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Abstract  
 

Highly Scalable Combinatorial Mixing of Samples with Target-Specific 

Primers for Rapid Pathogen Detection on a Centrifugal Platform 

Danielle Chung 

The capability to screen a large number of samples (M) for specific responses to a library of 
active agents (N) in a manner which is time- and cost- efficient is of critical importance in 
application areas such as plant diagnostics, crop genotyping and drug discovery. There is 
great interest in these areas for the identification of specific 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 drug. DNA-based methods in the field of point-of-use devices 
are critical for on-site testing of samples 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 laboratories. Centrifugal microfluidic devices have emerged as increasingly useful 
tools for biomedical applications and diagnostics and can be manufactured using 
inexpensive materials and low cost instrumentation. The integration of DNA amplification 
methods are used to rapidly 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 demonstrates three microfluidic centrifugal platforms for automating the 
combinatorial mixing challenge in a simple instrument and demonstrates a reduction of 
pipetting steps towards large numbers of samples and reagents. These platforms permit 

M³N combinatorial mixing to generate unique sample/reagent outputs in an autonomous 
manner. These platforms demonstrate highly scalable automation of the liquid handling 
protocols required for combinatorial screening methods on a simple, spindle-motor based 
instrument. Furthermore, by significantly reducing the number of pipetting steps, by 
lowering reagent costs through miniaturisation as well as by accurate metering and widely 
eliminating human error in liquid handling, our technology meets the requirements of 
deployment in decentralized settings. 
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Chapter 1 

Introduction  

1.1 Introduction  

Detection 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 wellbeing. Fast identification and quick preventative 

action can significantly reduce the adverse health effects and economic cost associated 

with pathogen contaminated food.  

Foodborne pathogens, such as Escherichia coli O157:H7 and Salmonella sp, can colonise the 

intestinal tracts of healthy animals in the food chain and can live on healthy plants, have 

the ability to spread to a variety 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 year [1]. Due to modern practises, such as long 

supply chains for industrial production, and due to increased travel and trade, there is an 

ever increasing risk of food contamination [2]. Although measures such as removing 

contaminated products from a shelf can limit an immediate outbreak, it is critical that the 

source of contamination be determined to ensure that similar outbreaks do not occur in 

other, often geographically distant, locations which share the same food supply [3].  
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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 bacterial species and these incur huge economic 

losses for farmers and agribusiness. With the help of other organisms, these fungal and 

bacterial agents have the ability to enter the plant tissue through wounds caused by chilling 

or mechanical injuries. As well as directly damaging the crop resulting in decreased crop 

development and crop losses, some fungal species can produce toxic metabolites which in 

turn cause potential health risks to humans, for example the hepatoxic aflatoxin produced 

by Aspergillus flavus. Plants physiological properties such as high water availability and 

nearly neutral pH make them a very attractive platform for microbial growth and infection. 

Some microorganisms including bacterial agents (Erwinia carotovora) and fungal agents 

(Botrytis cineria), are weak plant-pathogens 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 contamination occurs after harvesting during 

transportation, processing and/or storage [4]. One potential contaminant, Whiteflies, which 

are insects with the ability to transmit pathogenic diseases, is addressed during this project 

and has caused major problems to vegetable crops resulting in significant economic losses. 

Economic losses are incurred due to the plants physiological processes being affected due 

to high feeding populations. This causes leaf shredding and crops have showed a reduction 

in growth rate which is detrimental to the livelihood of farmers [5].  

As previously mentioned to minimise risk of infection for the consumer, microbial quality 

control programs are increasingly put in place during food chain production. The use of 

detection systems to determine the presence or absence of pathogenic contaminants has 
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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 bacteria on a solid media. After culturing to enrich the samples, 

biochemical and/or serological identification are carried out. Although these traditional 

methods are reliable and well characterised, they may require several days or weeks of 

analysis to obtain results. 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 time-to-answer 

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 method for the rapid detection and identification of food pathogens 

involves testing samples for the deoxyribonucleic acid (DNA) of a potential contaminating 

microorganism. As the amount of pathogen DNA is usually below measurable levels by non-

PCR methods, a method of DNA amplification, such as polymerase chain reaction (PCR) and 

loop-mediated isothermal amplification (LAMP) for DNA amplification 

[6][7][8][9][10][11][12], are often used. PCR is an extremely powerful diagnostic tool for the 

analysis of microbial infections and microorganisms in food samples and has been 

established as an alternative detection method in microbial diagnostics. Advantages of 

using this method include good detection limit, specificity, sensitivity, selectivity and the 

production of results in a short period of time. Another major advantage is the potential for 

integration into portable and highly automated systems [13]. However, there are also 

limitations regarding this method of DNA amplification. Although PCR is highly sensitive, 

trace amounts of DNA can cause sample contamination and produce misleading results. 
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Prior sequence data is also required to design primers for PCR; thus PCR can only be used to 

identify the absence or presence of a known gene or pathogen [14].  

Loop-mediated isothermal amplification (LAMP) is an emerging method of DNA 

amplification. Recently, LAMP has been used as an alternative to PCR-based methods in 

food testing and in a wide range of other applications. A number of advantages LAMP 

presents over PCR-based methods include: shorter reaction time; higher sensitivity and 

specificity; and no requirement for specialised equipment. In addition there is low 

susceptibility to inhibitors present in sample materials compared to PCR-based methods. As 

this method is isothermal, and therefore does not require temperature cycling, it is 

ǇŀǊǘƛŎǳƭŀǊƭȅ ǎǳƛǘŀōƭŜ ŦƻǊ ΨǇƻƛƴǘ-of-ǳǎŜΩ detection devices. This is particularly 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 important foodborne pathogens including 

bacteria and viruses including E.Coli and Salmonella [15]. Industrial laboratories and public 

health sectors are beginning to implement this DNA amplification method and to use it in 

parallel with official protocols [16]. DNA amplification methods are further described later 

in this Section 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 channels with 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 range of diagnostic 

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 point-of-sampling.  
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Applications of microfluidic 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 production [18]. The integration of microfluidic devices in all 

parts of agri-business, and particularly in food diagnostics, can have a major impact on 

world food security. In particular, providing pathogen detection at the source of 

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

A common application of genetic testing is screening. Here, a sample is tested against a 

number of active agents for a response. In the case of point-of-use food testing, a single 

sample might be genetically screened against a series of markers to indicate if any of these 

pathogens are present. On the larger scale, screening of multiple samples against multiple 

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 non-food domain, for forensic testing and human-disease diagnostics. 

1.2  Genetic Screening  

In the medical context, screening can be defined as the process of systemic testing of 

asymptomatic individuals for pre-clinical disease. For example, to prevent or delay the 

development of disease through early detection and effective treatment [19]. However, 

screening is not only limited to individuals for the detection of genetic diseases. More 

generally, screening can be defined as detecting 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 chains. Such screening applications permit the 

detection of the source of a pathogenic contaminant which would have devastating effects 
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on agricultural industry and for public health. These screening applications could also be 

used to detect GMOs which might be unregulated and illegal in some legislatures.  

An important method of genetic screening, used widely for applications such as disease 

research, is genotyping. Genotyping is a screening process whereby a DNA sequence is 

compared to a reference sequence. DNA is a biological molecule essential for all forms of 

life. Valuable information is stored in DNA which is one of the key elements to determine 

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, called single-nucleotide polymorphisms (SNPs), can be identified. Many of these 

SNPs can be associated with particular traits, ranging in humans from eye colour to pre-

disposition to cancers. Similarly, in plants SNPs can determine if a plant will grow in an arid 

environment or have immunity to common pests. In the case of food bacterial 

contaminants, SNPs can be used to identify a particular sub-type or variant (serotype) of 

bacteria (for example Shiga toxin 1 E. coli vs Shiga toxin 2 E. coli). This can be used to 

prevent contaminants entering the food supply and, in the event of an outbreak, support 

epidemiologists trace the source of contamination and support clinicians in treating 

patients who have been affected by the pathogen.  

SNPs are the most frequent type of variation in the human genome. SNPs are a variation in 

a single nucleotide in a DNA sequence and can develop in a number of different ways [20]. 

Complementary DNA (cDNAs) (cSNPs) are commonly classed as SNPs and reflect underlying 

genomic variants [20]. Inefficient replication of DNA during cell division is one cause of 

SNPs. Exposure to external factors, including radiation, which causes a breakdown of DNA 

can also cause SNPs to occur [21]. Where these variants are found in DNA sequences 

between the genes (so called junk DNA) they have minimal effects but can act as biological 
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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 some cases 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 not born with these SNPs present. Thus 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 detection of pathogenic diseases, is based on the 

amplification of particular regions of the DNA using techniques which will be discussed in 

detail in the Section 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 a library of active agents. One of the most 

important aspects to consider is the time and cost efficiency of these systems to carry out 

such screening methods. In application areas such as plant diagnostics, pharmaceuticals, 

forensics and genotyping, time and cost efficient screening methods are of growing interest 

and are developing constantly to provide high standard DNA detection methods for 

analysis. It is for this reason that we have identified a microfluidics-based approach as a 

potential platform for enabling genotyping to be performed in a more cost-efficient and 

practical manner. 
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Figure 1: DNA structure. Comparison of a normal DNA structure with a mutated DNA 
structure which shows a variation in nucleotides [23]. 

 

There have been increased requirements for rapid detection of foodborne pathogens in the 

agricultural and food industry. Avoiding economic losses due to crop devastation and 

ensuring a low level of pathogenic contaminants present in the food supply chain are of 

critical importance [24]. There have been many major 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 methods applied in food microbiology. 

Traditional culture-based methods are commonly known to be time-consuming and 

laborious which presents a requirement for rapid identification of foodborne pathogens. 

Recently there have been advances in molecular cloning and recombinant DNA techniques 

which have made a huge impact on the detection of pathogens in food. Such advances 
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include PCR-based techniques [25] and new bio-molecular techniques to improve biosensor 

technologies for rapid pathogen detection [26]. 

Despite these advances, agricultural and food industries remain extremely susceptible to 

pathogenic contamination and disease outbreaks as pathogens are present in foods, soil 

and water. This has resulted in increased numbers of reported deaths and illnesses [27] 

associated with pathogenic food outbreaks. One of the reasons more and more outbreaks 

of foodborne illnesses are recorded every year is the difficulty in detecting these outbreaks 

quickly and at the point-of-sampling. Better diagnostics for the detection of these 

outbreaks also contribute to the high levels of cases recorded each year. On-going 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 regulations [28]. The 

ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ΨōƛƎ ŘŀǘŀΩ Σ ǘƘŜ ŘŜǘŜǊmination of the overall number of episodes of foodborne 

illnesses and their source, can be an incredibly useful tool for the allocation of resources to 

limit current outbreaks and prevent future outbreaks. This can allow prioritisation of 

resources to areas which require the implementation of a more rigorous food safety 

procedure for the prevention of foodborne pathogens. This will ensure contaminated 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 contaminated such as viruses, bacteria, 

chemicals and parasites. Ingestion of contaminated food products is the main transmission 

of foodborne pathogenic diseases. Transmission can also occur through non-food 

mechanisms such as coming into contact with animals and contaminated water. Not all 

individuals react in the same manner to the transmission of a foodborne pathogenic 
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disease. The age and immunity of an individual play a huge role in the proportion of the 

disease transmitted by food [1].  

One foodborne pathogen of major interest is Escherichia coli O157:H7 which is an 

enterohaemorrhagic serotype of the bacteria E. coli. This strain of E. coli poses 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 syndrome [29]. There are 

approximately seventy-five thousand reported cases of E.coli O157:H7 infections across the 

United States recorded on an annual basis [28]. Common foods implicated in pathogenic 

foodborne outbreaks included undercooked poultry, seafood, meat, unpasteurised milk 

and organic salad vegetables [3]. 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 diseases. Studies have revealed them as 

natural hosts of the bacterium which is then integrated into the food supply chain causing 

an outbreak of pathogenic illnesses [30]. As previously mentioned EHEC produce a number 

of symptoms which includes HC i.e. bloody diarrhoea [31]. When an individual is affected by 

contaminated food initial symptoms are often presented in the form of non-bloody 

diarrhoea. Over a few days this progresses into bloody diarrhoea accompanied by severe 

abdominal pain and mild dehydration. Diagnosis of HC is isolation detection and 

identification of EHEC in patient stool samples. The main treatment available to individuals 

affected by HC focuses on rehydration and supportive therapy [30]. The screening of food 

products intended for the food supply chain could detect and identify diseases such as 

EHEC at early stages to isolate contaminated food products ensuring they are not available 

for distribution. 
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Other foodborne pathogens of great interest are the pathogenic diseases of vegetable 

crops such as tomatoes. Crops 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 changing climate conditions which 

can increase the spread of newly introduced viruses. Antiviral 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 prevent viral diseases. Another 

prevention method is the eradication of diseased crops to ensure all traces of the crops are 

destroyed, preventing further distribution of the pathogen [2].  

 Two related pathogenic viral species, Torradovirus genus, have emerged in Spain and 

Mexico posing a threat to crops in the last decade. These identified viral species cause 

devastation to crops such as severe necrotic leaf symptoms observed in tomato plants. This 

was observed as a burn-like appearance on the affected leaves. The disease consisted of 

necrotic spots surrounded by a light green or yellow area at the base of the leaflets. As the 

disease progresses, later stages display severe necrosis in leaves and fruit resulting in 

overall growth reduction. This overall reduction in crop growth has major implications 

causing serious economic damage [32].  

 Another detrimental viral disease is the tomato yellow leaf curl (TYLCV) disease which is 

most commonly transmitted by an infestation of whitefly. In many regions the spread of 

TYLCV is the main limiting factor in tomato production. This has a major economic 

significance as entire crops are lost due to this infestation every year. This is a complex virus 

species causing up to 100 % economic losses to tomato crops in many tropical and 

subtropical regions worldwide [33]. Symptoms include the upward curling of leaflet 

margins, the reduction of leaflet area and young leaves displaying a yellow colour resulting 
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in stunted growth and flower abortion. This disease results in reduced yields and plant 

production is almost entirely lost if infection occurs at the early stages of plant growth [34].  

The Botrytis cinerea (BOTY) pathogen is a necrotrophic fungus which causes damage to 

vegetables, fruits and cut flowers and causes a grey mould to form in a wide range of plant 

species. Particularly BOTY is a severe threat to field and greenhouse-grown tomatoes in 

many countries worldwide as countries with high humidity often stimulate the spread of 

the disease. This is particularly prone to infestation if the free moisture is present on the 

plant surface. The development of synthetic fungicides, one option is anilinopyrimidines, 

have controlled the disease over many years and have proven to be very effective [35]. 

However, the continued application of synthetic fungicides has disrupted biological control 

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

various types of fungicides [36]. 
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Figure 2: Affected tomato leaves. a) A healthy tomato leaf plant showing no sign of 
infection [37]. b) Tomato leaf infected with Torrado Virus displaying damaged leaf tips [32]. 
c) Tomato leaf infected with TYLCV showing yellowing of the entire leaf structure [38] and d) 

Tomato leaf infected with BOTY displaying big areas of leaf decay [39]. 

 

Screening for the aforementioned foodborne pathogens has been increasingly developed 

over the last few years with advancements in Nucleic Acid (NA) based detection methods. 

Some of the most common NA detection methods are discussed in more detail in the 

Section 1.4. 

 

  



 

14 
 

1.3 Other Applications of Screening  
 

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

medical applications. 

The application of screening in the area of forensics is widely used based on DNA and RNA 

analysis. Ribonucleic acid (RNA) is a polymeric molecule implicated in gene expression and 

has gained increasing interest in forensic applications. Similar to DNA, the structure of RNA 

is observed as a chain of nucleotides. It differs to DNA as it is a single-strand folded onto 

itself. Messenger RNA (mRNA) conveys genetic information which synthesises specific 

proteins. Viruses commonly encode their genetic information using the RNA genome. 

Recently mRNAs have been used for tissue-specific expression in body fluid identification. 

mRNA profiling was proposed for forensic screening as it is a highly sensitive and specific 

method for detecting genetic variances [40]. mRNAs are particularly useful due to their 

durability to withstand long periods of storage in sun-protected, dry, and ambient-

temperature conditions. mRNA markers with tissue-specific expression pattern are still 

detectable in biological stains under these conditions making them highly suitable for body 

fluid identification in forensic screening [41]. Although mRNAs are able to withstand the 

aforementioned conditions, degradation is expected when exposed to more aggressive 

environmental factors such as UV light, moisture and heat which are all relevant for 

forensic samples. Degradation of mRNA molecules causes physical fragmentation to occur 

and this dictates the use of short amplicons for successful PCR detection. However, micro 

RNAs (miRNAs), which are fundamentally short, have great potential for being ideal 

markers in forensic applications especially for forensic body fluid identification [42] miRNAs 

are non-protein coding RNA molecules consisting of eighteen to twenty-two nucleotides in 

length and negatively regulate gene expression. Zubakov et al. have demonstrated that 
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miRNAs have become very useful in identifying body fluids in forensic practice for crime 

scene reconstruction [42]. 

Another application of screening is in the area of wildlife and agriculture. Wildlife forensics 

is the application of genetic identification techniques providing evidence in wildlife crime 

investigations. The conservation of flora and 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 achieve this. However, the implementation of these 

regulations is often faced with difficulties relating to identification of animals and plants or 

their products and product derivatives [43]. 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 ecological studies SNPs have 

increased the potential for using SNP markers in wildlife forensics [45]. Developments in 

microsatellite-based methods for investigating individual identity, parentage and 

geographic origin in companion animals, livestock and wildlife forensics are continuing to 

progress. DNA sequence variation has also been recognised as a potential method for 

identifying species and in wildlife investigation [43]. Initially, considerable cost and effort 

was required for approaches regarding SNPs in wildlife species. This was carried out to 

generate low numbers of polymorphic SNPs. The discovery and development of SNPs has 

resulted in increased availability and reduced costs of high throughput sequencing. This 

provides great potential to increase the number of SNP markers made available to 

population genetic applications. Reference 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 available which have led to developments in high-density genotyping and 

SNP chips [43]. 

Recently the area of antibody and protein arrays has had a high level of interest in medical 

applications. This is due to advances in areas such as genome sequencing, robotics, 

proteomics, bioinformatics and microelectronics. To understand disease processes there is 

an increasing interest in automating approaches to analyse proteins. The search for 

disease-specific proteins has significant value for genotyping applications. These 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 disease-causing genes or proteins can relieve symptoms experienced by 

an individual. Due to this the ability to identify such disease-causing genes or proteins is of 

great interest. Observation and monitoring anti-bodies contained in serum is one such 

example of protein arrays showing great potential in diagnostic applications. However, 

although it is a major advantage to analyse biological processes on the protein level 

challenges still arise. One 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. 

tƘŀǊƳŀŎƻƎŜƴƻƳƛŎǎ ƛǎ ōŀǎŜŘ ƻƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎǇŜŎƛŦƛŎ ǊŜǎǇƻƴǎŜ ōȅ ǘƘŜ ŀŘministration of a 

certain drug. The ultimate aim of the area of pharmacogenomics seeks to gain information 

from different molecular substrates such as DNA, RNA and proteins between patients. The 

ǳǎŜ ƻŦ ǇƘŀǊƳŀŎƻƎŜƴƻƳƛŎǎ ŀƛƳǎ ǘƻ ƛƳǇǊƻǾŜ ƎǳƛŘŜ ǘƘŜǊŀǇȅ ōȅ ǇǊŜǎŎǊƛōƛƴƎ ǘƘŜ άǊƛƎƘǘέ ŘǊǳƎ ŦƻǊ 

ǘƘŜ άǊƛƎƘǘέ ǇŀǘƛŜƴǘ ōȅ ǘŀƛƭƻǊƛƴƎ ŀ ŘǊǳƎ ǊŜƎƛƳŜƴ based on to each individual patient 

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 works. Another factor affecting drug sensitivity is the differences in 

gene expression among individuals within individual cancers [47]. A genotyping test is 

required to identify most or all mutations causing a significant impact on the expression of 

function of drug-metabolising enzymes, drug receptors and transporter proteins. One 

method is restriction fragment length polymorphism (RFLP) analysis which is used as a 

hallmark for analysis of known mutations. As 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 pharmacogenomics testing. This will result in a high 

screening load due to the testing of patient samples against a vast library of drugs [48]. 

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 methods. As a result, gene analysis 

procedures have become a key factor in molecular diagnostics. DNA amplification methods 

are extensively used for widespread applications which include pharmaceuticals, forensics, 

plant diagnostics, biotechnology and crop genotyping [49]. PCR technology, along with 

other DNA signal and target amplification techniques, has been established as a reliable 

genetic screening method. Molecular diagnostic methods are important and crucial tools in 

molecular diagnostics where nucleic acid detection and amplification is of high importance 

[50]. In this section PCR and qPCR are described as the most common nucleic acid 

amplification techniques. 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 specificity. This method can amplify a single copy or a few copies of 

a DNA fragment by several orders of magnitude. Due to the long waiting times associated 

with traditional microbial culture methods, other forms of NA amplification techniques 

have emerged. These methods provide more efficient sample throughput and generation of 

sample data. The development of PCR techniques provides greater specificity as it relies on 

sequence-based hybridisation chemistry, resulting in the direct detection of target 

microbial DNA. This direct detection reduces the reliance on cultivation and large reagent 

usage which also significantly reduces the time in which samples can be analysed and to 

obtain results [51].  

PCR is carried out using a varying range of temperatures in a single cycle. DNA denaturation 

occurs at a temperature of 94 ɕ/ ǿƘƛŎƘ ƛǎ ŀǇǇƭƛŜŘ ŦƻǊ one minute. The primers are annealed 

as the temperature is briefly dropped to between 40 ɕ/ ŀƴŘ 60 ɕ/Φ This is then followed by 

increasing the temperature to 72 ɕ/ ŦƻǊ sufficient time to permit primer extension to take 

place. The denaturation and annealing temperatures are the most critical. Failure to 

adequately reach the denaturation temperatures results in the failure of DNA melting and 

thus no DNA amplification occurs. Application of low temperatures can cause mispriming 

and amplification of non-target sequences whereas higher temperatures lead to a lack of 

annealing and an absence of amplification [49].  

PCR amplifies short regions of DNA in vitro by a process which is primarily enzyme-driven. 

This involves the denaturation of DNA, primer annealing and extension/elongation by DNA 

polymerase. The amplification is carried out by DNA polymerase in the presence of two 




































































































































































































































