
Int. J. Adv. Res. Biol. Sci. (2018). 5(8): 168-185

168

International Journal of Advanced Research in Biological Sciences
ISSN: 2348-8069

www.ijarbs.com
DOI: 10.22192/ijarbs Coden: IJARQG(USA) Volume 5, Issue 8 - 2018

Research Article

Identifying polymorphisms associated with Pseudoxanthoma
Elasticum by sequencing specific regions of the ABCC6 gene

Thomas Georgas1, Sharika Akhter2, Georgios Giannoukos3

1Saint Francis Xavier College, London, UK,
2University of Greenwich, UK,

3 Second Chance School, Greece

Abstract

This paper describes research undertaken for a project run from January to April 2018 aiming at sequencing a chosen region of
the ABCC6 gene in order to identify potential polymorphisms associated with Pseudoxanthoma Elasticum (PXE) and GACI.
Mutations in the ATP-Binding Cassette subfamily C number 6 gene (ABCC6) gene cause PXE, a rare genetic disorder, typically
inherited in an autosomal recessive manner. ABCC6 gene is a member of ATP-Binding Cassette (ABC) transporter family. ABC
Transporter family proteins are ATP- dependent pumps hence they are named ATP - binding cassette (ABC) transporter family.
In order to meet the aims of the project the following processes were followed: the suitable genomic area of the gene of interest
for further investigation was selected; suitable primers to amplify the selected region were designed; PCR conditions using
agarose gel electrophoresis; amplification of placenta DNA samples using the optimized PCR conditions; DNA sequencing of the
amplified PCR products and Sequence data analysis.
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Introduction

The project was completed in a time frame of 4
months: January to April 2018.

As a part of accomplishing this project, attending the
laboratory was crucial to perform all necessary
investigations/reactions including preparation of PCR
reactants, programming thermocycler to perform PCR,
optimisation of PCR, followed by quantification and
purification of the final PCR product to be sent for
sequencing.

The practical laboratory investigations/reactions were
completed in a time frame of 6 days. Utilising the
Laboratory for a day cost £100.00, thus for 6 days the
cost was £600. Utilising the time of Laboratory

technician cost £150 a day. Thus, for 6 days the cost
was £900.

The project involved consultation meetings with
regards to the development of the project with the
Project Leader/Project Supervisor on a monthly
/weekly basis. Utilising the time of the Project Leader
cost £100 a day. Initially meeting were held twice a
month from December to February, followed by
weekly meetings in March until the final submission
of the project. Thus, for an approximate number of 13
meetings, the total charge for utilising the time of
Project Leader/ Supervisor equals to £1300.

Travel expenses to attend the laboratory cost and
meetings with the Project Leader cost £17.45 a
journey and returntrain ticket a day. Thus for 6 days of
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practical work plus attending 13 meetings with the
Project Leader cost £331.55.

On addition to this, there are also substantial costs
paid from the university, which are associated with the
cost equipment such as the thermocylcer, refrigerator,
microwave, consumables which include pipette tips,
DNA ladder, PCR reaction agents i.e. Taq polymerase
and for employing bioinformatics agencies such as
Sigma Aldrich, Eurofins Genomics to design primers
and sequence the final PCR product.

The project puts emphasis on the fact that there is no
effective treatment procedure in place to treat patients
with PXE. Research and investigation around PXE is
very limited, owing to its rare occurrence in a

population. Thus there is a need for more extensive
studies to take place to discover an effective and a
promising method of treatment. The project also
brings this to attention that unscreened liver
transplants from PXE patients can result in the
recipient acquiring PXE. Thus screening of transplant
organs is very crucial to avoid the recipient potentially
extracting PXE.

Materials and Methods

1.1 Materials

The materials, reagents and equipment employed in
this experiment are shown in Table 1

Table 1. Consumables, reagents and equipment employed in this study

Consumables Reagents Equipment
Gloves RNA / DNA free water Vortex (Microcentrifuge)

equipment
Microfuge tube Rack Human Placental DNA 1µg /

ml
PCR Thermocycler

Microfuge Ice Rack Enzyme mix comprising:
Taq polymerase

(Thermus aquaticus)
MgCl2 (co-factor)
Reaction buffer
Deoxynucleotides

(dNTPs)
Sterile Deionised

Water
Red dye

Balance

Pipettes (0.1 – 10µl, 10 –
100µl, 100 - 1000µl)

Dehydrated Forward &
Reverse primers

Microwave Oven

Pipette Tips ((0.1 – 10µl, 10 –
100µl, 100 - 1000µl)

TBE (0.5 x TBE) Gel Tray/ Electrophoresis Tank

Permanent Marker Agarose powder Comb
Eppendorf tubes DNA Step Ladder
PCR Tubes Powerpack
Weighing Boat Biodrop
100 ml measuring Cylinder
Conical Flask
Heavy Duty Gloves
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1.2 DNA samples

For this study, 4 different human placental DNA
samples were used that had a concentration of
250ng/µl.

1.3 DNA amplification

1.3.1 Bioinformatics of ABCC6 gene

The primary stage of the project involved research of
the ABCC6 gene and its sequence. The gene is located
at 16: 16202789 - 16201461 on the reverse strand. The

location of the potential mutation of interest reported
in the literature was confirmed using the Ensemble
Genome browser. It was also confirmed that the
mutation is located at position 16: 16202142. Below is
the selected DNA fragment of the ABCC6 gene that
was used for further investigation (mutation indicated
with yellow):

Strand: Reverse

Chromosomal location: Chromosome 16: 16202789 -
16201461

Gcctctgtccttggcttgcagttggccacctcctccctgtgtccccatatggtctttcctctgtttgcgccccctggtgtctccttgtgtgtctacatttcctcttcttaaaaggaccc
catcagattggattagggcccagcctaatgacctcatttttaacttcattgcctctttaaaggccctatttccaaatacagtcacattcagaggtactgggggtcggggcttcaac
atataaactttgtgaggacacaatttagcctataacaagtgggaacaaaaactccacctcttgatcttgaggagctgcagtcagattgaaaaggagtatggacagtggggga
aataacggagaccattattgcaaaaaaaaccacactgactgatcctccacacctggactagtttgggccgactgatcctccacatctggactggtttgggcaaaggcaacac
ccttaggcacctcctctcaccagctgtaccttctccctccttcccctgcaagCCTTTTCCTGGAGTTTATTGGTGATCCCAAGCCTCCAGC
CTGGAAGGGCTACCTCCTCGCCGTGCTGATGTTCCTCTCAGCCTGCCTGCAAACGCTGTTTGAGCAGCA
GAACATGTACAGGCTCAAGGTGCTGCAGATGAGGTTGCGGTCGGCCATCACTGGCCTGGTGTACAGAA
AGgtgagccctgggggacaagggcaggtcttcccagccaggaaaagcagtatcactgagcgggcagtaatgttatcagcagctgagaacgcattcagtccttgcttatta
gagtcactcaccatacattctcacttccttagttatttctctgtattatatgtatttatttttttgagatggagtcttgctctgtcacccaggctggagtgcagtggtgcaatctcggctc
actgcaacctccgcctcccgggttcaagtgattctcctgcctcagcctcctgagtaactgggactatagacacgtgtcaccacgcccagctaatttttatatttttggtagagac
aaggttttgccatgttggtcaggctggtctcgaactcctagcctcaagtgatctgtctcagctccttagttattcctgtaaggtcttgtgtgatctgtccctagggtgtctctgacct
catcccgtcacctcctcccatgctcactctcctccagccacacaggtctcctttcagttcctcaaacactccaggccc

1.3.2 Primer design

An in silico PCR output was obtained through the use
of UCSC Genome Browser. This was performed to
inspect the specificity of the primers.

The amplification region should include the mutation
of interest, therefore, for primer design, an area of

around 1000 bp flanking from the mutation was
selected. The selected region was inserted into Primer
3 output software:

The following primers were generated from primer 3
output as shown in Table 2.

Table 2. Designed Primers using the Primer 3 software

Primers Sequence
Composition

Length Tm (°C) G/C %

Forward tcaccagctgtaccttctcc 20 59.4 55
Reverse ggaagacctgcccttgtc 18 58.2 61.1

The primer 3 output was sent to Eurofins Genomics in
order for the respective primers to be manufactured.
The primers arrived in dehydrated powder form, hence
dilutions needed to be performed. Gloves were worn
throughout the whole procedure to minimise the
likelihood of contamination while handling the tubes
and apparatus. Dilutions of the primers were made
carefully by following the instructions on Eurofins

Genomics Instruction sheet: 338µl for forward primer
and 365µl for reverse primer to achieve a molar
concentration of 100 pmol/µl. Following this a 10µM
solution of the original stock solution of primers were
prepared for working solution by pipetting 20µl of the
original primer stock solution to 180µl of Sterile
Nuclease free water.
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1.4 What is Polymerase Chain Reaction (PCR)
reaction

Polymerase chain reaction (PCR)was invented by
Kary Mullis and Micheal Smith in the 1980s (Shampo
and Kyle, 2002; Ncbi.nlm.nih.gov, 2014). PCR rooted
from the natural process of generating new set of DNA
to replace withering or damaged DNA through DNA
Replication in living organisms (Pelt-Verkuil, Belkum
and Hays, 2008). This natural technique of DNA
replication is applied in laboratory practise, where
temperature of varying heat is applied throughout PCR
procedure to produce millions of copies of a desired
segment of gene within a short number of hours
(Nature.com, 2014).

PCR is comprised of three major steps: Denaturation,
Annealing and Extension.

During denaturation the DNA template containing the
target segment of gene is exposed to high temperature
of 94°C to 96°C in order for the double strands to be
separated. Following Denaturation, temperature is

lowered to the annealing temperature for the primers
to anneal to their complementary sites within the
template. Following annealing, temperature is raised
again to about 72°C, at which point the DNA
polymerase binds to the primer and target DNA
segment to initiate DNA amplification. This step is
known as extension (Nature.com, 2014;
Ncbi.nlm.nih.gov, 2014)

1.4.1 Preparation of PCR reactions

PCR reaction mixtures were formulated in nuclease
free, sterile and thin membrane Eppendrof tubes.The
working stock of primers, enzyme mix and the human
placental DNA were all thawed in a thawing /ice-
frozen PCR tube rack while being operated.

For each PCR reaction of a set temperature, a master
mix was prepared. Preparing the master mix avoids the
need to pipette miniscule amounts of reagents
repeatedly, thereby reducing pipetting errors. The
composition of master mix was formulated as shown
in Table 3.

Table 3. Composition and quantity of PCR reaction mixture

PCR mixture components Quantity required for single
reaction

3.5 x Master Mix

Forward primer (10pmol/µl) 1µl 3.5µl
Reverse primer (10pmol/µl) 1µl 3.5µl
Nuclease free Deionised water 10µl 24.5µl
Taq polymerase enzyme mix 7µl 35µl
Total Reaction volume 19µl 66.5µl

Total volume of 66.5µl of the master mix was divided
into 3 quantities; 19µl of master mix was pipetted into
3 respective reaction tubes labelled P1; Placental DNA
replicate 1, P2: Placental DNA replicate 2 and C:
negative PCR control (Water). P1 and P2 were
replicate reaction tubes and C was the control. The
purpose of the control was to check for any unspecific
amplification or contamination. 1µl of placental
human DNA was added to 2 replicate reaction tubes
and 1µl of sterilised nuclease free water was added to
control tube for each PCR reaction of a set annealing
temperature.  The tubes were inserted into vortex
microfuge machine to mix the contents well and to get
rid of any bubbles produced in the process pipetting.

1.4.2 Optimisation of PCR annealing
temperature

PCR Annealing temperature X was calculated through
the following formula outlined by :

X = Tm - 5° C

Tm temperature for forward & reverse primers were
59.4 ° C & 58.2 ° C respectively according to the
Eurofins genomics instruction sheet. The tm
temperatures were added together and then divided by
2 to obtain the Tm average;

Tm Average

Hence X = 58.8 – 5
X = 53.8 ° C 54 ° C

In order to examine and assure at which annealing
temperature the primers perform the best, a range of 4
temperatures were used using the formulas:
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X = 58.8 – 7.8 51
X = 58.8 – 6.8 52
X = 58.8 – 5.8 53
X = 58.8 – 4.8 54

The PCR tubes were inserted into programmed
thermocycler/PCR machine. Just the annealing
temperature was adjusted in order for visualisation of
successful banding. The setting of the programme was
as follows:

PCR reactions were initially exposed to 94°C for 5
minutes to allow for sufficient denaturation of the
double-stranded DNA molecules. Following this step,
30 cycles were applied, each having three different
steps: the first step involved an incubation at 94°C for
a 1 minute to ensure denaturation of the two DNA
strands, followed by 30 seconds at the annealing
temperature X, where the primers are efficiently and
specifically bind to the target DNA region and lastly,
by an incubation of 1 minute at 72°C to allow DNA
polymerase to add nucleotides and extend the DNA
strands. A final extension step of 5 minutes at 72 °C
was applied in order to make sure that the enzyme has
finished the elongation for all PCR products. The
whole procedure took approximately 2 hours.

1.5 Agarose gel electrophoresis

Agarose gel electrophoresis (AGE) is a very simplistic
and cost effective tool to visualise bands of various
size under a UV imaging system. This procedure
utilises electrophoresis to separate DNA fragments of
differing sizes ranging from 100 bp to 25 kb (Lee et
al., 2012). Agarose is sequestered from seaweed plant
which is comprised of recurring subunits of agarobiose
which is essentially polymer of L and D – galactose.
The polymers interact with each other non-covalently
during gelation and arranges themselves in such a
manner that the concomitant polymers act as a
molecular sieve (Lee et al., 2012). It is owing to this
sieving property the varying DNA fragment sizes are
separated.

1.6 Preparation of Gel electrophoresis

While the PCR programme ran for 2 hours, gel for
electrophoresis was prepared to observe/ analyse the
sample of PCR tubes. Approximately 1g of agarose
gel was weighed and mixed with 100ml of clean
buffer TBE (Tris-Cl Boric acid and EDTA) to make
up the 1% (w/v) agarose gel solution. The gel solution
was made in a conical flask and 100 ml of clean buffer

was measured in a 100ml measuring cylinder. The gel
solution was heated in the microwave for 3 – 5
minutes. In intervals of 30 seconds the gel solution
was taken out to be swirled to mix the agarose powder
and was reheated until the agarose completely
dissolved. The flask was placed against a dark
coloured surface to make sure all the agarose granules
were dissolved. Once the agarose granules dissolved,
the gel solution was left to cool down until it was
lukewarm. 0.5µl of gel red was added and swirled into
the gel solution. This is to view the resultant
amplification band under UV rays. A gel casting tray
was prepared by clipping 2 rubber enclosures onto
each open side of the gel tray. The casting gel tray was
also fitted with a 16 well comb to make 16 hollow
perforations for the PCR samples to be loaded into.
The gel solution was then poured ontothe gel casting
tray. The gel was left to set for an hour.

An electrophoresis tank was set up following the
completion of PCR reaction. 2 rubber enclosures and
the comb were removed from the gel tray which
contained the set gel. The set gel was placed into the
electrophoresis tray and immersed in 0.5 x TBE
buffer. The buffer level above the gel was about 2
mm.

Once the arrangement of the electrophoresis tank was
complete, the electrophoresis tank was oriented into
the correct position with the correct anodes connected
so that negatively charged DNA travel towards the
positively charged anode. Care was taken to ensure not
to cause movement to the electrophoresis tank loaded
with samples as slight movement can cause the loaded
samples to be dispersed. Hence the electrophoresis
tray was set up near a power pack, which conducted
the electrophoresis. Loading of the samples began
with 5µl of human DNA ladder, following with 5µl of
the experimental samples and control which were
taken out of the PCR thermocycler after successful
completion of PCR amplification. The remaining
samples in the Eppendorf tubes were frozen in the
refrigerator below -20°C. After loading the samples,
the electrophoresis tank lid was placed and the cathode
and anode were connected carefully and slowly (so to
cause as little movement as possible). The
electrophoresis tank was then connected to a power
pack. The power pack was adjusted with a Volt of 70,
current of 400 and time frame of 90 minutes. This
programming of electrophoresis was maintained for all
reactions.
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After the completion of electrophoresis, the gel tray
was taken out and placed on a sheet of drying cloth to
absorb any running buffer dripping from the gel tray.
The gel tray was then placed into a UV imaging
system via which the amplification bands were
viewed. Controlling the exposure of the view aided in
revealing how thick each bands were, thereby also
aided in determining which temperature the primers
performed well at.

1.7 PCR product purification

Purification of PCR product is a 3 step procedure
involving the addition of the correct buffer and in the
right amount to purify the PCR product. This is a very
critical step as adding the wrong buffer can result in
impairment of the PCR product. The purpose of
purification is to eliminate any un-sequenced DNA,
unused primers or primer dimer compounds the
maximum possible from the PCR product, which can
influence the following procedures of DNA
quantification and Sanger sequencing results.

11 Eppendorf tubes containing the successfully
amplified PCR product obtained at temperature 52 °C
were chosen for purification. Each tube originally
contained 20µl of the reaction mixture. When loading
the samples onto the gel for electrophoresis, 5µl of
sample was pipetted into the perforations. Hence that
should leave each Eppendorf tubes containing 15µl of
the remaining sample. However this was not the case.
The sample from each tube had to be quantified
individually. The record of the volume has been
shown in 6.2 of the result section.

After obtaining a total volume of PCR product in a
tube, 5 times the volume of the total PCR product of
Buffer PB was added to the PCR product. A quick
column was set up by placing it into a 2 ml collection
tube. This is to get rid of any un-sequenced DNA,
unused primers or primer dimer compounds which can
affect the quality of Sanger sequencing results. The
PCR product and buffer Mix was transferred onto the
quick column and centrifuged for 60 seconds for the
elutant to collect in the collection tube. After 60
seconds of centrifuging, the collected elutant was
thrown away and the quick column was replaced again
for the second stage of purification.750µl of Buffer PE
was pipetted into the quick column and centrifuged for
60 seconds. The elutant collected in the collection tube
was thrown away and the quick column was replaced
again in the collection tube. The process of
centrifuging was repeated again one more time and the

elutant collected in the collection tube was thrown
away. The quick column was now placed in a clean
1.5 ml centrifuge tube. 50µl of Buffer EB was pipetted
into the quick column and placed for centrifuge for 60
seconds. After 60 seconds, the 1.5 ml centrifuge
collecting tube contained the purified PCR product
collected.

1.8 Quantification of PCR products

DNA quantification was performed in order to prepare
the purified PCR products for sequencing. The
quantification involved diluting the purified PCR
product to 5ng/µl. The 5ng/µl was required to be
contained within 15µl of volume. A sophisticated
equipment that was used to analyse the sample was
Biodrop. The analysis involved inserting 2µl of buffer
EB as blank sample into a miniscule cavity in the
machine to bring the scale of the machine to 0. After
the 0 reading the drop was wiped by soft piece of
tissue. Following this 2 µl of the purified PCR product
was inserted into the same place. A reading figure in
µg/ml unit was obtained. The µg/ml unit reading is
equal to the same number of ng/µl units.  The amount
of needed to dilute the concentration of the sample
was calculated using this formula:

C1 x V1 = C2 x V2

A ng/µl x V1 = 5 ng/µl x 15µl
V1 =

V1 =

1.9 Sanger sequencing

DNA sequencing of purified PCR products were
performed by MWG Eurofins for DNA sequencing.
Electropherograms were then obtained for subsequent
analysis.

Data Presentation and Discussion

PCR Optimisation

Although the designed PCR using Primer3 software is
supposed to be specific for the DNA region of interest,
it was important to ensure that the amplification
efficiency is high. In order to do so, an optimisation
strategy was employed, where the PCR annealing
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temperature was optimised. Therefore, four samples
were amplified using four different temperatures in
duplicate. A total of 32 different reactions were
performed, out of which eight reactions were
performed a day. The resultant 8 amplification bands
for each reaction a day is shown by Figure 6a, b, c and
d with the exception of 6c, where only one reaction
failed.

As pointed in Figure 6, the unused primers are shown
as very faint bands at the bottom of the gel. In general,
it was believed that the amplification was very specific
as there was no unspecific amplicons observed, which
would otherwise be indicated by the presence of other
bands in the gel.  Thereby the optimisation was not
very laborious because the primer design seemed to be
very specific.

The amplification efficiency was very good using all
temperatures with only minor differences observed.
From Figure 6a & 6b it is thought that the intensity of
the amplification band at temperature 52°C was the
most intense than the ones at 51°C, 53°C and 54°C.
Since only one temperature had to be selected, 52°C
was chosen as the ideal annealing temperature.

For the selected temperature of 52°C, 4 samples were
run in duplicates to confirm that the annealing
temperature was the right temperature. All 8
amplification bands indicated that the PCR
amplification was successful as PCR products were
run into agarose gel as shown in Figure 7.

Figure 1. PCR optimisation of the ABCC6 designed fragment using an annealing temperature gradient (51 to
54 °C) in four different reactions (a, b, c and d).
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As shown, the expected PCR amplicon (245 bp) was
observed using all temperatures without the presence
of non-specific PCR products. However, taking into
account the results of all four reactions, it was
concluded that the amplification efficiency was higher
at 52 °C. The red asterisk indicates a failed PCR

reaction, while the red arrow shows a non-specific
band (~100 bp), which is suspected to be due to primer
dimers. Lastly, the faint bands at the bottom of the gel
image correspond to unused primers. L: DNA Ladder,
P1: Placental DNA replicate 1, P2: Placental DNA
replicate 2, -ve: negative PCR control (Water).

Figure 2. PCR amplification of the ABCC6 designed fragment (annealing temperature of 52 °C) in four
placental DNA samples (1-4) analysed in duplicate.

As shown, the expected PCR amplicon (245 bp) was
observed in all four samples .L: DNA Ladder, P1:
Placental DNA replicate 1, P2: Placental DNA
replicate 2, -ve: negative PCR control (Water).

Concentration of PCR product

Prior to DNA sequencing, it is important to evaluate
the quality and quantity of the obtained PCR products.
For this experiment, PCR amplicons from a total of 11
successful PCR reactions were combined and resulted

in a final volume of 113µl (Table 3). Although the
recovered amount of each PCR reaction should have
been 15 µl (5 µl had been used for the visualisation of
the products), for most samples this volume was
smaller. It is believed that this could be due to
potential pipetting errors or possible evaporation
during the PCR reaction. The final volume of 113µl
was used for the purification of the combined PCR
product. Following purification, the final volume was
50µl of PCR product.

Table 4. PCR product pooling strategy

Series of tubes Maximum possible volume quantified in each
tube in µl

PCR amplicon 1 7.5
PCR amplicon 2 11.5
PCR amplicon 3 11
PCR amplicon 4 11
PCR amplicon 5 11
PCR amplicon 6 11
PCR amplicon 7 10
PCR amplicon 8 10
PCR amplicon 9 10
PCR amplicon 10 10
PCR amplicon 11 10
Total 113



Int. J. Adv. Res. Biol. Sci. (2018). 5(8): 168-185

176

It was important to obtain the exact concentration of
this purified product. In order to do so, the
concentration was obtained using the BioDrop as
described in the methods. Using 2 µl of purified PCR
sample, a concentration of 46.66µg/ml (46.66ng/µl)
was obtained. The purity of the PCR sample were also
assessed by the A260/A280 ratio obtained by the
BioDrop. It is known that the A260/A280 ratio can act
as an indication of the protein purity in the presence of
nucleic acids; a pure DNA sample is expected to have
a A260/A280 ratio greater or equal to 1.8. For our
sample, the observed ratio was 1.81, therefore it was
concluded that the combined PCR product had a good
purity for downstream analysis.(Ogt.co.uk, 2018)

In order to achieve the desired final concentration of
5ng/µl in a volume of approximately 15µl, the
following calculations were used:

C1 x V1 = C2 x V2, where C1 represents Concentration
1, V1represents Volume 1, C2represents
Concentration 2 and V2represents Volume 2

46.66ng/µl x V1 = 5 ng/µl x 15µl

V1 =

V1 = 1.607372482µl

The value of 1.607372482µl was rounded to 1.61µl

In order to make up total volume of 15µl. The
following calculation was carried out:
15µl – 1.61 µl = 13.39 µl ~ 13.40µl

DNA Sequencing of the purified PCR product

Following Sanger sequencing performed by Eurofins
Genomics, resulting electropherograms were provided.
Although the sequencing was performed on both
strands of the PCR product using both the forward and
reverse primer, only the forward reaction was
successful. A blank electropherogram was obtained by
using the reverse primer, therefore only the results by
using the forward primer are presented here.

Investigating the electropherogram as shown in Figure
5, when comparing the obtained sequence with the
reference sequence from Ensembl, a total of two

nucleotide differences were discovered. The
nucleotide sequences were compared and the
differences are highlighted in specific colours as
shown below:

Reference sequence (Ensembl) (5’ 3’):

TGGAGTTTATTGGTGATCCCAAGCCTCCAGCC
TGGAAGGGCTACCTCCTCGCCGTGCTGATGTT
CCTCTCAGCCTGCCTGCAAACGCTGTTTGAGC
AGCAGAACATGTACAGGCTCAAGGTGCTGCA
GATGAGGTTGCGGTCGGCCATCACTGGCCTGG
TGTACAGAAAGGTGAGCCCTGGGGGACAAGG
GCAGGTCTTCC

Obtained sequence (Sample) (5’ 3’):

TGGAGTTTATTGGTGATCCCAAGCCTCCAGCC
TGGAAGGGCTACCTCCTCGCCGTGCTGATGTT
CCTCTCGGCCTGCCTGCAAACGCTGTTTGAGC
AGCAGAACATGTACAGGCTCAAGGTGCTGCA
GATGAGGCTGCGGTCGGCCATCACTGGCCTGG
TGTACAGAAAGGTGAGCCCTGGGGGACAAGG
GCAGGTCTTCC

Highlights:

X – Original mutation of interest
X – Previously reported mutation
X – Observed possible mutations

As shown above, in this experiment we failed to
confirm the mutation under investigation. The same
was observed for a previously reported disease-
causing mutation in the literature (the nucleotide base
highlighted in blue colour) (Nitschke et al.,
2012).Additionally, it should be noted that none of the
two nucleotide differences observed in this study have
been previously mentioned as a mutation in the
literature. However, when taking a closer look at the
electropherogram in Figure 9, for both positions (84
and 148) there was an overlap of two dyes (one
corresponding to the expected base). This indicates
that both A and G (position 84) and C and T (position
148) were added during the sequencing reaction.

The low height of the peaks together with the in-built
poor quality of the called nucleotide bases flagged
from the software (indicated by the red & yellow
lines) raise doubts whether the two nucleotide
differences are true events. However, it cannot be
excluded that the peak overlap could also indicate that
there is a mixture of DNA sequences in the combined
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PCR sample, meaning that only some of the samples
have the mutation. Although these poor sequencing
resultsindicate the need to repeat the Sanger
sequencing reactions, this was not possible as part of
the current study. Furthermore, repeating the
sequencing reaction using the reverse primer would
also confirm the observations above.

To further confirm the presence of the two possible
mutations, the BLAST alignment tool was employed
(obtained from: http://blast.ncbi.nlm.nih.gov/Blast.cgi)
as shown in Figure 10. Both nucleotide locations were
the only two that did not match the reference
sequence.

Figure 3. Electropherogram showing the obtained DNA sequence of the ABCC6 PCR amplicon (forward
strand)

Sanger sequencing data where each peak corresponds
to a specific nucleotide (A-green, C-blue, T-red and
G-black). Coloured bars underneath the sequence
correspond to the instrument’s internal quality control.
As shown, with the exception of the first few
nucleotides, most of them have been successfully
called (Quality ≥30). The transparent blue box

indicates the position of the potential mutation of
interest. Nucleotides encircled and highlighted in
yellow (G – position – 84, C – position – 148) indicate
observed mutations (DNA sequence variations) when
compared to the original sequence obtained from the
Ensemble genome browser.
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Figure 4. Observed possible mutations (A and B) following sequencing of the purified PCR sample.

(A) Position 84: Overlapping of green (A)  and black (G) dyes (approximately the same peak height)  but software
has called ‘G’ and (B) Position 148: Overlapping of red (T) and blue (C) dyes (approximately the same peak height)
but software has called ‘C’.

Figure 5. Sequence comparison using the NCBI BLAST tool.

The top strand represents the sequence obtained from
the combined PCR sample, while the bottom one is the
reference genomic sequence. As shown, the two

observed nucleotide differences (highlighted in red
boxes) were confirmed using the basic local alignment
search tool.

(A) (B)
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Conclusion

The main purpose of the study was to investigate a
potential previously reported mutation that is believed
to be involved in the disease process of PXE and
GACI. To achieve this goal, placental DNA was
amplified using in-house designed primers that were
able to bind to the genomic area of interest. The design
of the primers was accomplished using the Primer3
software as described in the methods section.
However, the proposed PCR was also optimised using
an annealing temperature gradient.

There are a number of factors known to influence the
quality and quantity of the resulting PCR amplicons,
including annealing temperature, primer length and
concentration as well as salt and MgCl2 concentration.
In this experiment, the annealing temperature was the
prime focus during the optimisation of PCR. The
annealing temperature is a very crucial aspect of PCR
reaction since it influences the binding of the primers
onto the DNA. It is mainly determined from the DNA
sequence of the primer. Since there are three hydrogen
bonds per C-G pair (while only two per A-T), DNA
sequences rich in GC content require higher
temperature to generate hydrogen bonds(Abstract
available at/ oxford journals /Yakovchuk, Protozanova
and Frank-Kamenetskii, 2006). Similarly, during
denaturation, these sequences require higher energy to
separate from each other (melting
temperature)(Thornton and Basu, 2011).

The DNA sequence of the primer affects their
performance. Firstly, in order to avoid mis-priming,
the chosen primers did not include any poly-purine or
poly-pyrimidine stretches(abstract available at :
(Sakamoto et al., 1996). Also, their GC content was
relatively high, namely 55% and 61.1% for the
forward and reverse primer respectively, which
nevertheless fall into the optimal GC% range
suggested by the software (50%). The melting
temperatures (Tm) obtainedfor each individual primer
(59.4°C for the reverse primer and 58.2°C for the
forward primer) did not significantly differ (just by
1.2° C). Hence, using the formula described in the
PCR optimisation section of the methodology, the
calculated average annealing temperature was 53.8°C,
which was rounded to 54° C. Thereby, as part of the
optimisation of the annealing temperature, a gradient
including four different temperatures (51°C, 52°C,
53°C, 54°C) were applied. As shown from the results
[Figure 6], although all temperatures resulted in a
successful amplification, it was believed that 52°C

was the optimal one, which was then used to amplify
the samples [Figure 7].

However, the amplification of the proposed region
could have been further optimised by investigating the
additional factors mentioned earlier. It is known that
the length of the primers is also an important factor as
it affects their specificity to a particular DNA
area(Stock, 2009). The longer the primer is, the better
its specificity, thereby ensuring there is no non-
specific binding apart from the target region. The
length of the primers employed in this investigation
were within the proposed optimal range (18 – 24
nucleotides) (forward – 20bp, reverse – 18bp), also
recommended by Stock(2009). Although in this
experiment, only the target region was amplified, the
primer length could have been adjusted (longer
sequence) in case of a non-specific signal.
Additionally, the primer concentration could have
been altered in case of a weak amplification
efficiency.

Another factor that plays a crucial role in succeeding
an efficient DNA amplification is the concentration of
magnesium chloride (MgCl2). MgCl2is the main co-
factor of the enzyme Taq DNA polymerase, therefore
necessary for a successful amplification (Pelt-Verkuil,
Belkum and Hays, 2008). It enhances the polymerising
activity of Taq DNA polymerase and the rate of
nucleotide incorporation, hence the greater the
concentration of MgCl2 the more the yield of the DNA
amplification product will be. However, one should be
noted that if the MgCl2 concentration is too high, there
is a risk of non-specific amplification (Pelt-Verkuil,
Belkum and Hays, 2008).

Lastly, it is evident that the thermal cycling conditions
play a significant role in the process of amplification
by DNA polymerase. Apart from the annealing
temperature itself, the duration of each individual step
in the amplification cycle could have been changed if
needed. For example, amplifying longer sequences
often require a longer extension step or GC-rich
sequences often require longer denaturation step (up to
96oC). Finally, although the number of 30 PCR cycles
was thought to be adequate considering the starting
DNA material, it could be increased (up to 40) in case
that a weak PCR amplicons was obtained.

Over all the results indicate the success of this
investigation ,however possible procedural errors
while handling the reacting components could have
introduced possible degree of inaccuracies i.e.
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pipetting errors. Pipetting was performed throughout
the whole investigations and might have potentially
influenced certain aspects of the investigation. For
instance, when loading the gel and pooling strategy.
As can be seen from the results, the amplicons for
temperature 54 appear thin at Figure. 3a and 3c but
intense at 3.c, which implies to inadequate pipetting.
Although the PCR optimisation was successful and a
specific amplicons was detected, only sequencing
results using the forward primer were obtained. The
fact that the sequencing reaction on the other strand
using the reverse primer did not work could be due to
various reasons. Firstly, the PCR products were pooled
and quantified using the BioDrop. It is known that this
quantification method is not very specific as it can also
measure unused primers and nucleotides, therefore
overestimating the DNA concentration. However,
since the reaction using the forward strand gave
positive sequencing results, it is believed that it could
more likely be due to pipetting errors. Additionally,
errors while preparing the sequencing reactions cannot
be excluded, however it is not possible to assess this
possibility since the applied protocol is not known. For
example, in order for the primer to bind and initiate
the sequencing process, it is essential to apply the right
temperature; therefore, the failure could have been due
to unsuccessful binding of the reverse primer. From
the results presented in Figure 8, it can be noted that
the peak height of the added nucleotides were not very
high, indicating a suboptimal sequencing reaction.
Further research would involve sending the purified
PCR product to a different sequencing company to
repeat the sequencing reactions to further investigate
the two detected single nucleotide polymorphisms.
Finally it would also involve sequencing each DNA
sample individually instead of pooling all the DNA
samples together for sequencing to investigate which
sample had the mutation
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