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ABSTRACT  

Background: Colorectal cancer (CRC) is a frequent and widespread malignancy. Commonly mutated KRAS, 

BRAF and NRAS genes lead to constant activation of the MAPK pathway; consequently transforming basal 

stem cells into adenocarcinoma. Selective inhibitors of the MAPK pathway, such as Cetuximab and 

Panitumumab, have been implemented in clinical practice since 2004. Sanger sequencing and pyro 

sequencing have been commonly used for detection of BRAF and NRAS mutation in the UK. Nevertheless, 

sometimes the analytical sensitivity of these methods is not high enough to detect a low percentage of cells 

containing the mutation. Methods: a highly sensitive and specific Peptide nucelic acide (PNA)-clamp PCR 

was developed and validated firstly on cell lines that were known to harbour the mutations in BRAF
V600E

 or 

NRAS codons 12 and 13. The wild type and mutant DNA was serially diluted to test the sensitivity of the 

assay. Total DNA was extracted from 84 formalin fixed paraffin embedded (FFPE) tissues including 

adenomas, carcinoma and hyperplastic polyps; and screened for BRAF
V600E

 or NRAS mutations. Results: the 

highly sensitive PNA-clamp QUASAqPCR assay significantly detected 1:2000 ratio of mutant to wild type 

background (P < 0.01). The assay on FFPE tissue showed 15.47% (13/84) BRAF
V600E

 and 8.33% (7/84) NRAS 

mutants, of which NRAS c.38G>A (G13D) was the most common. BRAF
V600E

 mutation was significantly 

associated to right side tumour (P< 0.014), but was not related to any other clinical features. However, there 

was no significant association between NRAS mutation and any clinicopathological features. Conclusion: this 

study demonstrates the sensitivity, specificity and utility of PNA-clamp PCR assay in detecting the common 

point mutations in CRC in a low percentage of cells containing the mutation, providing an attractive tool for 

future research and therapeutic applications. 
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INTRODUCTION 

 
orldwide, it is reported that about 1 

million cases are diagnosed with 

Colorectal Cancer (CRC) annually and 

approximately, 50% of them might progress to 

metastatic disease (Tougeron et al, 2013). It is 

found that only about 5-33% of CRCs cases are 

hereditary and the other 67-95% are sporadic 

(Tougeron et al. 2013). BRAF is one of the 

members of the family of RAF serine-threonine 

kinases which is an activator of the MAPK 

pathway. Mutations in theQ1`+0 BRAF gene have 

been reported in 7%–15% of all human cancers, 

with melanoma having one of the highest 

incidences (40%–70%) and in 12% of CRC 

(Dhomen and Mariase, 2017). This mutation leads 

to the constitutive activation of the MAPK 

pathway and increased proliferation, apoptosis, 

and metastatic potential (Di Nicolantonio et al, 

2008).  H-RAS, N-RAS, and K-RAS are highly 

homologous proteins that belong to the RAS 

protein family and all of them have the same first 

80 amino acid sequence. RAS family members 

mediate cellular response to extracellular signals 

because they act as GDP/GTP-regulated switches 

(Valtorta et al, 2013). It is known that RAS family 

members mutated in approximately 20% of all 

human tumours. However, KRAS gene is the most 

common mutated gene of all RAS mutations in 

human cancers as it accounts for about 85%. It is 

reported that about 90% of KRAS mutations are 

W 
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found to be in codon 12 and 13 and approximately 

5% in codon 61.In CRC KRAS and NRAS are 

found to be mutated in approximately 40% and 1-

6 % of the cases, respectively. Moreover, G>A 

transitions and G>T transversions are the most 

frequently observed types of KRAS and NRAS 

mutations (Brink et al, 2003). Over the past 12 

years, the treatment of CRC has been significantly 

progressed. The main treatments are surgery, 

chemotherapy, radiation therapy and targeted 

therapy (Douillard et al, 2000). However, EGFR 

has been clinically and scientifically approved to 

be the main target for cancer therapy because it is 

shown to be overexpressed in many human 

epithelial tumours including CRC. Mutations in 

KRAS codons 12 and 13 predict a lack of response 

to the therapy and are also shown to be associated 

with increased the risk of deaths and recurrence 

(Tougeron et al, 2013). Furthermore, although 

wild type KRAS is found to be required, it is not 

sufficient to confer sensitivity of anti-EGFR. 

NRAS status, BRAF mutation, PIK3CA mutations, 

cytoplasmic expression of phosphatase and tensin 

homologue (PTEN) and EGFR amplification are 

also found to be associated with the treatment 

response. Therefore, in addition to KRAS, BRAF, 

NRAS, and PIK3CA exon 20 mutations are also 

should be detected before treatment (Scaltriti et al, 

2006). Testing for mutations in KRAS, NRAS, and 

BRAF genes is now reported to be essentials for 

patients with mCRC before treatment with anti-

EGFR monoclonal antibodies, because mutations 

in these genes pre dict a lack of response to the 

therapies (Jonker et al, 2007). Number of 

molecular biology techniques and methods have 

been developed for detection of those oncogenic 

mutations including direct automatic sequencing, 

pyro sequencing, restriction fragment length 

polymorphism analysis, single- strand 

conformation analysis, high-resolution melting 

analysis a many others (Morlan et al, 2009). 

Nevertheless, some of these methods are found to 

be not sensitive enough to detect a low percentage 

of cells containing the mutation, time consuming 

and too expensive. Therefore, various alternative 

methods have recently been developed in order to 

distinguish wild type from mutant, especially in 

clinical samples.  In this project a highly sensitive 

and specific allele specific PCR, which is PNA 

clamp PCR, was developed in order to detect 

mutations that have potential or actual therapeutic 

relevance in CRC. The aims of this project were to 

develop a highly sensitive and specific peptide 

nucleic acid   

(PNA)-clamp PCR for detection of mutations 

in the NRAS gene codon 12 (35G>A (G12D) and 

34G>T (G12C) and codon 13 (38G> A (G13D) as 

well as the BRAF gene (c.1799 T>A (p.V600E) in 

samples with a low tumour cell percentage. 

Moreover, this study was aimed to validate and 

optimize the assay on cell lines that were harbour 

to the mutations by designing and using allele 

specific primers and probes.  Additionally, the 

utility, sensitivity and specificity of the assay were 

approved by applying on 84 FFPE clinical 

samples. 

 

MATERIALS AND METHODS 

 Cell lines 

Six human cells lines (MOLT-4, THP-1, NCI-

H929, SK-MEL5, SK-MEL-28 and 697), were 

used as positive controls as they are known to 

harbour relevant mutations. The DNA of cell lines 

were ordered from the European culture collection 

(http://www.phe-

culturecollections.org.uk/products/celllines) and 

have been widely studied.  

 Samples  

A total of 84 retrospective tissues were 

obtained from Leicester Royal Infirmary (LRI). 

These tissues were obtained under the approval of 

the local ethics community. The tissues have been 

taken from patients who have adenoma, 

carcinoma, and from hyperplastic polyps (Table 

1).

 

 

 

 

 

 

 

 

 

 

http://www.phe-culturecollections.org.uk/products/celllines
http://www.phe-culturecollections.org.uk/products/celllines
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Table (1). Clinicopathological characteristics of 84 tumour samples. 

Characteristic Number (%) 

Type and location  

Adenomatous right polyp 

Adenomatous left polyp 

Left carcinoma 

Right carcinoma 

Right sided hyperplastic polyps 

Left sided hyperplastic polyps 

10 (11.90) 

24 (28.57) 

19 (22.61) 

23 (27.38) 

4 (4.76) 

4 (4.76) 

Gender  

Male 

Female 

43 (51.19) 

41 (48.80) 

Age  

50- 60 (years) 

60-70 (years) 

< 70 (years) 

14(16.66) 

25 (29.76) 

45 (53.57) 

 
MUTATIONS ANALYSIS 

QUASA primers and probes design  
The primer BLAST software 

(http://www.ncbi.nlm.nih.gov/tools/primer-blast/) 

was used in order to design primers for 

quantitative allele specific amplification 

(QUASA-qPCR). The forward and reverse 

primers were designed to amplify an NRAS 

fragment in exon 2, codons 12 and 13 and the 

resulting amplicon size was 89bp (Table 2). A free 

sequence (tag) at the 5ʼ-end terminal of the gene 

sequence is required for the QUASA primers. 

Allele specific WT and mutant primers were also 

designed for amplification of WT and mutant 

alleles respectively (Table 2).  The same software 

that used for designing primers was used for 

designing probes as well. Five probes were 

designed; one of them was away from the 

mutation for WT and mutant amplification. 

Furthermore, allele specific wild types and mutant 

probes were also designed (Table 2 and 4). The 

reverse primer, forward LNA mutant and wild 

primers and probe for the BRAF
V600E 

 mutation 

were already designed and kindly provided by one 

of the PhD students. These primers and probe 

were used for Allele Specific Locked Nucleic 

Acid Quantitative-PCR (ASLANAqPCR) for the 

detection of BRAF 
V600E 

mutations. The forward 

LNA wild type and mutant primers were designed 

to amplify the wild type and muatnt BRAF 
V600E 

; 

and the resulting amplicon size was 94bp (Table 

3).

 
Table (2). Primers and allele specific WT and mutant probes for NRAS codon 12 and 13. 

WT= wild type probe, W= ambiguity code (it means the mutation is either in T or A), FAM= 6-carboxyfluorescein 
(a fluorophore), MGB= dihydrocyclopyrroloindole tripeptide minor groove binder (a quencher), F= forward primer, 

R= reverse primer.  

Type Probes Tm %GC    Length 

F 5'-AATGACTGAGTACAAACTGGTGGTG-3' 58.4 44 25 

R 5'-CATCTACAAAGTGGTTCTGGATTAGC-3' 58.0 42 26 

WT VIC-TTGGAGCAGGTGGTGTT-MGB 69.0 53 17 

M34TA FAM- TTGGAGCAWGTGGTGTT -MGB 65.0 47 17 

M35A FAM- TTGGAGCAGATGGTGTT -MGB    67.0 47 17 

M37C FAM- TTGGAGCAGGTCGTGTT -MGB 67.0 53 17 

M38T FAM- TTGGAGCAGGTGTTGTT -MGB    69.0 47 17 

http://en.wikipedia.org/wiki/Fluorescein
http://en.wikipedia.org/w/index.php?title=Dihydrocyclopyrroloindole_tripeptide&action=edit&redlink=1
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Table (3).  primer and probe for BRAF 
V600E 

 mutations. 

 

 
 
 
 
 
 
 
 
 
 
 

Table (4): Probe and allele specific wild type and mutant primers for NRAS codons 12 and 13. 

 
WT= wild primer, red= tag sequence, yellow= mutant alleles. FAM= 6-carboxyfluorescein (a fluorophore), MGB= 

dihydrocyclopyrroloindole tripeptide minor groove binder (a quencher). VIC= a fluorophore dye. P= probe.  

 

Designing PNA probes for PNA clamp PCR 

The http://pnabio.com/support/PNA_Tool.htm 

website was used to design the PNA probe for 

NRAS mutations in codons 12 and 13. The PNA 

probe for BRAF 
V600E 

  muatioons were already 

designed and provided by one of the PhD students 

(5' TAGCTACAGTGAAATC 3'). The 

temperature, G/C content and length of the PNA 

probe were checked and optimised by using the 

primer express 3.0 software (applied Biosystems, 

Cheshire, UK).  

Forward 

Primer PrimerExpress 

Sequence TAG Length 

WT Primer 59.5     57        23 AGTACTAgGGTTGGAGCAGGTGG AGTACTAG 15 

c.34G>T 59.1     52        23 CAGTACTAcGGTGGTTGGAGCAT CAGTACTAC 14 

c.34G>A 60.0     52        23 CAGTACTAcGGTGGTTGGAGCAA CAGTACTAC 14 

c.34G>C 59.6     57        23 CAGTACTAcGGTGGTTGGAGCAC CAGTACTAC 14 

c.35G>A 60.0     50        24 AAGTACTAcGGTGGTTGGAGCAGA AAGTACTAC 15 

c.35G>C 59.8     59        22 CTACTAGcGTGGTTGGAGCAGC CTACTAGC 14 

c.35G>T 59.6     54        24 GAGTACTAcGGTGGTTGGAGCAGT GAGTACTAC 15 

c.37G>T 59.8     59        22 AGTACTACAAgGGTTGGAGCAGGTT AGTACTACAA 14 

c.37G>C 59.0     57        23 GAGTACTAcGGTTGGAGCAGGTC GAGTACTAC 14 

c.38G>C 58.2     54        24 GAGTACTACaGTTGGAGCAGGTGC GAGTACTACA 14 

c.38G>A 59.7     54        24 GAGTACTAgGGTTGGAGCAGGTGA GAGTACTAG 15 

c.38G>T 58.8    54        24 GAGTACTAgGGTTGGAGCAGGTGT GAGTACTAG 15 

c.34_38P 68 44 14 FAM-AAAGCGCACTGACAAT-MGB   

LNA Primer/Probe Sequence 

Forward LNA WT primer           TAGGTGATTTTGGTCTAGCTACAG+T 

Forward LNA mutant primer            TAGGTGATTTTGGTCTAGCTACAG+A 

BRAF exon 15 reverse primer 5'-ATCCAGACAACTGTTCAAACTGATG-3' 

Probe (away from mutation ) FAMAATCTCGATGGAGTGGGT-MGB 
 

Red= Mutated allele, FAM= 6-carboxyfluorescein (a fluorophore), MGB= dihydrocyclopyrroloindole tripeptide minor 

groove binder (a quencher), WT= wild type. 

 

http://en.wikipedia.org/wiki/Fluorescein
http://en.wikipedia.org/w/index.php?title=Dihydrocyclopyrroloindole_tripeptide&action=edit&redlink=1
http://pnabio.com/support/PNA_Tool.htm
http://en.wikipedia.org/wiki/Fluorescein
http://en.wikipedia.org/w/index.php?title=Dihydrocyclopyrroloindole_tripeptide&action=edit&redlink=1
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DNA extraction from FFPE tissue  

DNA was extracted from 84 FFPE tisssues to 

analyse mutations in KRAS and NRAS condons 12 

and 13 as well as BRAF 
V600E 

. The samples were 

incubated for 5 minutes at 65ºC in order to melt 

the wax and then dewaxed in Xylene (3 minutes x 

2) and put in alchohols 99% (1 minute x 1) 95% 

(1 minute x 1). After the slides had been dried in 

air, the sections were scraped off into 100µl buffer 

ATL, transferred to 1.5ml eppenddorf and then the 

slides were rinsed with a furthere 100µl buffer 

ATL. The samples were vortexted well and 

incubated at 56ºC for up to 48 hours with 

proteinase K (10 µlof 10mg/ml). The mixture 

were transferred to 0.5 ml safe locked  tubes and 

incubated at 70ºC for 10 minutes in a DNA 

thermal cycler (Perkin Elmer/Cetus 480; Perkin 

Elmer, Norwalk, CT). The samples were 

transferred to 1.5ml eppedorfs , 200µl of absolute 

ethanol added and mixed well by vortexing. The 

samples were applied to a QIAamp column and 

centerifuged at 8000rpm for one minute. After the 

samples was transferred to a fresh collection tube 

and washed with 500µl buffer AW1, the samples 

were centerfuged for another minute at 8000rpm.  

The QIAamp spin column was transferred to a 

fresh collection tube and 500µl of buffer AW2 

was added. The spin column was centrifuged at 

14000rpm for 3 minutes, placed in a fresh 

collection tube and centerifuged for another 

minute at the same speed. Then,  samples were 

trasnferred to new collection tube and 35 µl of 

elutiion buffer(AE) was added. Finally,  the 

coulnm was centerifuged at 8000 rpm for one 

minute after incubation at room temperature for 5 

minutes. DNA was quantified using the Nanodrop 

spectrphotometer (ND-100 Technologies, V3.2.1, 

USA) and the extracted DNA was stored at 4ºC. 

Real Time quantitative Polymerase Chain 

Reaction (Real-Time qPCR)  

Real Time quabtitative Polymerase Chain 

Reaction (Real-Time qPCR) reactions were 

performed by using StepOne Plus Applied 

Biosystems Real-time PCR (Applied Biosystems, 

USA). The primers were concentrated to 

200pmol/µl by adding appropriate volume of 

sterile ultrapure water (UP). The primers were 

diluted 1:10 by adding 10 µl of the primer stock 

into 90 µl of UP water. The same steps were done 

for diluting the PNA. Probes were diluted 1:50 by 

adding 2 µl of probe into 98 µl of UP water. DNA 

from cell lines and clinical samples were also 

diluted by adding appropriate volume of the UP 

water. Reactions containing 10 ng/3µl of genomic 

FFPE DNA were distributed into duplicate wells 

in a 96-well plate. Moreover, each plate included 

no template controls and positive controls.  the 

assay was carried out in 10µl reaaction mixture 

containg 5µl of TaqMan Genotyping Master Mix 

(Applied Biosystems, cat.no: 4371355, Cheshire, 

UK), primers, probes and PNA (0.2 µl each) , 3 µl  

DNA and the sterile UP water was used to make 

the final volume 10µl. 7µl of the  the master mix 

was distributed to the 96 well plates and then 3µl 

(10 ng/3 µl) of DNA was added to them. StepOne 

Plus Applied Biosystems Real-time PCR (Applied 

Biosystems, USA)                               

            2 hours) to maplify the PCR amplicons. 

Touch down QUASAqPCR method was used to 

increase the specificty of the primers and probes. 

The temperature for the initial 10 cycles was at 

69ºC. The temperature was decreased in 

increments for the followed cycles until 62ºC for 

probes and 61ºC for primers. 

  

RESULTS 
 

Initially, Catalogue of Somatic Mutations in 

Cancer (COSMIC) was used to find the most 

frequently occurring mutations in CRC 

(https://cancer.sanger.ac.uk/cosmic). It was 

observed that APC, KRAS, BRAF and NRAS 

genes are commonly mutated in CRC. According 

to the COSMIC website, the frequency of KRAS, 

BRAF and NRAS mutations in CRC is 40%, 

10.69% and 4.22%, respectively. However, 

approximately, 95.3% of BRAF mutations is 

BRAF c.1799T>A (V600E). In terms of NRAS, 

the data suggests that NRAS c.34G>T (G12C), 

NRAS c.35G>A (G12D) and NRAS c.38G>A 

(G13D) mutation are the most commonly 

occurring mutation in CRC . 

 

 The specificity and selectivity of probes for 

qPCR 

The specificity and selectivity of allele specific 

probes for qPCR were evaluated on cell lines. 

Both the 697 and THP-1 cell lines are 

heterozygous for the NRAS G12D mutation 

whereas MOLT-4 and NCI-H929 are 

heterozygous for the NRAS G12C and NRAS 

G13D mutations, respectively. WT human 

genomic DNA (without mutation) was used to 

calibrate the WT probe. It was found that only WT 

probe, but not mutant probe was amplified with 

human genomic DNA (HGDNA) and 
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unexpectedly with 697 cell lines (table 5 and 

figure 1). The other heterozygous cell lines (THP-

1 and NCI-H929) produced amplified products for 

both the WT and mutant probes. The WT DNA 

was amplified at 25 threshold cycle (Ct) (table 5 

and figure 1). The specificity and sensitivity of 

probes were determined by looking at the delta Ct 

 ΔC )  ΔC  = MUT C       – WT CT mean). The 

ΔC               b  1.80, 1.27     -0.52 for 

MOLT-4, NCI-H929 and THP-1, respectively 

(Table 5). Moreover, no PCR products were found 

with water which was used as negative control.  

These results show that the probes were specific to 

NRAS as they were working properly on all cell 

lines except with 697 cell line (Table 5 and figure 

1).

   
Table (5): qPCR       WT     MUT p  b  .                            l  cycl       ΔC  v l     f     c ll lines 

and HGD. 

Samples Probe WT Ct mean MUT Ct mean ΔCt 

HGDNA NRAS c.34G>T (G12C) 

 

NRAS c.35G>A (G12D) 

 

NRAS c.38G>A (G13D) 

25.79 

 

26.23 

 

24.81 

<50 

<50 

<50 

24.21 

 

23.77 

 

25.19 

MOLT-4  NRAS c.34G>T (G12C)          25.64        27.45        1.80 

697    NRAS c.35G>A (G12D) 25.93 <50 24.07 

NCI-H929 NRAS c.38G>A (G13D) 25.53 26.81 1.27 

THP-1 NRAS c.35G>A (G12D) 25.25                                    24.73 -0.52 
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Fig. (1): Specificity and selectivity of allele specific WT and MUT probes. A. Amplification plot of NRAS c.34G>T 

(G12C) probe versus cycle number showing the specificity of of qPCR WT and MUT allele specific probes. B. 

Amplification plot of NRAS c.35G>A (G12D) probe versus cycle number showing the specificity of of qPCR WT 

and MUT allele specific probes. C. Amplification plot of NRAS c.38G>A (G13D) probe versus cycle number 

showing the specificity of of qPCR WT and MUT allele specific probes. D. Amplification plot of NRAS c.35G>A 

(G12D) probe versus cycle number showing the specificity of of qPCR WT and MUT allele specific probes.  Black= 

mutant probe, green= WT probe, NTC= non template controls (water).  
 

3.2. Specificity and selectivity of primers for 

qPCR 

It was observed that the WT DNA was not 

quantified or quantified at very high Ct with the 

mutation specific primers. However, it was 

quantified at low Ct (29.44) with the WT-specific 

primers (figure 2 and table 6). The mutant DNA 

that was extracted from MOLT-4, NCI-H929 and 

THP-1 cell lines was quantified with the mutation 

specific primers and with WT-specific primers 

 F      2       bl  6).  T   ΔC  f         zy     

MOLT-4, NCI-H929 and THP-1cell lines was 

2.26, 1.18 and 0.72, respectively. The DNA that 

was extracted from 697 cell line was quantified 

with WT-specific primers at considerably lower 

Ct in comparison to their quantifications with the 

          p c f c p      . T   ΔC  f   697 c ll 

line was 5.95 (Table 6). Furthermore, there were 

no PCR products with water (negative control) 

indicating that the primers were specific to NRAS 

gene (Figure 2).

 

HGDNA  

A 
B 

 

 

 

Threshold 

 

 

 

Threshold 

 

 

 

MOLT-4 

Threshold MOLT-4 

HGDNA 

HGDNA  

Threshold HGDNA 697 

 

 

 

 

NTC 

NTC 

HGDNA  

HGDNA 

NCI-H929 

NTC 

HGDNA 

THP-1 

NTC 

C D 

697 HGDNA 

 

 

 

NCI-H929  
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Table 6. qPCR       WT     MUT p      . T     bl                          l  cycl       ΔC  v l     f     c ll 

lines and HGD. 

Sample Mutation  WT Ct mean MUT Ct mean ΔCt 

HGDNA 

HGDNA 

HGDNA 

NRAS c.34G>T(G12C) 

 

NRAS c.35G>A(G12D 

 

NRAS c.35G>A (G12D 

 

29.44 

 

29.44 

 

29.44 

< 50 

 

< 48..25 

 

< 50 

20.56 

 

18.81 

 

20.56 

MOLT-4 NRAS c.34G>T (G12C) 29.51 

 

31.77 

 

2.26 

 

697  NRAS c.35G>A (G12D 25.93 31.88 5.95 

 

NCI-H929 NRAS c.38G>A (G13D) 31.55 

 

32.73 1.18 

 

THP-1 NRAS c.35G>A (G12D 29.96 

 

30.68 

 

0.72 

 

 
 Specificity and selectivity of PNA clamp on cell 

lines  

PNAs are artificially synthesized 

oligonucleotide analogues in which the sugar 

phosphate backbone is replaced by a pseudo-

peptide backbone. The clamp was designed to 

effectively target the point mutations and to block 

wild type DNA from competing in the PCR as a 

template (Figure 2 and figure 3). PNA-clamp PCR 

technique was used in different ways in order to 

understand the concept of this novel method for 

detection of point mutations. PNA was designed 

to hybridize with the WT alleles of the NRAS
 
gene 

codons 12 and 13 and block their amplifications. 

Therefore, only mutant alleles were expected to 

amplify (Figure 2 and 3). The sensitivity and 

specificity of PNA-clamp PCR technique was 

tested with three cell lines (MOLT-4, THP-1 and 

NCI-H929) as they were harbour to NRAS codons 

12 and 13 mutations and with HGDNA. PNA was 

used with both mutation allele specific primers 

and probes but it was not used with the WT allele 

specific primers and probes. It was shown that 

with the MUT allele specific primers or probes + 

PNA; the Ct of the WT DNA was undetermined 

or sometimes was quantified at very high Ct 

(Figure 4 and 5) While with the WT allele specific 

primers or probes – PNA; the WT DNA the WT 

DNA was quantified at low Ct. Conversely, PNA 

did not block the amplification of MUT DNAs as 

they were amplified in both MUT allele specific 

primers and probes (table 7 and 8, figure 4 and 5). 

These results show that the PNA was specific for 

blocking the amplification of WT DNA in NRAS 

codons 12 and 13.

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of University of Duhok, Vol. 21, No.2 (Pure and Eng. Sciences), Pp 99-129, 2028 
https://doi.org/10.26682/sjuod.2018.21.2.9 

   

 

011 

 

 
 
 
 
 
  
 
 
 
 
 
 

 

 

 

 

 
Fig. (2). Specificity and selectivity of allele specific WT and MUT primers. A. Amplification plot of NRAS 

c.34G>T (G12C) probe versus cycle number showing the specificity of of qPCR WT and MUT allele specific 

primers. B. Amplification plot of NRAS c.35G>A (G12D) primer versus cycle number showing the specificity of of 

qPCR WT and MUT allele specific primers. C. Amplification plot of NRAS c.38G>A (G13D) primer versus cycle 

number showing the specificity of of qPCR WT and MUT allele specific primers. Purple= mutant probe, Orange= 

WT primer.  
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Fig. (3). Specificity and selectivity of PNA clamp on cell lines and HGDNA by using WT and MUT allele specific 

probes. A. Amplification plots of NRAS c.34G>T (G12C) and HGDNA fluorescence versus cycle number shows the 

specificity of PNA clamp on MUT and WT DNA. B. Amplification plots of NRAS c.35G>A (G12D) and HGDNA 

fluorescence versus cycle number shows the specificity of PNA clamp on MUT and WT DNA. C. Amplification 

plots of NRAS c.38G>A (G13D) and HGDNA fluorescence versus cycle number shows the specificity of PNA 

clamp on MUT and WT DNA. Orange = with PNA, blue = without PNA. HGDNA= human genomic DNA, NTC= 

non template control.  
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Fig. (4): Specificity and selectivity of PNA clamp on cell lines and HGDNA by using WT and MUT allele specific 

probes. A. Amplification plots of NRAS c.34G>T (G12C) and HGDNA fluorescence versus cycle number shows the 

specificity of PNA clamp on MUT and WT DNA. B. Amplification plots of NRAS c.35G>A (G12D) and HGDNA 

fluorescence versus cycle number shows the specificity of PNA clamp on MUT and WT DNA. C. Amplification 

plots of NRAS c.38G>A (G13D) and HGDNA fluorescence versus cycle number shows the specificity of PNA 

clamp on MUT and WT DNA. Orange = with PNA, blue = without PNA. HGDNA= human genomic DNA, NTC= 

non template control.  
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Fig. (5). Specificity and selectivity of PNA clamp on cell lines and HGDNA by using allele specific primers. A. 

Amplification plots of NRAS c.34G>T (G12C) and HGDNA fluorescence versus cycle number shows the specificity 

of PNA clamp on MUT and WT DNA. B. Amplification plots of NRAS c.35G>A (G12D) and HGDNA 

fluorescence versus cycle number shows the specificity of PNA clamp on MUT and WT DNA. C. Amplification 

plots of NRAS c.38G>A (G13D) and HGDNA fluorescence versus cycle number shows the specificity of PNA 

clamp on MUT and WT DNA. Orange = with PNA, blue = without PNA. HGDNA= human genomic DNA, NTC= 

non template control.  
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Table (7): The specific and selectivity of PNA on cell lines and HGDNA by using allele specific primers. The table 

                 l  cycl       ΔC  v l     f     WT DNA            DNA                       PNA. 

 

Table (8): The specific and selectivity of PNA probe on cell lines and HGDNA by using allele specific probes. The 

  bl                   l  cycl       ΔC  values of the WT DNA and mutant DNAs with and without the PNA. 

Samples Mutation MUT Ct mean + 

PNA 

WT Ct mean - PNA ΔCt 

HGDNA 

 

HGDNA 

 

HGDNA 

 

NRAS c.34G>T (G12C) 

 

NRAS c.35G>A(G12D) 

 

NRAS c.38G>A(G13D 

40.60 

 

< 50 

 

< 50 

28.77 

 

28.14 

 

28.12 

15.84 

 

21.86 

 

21.88 

MOLT-4 NRAS c.34G>T (G12C) 29.87 27.15 2.72 

THP-1 NRAS c.35G>A (G12D) 28.69 27.85 0.84 

NCI-H929 

 

NRAS c.38G>A (G13D) 31.02 29.44 1.58 

 

 Analytical sensitivity of PNA-clamp 

QUASAqPCR  

DNA from the NRAS c.38G>A (G13D) 

mutated NCI-H929 cell line was serially diluted 

into the WT DNA from the HGDNA in order to 

perform analytical sensitivity of the PNA-clamp 

QUASAqPCR. Additionally, triplicates of sterile 

UP water and WT DNA (0% mutant) were also 

included in this test as a negative control and as a 

reference, respectively. PNA was added to the 

reaction with the mutation allele specific probe, 

but it was not added with the WT allele specific 

probe. It was observed that with the WT allele 

specific probe, all the dilutions of DNA were 

amplified almost at the same Ct (figure 7). 

Moreover, no amplification of water was observed 

in the reactions indicating that there was no 

contamination. However, with the mutant NRAS 

c.38G>A (G13D) probe; WT DNA (0%mutant) 

was quantified at the very high Ct (39.69), but all 

the concentration of the mutant DNA were 

amplified starting from low Ct (29.40) to high Ct 

(38.11) with the mutation allele specific probe and 

PNA (figure 3.8.). The ΔC   f     

25%,12.5%,6.5%, 3.125%, 1.562%, 0.78%, 

0.39%, 0.19%, 0.09%, and 0.04% mutant DNA 

was -10.29, -9.60, -8.94,-7.47, -6.30, -5.89, -4.43, 

-4.39, -3.22 and -2.54, respectively. It was 

observed that even 0.04ng of mutated DNA can be 

detected among the high background of WT DNA 

by the using PNA-clamp QUASAqPCR assay (P< 

0.01) (figure 6).

  

 

Samples Primer MUT Ct mean+ 

PNA 

WT Ct mean - PNA ΔCt 

HGDNA 

 

HGDNA 

 

HGDNA 

NRAS c.34G>T (G12C) 

 

NRAS c.35G>A(G12D) 

 

NRAS c.38G>A(G13D) 

< 50 

 

< 50 

 

< 50 

31.18 

 

30.89 

 

29.56 

18.82 

           

           19.11 

 

           20.44 

 

MOLT-4 NRAS c.34G>T (G12C) 33.45 30.65 

 

2.8 

 

THP-1 NRAS c.35G>A(G12D) 31.71 32.61 -0.9 

 

NCI-H929 

 

NRAS c.38G>A(G13D) 34.79 33.28 1.51 
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Fig. (6): Analytical sensitivity of PNA-clamp QUASAqPCR. The figure shows amplification plot obtained for WT 

DNA and sample containing known amount of NRAS c.38G>A (G13D) mutated alleles (25%, 12.5%, 6.25%, 

3.125%, 1.56%, 0.78%, 0.39%, 0.19% and 0.09%, 0.04) to WT DNA background by using mutant NRAS c.38G>A 

(G13D)  probe. HGDNA= human genomic DNA. 
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Figure 7. Analytical sensitivity of PNA-clamp QUASAqPCR. The figure shows amplification plot obtained for WT 

DNA and sample containing known amount of NRAS c.38G>A (G13D) mutated alleles (25%, 12.5%, 6.25%, 

3.125%, 1.56%, 0.78%, 0.39%, 0.19% and 0.09%, 0.04) to WT DNA background by using wild type  NRAS 

c.38G>A (G13D)  probe. 

 

 
Comparison between PNA-clamp 

QUASAqPCR and ASLNA-qPCR on cell line 

control  

Analytical sensitivity of ASLNA-qPCR was 

performed by Bizhar Tayeb (previous MSc 

student). DNA from BRAF 
V600E 

mutated A375-P 

cell line was serially diluted into WT DNA from 

HCT-116 cell line. It was found that samples with 

higher concentration of mutant DNA were 

amplified at lower Ct than samples with lower 

concentration of mutant DNA. The ratios of 

mutant the NRAS c.38G>A (G13D) DNA for each 

dilution was as the following: 0.5, 0.25, 0.125, 

0.06, 0.03, 0.015, 0.008, 0.004, 0.002, 0.001, 

0.005, 0.0002 and 0.0001. The ratio of mutant 

DNA to WT background, that was detectable, was 

1.1000 (P<0.01) (figure 8). However, in this 

study, the analytical sensitivity of PNA-clamp 

QUASAqPCR was carried out and the ratios of 

mutant DNA for each dilution were 0.25, 0.125, 

0.0625, 0.0312, 0.0156, 0.0078, 0.0039, 0.002, 

0.001 and 0.0005. The results show that PNA-

clamp QUASAqPCR could significantly detect 

less than 1:2000 (P<0.01) indicating that this 

assay is more sensitive than ASLNA-qPCR 

technique as it detected an exceptionally low 

amount of mutant DNA within high WT 

background and the efficiency of  the assay was 

very high 98.8% (figure 9.). As it is clear from the 

figure 3.10 the linear correlation between both 

mutant DNA concentrations and Ct values is 

significantly negative.
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Fig. (8): Standard curve titration of the PNA-clamp QUASAqPCR for NRAS c.38G>A (G13D). Serial dilution of 

the NRAS c.38G>A (G13D) mutated NCI-H929 cell line DNA in WT DNA. Blue squares correspond to 0.25, 0.125, 

0.0625, 0.0312, 0.0156, 0.0078, 0.0039, 0.002, 0.001 and 0.0005 of mutant to WT ratios (triplicate samples). 

Efficiency of the assay = 98.8%. The red circle = WT reference DNA. * = represents that there is statistically 

     f c      ff    c  b           v l            WT  c     l) by           T k y’    l  pl  c  p                

ANOVA. 
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Fig. (9): Standard curve titration of the ASLNAqPCR for BRAF 

V600E. 
Serial dilution of the BRAF 

V600E
 mutated 

A375-P cell line DNA in WT DNA. Red Squares represents to 0.5, 0.25, 0.125, 0.06, 0.03, 0.015, 0.008, 0.004, 

0.002, 0.001, 0.0005, 0.0002, 0.0001of mutant to WT ratios.  The red circle = WT reference DNA. * = there is 

statistically significant diff    c  b           v l            WT  c     l) by           T k y’    l  pl  

comparisons test in ANOVA. (From previous year MSc student). 

 
ASLNAqPCR on clinical samples to detect 

BRAF 
V600E 

  

A total of 84 retrospective tissues were 

obtained from Leicester Royal Infirmary (LRI) 

and tested for BRAF 
V600E 

 mutation. Samples were 

separated based on the location of the lesion of the 

colon in to left and right sided tissues. The tissues 

obtained from rectum, sigmoid, and the distal 

third of the transverse colon represent left sided 

tissues. However, the tissues obtained from 

proximal two thirds of the transverse colon, 

ascending colon and caecum represent the right 

sided tissues. A total of 11.90% of samples were 

from right adenomatous lesions, 28.57% from left 

adenomatous lesions, 22.61% from left carcinoma, 

27.38% from right carcinoma, 4.76% from right 

sided hyperplastic polys and 4.76% from left sided 

hyperplastic polyps. In terms of age, 55.57% of 

them were older than 70 years, 29.57% were 

between 60-70 years old and 16.66% were 

between 50-60 years old. DNA was extracted 

from all samples and it was quantified using the 

Nanodrop spectrphotometer (ND-100 

Technologies, V3.2.1, USA). ASLNAqPCR assay 

is based on allele specific PCR and is ideally 

suited to detect point mutations in BRAF 
V600E 

  

gene. The LNA wild-type specific primer and 

LNA mutation specific primer for BRAF 
V600E 

  

were desigend to amplify the wild type and mutant 

alleles, respictively. PNA was used with the LNA 

mutation specific primer in order to block the 

amplification of the WT alleles and allow the 
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amplification of the mutant alleles. However, the 

PNA was not added to the reactions that contain 

LNA wild-type specific primer. SK-MEL 28 and 

SK-MEL5 cells which are known to harbour the 

BRAF 
V600E 

mutations were used as positive 

controls. Both SK-MEL- 28 and SK-MEL-5 cells 

are human melanoma cell lines. However, the SK-

MEL- 28 is homozygous for BRAF c.1799T>A 

(V600E), but and SK-MEL-5 is heterozygous. 

Furthermore, the HGDNA was also used as a 

positive control. As it was expected, the results 

showed that PNA suppressed the amplification of 

the WT DNA and allowed the amplification of 

MUT DNA. With PNA the HGDNA was not 

quantified but the DNA that was extracted from 

the cell lines was quantified (SK-MEL 28 Ct mean 

= 28.42 and the SK-MEL-5 Ct mean= 32.32). On 

the other hand, without PNA the HGDNA was 

quantified at the low Ct which was 27.98. 

Therefore, the samples that amplified with the 

presence of PNA were expected to be positive to 

the BRAF
V600E 

 mutation (figure 10).

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
Figure 10.  PNA- clamp PCR. Amplification plots of BRAF 

V600E 
florescence versus cycle number show the 

specificity of PNA-clamp PCR. A. The figure shows that the PNA suppressed the amplification of WT-DNA 

(HGDNA) and only the MUT-DNA (K133 and SK-MEAL-5) was amplified.  B. The figure shows that the PNA 

suppressed the amplification of WT-DNA (HGDNA) and only the MUT-DNAs (K7 and SK-MEAL-28) were 

amplified.  C and D.  The figures show that the cell line (SK-MEL-28) was amplified but HGDNA, KT 8 and A51 

were suppressed by PNA.  HGDNA= Human genomic DNA, SK-MEL-5= heterozygous cell line, SK-MEL-28= 

Homozygous cell line, KT133, KT 7 and KT 8= left carcinoma, A 51 = left adenoma, and NTC= non template 

control. 
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Fig. (11): Representative plot of the ASLNAqPCR on clinical samples to detect BRAF 
V600E  

mutation.The figure 

shows the ΔC  with the WT DNA Ct of all samples. Green line= limitation limits for detecting mutant alleles related 

to the WT CT (10ng starting DNA), Red= SK-MEL 5, Blue= the DNA of the single well was amplified, purple= the 

DNA of the two wells was amplified. 

 

Table (9): ASLNAqPCR on clinical samples to detect BRAF 
V600E 

 .The table demonstrates the threshold cycles and 

ΔC  v l     f     13 cl   c l c        c       p     v  f   BRAF 
V600E 

 mutation as well as the negative and positive 

controls (HGDNA, SK-MEAL-28 and SK-MEAL-5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

WT=   l   yp  p     ; MUT=           p c f c p     ; C = cycl         l ; ΔC = delta Ct; A= adenomatous; HP= 

hyperplastic polys; KT= carcinoma; HGDNA= human genomic DNA; SK-MEAL-28= homozygous human 

melanoma cell line; SK-MEL 5= heterozygous human melanoma cell line, (M) = moderate, (P) = poor, 1= DNA 

was amplified only in a single well and 2= DNA amplified in double wells. 
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Samples MUT Ct mean with PNA WT Ct mean without PNA ΔCt status Stage 

A22 37.93 34.57 3.36 1  

A55 37.60 33.99 3.60 2  

A52 39.41 32.08 7.33 1  

A79 40.44 34.53 5.91 1  

KT07 31.22 29.98 1.23 2 C1 

KT114 36.99 37.29 -0.30 2 B 

KT124 35.25 41.91 -6.65 2 C 

KT133 28.17 27.81 0.35 2 C1 

KT14 33.10 33.16 -0.06 2 C1 

KT30 36.65 43.75 -7.09 2 C1 

KT58 32.02 35.17 -3.14 2 B 

KT80 39.81 36.55 3.25 2 C 

HP64 38.96 36.95 2.01 1  

HGDNA < 50 27.98 22.02   

SK-MEL 5 32.328 31.19 1.12 2  

SK-MEL 

28 

28.42 49.71 -21.29 2  
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The Ct mean of the WT allele specific primers 

for each sample was taken and plotted with their 

ΔC . A l               f        cycl    f     

amplification of cell line and considered as 

theoretical limits for detecting mutant alleles 

related to the WT Ct (10ng starting DNA) (figure 

11). Of all cases investigated, 15.47% (13/84) 

showed mutation in BRAF 
V600E. 

(table 9). Chi 

square and Fisher's Exact tests were used to show 

the effect of age, gender and tumour location on 

mutations in BRAF 
V600E 

. Among the BRAF 
V600E 

 

positive samples, 69.23 % of cases were older 

than 70 years, 15.38 % cases were between  60-70 

years old and 15.38% patients were between 50-

60 years old. Moreover, among the 8 carcinoma 

positive 

samples, 

six of 

them were 

at stage C 

and the others were at stage B (Table 10). It was 

observed that there is no statistically significant 

association between age and mutations in BRAF 
V600E 

 (P< 0.40). However, it was found that there 

is statisticaly siginificant relationship between 

tumor location and BRAF 
V600E 

 mutaions (P< 

0.014) (figure 11). Amongst the positive BRAF 
V600E 

, 76.92% cases were right sided, while only 

23.07% were left sided. In terms of gender, as it is 

clear from the table 3.6, there is no significant 

association between type of gender and BRAF 
V600E 

 mutaions (P<0.83) (table 10).

  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
Fig. (11): The relationship between BRAF 

V600E 
mutations and tumor location. The figure shows that there is 

significant association between right side tumor and BRAF 
V600E 

mutation (P<0.014). 
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Table (10): Clinicopathological and molecular features of 84 analysed tumour cases. The table shows the frequency 

and incidence of BRAF 
V600E 

muattion and its association with age, gender and tumour location. 

 

Feature Total (%) No. of BRAF mutation P-value 

Age 

50-60 14 (16.66) 2 (15.38)  

0.40 

60-70 25 (29.76) 2 (15.38) 

<70 45 (53.57) 9 (69.23) 

Gender 

Male 43 (51.19) 7 (53.84)  

0.83 

Female 41 (48.80) 6 (46.15) 

Tumour location 

Right-sided 37 (44.04) 10 (76.92)  

0.014 

Left- sided 47 (55.95) 3 (23.07) 

 
 

PNA-clamp PCR on clinical sample to detect 

NRAS gene mutations 

 Detection of NRAS gene mutations by using 

allele specific probes  

The same samples that were tested for BRAF 
V600E 

mutation were also tested for NRAS codons 

12 and 13 mutations. NRAS c.34G>T (G12C), 

NRAS c.35G>A (G12D) and NRAS c.38G>A 

(G13D) are considered as the most frequent 

mutations in NRAS gene. Therefore, the probes 

were designed to detect these three mutations. 

However, another allele specific probe was 

designed to amplify WT DNA. MOLT-4, THP-1 

and NCI-H929 cell lines were used as positive 

controls for NRAS c.34G>T (G12C), NRAS 

c.35G>A (G12D) and NRAS c.38G>A (G13D), 

respectively. Moreover, HGDNA was used as 

positive control for WT DNA and sterile UP water 

was used as non- template control. PNA probe 

was used with the mutant allele specific probe to 

block the amplification of the WT DNA and allow 

the amplification of the mutant DNA. On the other 

hand, it was not used with the WT allele specific 

probe reactions. It was found that the HGNDA 

with PNA was quantified at high Ct (44.48), but it 

was quantified at vey lower Ct (26.13) without 

PNA. The DNA that was extracted from three 

heterozygous cell lines was amplified with both 

mutant and WT allele specific probes. Moreover, 

there were no PCR products with negative control. 

Amongst 84 samples, only one sample was 

seemed to be positive for NRAS c.38G>A (G13D) 

mutation, but it was on the border line of 

detection. In terms of NRAS c.35G>A (G12D) 

mutation, the figure 12 and 13 and table 11 Show 

that 2 samples are seem to be positive. However, 

one of them was in the border line of detection. 

Finally, none of the samples was found to be 

mutated with NRAS c.34G>T (G12C). Overall, it 

was observed that the probes were not specific 

enough and not well optimized for detection of 

mutations because there were a lot of background 

and many samples were amplified only in one 

well with the mutant specific probes (figure 12).
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Fig. (12): Representative plots of the PNA-clamp PCR on clinical samples to detect NRAS gene mutation. A. The 

figure shows the ΔC  and the WT probe Ct of all samples for NRAS c.38G>A (G13D) mutation. B. The figure 

demonstarets the ΔC  and the WT DNA Ct of all samples for NRAS c.35G>A (G12D) mutation. C. The figure 

shows the ΔC  and the WT DNA Ct of all samples for NRAS c.34G>T (G12C). Line= 10 cycle after amplification of 

positive control (cell lines), Green line = limitation limits for detecting mutant alleles related to the WT CT (10ng 

starting DNA), Red A= NCI-H929, B= THP-1 and C= MOLT-4 cell line, Blue= the DNA of the single well was 

amplified, purple= the DNA of the two wells was amplified. 
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Fig. (13): PNA- clamp PCR. Amplification plots of NRAS codon 12 and 13
 
florescence versus cycle number show 

the specificity of PNA-clamp PCR on clinical samples. A. The figure shows the amplification of mutant NRAS 

c.34G>T (G12C) probe with MOLT-4 cell line, HP237 sample and HGDNA. B. the figure demonstrates the 

amplification of mutant NRAS c.35G>A (G12D) probe with THP-1 cell line, KT17 sample and HGNDA. 

HGDNA= Human genomic DNA, KT17= carcinoma, HP237= hyperplastic polyps and NTC= non template control. 

 
 

Table 11. PNA- clamp PCR on clinical samples to NRAS codons 12 and 13 mutations
 
.The table demonstrates the 

       l  cycl       ΔC  v l     f           cl   c l c        c       p     v  f   NRAS mutation. 

Samples Probe MUT Ct mean with 

PNA 

WT Ct mean without 

PNA 

ΔCt status 

HP237 NRAS c.38G>A (G13D) 36.54 26.39 10.14 1 

KT17 (A) NRAS c.35G>A (G12D) 42.17 32.91 9.261 1 

KT109 (B) NRAS c.35G>A (G12D) 45.05 34.33 10.71 1 

 

WT=   l   yp   ll l   p c f c p  b ; MUT=           ll l   p c f c p  b ; C = cycl         l ; ΔC =   l   C ; HP= 

hyperplastic polys; KT= carcinoma; 1= DNA was amplified only in a single well,(A) and (B)= stage of CRC.  

 

 

 

Detection of NRAS gene mutations by using 

allele specific primers 

As results obtained from using allele specific 

probes were not convincing. Therefore, the 

samples had to be analysed by allele specific 

primers as well. The samples, that were positive or 

were between positive and negative line, were 

selected to be re-analysed with allele specific 

B. 

NCI a12 

A42 34  
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primers. The same positive and negative controls 

that used with allele specific probes were used 

with allele specific primers as well. Four samples 

(HP237, KT103, A39 and A180) were found to be 

positive for NRAS c.38G>A (G13D) mutation. 

However, only in two of them the DNA was 

amplified in both wells. In terms of NRAS 

c.35G>A (G12D) mutation, two samples (KT17 

and KT109) were seen to be positive (Figure 14 

and 15). Finally, as it is clear from figure 14 three 

samples are seems to be positive for NRAS 

c.34G>T (G12C) mutation. Nevertheless, one of 

them was in the border line of detection and it was 

not positive with probes (Figure 14 and 15). 

Thereby, it was considered as WT for NRAS 

c.34G>T (G12C) mutation. All the samples that 

were positive with allele specific probes were also 

positive with allele specific primers. However, 

there were another six positive samples with only 

allele specific primers (table 12). One of the cases 

(HP237) was positive for both NRAS c.34G>T 

(G12C) and NRAS c.38G>A (G13D) mutations. 

After samples had been tested with allele 

specific primers and allele specific probes, NRAS 

mutation was observed in 8.33% cases. Chi square 

and Fisher's Exact tests were used to know the 

effect of age, gender and tumour location on 

mutations in NRAS codon 12 and 13. It was found 

that there is no statistically significant association 

between age and mutations NRAS codons 12 and 

13 (P< 0.98) (table 13). Among NRAS positive 

samples, 14.28% of them were between 5.-60 

years old, 28.57% were between 60-70 and 57.14 

were older than 70 years older. Moreover, it was 

also observed that tumoure location and gender do 

not have staitically significant relation with NRAS 

mutation (P>1.0). 57.14% of mutated samples 

were males and 42.85% of them were females. In 

terms of tumour location, 57.14% mutated cases 

were right sided and 42.57% left sided (table 13). 

Furthermore, 14.28% of mutated samples were 

from hyperplastic polyps patients, 28.57% of them 

were from adenomatous and 57.14% were from 

carcinoma pationts. Interesingly, the carcinoma 

positive cases were at stage A and B.

  

 
Table 12. PNA- clamp PCR on clinical samples to NRAS codons 12 and 13 mutations

 
.The table demonstrates the 

       l  cycl       ΔC  values of the seven clinical cases which were positive for NRAS mutation. 

Samples primer MUT Ct mean 

with PNA 

WT Ct mean without PNA ΔCt status Stage 

HP237 NRAS c.38G>A (G13D) 35.00 27.25 7.75 2  

KT103 NRAS c.38G>A (G13D) 38.16 29.79 8.36 2 A 

A39 NRAS c.38G>A (G13D) 36.84 27.55 9.29 1  

A180 NRAS c.38G>A (G13D) 34.33 25.86 8.47 1  

KT17 NRAS c.35G>A (G12D) 31.74 26.71 5.02 2 A 

KT109 NRAS c.35G>A (G12D) 36.25 33.12 3.13 2 B 

HP237 NRAS c.34G>T (G12C) 35.51 27.25 8.26 2  

KT12 NRAS c.34G>T (G12C) 34.21 25.27 8.93 2 B 

WT=   l   yp  p     ; MUT=           p c f c p     ; C = cycl         l ; ΔC =   l   C ; A=            ; HP= 

hyperplastic polys; KT= carcinoma; HGDNA= human genomic DNA; 1= DNA was amplified only in a single well, 

2= DNA amplified in double wells. 
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Fig. (14): Representative plots of the PNA-clamp PCR on clinical samples to detect NRAS gene mutation. A. The 

figure shows the delta Ct and the WT DNA Ct of all samples for NRAS c.38G>A (G13D) primer. B. The figure 

demonstarets the delta Ct and the WT DNA Ct of all samples for NRAS c.35G>A (G12D) primer. C. The figure 

shows the delta Ct and the WT DNA Ct of all samples for NRAS c.34G>T (G12C) primer. Green line= theoritical 

limits for detecting mutant alleles related to the WT Ct (10ng starting DNA), Red A= NCI-H929, B= THP-1 and C= 

MOLT-4 cell line, Blue= the DNA of the single well was amplified, purple= the DNA of the two wells was 

amplified. 
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Fig. (15): PNA- clamp PCR. Amplification plots of NRAS codon 12 and 13
 
florescence versus cycle number show 

the specificity of PNA-clamp PCR on clinical samples.   A. The figure shows the amplification of mutant NRAS 

c.35G>A (G12D) primer with THP-1 cell line, KT109 sample and HGDNA. B. the figure demonstrates the 

amplification of NRAS c.34G>T (G12C) primer with MOLT-4 cell line, A15 sample and HGDNA. HGDNA= 

Human genomic DNA, KT109= carcinoma, A15= adenoma and NTC= non template control. 
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Table 13. Clinicopathological and molecular features of 84 studied CRC samples. The table shows the frequency 

and incidence of NRAS codons 12 and 13 muattions and their association with age, gender and tumour location. 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

Worldwide, it is reported that more than 

608,000 deaths and 1.2 million cases are attributed 

to this cancer (Countinho et al, 2013). There is 

evidence that an accumulation of genetic changes 

lead to the progression of CRC from normal tissue 

to carcinoma. The data suggests that APC, KRAS, 

BRAF and NRAS are the most widely affected 

genes (Vaughan et al, 2011). Allele- specific PCR 

is reported to be one of the most widely used 

methods for detecting mutations in BRAF 
V600E

 

and NRAS. Although in this technique the primers 

are designed to bind at site of mutation, significant 

mismatched amplification usually occurs (Liu et 

al, 2012). In this project QUASAqPCR and 

ASLNAqPCR were used with the Peptide nucleic 

acid (PNA). PNAs are DNA mimic, in which the 

negatively charged deoxyribose phosphate 

backbone is replaced by an uncharged pseudo-

peptide backbone N-(2-aminoethyl) glycine units 

linked by peptide bonds (Skronski et al, 2011). 

The higher stability of a PNA-DNA duplex in 

comparison to the corresponding DNA-DNA 

duplex and the higher specificity of PNA binding 

are the basis for this fundamental technique 

(Nielsen et al, 2010). This method comprises a 

distinct annealing phase involving the PNA 

targeted against one of the primer sites. The 

formation of a PCR product is effectively blocked 

by the formation of PNA/DNA complex at one of 

the primers sites. PNA is also able to distinguish 

between single mismatch and fully 

complementary in a mixed target PCR (Ray et al, 

Feature Total (%) No. of NRAS mutation P-value 

Age 

50-60 14 (16.66) 1 (14.28)  

 

0.98 

 60-70 25 (29.76) 2 (28.57) 

<70 45 (53.57) 4(57.14) 

Gender  

Male 43 (51.19) 4 (57.14)  

1.00 

Female 41 (48.80) 3(42.85) 

Tumour location   

Right-sided 37 (44.04) 4 (57.14)  

1.00 

Left- sided 47 (55.95) 3 (42.57) 
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2000).  Allele specific PCR (AS-PCR) is 

commonly used technique for detection of point 

mutations including BRAF
V600E 

and NRAS 

mutations. This technique is based on the principle 

      x         f p        ly  cc         3’    

nucleotide of a primer perfectly matches its target 

(Morlan et al. 2009). Nevertheless, the occurrence 

of considerable mismatched amplification is 

commonly found in practice. Therefore, 

amplification of WT allele is not eliminated, when 

    3’      cl        f  ll l   p c f c p      

anchors at the specific mutant base, but its 

amplification is reduced (Morlan et al. 2009). 

Each mutant primer was only amplified with its 

appropriate cell line apart of 697 cell line. 

Conversely, it was not quantified with the 

HGDNA (WT DNA). As it was expected, the WT 

allele specific primers were amplified with all cell 

lines and with the HDNA. This is because all the 

cell lines were heterozygous. Three allele specific 

probes were also designed in the same way that 

allele specific primers were designed but with the 

higher Tm. The specificity and selectivity were 

found to be slightly higher with allele specific 

probes than primers on cell lines especially with 

NRAS c.34G>T (G12C) p  b  b c     ΔC      

2.26 with the NRAS c.34G>T (G12C) primer, but 

it was 1.80 with NRAS c.34G>T (G12C) probe. 

This is probably because the assay for the allele 

specific primers was not well optimized. 

However, it is worth knowing that in this study,  

touchdown (TD) PCR method was used with all 

PNA-clamp QUASAPCR reactions to increase the 

specificity and sensitivity of binding primers and/ 

or probes to target sequence and avoid amplifying 

nonspecific products. This method is utilized to 

rapidly optimize PCRs without the need for 

redesigning primers and/or probes, or the length 

optimizations. TD-PCR employs an initial higher 

annealing temperature than the estimated melting 

temperature (Tm) of the primers. Then, the 

annealing temperature is progressively decreased 

(e.g. 1-2°C /every second cycle) by using cycling 

program until it reaches the optimal annealing 

temperature of the primers (Korbie et al, 2008). 

697 cell line is reported to be mutated with NRAS 

c.34G>T (G12C). However, it was not amplified 

with its mutant allele specific probes and was 

amplified at high Ct with the mutation allele 

specific primer. Nevertheless, it was amplified 

with the WT allele specific probe and primer. This 

indicates that there is no NRAS c.34G>T (G12C) 

mutation in this version of cell line or probably 

the wrong cell line was mistakenly labelled. The 

specificity, selectivity and sensitivity of PNA 

were validated on three cell lines that were known 

to harbour appropriate mutations in NRAS codons 

12 and 13. The PNA was found to be highly 

specific as in some cases HGDNA was completely 

supressed by PNA, but it was quantified at low Ct 

without using PNA. On the other hand, the mutant 

DNA was quantified at low Ct. Moreover, the 

analytical sensitivity for PNA-clamp 

QUASAqPCr was performed and it was found 

that this assay is exceptionally sensitive because 

even 1:2000 ratio of mutant to WT DNA was 

significantly detected (P<0.01).   

ASLNAqPCR is a novel allele specific PCR 

with forward WT and mutant- specific primers 

modified with locked nucleic acid (LNA) 

nucleotides at the 3'end sequence terminal 

(Morandi et al, 2012). When LNA-modified 

nucleotides anneal with their DNA complement, 

an oligonucleotide containing LNAs alter the 

conformation of this duplex in relative to a normal 

DNA: DNA duplex and the Tm of DNA 

heteroduplex considerably increases between 1-

8
o
C for each LNA- modified nucleotide (Morandi 

et al, 2012). LNA oligonucleotides have been used 

as a blocker to block the WT alleles and increase 

the sensitivity of PCR. This blocker is reported to 

be significantly useful to detect mutations in 

KRAS, NRAS and BRAF (Morandi et al, 2012). 

The sensitivity of ASLNAqPCR assay was 

analysed by Bizhar Tayeb and the assay was 

sensitive enough to statistically detect 1.1000 ratio 

of mutant DNA into WT DNA background (P< 

0.01).  However, in this project, blocker LNA 

oligonucleotides were used in combination of 

clamping PNA to increase the PCR sensitivity for 

detecting BRAF 
V600E 

mutation. Interpretation of 

the PNA- clamp ASLNAqPCR technique was 

depended on the amplification of a PCR product 

on condition of the presence of respective 

mutation. The sample was considered as mutant, 

when amplicon was detected in the mutant allele 

specific reaction within 10 cycles of the mean Ct 

of the WT sequence. Conversely, the sample was 

considered as negative, if no amplicon was 

detected. Moreover, reaction were run in 

duplicate; the mean Ct values of the WT primer 

        ΔC  v l    ΔC = C   f        p      – Ct 

of WT primer) were recorded and were used to 

define a cut off. If the samples fell under the cut 

off, they were considered as positive for 

BRAF
V600E 

mutation. Adenoma-carcinoma 
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sequence has been known as a traditional pathway 

to CRC and is supported by strong evidence. 

However, currently, another pathway has been 

suggested depend on the development of colonic 

lesions with a serrated morphology. More 

recently, it is found that the mutation of 

BRAF
V600E 

is significantly related to the serrated 

subtypes hyperplastic polyps (HPs) and adenoma 

(Kambara et al, 2004). BRAF 
V600E 

is found to be 

mutated in 10-15% of CRC in population based 

studies. This mutation leads to the constitutive 

activation of the BRAF kinase and induces cell 

transformation (Ogino et al, 2012). Several studies 

have shown that mutation in BRAF
V600E   

is a 

negative predictor of response from
 
therapy in WT 

KRAS tumour. Nicolantonio et al (2008) tested 

113 CRC patients treated with anti-EGFR therapy, 

14% of them were mutated with BRAF
V600E, 

and 

none of them responded to treatment. On the other 

hand, all the responders carried WT BRAF
V600E

.
 

The data suggest that progression free survival 

and overall survival were considerably shorter in 

patients with BRAF
V600E   

mutation (Nicolantonio 

et al, 2008). Conversely, Laurent et al (2009) 

tested 173 previously anti-EGFR treated patients 

with mCRC and they showed that there is no 

significantly association between lack of response 

to anti-EGFR therapy and BRAF 
V600E 

mutations. 

The BRAF 
V600E 

mutation associations and 

frequency observed in this project were in 

concordance and compelling with previous 

studies. In this project, the BRAF 
V600E 

  was found 

to be mutated in 15.47% (13/84) and its mutation 

was significantly associated with tumour location 

(P< 0.014). 76.92% among the positive BRAF
V600E 

cases were right sided, while only 23.07% were 

left sided. This results corespond to Ogino et al 

(2012) and Roth et al (2010) results as they 

observed that the muation of BRAF
V600E 

 is highly 

asssociated with right sided tumour. Conversely, it 

was found to be non-significantly associated to the 

gender (P<0.83) and age (p<0.40).  However, 

69.23 % of mutated cases were older than 70 

years. Roth et al (2010) observed that BRAF 
V600E  

mutation is highly significantly asscociated with 

older age  (p>10
-
4) and with female sex (P 

<0.017). Moreover, the results show that 19.04% 

(8 of 42) of carcinoma, 11.76% (4 of 34) of 

adenoma and 12.5(1 of 8) of HPs had mutation in 

BRAF 
V600E

. These results do not accordance to 

Chan et al. results as they found that the frequency 

of BRAF 
V600E  

mutation is 36% in HPs (Chan et al, 

2003). However, in this study, the number of 

tested HPs samples was only 8, while they tested 

55 samples of HPs. Moreover, Beach et al. report 

that BRAF
V600E 

mutation was observed in 75% of 

serrated adenoma, 30% of tubular adenoma, 43% 

of HPs , and 33% of carcinoma (Beach et al, 

2005). In this project, among the mutated BRAF 
V600E  

carcinoma cases, it was shown that 75% (6 

of 8) of them were in stage C and 25% (2 of 8) 

were in stage B . The interpretation of the PNA-

clamp QUASAqPCR assay was done in the same 

way that PNA- clamp ASLNAqPCR assay was 

interpreted. Unfortunately, it was observed that 

the specificity of probes on clinical samples were 

not as high as on cell lines as there were a lot of 

background noise. This is an indication of the 

production of nonspecific sequences because of 

poor hybridization performance. Probes might 

miss-anneal to target sequences because of  

limited amount of target sequences, DNA 

damaged during formalin fixation process, 

depurination of the bases, orcontamination from 

other WT background DNA. However, the 

samples that were not confirmed whether positive 

or negative for NRAS mutations were re-analysed 

by using the allele specific primers. The results of 

using primers were more convincing than probes 

as it was clearer to determine which samples are 

positives. However, although all the reactions 

were run in duplicate, for some samples the DNA 

only amplified in one well. Therefore, the 

specificity was still not as high as it was expected. 

One reason of occurring this is probably because 

the number of molecules was not the same in both 

wells. In other words, one well might contain 

enough amounts of molecules to be detected, but 

the other did not.  However, only the samples that 

were positive with mutant primers and probes 

were declared as positive for NRAS mutation. 

According to the data from the Sanger Institute 

COSMIC database 

(www.sanger.ac.uk/genetics/CGP/cosmic/) the 

overall incidence of NRAS mutation in CRC 

cancer is 1-6%. The frequency of NRAS c.35G>A 

(G12D) mutation was ~17%, NRAS c.34G>T 

(G12C) 7.5%, NRAS c.38G> A (G13D) 5.8%, 

NRAS c.34G>A (G12S) ~5%, and NRAS c.35G>T 

(G12V) ~4%.  However, in this study, among all 

the analysed samples; NRAS mutation was shown 

in 8.33% cases. This mutation has been found to 

be involved in the primary resistance mechanisms 

to the anti-EGFR therapy because it is the 

downstream of the EGFR signalling pathway. 

Moreover, the median overall survival (OS) in 

http://www.sanger.ac.uk/genetics/CGP/cosmic/
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mutated NRAS patients were reported to be worse 

than all WT NRAS indicating that RAS mutation 

might have a potential negative prognostic role in 

patient with mCRC (Schirripa et al, 2014). 

However, while KRAS mutations contribute the 

transition of intermediate adenoma to carcinoma 

and are found to be occur in the early phases of 

carcinogenesis, the NRAS mutations have been 

observed to be not implicated in the adenoma-

carcinoma sequence (Schirripa et al, 2014). 

However, among the NRAS mutated carcinoma 

cases, 50% (2 of 4) of them were in stage A and 

50% were at stage B. Chi square and Fisher's 

Exact tests were used to show the effect of age, 

gender and tumour location on mutations in NRAS 

codons 12 and 13. However, due to the low 

frequency , its mutation was not significantly 

related to to any clinacial features (Age (P<0.98), 

gender and tumour location (P<1.00)). This 

observation is consistent with Irahara et al. results 

because they state that there is no association 

between the NRAS mutation and any 

clinicopathological features (Irahara et al, 2010). 

Although the results do not reach the statistical 

significant, it was observed that the frequency of 

NRAS mutation was higher in <70 years old 

patients (57.14%) as well as in right sided tumour 

(57.14). BRAF
,
 KRAS and NRAS mutations are 

reported to be mutually exclusive and only few 

studies report concomitant BRAF and NRAS 

mutations (De et al, 2010).  This was confirmed in 

this study as all of the BRAF 
V600E 

mutated samples 

were observed to be WT to NRAS and vice versa.  
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