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CHAPTER 6 

 

6.0 RESULTS AND DISCUSSION 

 

6.1. Optimisation 

 

The optimisation of the micro-fluidic device was carried out by concentrating and separating 

synthetic DNA. Various parameters and processes were changed and the effect on the DNA 

separation and resolution was monitored using fluorescence spectroscopy, Agilent 

Bioanalyser and Agarose gel electrophoresis. The results of each optimisation step are 

discussed below: 

 

6.1.1 Denaturing agents 

 

DNA size separation requires both accuracy and reproducibility, but what is very important in 

this case, is the resolution or separation of these DNA fragments. This is because the ideal 

goal is to use this device to separate cell free foetal DNA from maternal DNA, by taking 

advantage of the size of the respective molecules. One of the components of this device which 

could greatly improve the resolution of DNA fragments is the addition of a denaturing agent 

to the capillary column matrix in which the DNA is separated. One of the most commonly 

used denaturing agents in electrophoresis is urea [63]. It has been shown to greatly improve 

the resolution of DNA fragments at high concentrations of about 7 M.  
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Urea denatures DNA by unfolding the secondary structure of the molecule. This forces the 

molecule to unfold as well as the internal hydrogen bonds of the double strand to break and 

produce single stranded DNA. The primary driving force of this type of denaturation is the 

strong interaction between urea and the bases of the DNA which have a large surface area 

[113]. A proposed representation of the denaturing mechanism can be represented in Scheme 

5 below: 

 

Scheme 5: Proposed mechanism of DNA denaturing by urea 

 

In this case a single sized 42 bp fragment of Rhodamine 6G labelled DNA was added to the 

micro-fluidic device at a concentration of 90 nM. The fluorescence intensity of this initial 

DNA sample was measured using fluorescence spectroscopy and compared to each of the 12 

fractions extracted from the micro-fluidic device. A representation of the experiment with 7 
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M urea as a denaturing agent is shown below with fluorescence intensity as a function of the 

fraction number in Figure 13 below: 

  

Figure 13: Separation of DNA in 9% acrylamide with 7 M urea as denaturing agent 

 

The recovery fraction is a 10-15 µL aliquot of the liquid leftover in the sample chamber which 

is analysed to determine sample loss during the experimental process. Since the DNA is 

present only in a single sized fragment (42 bp), we expect that the DNA should exit the 

micro-fluidic device in a single fraction. As seen in Figure 13, the DNA does not exit in a 

single fraction but rather trails in all of the fractions exiting the chip. In the optimisation 

process one could view resolution as the ability of the single fragment to exit the chip all at 

the same instance. This shows that urea is a decent denaturing agent but improvements need 

to be made. The denaturing ability of urea has been shown to increase with an increase in 

alkyl substitution [59]. Therefore, together with urea, N,N-dimethylurea and tetramethylurea 

have been tested as a denaturant at various concentrations in the sieving matrix of the 

capillary column. The best results obtained from all the concentrations of denaturing agent 
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tested, was found to be 3 M N,N-dimethylurea. The resolution of the DNA exiting the chip 

with various concentrations of N,N-dimethylurea is shown below in Figure 14: 

  

Figure 14: Separation of DNA in 9% acrylamide with various concentrations of N, N-

dimethylurea 

 

In this case one can clearly see the excellent resolution of the DNA fragment which the 3 M 

N,N-dimethylurea produces. In this case the DNA fragment exits the column or micro-fluidic 

device in a single fraction very early in the process. This is the ideal situation since small 

fragments of DNA should exit the device both early and in a single fraction.  

 

Along with urea derivatives, organic solvents have also been found to improve the resolution 

of DNA in electrophoresis by acting as a denaturing agent. These solvents include ethanol, 
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methanol and pyrrolidinone. Pyrrolidinone was tested as a possible denaturant on its own as 

well as in combination with 3 M N,N-dimethylurea. However, it did not improve the 

resolution of the DNA much greater than compared to N,N-dimethylurea on its own and was 

thus not considered as a viable addition to the sieving matrix. From now on 3 M N,N-

dimethylurea will be used as the denaturing agent in all further experiments.       

 

6.1.2. Sieving Matrix 

 

Acrylamide is one of the most widely used gels for electrophoresis of both proteins and DNA. 

In attempts to check both the versatility of the micro-fluidic device as well as other options 

for improving the resolution of DNA, other sieving matrices were tested. The most viable 

options in this case would seem to be derivatives of acrylamide such as poly(N,N-

dimethylacrylamide) and poly(N-hydroxyethylacrylamide) as well as linear poly(acrylamide) 

(LPA). LPA has been shown to give excellent resolution of DNA fragments in terms of DNA 

sequencing [56] and is very widely used. However, LPA was unsuitable for the micro-fluidic 

device because of its high viscosity and thus difficulty in adding the matrix to the small 

capillary column. Since the micro-fluidic device will be dealing with biological samples such 

as DNA, an aqueous system is required. This requires polymers that are easily dissolvable in 

aqueous media. Other polymers were also considered; these include cellulose based polymers 

such as hydroxyethylcellulose and hydroxypropylcellulose. Cellulose based matrices are 

found to have a wide application in electrophoresis [58] as well as other DNA and protein 

separation. Polyvinylpyrrolidone has also been found to be useful as an additive to polymer 

matrices for DNA separation. Low viscosity, water soluble polymers such as poly(ethylene 

oxide) has also shown to have good resolution of DNA in capillary columns [114]. The 
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polymerisation of the matrix in this case has to be controllable, as well as easy for this type of 

micro-fluidic device. Thus out of all the polymers mentioned and tested, acrylamide and its 

derivatives were found to be the most viable options. Below is an image (Figure 15) 

representing the optimisation of the sieving matrix by comparing the resolution of a 42 bp 

DNA fragment labelled with Rhodamine 6G. 

  

Figure 15: Acrylamide and pDMA 

 

As can be seen in the Figure 15 above, both acrylamide as well as pDMA give excellent 

resolution of the single 42 bp DNA fragment. This is due to the fact that the DNA fragment 

exits the capillary column with the majority of DNA in a single fraction. However, tiny 

amounts of DNA are present on the fractions surrounding the major, which motivates us to 

improve DNA resolution even further. 
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6.1.3. Buffers  

 

In all cases thus far, the buffers used were the conventional LE and TE buffer for EKT and 

ITP and only LE buffer for CE. This is also another aspect of the system which affects the 

resolution of the DNA fragments within the capillary matrix. 1X TBE buffer is widely used in 

gel electrophoresis and has been shown to have a better resolution ability compared to tris 

buffers which do not contain borate ions [115]. In the first two pre-concentration steps of the 

experimental protocol, an ion gradient has to exist for the phenomenon to occur. Thus a 

homogenous buffer system can only be used during CE. 1X TBE buffer was chosen to be 

used only during the separation process and replaced both TE and LE buffers in all the 

reservoirs for this step. 1X TBE buffer was found to greatly improve the resolution of the 

DNA fragment in this case, which can be represented by comparing a pDMA matrix in both 

LE and 1X TBE buffer for CE in Figure 16 below: 
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Figure 16: pDMA resolution in LE and TBE buffer for CE 

 

pDMA as a sieving matrix in LE buffer showed a much worse resolution compared to 1X 

TBE buffer in this case. With LE buffer the DNA exits the column in all fractions extracted 

from the chip, whereas with 1X TBE buffer, the majority of the DNA exits in a single 

fraction. From now on, all the optimised conditions are being used in the experimental 

protocol, which is 9% acrylamide/pDMA, 3 M N,N-dimethylurea in 1X TBE buffer. Now 

that the chemical composition of the sieving matrix and buffer system is optimised, physical 

processes occurring within the micro-fluidic device need to be optimised as well. 
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6.1.4. Separation Temperature 

 

Many factors influence the separation of DNA, one which is important in most DNA analysis 

procedures, is the level of DNA denaturation. This can either be carried out using chemical 

denaturing agents, but also in the form of heat. DNA is known to denature or melt at 

temperatures higher than 90 
0
C by breaking the weak hydrogen bonds which hold double 

stranded DNA together. A denaturation temperature of 95 
0
C is largely used in the initial step 

of a PCR protocol for DNA amplification. Incorporating thermal denaturation of DNA into 

the capillary electrophoresis step requires a slightly lower temperature in order to maintain the 

structure of the gel. A temperature = 60 
0
C was found to be optimal for capillary 

electrophoresis [63] by increasing DNA resolution. However, these are usually applied to 

much longer and more robust capillary columns in sequencing machines. For a micro-fluidic 

device on this scale, gas formation becomes an issue within the micro-channels which 

interferes with the various processes within the device. Temperatures ranging from 40 - 60 
0
C 

were tested during capillary electrophoresis within the micro-fluidic device. The result of the 

applied temperature during capillary electrophoresis however was not found to greatly 

increase DNA resolution. Thus in this particular case it was found to be an unnecessary 

application or usage of energy.  

 

6.1.5. Voltage Changes 

 

The effect of the applied voltage of each of the steps is a vital part in controlling the migration 

of DNA within the device. Electrokinetic trapping has a relatively high voltage of 1000 V. 

However, this process has sufficiently concentrated the DNA during the optimisation process. 
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The second pre-concentration step of isotachophoresis has been shown to result in sample loss 

by inefficiently transferring the DNA from the sample chamber to stack in front of the column 

as shown in the scheme 6 below: 

 

 

Scheme 6: Inefficient ITP process 

 

A thin balance exists between the buffer gradient required for ITP and the time taken for the 

DNA to enter the sieving matrix. Thus it was not seen as a good idea to lengthen the ITP 

process any more than the original time = 50 s. Lengthening the time of ITP would increase 

the chances of the DNA entering the column instead of concentrating in front of it. Instead the 

voltage of this step was increased from 250 V to 300 V. A 50 V increment was chosen in 

order to sufficiently monitor a change within the process. Lower increments do not show a 

significant change in the ITP process. The migration of the 42 bp DNA fragment in this 

column is represented in Figure 17, by comparing the amount of DNA with an ITP voltage = 

250 V and 300 V respectively. 
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Figure 17: The effect of an increased ITP voltage on sample loss 

 

In both these cases the same amount of DNA was inserted into the micro-fluidic device. 

However, from these results it is clear that a lower ITP voltage results in a lower amount of 

DNA which exits the micro-fluidic device. In this case there is a 30 % increase in the sample 

extraction with an increase of ITP voltage to 300 V. The increase of 50 V sufficiently proved 

that increasing the voltage decreased sample loss during ITP in this case. Therefore in all 

further experiments the ITP voltage was kept at 300 V. The ITP voltage can be adjusted 

further in future experiments with various concentrations of DNA, synthetic or real. 

 

Now that the DNA loss is minimised within the device, we can try and have optimal 

separation and also resolution of the DNA fragments. This can be done using the same 
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rationale as before and thus changing the voltage of capillary electrophoresis. The original 

value of voltage = 180 V showed good resolution with the acrylamide matrix, however with 

the pDMA matrix the migration of DNA was slightly slower. In attempts to increase the speed 

with which the DNA migrates through the capillary column, higher voltages were tested. 

Capillary electrophoresis voltages of 220 V and 270 V with the pDMA matrix were tested i.e. 

at increments of 40 V to ensure an accurate comparison and differentiation. These were found 

to increase the speed with which the DNA migrates through the column, but have a negative 

effect on the resolution of the DNA fragment. Previously it was possible to extract the 42 bp 

DNA fragment in a single fraction, whereas with the higher voltages the DNA was extracted 

in about 2 fractions. Thus the voltage = 180 V for the pDMA matrix was retained. 

 

In an attempt to capture the entire DNA sample from the acrylamide matrix in a single 

fraction, a lower voltage of capillary electrophoresis was also tested i.e. at 40 V lower than 

the original: voltage = 140 V. One would think that the DNA would migrate slower through 

the matrix and thereby have a better resolution by allowing a longer time for the DNA to 

separate. However, the migration was much slower and resulted in very bad resolution. In this 

case one can assume that the applied voltage was not sufficient enough to promote efficient 

capillary electrophoresis. Therefore in all cases from now on, a general voltage of 180 V was 

used during capillary electrophoresis. The next parameter which might assist in the resolution 

of DNA might be the timing at which the DNA is extracted from the micro-fluidic device.  
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6.1.6. Extraction Times 

 

To truly compare the effect of the timing of extraction on DNA resolution and size separation, 

more than one fragment of DNA is required. In this case a 100-1000 bp synthetic DNA ladder 

was used. The optimised protocol using a 9% acrylamide matrix, 3 M N,N-dimethylurea in 

1X TBE buffer for CE was used to pre-concentrate and separate this DNA ladder in the 

micro-fluidic device. Here extraction times = 30 and 60 s were compared. This type of DNA 

was initially analysed using Agarose gel electrophoresis. In cases where the concentrations of 

the fragments were too low for visualisation on an agarose gel, an Agilent Bioanalyser was 

used. This instrument is based on the same theory as gel electrophoresis but has a better limit 

of detection. The Agilent Bioanalyser electrophoresis gel results representing the 30 s 

extraction time is as shown in Figure 18 below: 
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Ladder 1 2 3 4 5 6 7 8 9 10 11 12 

 

Figure 18: (a) Gel image of DNA ladder separation with 30 s extraction (b) 

Representation of DNA concentration in each fraction extraction at 30 s intervals 
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In this case, the EKT process is carried out for 300 s, ITP for 50 s and CE for 120 s. 

Thereafter a 3 µL sample is extracted from the micro-fluidic device every 30 s. The graph 

above represents the gel image in terms of the concentration of each DNA fragment in the 

ladder which is present in each fraction extracted from the micro-fluidic device. As we can 

see, the smaller sized fragments exit the micro-fluidic device earlier in the protocol compared 

to the larger fragments. This proves that the experiment works in terms of separating DNA 

according to size. However, the resolution of this experiment can be improved further. 

Currently, it is possible to separate the 100 bp fragment in fraction 6. However fraction 7 

contains fragments of 100 bp and 150 bp together. These results are good but the 

concentrations of each of these fragments are still low. We went on to test the separation of 

the DNA ladder with 60 s extractions. The results are as shown in Figure 19 below: 
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Ladder 1 2 3 4 5 6 7 8 9 10 11 12 

 

 

Figure 19: (a) Gel image of DNA ladder separation with 60 s extraction (b) 

Representation of DNA concentration in each fraction extraction at 60 s intervals 

 

As we can see from these results, the resolution of DNA is basically the same as with the 30 s 
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the recovery outlet. Here the same trend occurs, with the 100 bp fragment being isolated in an 

earlier fraction, and then present along with the 150 bp fragment in the next fraction. We thus 

concluded that the time = 60 s for extraction was better. The longer extraction time did not 

interfere with the resolution and also allowed the DNA to collect in the recovery outlet. This 

is an added benefit when dealing with real DNA samples, since more DNA can be used for 

further analysis. We went on to test further parameters which could possibly affect the 

resolution/separation of the DNA ladder within the microfluidic device.  

 

6.1.7. Column Length 

 

So far the device contained a capillary column which was fixed at 15 mm in length. It is 

proposed that an increase in this capillary column length could in fact increase the resolution 

of the DNA fragments by allowing more time and space in which the fragments could 

separate. Previous work has shown that this theory is valid i.e. an increase in column length 

has increased resolution of DNA fragments [116]. A new micro-fluidic device was fabricated 

which contained only a capillary column with double the length as that of the previous one. 

This was the maximum length of column achievable on the PMMA substrate using the CO2 

laser. Longer columns could be achieved if they were produced in different designs instead of 

just a straight line. However, this design was chosen so as to achieve a maximum consistency 

between the parameters and to allow for accurate comparisons. In this case, the DNA ladder 

concentration added to the sample reservoir was optimised in such a way that the experiment 

is comparable to those carried out previously. Capillary electrophoresis in a 9% pDMA matrix 

was carried out and fractions of DNA were extracted at time = 60 s intervals from the 
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recovery outlet of the micro-fluidic device. The results of the Agilent Bioanalyser analysis are 

as shown below in Figure 20: 

Ladder 1 2 3 4 5 6 7 8 9 10 11 12 

 

 

Figure 20: (a) Gel image of DNA ladder separation in 30 mm capillary column (b) 

Representation of DNA concentration in each fraction extracted from capillary column 
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As we can see, a lot more DNA is present within the protocol timing. This is much more 

favourable compared to previous experiments. Not only is there more DNA present in each 

fraction, the separation of the individually sized DNA fragments are greatly improved. 

Although each fragment is not isolated completely in a single fraction, each size has a 

maximum concentration (Cmax) in one of them as shown in Table 7 below: 

Table 7: Relative maximum concentrations of DNA fragments exiting the microfluidic 

device 

Fragment Cmax Fraction 

100 bp 0.23 ng/µL 4 

150 bp 0.26 ng/µL 4 

200 bp 0.36 ng/µL 5 

300 bp 0.36 ng/µL 10 

400 bp 0.47 ng/µL 11 

500 bp 0.37 ng/µL 11 

 

Here we can see that it is possible to collect and isolate larger concentrations of the smaller 

fragments of DNA. All fragments that are smaller than 300 bp can be completely isolated 

from the rest in the first 6 fractions extracted from the device. This is a benefit if the micro-

fluidic device will be used as a method of separating cell free foetal DNA from a maternal 

plasma sample. This is because cffDNA exists in the mother’s blood stream in fragments less 

than 300 bp in length. Thus, in future the device will be re-designed in order to incorporate 

capillary columns that are 30 mm or even longer in order to separate DNA fragments with 

excellent resolution. Although these complete devices were not manufactured for use in this 
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work, the theory that a longer capillary column gives better resolution of DNA, has been 

successfully proven. 

 

6.2. Application to Real Samples 

 

Now that all the parameters within the device have been successfully optimised and 

incorporated into a final experiment, it will be applied to real sample analysis. As stated 

before, these samples were obtained from women pregnant with male foetuses. DNA was 

isolated from the blood of the mother and used in these experiments. The protocol can be 

summarised again as follows: 

 

The matrix which was inserted into the capillary column contained either 9% 

acrylamide/pDMA as a sieving matrix, 3 M N,N-dimethylurea as a denaturing agent. Once 

the sieving matrix was fixed, 10X 80 µL real DNA samples were analysed separately, they 

were each added to the sample reservoir through hole 5 of the device. Buffers used for EKT 

and ITP processes were the conventional LE and TE buffers. All buffers were replaced with 

1X TBE buffer for capillary electrophoresis. EKT voltage remained at 1000 V for 300 s. ITP 

was carried out at voltage = 300 V for 50 s and CE at voltage = 180 V. Extraction of DNA 

from the device was carried out at 60 s intervals starting at minute 8 until 14 fractions were 

collected. Each of these fractions were analysed using Real Time PCR. The protocol involved 

the amplification of two genes: DYS14 which is male specific and CCR5 which is present in 

both males and females. In this way it is made possible to distinguish whether each fraction 

contains male or female DNA. If the DYS14 gene is amplified, the DNA belongs to the foetus 
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and is considered cell free foetal DNA. If the CCR5 gene is amplified and NOT the DYS14 

gene, we can assume that this DNA belongs to the mother. Keeping in mind that cell free 

foetal DNA is usually less than 300 bp in length, this DNA should theoretically be present in 

the initial samples extracted from the chip, since smaller fragments of DNA has been proven 

to move through the matrix quicker. Therefore, the larger maternal DNA should be present in 

the later fractions, since this DNA is usually more than 500 bp in length and thus move more 

slowly through the sieving matrix. For the purpose of clarity, only one RT-PCR experiment is 

represented here.  

 

As proof that the RT-PCR protocol is successful, the standard curve of each gene i.e. DYS14 

and CCR5 is shown below. These standard curves also indicate the presence of the positive 

controls, which is male genomic DNA for the DYS14 gene and female genomic DNA for the 

CCR5 gene. It also shows that the negative controls were not amplified i.e. female genomic 

DNA with DYS14 amplification. The protocol representing the amplification of the CCR5 

gene is shown in Figure 21 below: 
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Figure 21: Standard Curve representation of CCR5 amplification 

 

According to The Cyprus Institute of Neurology and Genetics (CING), who provided the RT-

PCR protocol, the slope of the standard curve has to be in the range of -3.5 to -4.5. Therefore 

we can conclude that this experiment was successful since the slope is -4.4 as well as the fact 

that the standards were reproducible. The positive controls for CCR5 gene contained female 

genomic DNA at a concentration of 212 ng/µL. According to the RT-PCR results, the positive 

controls contained an average of 191 ng/µL with a standard deviation of 4,38 ng/µL. A graph 

which represents the amplification of these positive control samples are as shown in Figure 22 

below.  
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 Figure 22: Amplification of CCR5 gene in positive control samples 

 

This shows that the protocol gives a result that is in the range of ±21 ng/µL accuracy for the 

positive controls.  

The theoretical initial concentration of cell free foetal DNA was calculated to be 4.46 pg/µL 

since this is the amount of DNA amplified by the DYS14 gene. One can conclude that the 

total amount of DNA that the initial samples contained would be those amplified by the 

CCR5 gene. This amount was calculated to be 319 pg/µL, making the cell free foetal DNA 

approximately 2% of the total maternal plasma DNA sample in this case. The graph which 

represents the DYS14 amplification is as shown in Figure 23: 
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Figure 23 Standard Curve representation of DYS14 amplification 

 

In the standard curve representing the DYS14 gene protocol, the slope is -3.638. This is 

within the required range of -3.5 to -4.5 and can be considered confirmation that the 

experiment was successful for the DYS14 amplification. The positive controls contain a high 

concentration of male genomic DNA (175 ng/µL) and is thus at the far right of the graph 

which show a high quantity of DNA and also a low Ct value. The Ct values can be defined as 

the number of cycles that are required for the fluorescent signal to cross the threshold or 

background signal and are inversely proportional to the concentration of the target DNA. This 

means that a lower Ct value indicates a higher concentration of target DNA and that this DNA 

had to undergo less amplification cycles before it was detectable by the equipment. The 
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results of the real time PCR can also be represented by a graph which shows the amplification 

of each gene by plotting the Ct value versus fraction number in Figure 24 below: 

 

 

Figure 24: Representation of the presence of cell free foetal DNA in initial samples 

extracted from micro-fluidic device 

 

The initial DNA samples were also represented on the standard curve plot, with an average 

concentration of 4.46 pg/µL as stated previously. The second fraction which exited the chip 

shows amplification of the DYS14 gene, with a concentration of 0.04 pg/µL and a Ct value of 

43.99. The 10
th

 and 12
th

 fraction exiting the chip contained the CCR5 gene since this gene 

was amplified. The fact that only CCR5 was amplified in these fractions, as well as the fact 

that they occur so late in the process, confirms that this DNA belongs to the mother. This is 

because maternal DNA is larger in size compared to foetal and obviously does not contain the 

DYS14 gene. The concentration of DNA in fraction 10 was calculated to be 7.14 pg/µL of 
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DNA with a Ct value of 43.2. The DNA present in fraction 12 had a concentration of 317,24 

pg/µL and a Ct value of 35.9.  

Since the micro-fluidic device separated DNA according to size, we can assume that this 

DNA fragments were in the range of 100-1000 bp. This is because the device was optimised 

using synthetic DNA in this range. During the protocol only fragments up to 500 bp were 

collected within the time frame shown here. Fragments that are greater in size than 500 bp can 

possibly be collected if the protocol time was extended. Maternal DNA exists in larger 

fragments than 500 bp and thus not all of the DNA that exists in the sample might be 

represented in the graph. Leftover DNA will probably still be present either in the sample 

chamber or capillary column of the micro-fluidic device.  

 

The fact that this concentration is far less concentrated than the initial sample shows that one 

of the pre-concentration steps within the micro-fluidic device had failed. We are positive that 

all processes occurred in the optimisation protocol, and can thus conclude that problems 

occurred because of the nature of the real samples and its effect on the EKT step. It was noted 

that the current flow during EKT when dealing with real samples was considerably lower 

compared to the synthetic DNA. We can thus attribute the decrease in DNA concentrations 

present in the fractions to an inefficient EKT process. Although the experimental protocol was 

carried out on all ten real samples, the results of only one of them is shown here. This is due 

to the fact that there were several issues which arose when dealing with real sample analysis 

which resulted in irreproducible outcomes. The trend of results however should remain the 

same with all ten real samples. This problem will have to be resolved in future with a more 

extensive study concerning real sample analysis with the micro-fluidic device.  
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Nonetheless, we can conclude that the micro-fluidic device successfully isolated cell free 

foetal DNA from at least one maternal blood sample, since the DYS14 gene was amplified in 

an initial fraction, separate from the maternal DNA which was present in later fractions.  
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CHAPTER 7 

 

7.0. CONCLUSION 

 

A non-invasive prenatal test was proposed by taking advantage of the presence of cell free 

foetal DNA in the maternal blood stream. In this work, a microfluidic device was designed 

and optimised for the separation of cell free foetal DNA from maternal blood to allow for 

further genetic testing. Cell free foetal DNA is characteristically short in length, i.e. less than 

300 bp, and can thus be separated by size from larger DNA. Here it is carried out by using 

advances in micro-fluidics and the development of a device capable of separating DNA 

according to size. The micro-fluidic device used three processes in order to isolate and 

separate cell free foetal DNA. All the components and processes occurring within the device 

were optimised and tested using synthetic DNA. The optimised protocol used a 9% 

acrylamide/pDMA sieving matrix with 3 M N,N-dimethylurea as a denaturing agent in which 

to separate the DNA. For electrophoresis a homogenous buffer system of 1X TBE was found 

to improve DNA separation and thus resolution at a voltage of 180 V and extraction time of 

60 s. The isotachophoresis worked best at a voltage of 300 V and resulted in 30% reduction in 

sample loss. The optimised protocol was then applied to real sample analysis obtained from 

women pregnant with male foetuses. The micro-fluidic device successfully isolated cell free 

foetal DNA from a maternal plasma samples. This was proven to be accurate using real time 

PCR analysis and amplification of a sex related gene.  
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7.1 Recommendations 

 

In future, I would recommend that the device incorporate longer capillary columns in which 

to separate the DNA in order to have a better resolution and size separation. Also the micro-

fluidic device should be altered and further optimised in order to appropriately analyse real 

samples. The design of the device can also be altered in order to enhance each process 

occurring. Further studies can be done to test whether the device can be re-used for more than 

one experiment.   
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