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Abstract

Highly Scalable Combinatorial Mixing of Samples with Targ8pecific

Primers for Rapid Pathogen Detection on a Centrifugal Platform

Danielle Chung

The capability to screen a large number of samples (M) for specific responasdi®rary of
active agents (N) in a manner which is tina@d cost efficient is of critical importance in
application areas such as plant diagnostics, crop genotypingdeugl discoveryThere is
great interest in these areas for the identification sgecific genes or plant pathogens in
crops using DNA markers, DNA traceability for food safety and identification of a specific
response of cells to a specific dri@NAbased methods in the field of pouutf-use devices

are critical for opsite testing ofsamples without expensive instrumentation. However, the
high cost of reagents and liquid handling robots required to perform vast numbers of
pipetting steps significantly hampers the proliferation of key enabling technologies into
smaller laboratoriesCentrifugal microfluidic devices have emerged as increasingly useful
tools for biomedical applications and diagnostics and can be manufactured using
inexpensive materials and low cost instrumentatidine integration of DNA amplification
methods are used toapidly generate large amounts of DNA to reliably detect and identify
diseases present in plant material which cause economic losses to agribusiness each year.
This work demonstrategshree microfluidic centrifugal platforms for automating the
combinatorialmixing challenge in a simple instrument and demonstrates a reduction of
pipetting steps towards large numbers of samples and reagdritese platforms permit

M3 N combinatorial mixing to generate unique sample/reagent outputs in an autonomous
manner. Theseplatforms demonstratehighly scalableautomation of the liquid handling
protocols required for combinatorial screening methods on a simple, spmdker based
instrument. Furthermore, by significantly reducing the number of pipetting steps, by
lowering leagent costs througminiaturisationas well as by accurate metering and widely
eliminating human error in liquid handlingyur technology meets the requirements of
deployment in decentralizegettings

Xiv



Chapter 1

Introduction

1.1 Introduction

Detedion and identification of foodborne pathogens has been of great interest for the food
industry and regulatory community, particularly for ensuring the integrity of the food
supply chain. Food diagnostic testing is an important tool for early detection and
identification of potential pathogen outbreaks; thus ensuring safe food production and
minimal impact on public health and wellbeinigast identification and quick preventative
action can significantly reduce the adverse health effects and economic ssstiated

with pathogen contaninated food.

Foodborne pathogens, such Bscherichia co®157:H7 andalmonella spcan colonise the
intestinal tracts of healthy animals in the food chaind can live on healthy planthave

the ability to spread to a vasty of foods which are used for human consumption.
Pathogenic infections which go undiagnosed and unreported result in millions of illnesses
and thousands of deaths worldwide each y¢ay. Due to modern practises, such as long
supply chains for industrial production, and due to iraged travel and trade, there is an
ever increasing risk of food comténation [2]. Although measures such as removing
contaminated products from a shelf can limit an immediate outbreak, it is critical that the
source of contenination be detemined to ensure that similaoutbreaks do not occur in

other, often geographically distant, locations which share the same food s[&jply



In addition to the potential direct impact on human health, foodborne pathogens also have
devastating effects on agricultural and food supplies. Vegetable crops are often affected by
microorganisms including fungal and bactrspecies and these incur huge economic
losses for farmers and agribusinedgith the help of other organisms, these fungal and
bacterial agents have the ability to enter the plant tissi®ughwounds caused bghilling

or mechanical injuriesAs well a directly damaging the cromsulting in decreased crop
development and crop lossesome fungal species can produce toxic metabolites which in
turn cause potential health risks to humans, for example the hepatoxic aflatoxin produced
by Aspergillus flavusPlants physiological properties such as high wateailability and
nearly neutral pH make them a very attractive platform for microbial growth and infection.
Some microorganismaicluding bacterial agentsE(winia carotovorp and fungal agents
(Botrytis cinerig), are weak planpathogens and start the decomposition process before
harvest. In turn, vegetables are particularly vulnerable after harvest as they may be
expected to contain high numbers of microorganisms due to contact with soil during
growth. Spoilage to vegetables, caused by bacteria and fungi, is due to optimal conditions
for this microbial growth. Other contanination occurs after harvesting during
transportation, processing and/or stora¢#]. One potential conteinant, Whiteflies which

are inseds with the ability to transmit pathogenic diseases addressed during this project
and has caused major problems to vegjae crops resulting in significant economic losses.
Economic losses are incurred due to the plants physiological processes being affected due
to high feeding populationslhis causes leaf shredding and crops have showed a reduction

in growth rate which isletrimental to the livelihood of farmer].

As previously mentionedotminimise risk of infection for the consumer, microbial quality
control programs are increasingly put in place during food chain produciiba. use of

detection systems to detenine the presence or absence of pathogenic caniaants has



therefore become increasingly important throughout the agricultural and food industry.
The current gold standard detection method involves the enrichment and isolation of
colonies of fungi or bacterimn a solid mediaAfter culturing to enrich the samples,
biochemical and/or serological identification are carried oétthough these traditional
methods are reliable and well characterised, they may require several days or weeks of
analysis to obtain mults. Similarly, they require a significant support infrastructure
including laboratories and skilled technicians. Often, identification can resolve to a
particular bacteria species but not its serotype. Thus, they are not very compatible with
point-of-use testing in a distributed manufacturing industry. The slow tim@nswer
means these methods are not very practical for providing food safety authorities, in the

event of a pathogen outbreak, with data to make timely interventions.

One alternative methd for the rapid detection and identification of food pathogens
involves testing samples for treoxyribonucleic acidDNA of a potential containating
microorganism. As the amount of pathogen DNA is usually below measurabledgveis
PCR methodsa nethod of DNA amplification, such as polymerase cheattion (PCR) and
loop-mediated isothermal  amplification  (LAMP) for  DNA amplificaton
[61[71[8][9][10][11][12], are oftenused.PCR is an extremely powerful diagnostic tool for the
analysis of microbial infections and microorganisms in food samples asdbken
established as an alternative detection method in microbial diagnostidvantages of
using this method include good detection limit, specificity, sensitivity, selectivity and the
production of results in a short period of tim&nother major advatage is the potential for
integration into portable and highly automated systerfis3]. However, there e also
limitations regarding thé method of DNA amplificationAlthough PCR is highly sensitive

trace amounts of DNA can cause sample comtation and produce misleading results.



Prior sequence data is also required to design primers for B®GRPCR can only be used to

identify the abgnce or presence of a known gene or pathofbA.

Loopmedated isothermal amplification (LAMP)ls an emerging method of DNA
amplification Recently, LAMP has been used as an alternative tobR&#&l methods in
food testing and in a wide range of other applicatioAsnumber of advantages LAMP
presents over PGBased methods include: shorter reaction time; higher sensitivity and
specificity; and no requirement for specialised uggment. In addition there islow
susceptibility to inhibitors present in sample materiatsnpared to PGRased methodsAs
this method & isothermal, and therefore does not require temperature cycling, it is
LI NI A Odzf | NI & -odizidéecoon devicEs2 This i pagtiduldrly the case as the
heating and cooling required for PCR can make portable devices inefficient and power
hungry. LAMP has been used to detect many importémbdborne pathogens including
bacteria and viruses includirig Coli and Salmonella5]. Industrial laboratories and public
health sedors are beginningd implement this DNA amplification method and to use it in
parallel with official protocol$16]. DNA amplification methods are finer described later

in thisSedion 1.4.

In recent years microfluidic platforms have been used for the development of diagnostic
tools. Microfluidics is commonly defined as the science and technology that processes
minute volumes of fluids using channelgith dimensions in the tens to hundreds of
micrometres [17]. They provide small, cheap and integrated technologies, whose fluid
handling capabilities makes them an ideal option to carry out a large randegfostic
tests. Thus tests which are commonly carried out on laboratory equipment which are often
bulky, expensive, and require skilled operators for analysis, can be performed by a low

skilled user in the field / at poiraf-sampling.



Applications of ricrofluidic devices include the detection of pathogens and toxins in food,
water supply monitoring for the presence of residues and trace chemicals, monitoring
nutrients and water supplies on farms to improve efficiency in fertilisation, and for plant
cell sorting to improve crop productiofiL8]. The integration of microfluidic devices in all
parts of agrbusiness, and particularly in food diagnostics, can have a major impact on
world food searity. In particular, providing pathogen detection at the source of

contamination can greatly reduce adverse health effects in the general public.

A common application fogenetic testing is screeninglere, a sample is tested against a
number d active agents for a responsk the case of poinbf-use food testing, a single
sample might be genetically screened against a series of markers to indicateoif thiepe
pathogens are presen©On the larger scale, screening of multiple samples againdtiple
active agents can be used in a laboratory environment for application such as food
traceability, pathogen detection, Genetically Modified Organism (GMO) detection and, in

the nonfood domain, for forensic testing and humdisease diagnostics.

1.2 Genetic Screening

In the medical context, screening can be defined as the process of systemic testing of
asymptomatic individuals for prelinical disease. For example, to prevent or delay the
development of disease through early detection and effective ttreant [19]. However,
screening is not only limited to individuals for the detection of genetic diseddese
generally, screening can be defineddetecting the response of a sample to a particular
active agent. Screening is widely used in the agricultural and food industry to detect the
food pathogens that can affect food supply chaisch screening applications permit the

detection of the sourcef a pathogenic containant which would have devastating effects



on agricultural industry and for public healtfihese screening applications could also be

usedto detect GMOswhich might be unregulated and illegal in some legislatures.

An important metha of genetic screening, used widely for applications such as disease
research, is genotypingsenotyping is a screening process wherebPMNA sequence is
compared to a reference sequende@NA is a biological molecule essential for all forms of
life. Valualde information is stored in DNA which is one of the key elements to deter
genetic disorders or pathogenic diseases in the field of human or food diagnostics. By
comparing an individual sequence to a reference library, variations of this sequence from
the norm, calledsingle-nucleotide polymorphisms (SNPs), can be identifMdny of these
SNPs can be associated with particular traits, ranging in humans from eye colour to pre
disposition to cancersSimilarly, in plants SNPs can deténe if a plant willgrow in an arid
environment or have immunity to common pests. In the case of food bacterial
contaminants, SNPs can be used to identify a particulartgpk or variant (serotype) of
bacteria (for exampleshiga toxinl E. colivs Shigatoxin 2 E. col)). Ths can be used to
prevent contaninants entering the food supgp and, in the event of an outbreak, support
epidemiologists trace the source of contmation and support clinicians in treating

patients who have beeaffectedby the pathogen.

SNPs ar¢éhe most frequent type of variation in the human genon®\Ps are a variation in

a single nucleotide in a DNA sequence and can dpvala number of different wayi0].
Complementary DNA (cDNAs) (cSNPs) are commonly classed as SNPs and reflect underlying
genomic variant420]. Inefficient replication of NA during cell division is one cause of
SNPsExposure to external factors, including radiation, which causes a breakdown of DNA
can also cause SNPs to ocgat]. Where these variants are found in DNA sequences

between the genes (saatled junk DNA) they hawainimal effects but can act as biological



markers for applications such as forensic testing or, as previously described, food

traceability and food pathogen identification.

Where a SNP occurs within an active gene, it can in stases vary the behaviour of this
gene which, alone or in combination with other SNPs, can trigger diseases including some
cancers.A person born with inherited SNPs might therefore be statistically more likely to
develop diseases than someone who is natrb with these SNPs presenthus the
detection of SNPs is particularly useful for genetic screening of the human genome. It is
only recently been used the detection of foodborne pathogens or for the detection of
GMOs.Most genotyping, including the detdéon of pathogenic diseases, is based on the
amplification of particular regions of the DNA using techniques which will be discussed in

detail in theSedion 1.4[22].

One of the major requirements of genetic screening is the capability to screen a large
number of samples for specific responses to aaliyp of active agentsOne of the most
important aspects to consider is the time and cost efficiency of these systems to carry out
such screening methods$n application areas such as plant diagnostics, pharmaceuticals,
forensics and genotyping, time andst efficient screening methods are of growing interest
and are developing constantly to provide high standard DNA detection methods for
analysis.lt is for this reason that we have identified a microfluidizsed approach as a
potential platform for enaling genotyping to be performed in a more cesfficient and

practical manner.
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Figurel: DNA structureComparison of a normal DNA structure with a mutated DNA
structurewhich shows a variation in nucleotid@s].

There hae been increasedequirements for rapidletection of foodborne pathogens in the
agricultural and food industry. Avoiding economic losses due to crop devastation and
ensuring alow levelof pathogeniccontaminants present in the food supply chain are of
critical importance[24]. There have been manyajor developments in methods for rapid
detection of foodborne pathogens to ensure reliable safe food supplies are available
worldwide. Improvements in automation, molecular biology and immunology have
positively improved sensitive and convenience of meth@pplied in food microbiology.
Traditional culturebased methods are commonly known to be timensuming and
laborious which presents a requirement for rapid identification of foodborne pathogens.
Recently there have been advances in molecular cloningracombinant DNA techniques

which havemade a huge impact on the detection of pathogens in food. Such advances



include PCRased techniquef25] and new biemolecular techniques to improve biosensor

technologies for rapid pathogen detecti¢26].

Despite these advances, agricultural and food industries remain extremely susceptible to
pathogenic contmination and digase outbreaks as pathogens are present in foods, soil
and water. This has resulted in increased numbers of reported deaths and illr[23$es
associated with pathogenic food outbreak3ne of the reasons more and more outhks

of foodborne illnesses are recorded every year is the difficulty in detecting these outbreaks
quickly and at the poirbf-sampling Better diagnostics for the detection of these
outbreaks also contribute to the high levels of cases recorded each®eayoing changes

in the food supply and the identification of new foodborne illnesses require more reliable
and accurate guides to assess the effectiveness of food safety reguldf8hsThe

F @ Af oAt Ale 2 minatbd af the dvérall hutbeE of épikofles Bf $oddBaxide
illnesses and their source, can be an incredibly useful tool for the &thacaf resources to

limit current outbreaks and prevent future outbreak¥his canallow prioritisation of
resources to areas which require the implementation of a more rigorous food safety
procedure for the prevention of foodborne pathogersis will esure contaninated food
products are identified at early stages and not distributed to the public causing the spread

of pathogenic diseases.

There are many ways in which food can become awmimiated such as viruses, bacteria,
chemicals and parasiteBigestion of contaminated food products is the main transmission
of foodborne pathogenic diseasedlransmission can also occur through #ood
mechanisms such as ming into contact with animals and comtanated water. Not all

individuals reactin the same maner to the transmission of a foodborne pathogenic



disease. The age and immunity of an individual play a huge role in the proportion of the

disease transmitted by food].

One foodborne pathogen of major interest is Escherichia coli O157:H7 which is an
enterohaemorrhagic serotype tfie bacteriak. coli This strain oE. coliposes a worldwide
threat to public health as it has been implicated in outbreaks of haemorrhagic colitis (HC).
These outbreaks have caused fatalities by haemolytic uraemic syndi2®heThere are
approximatelyseventyfive thousandreported cases of E.coli O157:Hfeictionsacross the
United States recorded on an annual bg&8]. Common foods implicated in pathogenic
foodborne outbreaks included undercooked poultry, seafood, meapasteurised milk

and organic salad vegetablg8]. As beef and unpasteurised dairy products are most
commonly associated with enterohaemorrhagic e.coli (EHEC) infection it is suggested that
cattle are natural reservoirs of such pathogenic diseaS#sdies have revealechém as
natural hosts of the bacterium which is then integrated into the food supply chain causing
an outbreak of pathogenic illnessf&0]. As previously mentioned EHEC produce a number
of symptoms which includes HC i.e. bloody diarrhf3dd. When an individual is affected by
contaminated food initial symptoms are oftepresented inthe form of nonbloody
diarrhoea.Over a few days this progresses into bloody diarrhoea accompanied by severe
abdaminal pain and mild dhydration Diagnosis of HC is isolation detection and
identification of EHEC in patient stool sampl&se main treatment available to individuals
affected byHC focuses on rehydration and supportive ther§®]. The screening of food
products ntended for the food supply chain could detect and identify diseases such as
EHEC at early stages to isolate comtated food products ensuring they are not available

for distribution.
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Other foodborne pathogens of great interest are the pathogenic diseadgevegetable
crops such as tomatoe€rops can become infected by pathogenic diseases in a number of
different ways.These include trade of plant materials which may introduce new viruses into
production systems, increased international travel and chamgilimate conditions which

can increase the spread of newly introduced virusAativiral products are generally
unavailable to control the spread of new viruses requiring farmers to rely on genetic
resistance of crops or using hygienic measures to prewdral diseases.Another
prevention method is the eradication of diseased crops to ensure all traces of the crops are

destroyed, preventing further distribution of the pathogf].

Two related pathogenic viral specjeBorradovirus genushave emerged in Spain and
Mexico posing a threat to crops in the last decadbese identified viral species cause
devastation to crops such as severe necrotic leaf symptoms observed in tomato phaists.

was observed as a butike appearance on the affected leavd$e disease awisted of
necrotic spots surrounded by a light green or yellow area at the base of the ledftethe
disease progresses, later stages display severe necrosis in leaves and fruit resulting in
overall growth reduction.This overall reduction in crop grékv has major implications

causing serious economic damdge].

Another detrimental viral disease is the tomatellpw leaf curl (TYLCV) disease which is
most commonly transmitted by an infestation of whiteflm many regions the spread of
TYLCV is the main limiting factor in tomato productidimis has a major economic
significance as entire crops are lost duehstinfestation every yeafhis is a complex virus
speciescausing up to 1006 eonomic losses to tomato crop® many tropical and
subtropical regions worldwidg33]. Symptoms include the upward curling of leaflet

margins, the reduction of leaflet area and youegves displaying yellow colour resulting

11



in stunted growth and flower abortianThis disease results in reduced yields and plant

production is almost entirely lost if infection occurs at the early stages of plant gf@4th

The Botrytis cinerea (BOTY pathogen is a necrotrophic fungus which cesislamage to
vegetables, fruits and cut flowers and causes a grey mould to form in a wide range of plant
species.Particularly BOT¥ a severe threat to field and greenhouge®wn tomatoes in
many countries worldwide asountries with high humidity ofterstimulate the spread of

the diseaseThis is particularlyprone to infestationif the free moisture is present on the
plant surface.The development of synthetic fungicidesne option is anilinopyrimidines
have controlled the disease over many years &agte proven to be very effectivi@5].
However, the continued application of synthetic §icides has disrupted biological control

by natural predators and has led to outbreaks in disease and widespread resistance to

various types of fungicidg86].
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Figure2: Affected tomato leaves. a) A healthy tomato leaf plginbwing no sign of
infection[37]. b) Tomato leainfected with Torrado Virudisplaying damaged leaf tipE32].
¢) Tomato leaf infected with TYLEhOwing yellowing of the entire leaf structy&s]and d)

Tomato leaf infected with BOT¥playing big areas of ledecay[39].

Screening for the aforementioned foodborne pathogens has kaereasinglydeveloped
over the last few years with advancements in Nucleic Acid (NAdbdestection methods.

Some of the most common NA detection methods arscdssed in more detail in the

Setion 1.4.
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1.3 Other Applications of Screening

Screening can be used in other areas including forensic; wildlife and agriculture; and

medical appliations.

The application of screening in the area of forensics is widely used based on DNA and RNA
analysisRibonucleic acid (RNA) is a polymeric molecule implicated in gene exprasdion

has gained increasing interest in forensic applicati@isilar toDNA the structure of RNA

is observed as a chain of nucleotidésdiffers to DNA as it is a singd&and folded onto

itself. Messenger RNA (mRNA&pnveysgenetic information which synthesises specific
proteins. Viruses commonly encode their geneticdrmhation using the RNA genome.
Recently mMRNAs have been used for tisspecific expression in body fluid identification.
MRNA profiling was proposed for forensic screening as it is a highly sensitive and specific
method for detecting genetic variancé40]. mMRNAs are particularly useful due to their
durability to withstand long periods of storage in sprotected, dry, and ambient
temperature conditions. MRNA markers with tissegpecific expression pattern are btil
detectable in biological stains under these conditions making them highly suitable for body
fluid identification in forensic screeningl]. Although mRNAs are able to withstand the
aforementioned conditionsdegradation is expected when exposed to more aggressive
environmental factors such as UV light, moisture and heat which are all relevant for
forensic samplesDegradation of mMRNA malales causes physical fragmentation to occur
and this dictates the use of short amplicons for successful PCR detddtwmever, micro

RNAs (miRNAs), which are fundamentally short, have great potential for being ideal
markers in forensic applications esjmty for forensic body fluid identificatiojd2] miRNAs

are nonprotein codirg RNA molecules consisting of eighteen to twetmtyg nucleotides in

length and negavely regulate gene expressiodubakovet al. have demonstrated that
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MiRNAs have become very useful in identifying body fluids in forensic préaticgime

scene reconstructiofd2].

Another application of screening is in the area of wildlife and agriculiMitdlife forensics

is the application of genetic identification techniques providing evidence in wildlife crime
investigations.The conservation of florara fauna is of high concern and regulation is
required for the conservation of species. This enables sustainable exploitation of natural
resources.The Convention on the International Trade in Endangered Species (CITES)
implements regulations aimed to aeve this. However, the implementation of these
regulations is often faced with difficulties relating to identification of animals and plants or
their products and product derivativegt3]. To regulate such aspects forensic genetic
approaches are implemented to support trade monitoring and enforcement worldwide
[44]. Analytical tests are highly dependent on the availability of molecular genetic markers.
In model species research and their applications in molecular ecologicis SNPs have
increased the potential for using SNP markers in wildlife forefdis}s Developments in
microsatellitebased methods for investigating individual identity, parentage and
geographic origin in companion animals, livestock and wildlife forensics are continuing to
progress.DNA seqance variation has also been recognised as a potential method for
identifying species and in wildlife investigatip48]. Initially, considerable cost and effort
was required for approachesgarding SNPs in wildlife specid$is was carried out to
generate low numbers of polymorphic SNFPke discovery and development of SNias
resulted in increased availability and reduced costs of high throughput sequefdirgy.
provides great potentialto increase the number of SNP markers made available to
population genetic applicationskeference genomes have been well established in model

species such as pigs, sheep, cattle and humans. Large libraries containing data of SNP
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markers are now availablghich have led to developments in higlensity genotyping and

SNP chipp3].

Recently the area of antibody and protein arrays has had a high level of intenmnestdical
applications This is due to advances in areas such as genome sequencing, robotics,
proteomics, bioinformatics and microelectronid® understand disease processes there is
an increasing interest in automating approaches to analyse protéihge. search for
diseasespecificproteins has significant value for genotyping applicatioftsese proteins

may possess protein markers in areas of interest such as medical, diagnostic and
commercial or may serve as drug targets and their corresponding gene sequences.
Interference with dieasecausing genes or proteins can relieve symptoms experienced by
an individual Due to this the ability to identify such diseasausing genes or proteins is of
great interest.Observation and monitoring antiodies contained in serum is one such
exampk of protein arrays showing great potential in diagnostic applicatibimyever,
although it is a major advantage to analyse biological processes on the protein level
challenges still ariseOne such challenge is the ability to automate the analysis of
thousands of proteins paired with no simple method of protein amplification such as PCR

[46].

Another application of medical screening is the area of pharmacogenomics.
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certain drug.The ultimate aim of the area of pharmacogenomseeks to gain information

from different molecular substrates such as DNA, RNA and proteins between pafikats.
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requirement. One of the main influences in drug sensitivity is variations in DNA.
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Polymorphisms in DNA can influence drug sensitivity by the alteration of mechanisms
through which a drug worksAnother factor affecting dug sensitivity is the differences in
gene expression among individuals within individual can¢4r$. A genotyping test is
required to identify most or all mutations causing a significant impact on the expression of
function of drugmetabolising enzymes, drug receptors and traoréer proteins. One
method is estriction fragment length polymorphis (RFLP) analysighich is used as a
hallmark for analysis of known mutation®s a result of development and major
advancements in the area of pharmacogenomics a high level of automation will be required
due to an anticipated high volume of pharmacogencsniesting.This will result in a high

screening load due to the testing of patient samples against a vast library of[d8]gs

1.4 Methods of Genetic Screening

Over the last few decades there have been major breakthroughs in the area of DNA
detection and the development of genetic screening metho#is.a result, gene analysis
procedures have become a key factor in molecular diagno®id# amplification methods

are extensively used for widespread applications which include pharmaceuticals, forensics,
plant diagnostics, biotechnology and crop genotgp[d9]. PCR technology, along with
other DNA signal and target amplification techniques, has been established as a reliable
genetic screening method. Molecular diagnostic methaosimportant and crucial tools in
molecular diagnostics where nucleic acid detection and amplification is of high importance
[50]. In this sedion PCR andjPCR are described as the most commmurcleic acid
amplification techniqgues.LAMP and NASBA are the most commonly adopted for

microfluidic purposes.
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1.4.1 Polymerase Chain Reaction (PCR)

Polymerase Chain Reaction (PCR) is the most common nucleic acid amplification technique
due to its simplicity and specificitfhis method can amplify a single copy or a few copies of

a DNA fragmenby several orders of magnitude. Buo the long waiting times associated

with traditional microbialculture methods, other forms of NA amplification techniques
have emergedThese methods provide more efficient sample throughput and generation of
sample dataThe development of PCR techués provides greater specificity as it relies on
sequencebased hybridisation chemistry, resulting in the direct detection of target
microbial DNAThis direct detectiorreduces the reliance onultivation and large reagent
usage which also significantlgduces the time in which samples can be analysed and to

obtain resultg51].

PCR is carried out using a varying range of temperatures in a singleDdy8lelenaturation
occurs at a temperature of 9%/ ¢ KA OK  Jorie mihutgL TheApfinters @re anhealed

as the temperature is briefly dropped to between é0 60y RTHis is then followed by
increasing the temperature to 7@ /  sHficidttime to permit primer extension to take
place. The denaturation and annealing temperatures are the mostical. Failure to
adequately reach the denaturaticlemperaturesresults in the failure of DNA melting and
thus no DNA amplification occurB8pplication of low temperatures can cause migfrig

and amplification of no#target sequences whereas higher temperatures lead to a lack of

annealing and an absence of amplificat[49].

PCR amplifies short regions of DMAvitro by a process which is primarily enzyhéven.
Thisinvolvesthe denaturation of DNA, primer annealing and extension/elongatipiblA

polymerase.The amplification is carried out HYNA polymerase ithe presence of two
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