v" To make use of a set of published RT-PCR primers (Zientara et al., 1995) to amplify
cDNA from reference strains of AHSV 1-9 for sequencing.

v' To align the sequences obtained from above approach to each other and identify
potential sites for the design of group-specific primers.

v To test the selected primers with dsRNA from the nine AHSV reference strain

viruses.

28

Digitised by the University of Pretoria, Library Services, 2011



e
=

“ UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
Qe VYUNIBESITHI YA PRETORIA

v To use the same primers and templates in a one-step SYSBR Green | real-time RT-
PCR.
v To determine the minimum amount of dsSRNA that can be detected in the real-time

RT-PCR format.
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3.3. RESULTS
3.3.1. DATABASE SEARCHES

Seven entries with full-length AHSV genome segment 7 sequence data could be retrieved

from the GenBank database. The accession numbers and serotypes are:NC-006011(AHSV

4), S 69829(AHSV 9), D 12533(AHSV 4), AF_021238(AHSV_6), U 90337(AHSV 9), A

27209(AHSV 4) and X 56676(AHSV 4).

3.3.2. NUCLEOTIDE SEQUENCING OF GENOME SEGMENT 7

The primers that were used for partial amplification of genome segment 7 (Zientara et al.,
1995) amplified the region between nucleotides 1-1179. Amplification products could be
obtained from dsRNA of the reference strains of serotypes 1-9. After sequencing of these
PCR products as described in Section 2.2.2 using the same primers that were used for the
RT-PCR, usable sequence data was obtained from the AHSV 2 and AHSV 5 reference

strain viruses.

3.3.3. SEQUENCE ANALYSIS

The nucleotide sequences were aligned to each other using a computer program, Clustal X
(Thompson et al., 1997). A total of 9 sequences covering 5 serotypes were aligned. The
alignments can be seen in Figure 3.1 and the part of genome segment 7 that is represented
in the alignment is from nucleotide 1 to 400. The two areas that were selected for the design
of the forward and reverse primers are indicated on the alignment. These primers would

result in the amplification of a 232bp product.
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Table 3.1

Table of Primers for AHSV group-specific amplification.

Primer Primer Primer binding | Size of amplicon Primer sequence Reference
orientation site (bp)

AHSV S7/01 Forward 1-20 1178 GTTAAAATTCGGTTAGGATG | Zientara et al,
(1995).

AHSV S7/02 Reverse 1179-1159 1178 GTAAGTGTATTCGGTATTGA | Zientara et al.,
(1995).

AHSV S7/03 Forward 63-80 232 GTCACAGTGACAGATGCG This study.

AHSV §7/04 Reverse 295-278 232 CTCCCACAGTTGCCAAC This study.

i B
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Figure 3.1: Sequence alignment of the real-time RT-PCR primer footprints for genome segment 7 of AHSV serotypes 2, 4, 5, 6 & 9. * Indicates new

sequences that were generated from reference strain viruses. All other sequences are from GenBank. RT-PCR

295. Arrows indicate the primer binding regions.

primers were identified within nucleotides 63-
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3.3.4. GROUP-SPECIFIC RT-PCR

dsRNA preparations from the 9 reference strains of AHSV were denatured and used as
templates for RT-PCR as described earlier (Section 2.1.4) using the forward primer AHSV
S7/03 and reverse primer AHSV S7/04 (Table 3.1). Amplification products that corresponded
to the predicted size of 232bp were obtained from dsRNA prepared from all the serotypes of

AHSV (Fig.3.2).

Figure 3.2: Detection of the 232 bp AHSV specific RT-PCR products from dsRNA of AHSV 1-9 on

ethidium-bromide stained agarose gel. All the reactions were carried out using one group-specific

primer set and identical reaction conditions. Lane M: DNA Molecular weight marker XIII, 50- 750 bp
ladder (Roche diagnostics); Lanes 1-9: AHSV 1-9.
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3.3.5. REAL-TIME RT-PCR AND MELTING CURVE ANALYSIS

The same primer set that was found to be suitable for the amplification of part of genome
segment 7 of all the reference strains of AHSV using a conventional RT-PCR approach was
used in a one-step real-time RT-PCR protocol. The Lightcycler® SYBR® Green | kit was
used as described in Section 2.2. The amount of dsRNA that was used corresponds to 170
— 195 ng per serotype. Amplification was measured as an increase in fluorescence at 530
nm which results from the interaction of the SYBR Green | dye and the newly synthesized
cDNA. Fluorescence increase was measured for each reaction and is represented
graphically as amplification curves (Fig. 3.3) and as CP-values (Table 3.2). The CP-values
were determined by the LightCycler analysis software and represents a fraction of the PCR
cycle at which the fluorescence increases above a threshold value and indice;tes the start of

amplification.
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Figure 3.3: AHSV group-specific SYBR Green I-based reai-time RT-PCR showing (A) the
amplification plot of AHSV 1-9 and (B) melting curves obtained when the 232 bp of segment 7 from
the nine AHSV serotypes were amplified. Specific melting temperatures ranged between 78.48 °C
and 80.36 °C. Melting curve analysis was performed for verification of amplification products by
means of their specific melting temperatures. Detailed amplification and melting curve data for each of

the viruses are given on Table 3.2 (* NTC= no template control).

36

Digitised by the University of Pretoria, Library Services, 2011



Table 3.2

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Measured melting temperature and CP-values of the PCR products for group-specific real-

time PCR of AHSV 1-9

Sample name Tm(°C) 5 __Cp Year of isolation
AHSV 1 79.22 16.03 1962
AHSV 2 79.74 24.46 1961
AHSV 3 80.18 21.04 1963
AHSV 4 79.26 19.14 1962
AHSV 5 79.61 20.43 1962
AHSV 6 79.23 >25.00 1975
AHSV 7 78.48 18.68 1962
AHSV 8 80.36 >25.00 1962
AHSV 9 80.08 >25.00 1961

NTC 78.15 >25.00 n/a

In order to identify the amplification products as AHSV-specific, a melting curve analysis was

carried out after the completion of the PCR. This identifies the temperature at which the

dsDNA amplification products in the reaction melt at a peak rate. The result is expressed as

a peak T, value and is dependant on the length and GC-content of the dsDNA molecule that

is being melted.

The peak T, values for each of the nine amplification products were measured and are

given in Table 3.2. The values ranged from 78.48 °C for serotype 7 and 80.36 °C for

serotype 8. Although the NTC could clearly be distinguished from the AHSV samples based

on the shape of the amplification curves (Fig. 3.1), a peak T, value of 78.15°C was reported.
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3.3.6. SENSITIVITY

Different amounts of dsRNA from the reference strain of AHSV 1 were used to determine the
limit of sensitivity of the real-time RT-PCR. The total amount of dsRNA in the samples
ranged from 173.8 ng to 173.8 fg in a tenfold dilution series (Table 3.3). The detection limit

was found to be 173.8 pg for total RNA (Fig. 3.4).

Amplifiontien Curves

& A
I 173.8 ng
g =
g i 17.38 ng
& i 1.738 ng
> 173.8 pg —~
. -

1 2 3 4 S 6 7 8 © 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 28 30
Cycios

Melting Peaks

2.946
2646] B
2348
2.046
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1.448-
1.146-
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0.546
02467

-0.054

Non-specific
products

-(d/dT) Fluorescence (538)

86 68 70 72 74 76 78 80 82 B84 86 88 90 92 94
Tempersture (°C)

Figure 3.4: A) Amplification curves of decreasing concentration of AHSV dsRNA in serial 10-fold
dilutions from 173.8 ng to 173.8 fg. The detection limit for the assay was 173.8 pg. (B) The graph
shows the melting peak analysis at various template dilutions with melting peak temperatures varying
between 78.45 °C and 80.70°C.
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Table 3.3

Measured melting temperatures and CP-values of the PCR fragments for dilution series of
AHSV 1

Sample name Tm(°¢) Cp
173.8 ng 79.05 12.85
17.38 ng 79.33 18.63
1.738 ng 79.87 >25.00
173.8 pg 80.25 24.71
17.38 pg 80.7 >25.00
1.738 pg 79.19 >25.00
173.8 fg 78.45 >25.00

NTC 78.99 >25.00
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3.4. DISCUSSION

The work that is described in this chapter had as its main aim the design of a real-time RT-
PCR method that can be used to detect all nine serotypes of the AHSV. This was done by
analysing genome segment 7 sequence data that were obtained from public databases and
generated as part of this study from South African reference isolates of the viruses. AHSV
genome segment 7 was chosen as a target gene for the RT-PCR because it is conserved
among the nine serotypes and amino acid homology of 100% has been reported for VP7 of

AHSV6, AHSV 9 and AHSV 4 (Williams et al., 1998).

Although RT-PCR ampilification products could be obtained from all dsRNA preparations,
usable data was only generated from the serotype 2 and 5 cDNA sequencing reactions. This
was probably due to the amount of cDNA that was sequenced not being sufﬁcient or it was
possibly contaminated by non-specific amplification products. To determine the conserved
region, the VP7 genes (segment 7) of AHSV 2 and 5 obtained after sequencing were aligned
with AHSV 4, 6 and 9 sequences published on GenBank. The sequence alignments
revealed an identity of 96.44% between the 1179 nucleotide sequences of genome segment
that were aligned. This is close to what has been reported in the literature by Williams & co-

workers (1998).

The RT-PCR primers were selected in two areas of homology such that the size of the
amplification product would be 232 bp (Fig 3.2). The primers were tested in RT-PCR
amplification and the results showed that the primers amplified cDNA from dsRNA of all nine
AHSV serotypes. All the amplification products were of the predicted size and it can
therefore be concluded that the primer binding sites were conserved in all nine the reference

serotypes. This is important as sequence data were not obtained for all the serotypes.
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It was then decided that this primer set (AHSV S7/03 and AHSV S7/04, Table 3.1) would be
tested in a real time format. The format that was selected was a SYBR green based real-
time PCR method. This technology was selected as it is relatively cheap when compared to
probe based systems but can still be used to distinguish amplification products with different

peak Ts (Ririe et al., 1997).

Increase in fluorescence was measured as cDNA amplification took place and the CP-values
gave an indication of the relative amounts of starting material (denatured RNA) that was
present at the beginning of the reaction. The CP-values varied between 12.85 and 25.00 for
the nine serotypes. Although all care was taken to keep the amounts of dsRNA in the
different reactions at the same level, there were still variations that are reflected in the CP
values. CP-values are often used together with standard curves to carry out accurate
quantification of the amount of starting material (Lekanne-Deprez et al., 2002; Santhosh, et

al., 2007; Ong et al., 2007).

A post PCR melting curve analysis (Wittwer et al., 1997) was incorporated into the method to
make detection of the amplification product more specific. As SYBR Green fluorescence will
take place in the presence of any dsDNA, non-specific amplification products would also
contribute to the levels of fluorescence that are observed during the real-time PCR. During a
melting curve analysis dsDNA products with different T,,s can be distinguished (Ririe et al.,
1997). The objective was to design the real-time RT-PCR such that the AHSV amplification
product could be distinguished from non-specific dsDNA products, such as primer-dimers, or
from BTV-specific amplification product during the next phase of the research. The genome
segment 7 nucleotide sequence alignments showed a high level of homology but several
variable sites occurred within the area of cDNA amplification. These sequence variations

lead to peak T,, values that ranged from 78.48 °C and 80.36 °C. This level of variation is the
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same as what have been described for other group-specific BTV real-time RT-PCR tests

(Jimenez-Clavero et al., 2006).

The sensitivity of the method was tested with a dilution series of dsRNA from AHSV 1 and
the minimum amount of dsRNA needed was determined to be 173.8 pg. This sensitivity is
lower than that observed with most AHSV specific conventional RT-PCRs, which range
between 1pg and 0.1 fg or 10? molecules of virus per reaction (Koekemoer & van Dijk, 2004;
Aradaib et al., 2006; Stone-Marschat et al., 1994; Zientara et al., 1994). The low sensitivity
could be ascribed to two main factors. Firstly, SYBR green detection is not as sensitive as
probe based methods, especially when comparing it to TagMan® probes (Rodriguez-
Sanchez et al., 2008). These probes can detect 1.2 TCIDss/ml of AHSV dsRNA in a group-
specific manner. The problem with using probes is that they are very sensitive fo nucleotide
substitutions in the target are of the probe. In this respect the SYBR Green based method
has an advantage as one set of reagents, as demonstrated with the results from this work,

can be used to identify cDNA amplification products with a number of sequence variations.

The second reason for decreased sensitivity is that the endpoint of detection could not be
reached. At dilutions lower than 173.8 pg of AHSV dsRNA the peak melting temperature as
determined by fluorescence measurements cannot be distinguished from that of non-specific
amplification products in the reaction (Fig 3.4 B and Table 3.3). It is therefore possible that
AHSV-specific cDNA amplification takes place at lower concentrations of the AHSV dsRNA,
but using this technique it is not possible to demonstrate this. One possible way of
addressing this is through the incorporation of an unlabelled oligonucleotide that is
complementary to a specific region on genome segment 7 into the reaction. If this target
area is homologous in all serotypes of AHSV it will result in a unique melting curve that

would be distinguishable from the melting curves that result from non-specific products
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(Seipp et al, 2007). This would not be as expensive as incorporating a labelled
oligonucleotide probe but it will increase the specificity of the melting curve analysis, possibly

leading to increased sensitivity.

In summary, a new serogroup-specific RT-PCR test was designed using sequence data of
genome segment 7 of AHSV. The test was shown to be able to detect all nine serotypes of
AHSV and the primers that were designed could be used in a real-time PCR format using
SYBR Green as a reporter of cDNA amplification. The plan was to use this test during the
next phase of the study together with a similar group-specific test for BTV to develop a

multiplex real-time RT-PCR that can detect both viruses in one reaction.
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CHAPTER 4
4. BTV REAL-TIME RT-PCR

4.1. INTRODUCTION

The aim of the work described in this chapter was to design a group-specific real-time RT-
PCR method for the detection of BTV serotypes that are prevalent in South Africa. These
include serotypes 1-9 and 22-24. The strategy that was followed to design and test the
primers and convert the method to a real-time format was similar to that which was used for
the development of an AHSV group-specific RT-PCR (Chapter 3). In this case genome
segment 5 (NS1) was targeted as more sequence information was available for it and
because this genome segment has been shown to be highly conserved (Roy and Gorman,
1980). The specificity and sensitivity of the method was again tested using dsRNA prepared

from reference strain viruses.

4.2. SPECIFIC OBJECTIVES

v" To amplify cDNA from reference strains of BTV 1-19 & 22-24 using a set of RT-PCR
primers that have been reported by Katz and co-workers (1993) and sequence the
resulting PCR products.

v' To align the sequences obtained and identify potential primer target regions.

v To test the specificity of the selected primers with dsRNA from BTV 1-19 & 22-24 and
ensure that they are not identical to those of AHSV.

v" To use the same primers and templates in a one-step real-time PCR making use of
SYBR Green | dye.

v To determine the sensitivity of the real-time RT-PCR method
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4.3. RESULTS
4.3.1. NS1 SEQUENCE ANALYSIS AND PRIMER DESIGN

dsRNA prepared from BTV reference strains were partially amplified with primers that have
been reported by Katz & co-workers (1993). Amplification products were obtained from
dsRNA of the reference strains of serotypes 2-8, 11-16, 18, & 22-23. RT-PCR amplicons
which were excised from 1.2% TBE agarose gel stained with ethidium bromide were purified
with the MinElute gel extraction kit (Qiagen). These PCR products were sequenced as
described in Section 2.2.2 using NS1 gene specific primers (Katz et al., 1993). Reactions

were analysed on a 3100 genetic analyzer (Applied Biosystems).

The newly obtained nucleotide sequence data covering position 1-100 of genome segment 5
representative of 16 serotypes were assembled with Clustal X (Thompson et al., 1997). The
alignments are shown on Fig. 4.1. Potential primer target regions were selected between
nucleotides 16 and 95 within genome segment 5. The areas where the forward and reverse
primers were selected are indicated on Fig.4.1.The reverse primer sequence displayed
sequence heterogeneity at two sites, position 84 (T/C mismatch) and at nucleotide 90 (A/G
mismatch). At these positions degenerate bases were utilized to allow for base-pairing with

either of the nucleotides found at these sites.
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Primers for group-specific amplification of segment 5 (NS1) from BTV dsRNA

Primer Primer Primer binding | Size of amplicon Primer sequence Reference
orientation site (bp)
BTV NS1/A Forward 11-31 273 GTTCTCTAGTTGGCAACCACC | Katz et al., (1993)
BTVNS1/B Reverse 284-265 273 AAGCCAGACTGTTTCCCGAT Katz et al., (1993)
BTV NS1/01 Forward 16-34 79 CAACCACCAAACATGGAGC This study.
BTV NS1/02 Reverse 75-95 79 GCCAARAAAGTYCTCGTGGC This study.

The locations of the primer binding sites are listed above.

Degeneracies:R=A & G; Y=C &T.
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Figure 4.1: Sequence alignment of nucleotides 16-95 of genome segment 5 of BTV reference strains. Forward and reverse primers are both indicated by

arrows. * Indicates new sequences that were generated from reference strain viruses.
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4.3.2. GROUP-SPECIFIC BTV RT-PCR ASSAY

Double-stranded RNA preparations of the 22 BTV serotypes were extracted from Vero cell-
cultures (2.1.3) infected with the virus reference strains. dsRNA was denatured with MMOH
and subjected to RT-PCR ( 2.1.4) using the forward primer BTV NS1/01 and the reverse
primer BTV NS1/02 (Table 4.1). Amplicons were analyzed by 2% TBE agarose gel
electrophoresis. The specific 79 bp PCR products were obtained from all BTV dsRNA of all

reference serotypes (Fig. 4.2).

100 bp 79 bp

100 bp
79 bp

Figure 4.2: Visualization of the 79 bp BTV PCR specific product on an ethidium bromide -stained
agarose gel from dsRNA of 22 BTV reference isolates. Lane M: Molecular weight marker Xlll (Roche),

50-750 bp; Lanes 1-22: BTV serotype 1-19 & 22-24.
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4.3.3. REAL-TIME PCR AND MELTING CURVE ANALYSIS

After investigating the ability of the BTV primers to amplify part of genome segment 5 from
all the BTV serotypes, they were used in a one-step real-time format (2.2) using SYBR®
Green | as a reporter dye. The amount of template dsRNA that was used was about 14 -
18ng per serotype. It was also investigated whether peak melting temperatures were
sufficiently different from that of the AHSV amplicons to make it possible to distinguish BTV
from AHSV. This was done using the same reaction conditions as that which were used for

RT-PCR and melting curve based detection of AHSV.

Amplification was observed for all 22 serotypes of BTV in the 530 nm channel (Fig. 4.3).
Amplification of the different serotypes started from cycle 15 to cycle 19. After the thirty
cycles of PCR were completed, melting curve analysis revealed that the melting peak
temperatures varied between 75.64 °C in the case of serotype 19 and 77.38 °C for serotype
8. Table 4.2 below shows the rest of the melting peak temperatures and CP-values. The
NTC had a peak T, value of 73.44 ° C, but after the melting curve analysis it was clearly

distinguishable from the BTV samples (Fig.4.3).
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Figure 4.3: BTV group-specific Real-time PCR using SYBR® Green | kit. (A) Amplification plot for
simultaneous amplification of BTV 1-19 & 22 -24. (B) Melting peak temperatures of BTV 1-19 & 22-24.
Melting temperatures varied between 75.64 °C and 77.38 ° C. Melting curve was used to analyze the
melting temperatures of the different amplicons. Specific data for each serotype are indicated in Table
42
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Table 4.2
Cp-values and Measured T,, of the PCR fragments for BTV serotypes 1-19 & 22-24

Sample Year of Sample Year of
name Tm(°C) Cp isolation name ™Tm(°C) Cp isolation
BTV 1 76.6 18.73 1989 BTV 14 76.87 18.1 Unknown
BTV 2 77.28 18.96 Unknown BTV 15 76.24 19.55 Unknown
BTV 3 76.69 19.63 1986 BTV 16 75.94 23.64 Unknown
BTV 4 76.72 19.56 1986 BTV 17 76.24 19.53 1979
BTV 5 76.77 20.67 1986 BTV 18 76.4 19.42 1962
BTV 6 76.78 20.05 Unknown BTV 19 75.98 17.7 1976
BTV 7 75.64 19.48 1979 BTV 22 76.44 19.38 1979
BTV 8 77.38 21.32 1985 BTV 23 76.84 21.16 Unknown
BTV 9 76.57 18.09 1979 BTV 24 76.51 21.26 1985

BTV 10 76.69 19.92 Unknown NTC 73.44 >24.00 N/A

BTV 11 7713 18.57 Unknown

BTV 12 76.47 18.56 Unknown

BTV 13 76.43 18.72 Unknown

4.3.4. SENSITIVITY OF BTV real-time RT-PCR ASSAY

The sensitivity of the assay was determined by using different starting amounts of BTV 7
dsRNA. 14.38 ng of total dsSRNA was used in the following dilution series: 14.38 ng, 1.44 ng,
143.8 pg, 14.38 pg, 1.438 pg, 143.8 fg and 14.38 fg. As shown in Fig. 4.4.A and B, the
results indicated that the real-time RT-PCR was able to detect up to 14.38 pg dsRNA. At
dilutions containing less than 14.38 pg total dsRNA the melting peaks could not be

distinguished from that of the NTC.
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Figure 4.4: Sensitivity of BTV RT-PCR amplification determined with 10-fold serial dilution of dsSRNA
from 14.38 ng to 14.38 fg. (A) Amplification plot for BTV dsRNA by real-time RT-PCR based on SYBR

Green | chemistry. (B) Melting peak temperature profiles of the different template dilutions with

temperatures varying between 75.49°C and 77.50 °C.
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Table 4.3

CP- values and measured melting temperatures (Tn) of the PCR fragments for dilution
series of BTV 7

Sample ™m(°C) Cp
14.38 ng 75.49 18.3
1.44 ng 75.65 21.7
143.8 pg 75.76 24.85
14.38 pg 75.7 28
1.438 pg 71.26 28.87
143.8 fg 71.20* 29.47
14.38 fg 71.25* 29.51
NTC 71.10* 29.53

* Melting temperatures were manually determined because they were not detected by the
software.
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4.4. DISCUSSION

The objective of this chapter was to design a specific and rapid one step RT-PCR based
method for detection of all 22 reference serotypes of BTV that occur in South Africa. This
was done to provide a method that could be developed and applied to decrease the time
needed for the completion of molecular BTV diagnostics. For this purpose a set of primers
previously published by Katz & co-workers (1993) were used to sequence BTV genome
segment 5, because this genome segment has been shown to contain highly homologous
regions that are useful for designing consensus primers that are specific for all the serotypes

(Hwang et al., 1993).

To determine homologous regions, sequence data obtained from 17 BTV reference isolates
(Fig 4.1) were aligned. This sequence information was compared to genome segment 5
sequences found on GenBank. All the sequenced products that were analyzed showed high
similarity with the published sequences of BTV segment 5. The newly obtained sequences
had a nucleotide identity of 86.90%, which is comparable to that found by Monaco & co-

workers (2006).

A region between nucleotides 16 and 95 was selected to design the RT-PCR primers
(Fig.4.1).The area targeted by the forward primer showed 100% identity between all the
sequences analyzed whilst the area where the reverse primers was designed displayed two
substitutions. A degenerate primer was designed to ensure amplification of the target
sequence. The ability of the primers to identify BTV was shown and all the amplification
products were of the predicted size indicating that the primers were designed in conserved

areas of genome segment 5.
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The conventional RT-PCR assay that we developed was converted into a real-time, one-step
format to avoid the post-PCR analysis steps and to reduce the risk of contamination. A
SYBR Green | based method was used as described in Chapter 3. Specific amplification
was obtained from all the BTV isolates. The CP-values that were observed varied between
17.7 and 24. Different isolates of the same serogroup may have slightly different sequences
of the amplified fragments, contributing to variations in melting temperatures (Ririe et al.,
1997). This was observed in this study when the specific melting temperatures for BTV
isolates varied between 75.64 °C and 77.38 °C. These Tm values are less than those of
AHSV (78.48 °C - 80.18 °C) (Chapter 3); therefore a melting curve analysis can be easily

used to distinguish BTV from AHSV.

A ten-fold serial dilution of BTV 7 was used to determine the detection limit ;)f the method.
The viral RNA was detected down to a concentration of 14.38 pg; below this level the test
could no longer distinguish BTV amplification products from non-specific products. This
analytical sensitivity of the amplified product derived from 14.38 pg of target sequence is
higher than the sensitivity of real-time PCR for AHSV (3.2.3.2).This could be attributed to the
fact that the endpoint of detection for AHSV could not be reached. Secondly the BTV
amplicon (79 bp) is smaller than the AHSV (232 bp), therefore this could have resulted in

increased primer binding efficiency for BTV.

This sensitivity is also lower than that observed with recently reported BTV real-time RT-
PCRs which detected viral RNA down to a dilution of 10”° (Jiménez-Clavero et al., 2006,
Shaw et al., 2007) because probe based techniques are more sensitive than intercalating
dye based ones. The melting temperatures that are lower (~71 °C) than those of the BTV-
specific PCR products observed for dilutions lower than 14.38 pg were indicative of non-

specific products. This could possibly be caused by the presence of primer-dimers.
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In conclusion, sequence information of genome segment 5 of BTV was used to design a
serogroup-specific RT-PCR test. The primers had the ability to detect all 22 BTV serotypes
and it was possible to use the primers in a real-time format with SYBR Green | dye as a
reporter. The BTV-specific primers were subsequently used with the AHSV group-specific
primers (Chapter 3) in a duplex real-time RT-PCR to detect both viruses in one reaction

under the same reaction conditions.
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CHAPTER 5

5.  MULTIPLEX REAL-TIME PCR FOR AHSV AND BTV

5.1. INTRODUCTION

The objective of the present work was to use real-time PCR methods developed in Chapters
3 & 4 in a duplex form. This was achieved by combining both AHSV and BTV primer pairs
into one reaction to identify both viruses. These primers were used in a real-time RT-PCR
format making use of SYBR Green | dye as a reporter of cDNA amplification. The specificity
of the primers was tested by including dsRNA from field isolates of both AHSV and BTV, and
from EEV and EHDV isolates. Both EEV and EHDV are arthropod-borne diseases with the
aetiological agents belonging to the Orbivirus genus, family Reoviridae. EEV and EHDV
have overlapping distribution with and cause similar diseases to AHSV and BTV

respectively.

5.2. SPECIFIC OBJECTIVES

v To test the AHSV (Chapter 3) and BTV (Chapter 4) primers in a duplex one-step real-
time RT-PCR containing dsRNA from both viruses.

v" To investigate the specificity of the primers with dsRNA from other Orbiviruses.

5.3. RESULTS
5.3.1. AHSV AND BTV MULTIPLEX PCR

The specificity of the SYBR Green | real-time RT-PCR followed by a melting curve analysis
in a multiplex format was determined. AHSV 1 and BTV 7 reference serotypes were used as
templates in the real-time multiplex PCR. The Lightcycler® SYBR® Green | kit was used as

detailed in Section 2.2. Three capillary tubes were used whereby capillary tubes 1 and 2
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contained 193.5 ng of AHSV 1 and 150.8 ng of BTV 7, and the third capillary tube contained
AHSV and BTV dsRNA. AHSV primers (S7/03 & S7/04) and BTV primers (NS1/01 &

NS1/02) at a concentration of 10 pmol/ul each were pooled.

During the real-time PCR the increase in fluorescence was measured in the 530 nm
channel for each reaction, and it is represented as amplification curves and CP-values.
When in separate reactions, AHSV 1 and BTV 7 showed melting peaks at 79.36 °C and
75.27 °C respectively. However, when in duplex form, initial results of only one peak
representing AHSV (79.38 °C) was observed, although a shoulder of BTV melt peak was
visible (Fig. 5.1(A)). This AHSV melt peak overlapped with and concealed the melting peak
of BTV. When the amplicons were separated by 2% agarose gel electrophoresis, two
amplicons (lane 3) were visible representing 232 bp for AHSV and 79 bp for BTV (Fig.
5.1(B)). This shows that although the conditions were not suitable for both melting peaks to
be demonstrated, the gel results showed that both products were amplified. Lanes 1 and 2
showed bands that corresponded with the expected molecular weight for both AHSV (232

bp) and BTV (79 bp) amplification products.
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Figure 5.1. (A) Fluorescence melting curve of BTV and AHSV duplex real-time RT-PCR. The AHSV
peak overshadows that of BTV when in duplex form (red plot).(B) Gel showing AHSV and BTV
amplicons using AHSV 1 and BTV 7 reference strains. PCR products were run on a 2% agarose gel,
stained with ethidium bromide. Lane1: molecular weight marker Xlll, (Roche), 50-750 bp Lane 2:

AHSV 1, Lane 3: BTV 7 and Lane 4: AHSV 1 and BTV 7.
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5.3.2. EFFECT OF CONCENTRATION ON THE DUPLEX RT-PCR

This experiment was carried out to investigate whether template concentration affected peak
resolution for BTV. Both AHSV 1 and BTV 7 reference serotypes were subjected to 10-fold
serial dilutions and the following template concentrations were used in capillary tubes 1-4:

e Tube 1: AHSV 193.5 ng and BTV 150.8 ng,

e Tube 2: AHSV 19.35 ng and BTV 15.08 ng,

e Tube 3: AHSV 1.935 ngand BTV 1.508 ng,

e Tube 4: AHSV 19.35 pgand BTV 15.08 pg.

The melting peaks of the first two tubes were the same as those obtained in Figure 5.1 and
only the peak corresponding to AHSV was visible on the melting curve. In lanes 1 and 2
(tubes 1 and 2), bands corresponding to AHSV (232 bp) and BTV (79 bp) were observed
after agarose gel electrophoresis, confirming that both serogroups amplified although the
melting peak of BTV was not observed on the melting curve. Bands that are indicative of
primer-dimers were also visualized below the 50 bp marker (Fig. 5.2). Lanes 3 and 4 (tubes
3 and 4) had no specific amplicons showing that there was not enough dsRNA templatés to

be amplified by the PCR.
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Figure 5.2: Multiplex real-time PCR determined with 10-fold serial dilutions of BTV and AHSV dsRNA.
Amounts of dsRNA used for AHSV ranged from 193.5 ng to 19.35 pg and 150.8 ng to 15.08 pg for
BTV. (A) Fluorescence melting curve for dsRNA of BTV 7 and AHSV 1 reference strains in SYBR
Green | multiplex real-time PCR and (B) 2% Agarose gel electrophoresis of PCR products obtained by
real-time RT-PCR. The bands present in Lanes 1-2 represent AHSV (232 bp) and BTV (79 bp) PCR
products. Lanes 3-4 show the results of real-time RT-PCR when the templates were diluted to 10
and 10™ respectively. Lane M: Molecular weight marker XllI, 50-750 bp (Roche). NTC- No template

control.
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5.3.3. EFFECT OF RAMP RATE ON DISCRIMINATION OF MELTING PEAKS

To investigate possible ways of resolving the AHSV and BTV melt peaks in the same test,
the melting curve annealing ramp rate was changed from 20 ° C/s to 5 ° C/s during the
melting curve analysis because a slow ramp rate can result in discrimination of the melting
peaks and higher resolution of the amplicons. A NTC, whereby dsRNA was replaced with
nuclease-free water was run alongside the samples to rule out cross contamination. Two
peaks could be distinguished at 76.30 °C and 80.04 °C representative of BTV and AHSV
respectively as shown by the red line in Fig 5.3A. These results were confirmed by loading
the PCR products onto a 2% agarose gel. PCR product from AHSV 1 was loaded onto the
first lane, in the second lane it was BTV 7, the mixture of BTV 7 and AHSV 1 was loaded
onto lane 3 and the NTC was loaded in lane 4. All these amplicons showed results that

correspond with either AHSV (232 bp) or BTV (79 bp).
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Figure 5.3: Real-time RT-PCR for both AHSV and BTV in a duplex format using peak T, detection.

(A) Melt peak analysis of duplex targets. The reaction tubes were subjected to a decreased melt rate

(0.2 °C/ s). (B) Agarose gel electrophoresis (2% agarose / TBE with Ethidium bromide staining)

confirming the presence of both amplicons (Lane 3). M:Molecular weight marker XlI1,50-750 bp
(Roche), Lane 1: AHSV 1, Lane 2: BTV 7, Lane 3: AHSV 1 & BTV 7, Lane 4: No template control.
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5.3.4. TESTING OF real time-RT-PCR SPECIFICITY USING FIELD ISOLATES

A single nucleotide substitution in the region that is targeted by the primer can cause
hybridization of the primers to be insufficient and inhibit detection of the samples by real-time
PCR (Jiménez-Clavero et al., 2006).These sequence variations can also lead to false
negative results, therefore to rule out any possibility of false negatives BTV field isolates
were used to investigate the specificity of the BTV real-time RT-PCR method. The assay
was able to detect all BTV isolates (Fig. 5.4) with melting temperatures varying between

75.98 °C and 76.87 °C (Table 5.1).
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Figure 5.4: Results of BTV real-time RT-PCR using BTV field isolates. (a) Amplification plot
and (b) Melting curve with melting temperatures ranging between 75.98 °C and 76.87 °C.
BTV field isolates were used to investigate the specificity of the developed test.
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Table 5.1
Cp-values and melting temperatures for BTV field isolates

Serotypes & sample
no.s Tm (°C) Cp Year of isolation
9(71) 77.27 17.65 1996
5(80) 77.73 17.03 1997
12(83) 77.3 18.04 1998
11(86) 77.89 17.54 1998
24(87) 77.2 17.76 1998
4(90) 77.31 19.53 1999
1(91) 77.19 19.43 1999
14(93) 78.09 17.68 1999
2(95) 77.83 18.74 20'00
6(97) 76.54 19.09 2000
3(102) 77.16 20.11 2000
17(103) 77.19 19.44 2000
16(104) 77.23 19.82 2000
15(105) 77.24 18.7 2000
NTC 735 25.25 n/a

The specificity of the AHSV real-time RT- PCR primers was also investigated using 14
different AHSV field isolates (Table 5.2). Amplification was observed with all the AHSV field
isolates (Fig 5.5) that were tested. Melting curve analysis of the amplicons allowed
identification of the amplicons as AHSV specific. The melting temperatures for these isolates

varied between 78.59 °C and 79.41 °C.
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Figure 5.5: Specificity of AHSV real-time RT-PCR based on SYBR Green | chemistry showing (A)
Amplification plot and (B) Melting curve with specific melting temperatures ranging from 78.59 °C -

79.41 ° C using dsRNA from different field isolates of AHSV.
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Table 5.2

Cp-values and melting temperatures of AHSV field isolates

Serotype Tm (°C) Cp Year of isolation
1 79.41 21.63 1999
2 78.59 22.96 1997
3 79.97 23.07 2002
5 79.2 20.27 2006
6 79.01 17.68 1998
7 78.92 24.02 2004
8 791 23.83 2001
9 78.82 20.73 2001
1 79.32 23.42 . 2001
2 79.23 25.08 2001
3 79.12 25.32 2001
4 79.04 23.99 2001
5 79.14 23.74 2002
6 79.3 27.32 2001
NTC 78.54 >28.00 n/a
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In order to discard the possibility of cross-reaction with EEV and EHDV, we investigated the
group-specificity of the assay with samples containing dsRNA from isolates of EEV Kyalami
and EHDV1.0One hundred and ninety three ng of AHSV, 150.8 ng of BTV, 160 ng of EEV
and 165.3 ng of EHDV dsRNAs were used as templates when investigating the specificity of
the multiplex real-time RT-PCR. The AHSV 1 isolate, with a 232 bp amplified fragment, had
a T, of 79.30 °C and the BTV 7 specific RT-PCR produced a 79 bp fragment with T, of
76.45 ° C. Melting curve analysis of EEV and EHDV did not give any discernable melting
peaks (Fig. 5.6). Around cycle 33, amplification was observed for both EEV and EHDV
samples indicative of non-specific amplification because they produced much lower

fluorescence when compared to those of AHSV and BTV.
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Figure 5.6: Specificity of the multipiex real-time RT-PCR assay. rRT-PCR was performed on RNA
extracted from Vero cells infected with AHSV serotype 1 and BTV serotype 7 as well as EEV Kyalami
and EHDV 1 respectively. (A) Amplification plot from the SYBR Green real-time RT-PCR showing
detection of AHSV and BTV, with EEV and EHDV (represented with black and red plots) being
detected towards the end of the reaction and (B) Melting curve with the specific T,,s for BTV at 76.45
°C and AHSV at 79.30 °C respectively.
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5.4. DISCUSSION

This part of the study was carried out to determine if the two real-time RT-PCRs that can
detect AHSV and BTV respectively, can also be used to detect both viruses in one test. This
was accomplished by combining the reagents for both PCRs into one tube and using them in
a reaction that contains dsRNA of both viruses as templates. It has been shown that AHSV
and BTV amplification give distinct melting peaks (Chapters 3 & 4); therefore, it was
expected to see both peaks as a result of both dsDNA amplification products being present

at the time of the melting curve analysis.

When this experiment was performed for identification of both BTV and AHSV, only a clear
peak corresponding to AHSV was observed initially (Fig.5.1 A), although it'had a shoulder
that could be interpreted as representative of BTV. Overshadowing of the BTV melting peak
by that of AHSV was possibly due to a high ratio of AHSV amplicon to that of BTV, resulting
in loss of sensitivity for the BTV amplicon. This was also shown in the gel electrophoresis as

the band representative of AHSV was more intense than that of BTV (Fig.5.1 B).

It was decided to carry out experiments where different parameters were optimized in an
effort to make the two melting peaks clearly discernable. A study by Varga & James (2006)
showed that higher resolution of T, is accomplished at a lower melt curve annealing ramp
rate, producing more reliable detection of weak amplicons. A similar observation was made
in this study. When the melt curve annealing ramp rate was changed from 20 °C/s to 5 °C/s,
both AHSV and BTV could be demonstrated in one reaction (Fig.5.3). In this study the T,
associated with BTV were consistently lower and distinct from the T, associated with AHSV

isolates, facilitating easy identification of the two viruses.
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When template concentrations of both AHSV and BTV were changed in equal ratios (5.3.2.),
only one melting peak corresponding with the T, of AHSV was observed. The melt peak for
AHSV was higher than that of BTV. This is because more SYBR Green dye binds to the
larger amplicon (AHSV, 232 bp) compared with the smaller amplicon (BTV, 79 bp), causing
a bigger change in fluorescence. When PCR products were loaded onto a 2 % agarose gel,
bands that correspond with the expected molecular weight (232 bp for AHSV and 79 bp for

BTV) were revealed (Fig.5.2 B, Lanes 1 & 2).

These findings were followed up by investigations of the test specificity with field isolates of
AHSV and BTV (5.3.4) to rule out any possibility of false negatives due to genetic variations
among the strains (Monaco et al., 2006; Bonneau et al., 1999). The AHSV genome segment
7 group-specific primers and the BTV genome segment 5 group-specific primers could be
used in real-time RT-PCR to detect dsRNA from their corresponding serogroups. These
target sites in the genome were well conserved since there was successful amplification of
dsRNA from field isolates. The melting temperatures of the reference and field isolates
ranged between 78.48 °C and 80.18 °C for AHSV and 75.98°C and 77.38°C for BTV. These

variations were small enough and avoided an overlap between AHSV and BTV.

The specificity of the primers for AHSV and BTV was also tested with EEV and EHDV, which
are members of the family Reoviridae and are related to BTV and AHSV (lwata et al., 1992),
to rule out any possibility of false positives. EEV and EHDV cause diseases that have similar
symptoms as those of AHSV and BTV, and it is possible to get EEV positive samples that
have to be tested for AHSV, and the same may apply to BTV and EHDV. Therefore, to rule
out cross-reactions and to provide a molecular tool for differential diagnosis, EEV and EHDV
were included in the test to investigate the group-specificity of the AHSV and BTV primers.

No cross-reactions were observed with RNA from EEV or EHDV showing that the primers
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are indeed group-specific for dSsSRNA of AHSV or BTV. Towards the end of PCR (Cycles 30-
34), non-specific amplification was observed on EEV and EHDV samples. This was due to
detection of primer-dimers by SYBR Green dye because it binds to any dsDNA of any size.
These products could, however, be easily distinguished from the AHSV or BTV amplicons by

means of the melting curve analysis.

In conclusion, a duplex real-time RT-PCR test was developed by pooling the primers for
AHSV and BTV identification in one reaction. This was achieved by using a slow ramp rate
for the melting curve analysis, producing two peaks that can clearly be distinguished from
each other. The specificity of both tests was also shown by making use of field isolates of

AHSV and BTV and other closely related orbiviruses.
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CHAPTER 6

6. GENERAL DISCUSSION AND CONCLUSION

The main aim of this work was to develop a one step duplex real-time RT-PCR making use
of sequence data and modern molecular techniques for detection and identification of AHSV
and BTV under the same reaction conditions. At a routine diagnostic laboratory like the OVI,
diagnostic assays for both AHSV and BTV are carried out in the same laboratory by the
same personnel, therefore it would be beneficial to have one set of reagents and one
protocol such that the diagnostic services could be streamlined. Both AHSV and BTV are
dsRNA viruses and all the pre-PCR steps (dsRNA isolation, denaturing and cDNA synthesis)

are identical, but the primer sets that are used are different.

Real-time PCR has several advantages over conventional PCR which include rapidity and
sensitivity. Real-time PCR is less likely to produce false positives as a result of
contamination during sample preparation because post-amplification manipulation of the
amplicon is not required. These assays are therefore described as closed systems. There
are currently five main chemistries for detection of PCR product during real-time PCR, which
can be classified into amplicon specific or non-specific methods of detection. These
chemistries include DNA-binding fluorophores, linear oligoprobes, 5 Nuclease oligoprobes

and hairpin oligoprobes (Mackay et al., 2002).
SYBR Green | has a high affinity for double-stranded DNA and has enhanced fluorescence

upon DNA binding. It can be used as an alternative to other methods such as linear

oligoprobes, 5 Nuclease oligoprobes and hairpin oligoprobes because it is less expensive.
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This intercalating dye can be directly applied to any dsDNA without the need to design and
synthesize fluorescently labelled target-specific probes. When using SYBR Green dye, the
amplicons are detected by an increase in fluorescence and multiplexing is made feasible by
the possibility of identifying the amplified products by their melting temperatures (Ririe et al.,
1997). SYBR Green | dye chemistry was chosen because SYBR Green | based real-time
RT-PCR tests display a real advantage over probe based tests (Jimenez-Clavero et al.,
2006) because it is not influenced by genetic variation to the same extend as what probe
based tests are. In other words, the variations within the amplicons would not interfere with

the production of a fluorescence signal when using SYBR Green | dye.

The first goal of this study was to investigate the ability of the primer sets that have been
designed to amplify genome segment 7 of any of the nine AHSV serotypes and genome
segment 5 of the 22 BTV serotypes that occur in South Africa. It was alsc; the objective of
this study to determine the detection limit of the developed real-time RT-PCR method. These
findings were followed up by investigations to develop a duplex method whereby both AHSV

and BTV could be detected under the same reaction conditions.

Both primer sets that were designed for AHSV (Chapter 3) and BTV (Chapter 4) were
combined in one reaction tube and the primer annealing temperatures were adjusted to
ensure that BTV and AHSV products were amplified efficiently. This resulted in a duplex
real-time RT-PCR for both AHSV and BTV (Chapter 5). Further, it was shown that a SYBR
Green |-based melting curve determination multiplex method is usable for simultaneous
identification of two products from the same reaction tube (Fig.5.3). It was also shown that
when two peaks have relatively close melting temperatures, the amplicon with low
concentration loses its sensitivity and becomes indistinguishable. At faster melt rate Ts of

all fragments are shifted higher, therefore resulting in the T, of one fragment approaching
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that of the second and becoming indistinguishable. However, a slow melt rate resulted in

improved discrimination of the melt peaks, giving an increased resolution of the peaks.

When the limits of detection for both AHSV and BTV were determined, they were found to be
lower than the previously published values for conventional RT-PCRs (Stone-Marschat et
al., 1994; Zientara et al, 1994; Koekemoer & van Dijk, 2004) and real-time RT-PCRs
(Jiménez-Clavero et al., 2006; Toussaint et al., 2007). Even though there were amplifications
from dsRNA diluted beyond 10 for both AHSV and BTV, the amplification of non-specific
products interfered with the melting curve analysis (Figs 3.4 & 4.4). This had the effect that
even though BTV or AHSV specific amplicons were present, they could not be detected
because of the strong signals from the primer-dimers that formed in the reaction around
cycles 30-35. This is one of the inherent drawbacks of using SYBR Green as an indicator of

cDNA amplification.

To improve sensitivity a high resolution melting (HRM) analysis incorporating SYBR Green |
(Pornprasert et al., 2008) and an unlabelled probe can be used. HRM is a closed system
that does not require a labelled probe. When using this technique, the accuracy of the melt
curve is maximized by acquiring fluorescence data over small temperature increments.
Amplicons containing different sequences can be discriminated based on the melt curve
shape because it is the function of the DNA sequence being melted. These unlabelled
probes are included in the PCR master mix which also contains asymmetric ratios of
primers. Some of the benefits of HRM include high sensitivity, specificity and a decreased

risk of PCR carryover contamination because it is a closed-tube system.

Several field isolates of both AHSV and BTV (5.3.4) were used as templates for the real-time

RT-PCR to test the specificity of the new method because genetic variations among the
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strains, causing nucleotide substitutions can cause the primers not to bind to the specific
target (Jiménez-Clavero et al., 2006). It was shown that the primer sets are group-specific
when 79 bp (nt 16-95) of genome segment 5 (BTV) (Fig.5.4) and 232 bp (nt 63-295) of
genome segment 7 (AHSV) (Fig.5.5) could be successfully amplified and identified without
any real-time signal from EEV and EHDV which are closely related to AHSV and BTV (lwata

et al., 1992) (Fig.5.6).

Valuable information could be obtained from studies of the midge vectors which are known
to transmit BTV and AHSV. Only one serogroup can be isolated from vector midges when
both AHSV and BTV are expected (personal communication Dr Gert Venter, OVI).This is
most likely due to the fact that the isolation procedure favours one of the viruses. The real-
time RT-PCR described in this study has the ability to identify and detect both viruses;
therefore, it could potentially be used to screen vector populations for presence of either or

both viruses.

In conclusion, the duplex real-time RT-PCR assay described here using SYBR® Green | dye
as a reporter, appears to be a promising tool for rapid, specific and accurate identification
and detection of AHSV and BTV. The observed sensitivity was lower than the other real-time
PCRs that have been reported for both BTV and AHSV, but it can be enhanced by using
high resolution melt and unlabelled probes. This duplex real-time RT-PCR provides a
valuable method that has been tested using AHSV serotypes 1-9 and the 22 BTV serotypes
(1-19 & 22-24) that circulate in South Africa as well as a range of field isolates from both
species. However, different aspects such as annealing temperature still need to be
optimized for both targets to be efficiently amplified. The method must also be optimized to
make it more sensitive and be able to work with less of the template. To increase efficiency

of the RT-PCR and to avoid formation of primer-dimers, primers will have to be redesigned.

77

Digitised by the University of Pretoria, Library Services, 2011



bt
W UNIVERSITEIT VAN PRETORIA
Qe

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

When low-copy number detection is needed, sequence-specific fluorescent probes can be
used to provide additional sensitivity, but the design, synthesis and purification of these

probes will require care.

The SYBR Green | real-time RT-PCR method developed and applied in this study
represents a new analytical tool that allows large-scale diagnosis of AHSV and BTV because
the assay can be completed within 24 hours. The assay can be applied as a rapid screening
test for the purposes of certifying animals free of AHSV or BTV. This can be very useful in
routine diagnostic laboratories where there are often large numbers of samples to be tested
for the presence of either of these viruses. The greatest benefit of the method is that it is a
first ever single test, with the same reagents and has the potential to be used for
identification of two orbiviruses in clinical samples and insect vectors. This assay is much
quicker to perform (lasts only about 2 hours) than virological tests which can take up to two
weeks to obtain results, starting with virus isolation and ending with a description of the virus

serotype.
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