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A BSTRACT
Objective: This is an investigative study to evaluate a new companion diagnostic platform, allele specific multiplex sequencing
(ASMS). Detection of Braf p.V600E from solid tumors is used as the test model with the following objectives: 1) whether ASMS
can detect Braf p.V600E/K mutations from a variety of solid tumors, 2) whether ASMS can detect all Braf p.V600E from samples
that were positive for Braf V600E by SNaPshot or Ion Torrent, and 3) whether ASMS can detect Braf p.V600E among samples
that were reported negative by SNaPshot or Ion Torrent.
Methods: ASMS is a novel modification (US Patent 6197510) of traditional Sanger sequencing, with Lower Limit of Detection
(LLOD) of 20 GE (Genome Equivalent) and 0.001% sensitivity. We compared ASMS to clinical samples previously tested either
by SNaPshot or Ion Torrent methods.
Results: We analyzed 83 DNA extracts from FFPE samples (41 tested by SNaPshot and 42 tested by Ion Torrent). There was a
total of thirty-seven samples positive for Braf p.V600E (16 by Ion Torrent; 21 by SNaPshot), and all of these samples tested
positive by ASMS for Braf p.V600E. Out of the 46 negatives for Braf p.V600E (20 by SNaPshot; 26 by Ion Torrent samples),
ASMS detected Braf p.V600E positive results in 10 of the SNaPshot and in 18 of the Ion Torrent negative samples. ASMS could
detect both Braf p.V600E and the wild-type Braf p.V600 simultaneously with 40 pg of FFPE DNA extracts.
Conclusions: ASMS assay detected all Braf p.V600E positives from different types of solid tumors that previously tested positive
by SNaPshot or Ion Torrent. Further, ASMS was able to detect Braf p.V600E among samples that were reported negative by
SNaPshot or Ion Torrent.
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1. I NTRODUCTION
Chemotherapy is an essential component of cancer treatment, to eliminate residual tumor burden following surgery
and radiation therapy. Discoveries of cancer specific somatic mutations have led to the development of targeted

chemotherapies, which selectively act on cancer cells.[1, 2]
Hence, predicting the potential effectiveness of chemotherapy (chemo-prediction) has become a standard procedure
in the selection of chemotherapeutics.[3] Presently, chemoprediction is based on identification of specific somatic point
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mutations (SPMs) in tumors that are known to respond to
a specific chemotherapeutic drug. In response to the question: Could treatment outcomes with Braf p.V600E kinase
inhibitors be improved? Our answer is potentially ‘Yes’,
provided Braf p.V600E mutations could be more efficiently
detected.
Detection of Braf p.V600E mutation is a qualitative test
and is routinely tested in stage IV melanoma on FFPE
(Formalin-Fixed Paraffin-Embedded) samples. Patients with
Braf p.V600E positive results are selected for treatment with
kinase inhibitors (e.g. Vemurafenib). Detection of Braf
p.V600E in FFPE samples face two challenges: 1) Detection
that is inclusive of low abundance Braf p.V600E mutations,
and 2) detection of Braf p.V600E mutations in a heterogeneous cell population with a significantly greater number of
normal cells (e.g. FFPE samples). Tumor mass is a result
of a single or few cancer cells proliferating over a certain
period. Further, during metastasis, the breakaway cancer
cell(s) lodge at secondary sites and proliferate to become
a tumor mass. In both scenarios, the rate of proliferation,
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the size of tumor mass and the number of copies of Braf
p.V600E is unpredictable. Given these variables, there is
a need to use a highly sensitive assay that can detect low
abundance Braf p.V600E mutations in order to potentially
enhance treatment outcomes, as additional patients will be
identified as potentially qualifying for treatment with kinase
inhibitors.[4, 5] In attempting to meet these objectives, methods with significantly increased sensitivities and specificities
have been developed, including allele-specific PCR.[6–13]
Although allele-specific PCR and ASMS both use allelespecific primers, they are two quite different methods. In
allele-specific PCR, allele-specific primers are used in the
amplification step. This is followed by identification of the
generated amplicon using a labeled nucleotide probe. In
contrast, with ASMS, allele-specific primers are used in the
identification step (sequencing step) after amplification, generating a Braf p.V600E specific nucleotide sequence that can
be verified.[14] Preliminary analytical validation of ASMS
shows a lower limit of detection (LLOD) of 20 GE for Braf
p.V600E, and a sensitivity ratio of mutant to wild-type of
1: 100,000.

Figure 1. (a) Mutation locus of Braf p.V600E and Braf p.V600K. (b) Annealing of wild-type sequencing primer and
generation of result output sequence CTGTAGCTAGA. (c) Annealing of Braf p.V600E mutant sequencing primer and
generation of result output sequence CTGTAGCTAGA. (d) Annealing of Braf p.V600E mutant sequencing primer and
generation of result output sequence TTGTAGCTAGA (Braf p.V600K). (e) Nucleotide result sequences from sample with
both V600E/K. There will be two separate nucleotide sequences, one from V600E template and other from V600K template.
The result output sequence will have two peaks at the first nucleotide and the rest are identical C/TTGTAGCTAGA.
Published by Sciedu Press
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This manuscript presents the results of an investigative study
with the following objectives: to determine 1) whether allele specific multiplex sequencing (ASMS) can detect Braf
p.V600E mutations from a variety of solid tumors, 2) whether
ASMS can detect all Braf p.V600E from samples that were
positive for Braf p.V600E by SNaPshot or Ion Torrent, and
3) whether ASMS can detect Braf p.V600E among samples
that were reported negative by SNaPshot or Ion Torrent.[15, 16]

2. M ETHODS
2.1 Samples
DNA extracts from routine FFPE samples that were previously tested for Braf mutations were obtained from the
Department of Pathology, Mount Sinai Hospital, New York,
USA, and the Cross Cancer Institute, Edmonton, Alberta,
Canada. None of the samples provided had patient information. Human Genomic Braf p.V600E reference standard
DNA with 50% Braf p.V600E (NM_004333.4:c.1799T >
A, Braf: p.V600E) was obtained from Horizon Discoveries
(Cambridge, UK), and wild-type human gDNA was also obtained (Promega). Human genomic DNA was extracted from
wild-type human cell line NCI-PBCF-CCL247-HCT 116
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(Horizon Discovery, UK. Cat No. HD-249) that is negative
for Braf V600E/D/K/G and genomic DNA. Blood samples
from four healthy subjects were also collected, and DNA was
extracted using the DNeasy Blood and Tissue extraction kit
(Qiagen).
2.2 Sample preparation
Forty-two FFPE DNA extract samples were received from
the Department of Pathology, Mount Sinai Hospital, New
York, USA. The samples were from melanomas, colorectal and lung carcinomas, brain tumors, and Langerhans cell
histiocytosis. DNA was extracted from five sections of 5
micron FFPE from each sample using Maxwell extraction
(Promega). Forty-one DNA samples were received from the
Cross Cancer Institute, Edmonton, Alberta, Canada. Those
samples were mainly from melanomas and colorectal carcinomas. Total DNA from each sample was extracted from
five sections of 10 micron FFPE samples using QiaSymphony extraction (Qiagen). The tumor cell concentration of
both sets of samples ranged from 10%-90%. DNA concentration of the extracted samples ranged from 1.4 ng/µl to
440 ng/µl.

Figure 2. Electropherogram showing two separate and identical 11-nucleotide-long sequences CTGTAGCTAGA; one from
Braf p.V600E (left) and one from the wild-type Braf p.V600 (right). Both these sequences also carry the same barcoding
nucleotide sequence AATGGGATACTTTCC.
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2.3 ASMS concept for Braf p.V600E
Braf p.V600E is a single point mutation that changes glutamic acid for valine (1799 T > A; codon GTG > GAG)
and Braf p.V600K is a single point mutation where (GTG >
AAG) changes lysine for valine. The ASMS concept is based
on amplifying a region encompassing the Braf p.V600E/K
mutation site. In the absence of Braf p.V600E/K mutations,
only the wild-type amplicon will be generated. If the sample
has Braf p.V600E in the DNA extract, in addition to the
wild-type Braf p.V600, a similar amplicon will be generated carrying the Braf p.V600E mutation. Hence, the Braf
p.V600E sample will have two different amplicons, one from
the mutant DNA and other from the wild-type. Both amplicons are of the same size and have the same nucleotide
except one, the mutation (see Figure 1).
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ASMS has two sequencing primers, one specific for the amplicon carrying the mutation that has ‘T’ at its 3’ end, and
the other specific for the wild-type amplicon carrying ‘A’ at
its 3’ end. Further, each of these primers has a modification
at the 5’ end so that the cohort of truncated molecules generated from each sequencing primer do not overlap.[14] The
mutant sequencing primer (which is a part of the antisense
strand) binds to the sense strand of the Braf p.V600E target, and generates a sequence (CTGTAGCTAGA) where ‘C’
is the first nucleotide. Similarly, the wild-type sequencing
primer (which is a part of the antisense strand) binds to the
sense strand of the wild-type human DNA and generates
a sequence (CTGTAGCTAGA) where ‘C’ is also the first
nucleotide (see Figure 2).

Figure 3. Electropherogram showing (a) Braf p.V600E, (b) Braf p.V600K and (c) Braf p.V600E and Braf p.V600K
mutations.
In a sample that has Braf p.V600K, the very first nucleotide
of the mutant read will be ‘T’ (TTGTAGCTAGA) (see Figure
3b).

is constructed by having a specific nucleotide sequence that
denotes the source of the sample, test performed and the
position in a 96 well plate. This is achieved by having a
number of lower primers (e.g. 8), each having the same temIf both Braf p.V600E and Braf p.V600K are present, there
plate specific annealing region, but with a specific nucleotide
will be two clearly overlapping ‘C/T’ peaks at the first posisequence at the 5’ end that represents the source, test and
tion (C/TTGTAGCTAGA), while the wild-type read will be
position. (see Table 1).
(CTGTAGCTAGA ) (see Figure 3c). The nucleotide barcode
Published by Sciedu Press
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Table 1. Nucleotide bar code
Position
Well 1
Well 2
Well 3
Well 4
Well 5
Well 6
Well 7
Well 8

Customer ID
AAT
AAT
AAT
AAT
AAT
AAT
AAT
AAT

Test ID
GGGATAC
GGGATAC
GGGATAC
GGGATAC
AAAATAC
AAAATAC
AAAATAC
AAAATAC

Well ID
GGGCC
AAACC
TTTCC
CCCCC
GGGCC
AAACC
TTTCC
CCCCC

Note. Test codes: Braf V600E=GGGATAC; Braf V600K=AAAATAC

ASMS is a platform technology that uses off-the-shelf equipment, commercially available reagents, and proprietary PCR
primers and sequencing primers (MultiGEN Diagnostics,
USA). The ASMS procedure includes total DNA extraction
from FFPE samples, multiplex PCR, PCR clean up, cycle sequencing, dye clean up and injection into a Genetic Analyzer
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(ThermoFisher, USA). ASMS is an open test system, where
various steps to the procedure can be adjusted to increase
sensitivity. This manuscript presents the standard procedure.
Multiplex Polymerase Chain reactions (MPCR) were set
up for each sample. Each reaction mixture included 25 µl
of Master Mix 2X buffer (Qiagen), 10 pmoles each of the
forward primer (5’GAAGACCTCACAGT AAA AATAGGTGATTTT GGT C-3’) and reverse primer (5’TCAATGACTTTCTAGTTA ATCT CAGC AGCATCTC-3’), and
5 µl-10 µl of the DNA extract. MPCR conditions consisted
of an initial denaturation at 95◦ C for 5 min; 35 cycles of
95◦ C for 30 seconds, 60◦ C for 90 seconds, and 72◦ C for
30 seconds; and a final extension at 68◦ C for 10 min. The
amplicons were cleaned using Ampure (Beckman Coulter).
Each batch had a negative control to ensure that there was no
reagent contamination. Some of the PCR reactions included a
specific reverse primer that carried a sample-tracking oligonucleotide sequence to track any possible cross-contamination.

Figure 4. Top two electropherogram showing only Braf p.V600 wild-type from Braf p.V600E/K negative cell line. Last
four electropherograms showing Braf p.V600 wild-type from normal human blood samples.
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Purified amplicons (35 µl) were sequenced in a 50 µl reaction
volume using 1 pmol of Braf p.V600E sequencing primer
(5’- -AACTGATGGGACCCACTCCATCG AGA TTTCT3’) and Braf p.V600 sequencing primer (5’- -AAACTGAT
GGGACCCACTCCATCGAGATTTCA-3’) (MultiGEN Diagnostics), 3.5 µl BigDye Terminator, 8.75 µl of 5X Sequencing Buffer version 1.1 (Thermo Fisher Scientific),
and 4 µl water. The sequencing conditions consisted
of 25 cycles of 96◦ C for 10 sec, 52.5◦ C for 10 sec
and 60◦ C for 2.5 min. Unincorporated dye terminators
were removed using CleanSEQ (Beckman Coulter) and
10 µl of the elute was added to 10 µl of HiDi formamide.
Samples were analyzed by capillary electrophoresis using
the ABI PRISM Genetic Analyzer 3130 (Thermo Fisher
Scientific). All electropherograms with a minimum of a fivenucleotide sequence (CTGTA) matching the target specified
nucleotide sequence was recorded as positive.
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3. R ESULTS
Human genomic DNA was extracted from human cell line
NCI-PBCF-CCL247-HCT 116 (Horizon Discovery, UK. Cat
No. HD-249) that is negative for Braf V600E/D/K/G, and
two quantities were used (50 ng, 100 ng) in separate reactions.
Both samples were negative for the Braf p.V600E/K mutation, and only positive for Braf V600 wild-type. In addition,
genomic DNA from blood samples of four healthy subjects
were tested using 50 ng of total extracted DNA per reaction.
All four samples were negative for the Braf p.V600E/K mutation, and only positive for the Braf V600 wild-type. This
confirms that the method distinguishes between wild-type
Braf and Braf p.V600E (see Figure 4).
The LLOD using 50% Braf p.V600E gDNA from a cell line
was 50 pg of DNA (14 GE) (equivalent to 7.45 copies of Braf
p.V600E and 7.45 copies of Braf p.V600) (see Figure 5).

Figure 5. Electropherograms showing lower limit of detection from cell line carrying 50% Braf p.V600E and 50% Braf
p.V600 (wild-type). (a) Samples with 0.05 ng of total DNA (74 copies of Braf p.V600E and 74 copies of Braf p.V600), (b)
Samples with 0.005 ng of total DNA (7 copies of Braf p.V600E and 7 copies of Braf p.V600)
The ASMS assay was tested with DNA extracts from 42 samples that were previously tested by Ion Torrent. Out of 16
Braf p.V600E positive Ion Torrent samples tested by ASMS,
14 were positive for Braf p.V600E, one for Braf p.V600K
alone by both ASMS and by Ion Torrent, and one was positive for both Braf p.V600E and Braf p.V600K by ASMS but
Published by Sciedu Press

positive for only Braf p.V600E by Ion Torrent. Out of the 26
negatives reported by Ion Torrent, 18 were positive for Braf
p.V600E by ASMS and 8 were negative by ASMS (see Table
2). Out of the 21 samples that previously tested positive for
Braf p.V600E by the SNaPshot assay, all 21 SNaPshot positives were positive for Braf p.V600E by ASMS. Out of the
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20 negatives reported by the SNaPshot assay, ASMS identi- can detect positives with only 40pg of the same DNA extract
fied 10 samples as Braf p.V600E positive, and 10 samples (see Figure 6).
as Braf p.V600E negative. Dilution studies were performed
on one of the positive samples, which showed that ASMS

Figure 6. Electropherogram showing Braf p.V600E and Braf p.V600 at 1:1,000 dilution fo a Braf p.V600E positive clinical
sample)

Table 2. Comparison of ASMS with Ion Torrent and SNapShot

Ion Torrent
p.V600E positives
p.V600K positives
p.V600E/K negatives
SNaPshot
p.V600E positives
p.V600K positives
p.V600E/K negatives

No. Tested

Positives
Braf p.V600E

Braf p.V600K

15
1
26

15
0
18

1
1
0

8

21
0
20

21
0
10

0
0

0
10

4. D ISCUSSION
ASMS showed 100% concordance in sensitivity with all samples that were Braf p.V600E positive tested by SNaPshot
and Ion Torrent. However, ASMS results showed significant
non-concordance in specificity with those from SNaPshot
and Ion Torrent. To further confirm the specificity of the
ASMS assay, we tested DNA extracted from a Braf p.V600E
negative cell line and blood samples obtained from a normal
population; all were negative for Braf p.V600E/K. These
results, together with our earlier publication,[14] confirms
the specificity of ASMS assay. The ultra-specificity of the
ASMS assay is attributed to the combination of the following
features. First, the signal cohort generated by the mutant is
separated from that of the wild type. This spatial separation
on the same electropherogram eliminates any suppression of
20

Negatives

the mutant signal by the wild-type signal which occurs with
conventional Sanger sequencing. The elimination of this suppression allows the mutant signal to be distinguishable from
that of the wild type and baseline noise. Secondly, the simultaneous detection of the Braf p.V600 wild-type signal allows
the wild type to act as an internal control. Thirdly, ASMS has
a unique built-in oligonucleotide ‘Barcode’ that effectively
monitors for the potential of cross-contamination during the
testing process. These unique features, in combination, allow
the ASMS Braf assay to reach higher specificity.
The result format of SNaPshot is a single molecular weightbased data point that cannot be verified as to authenticity of
the target. Ion Torrent uses fragments of human genomic
DNA as template, with nonspecific primers for amplification
ISSN 1925-4067
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and sequencing, leading to several unavoidable variables in
that process. To give allowance for uncertainty of the labeled
probe used in SNaPshot, the number of variables, and the
absence of target selection in Ion Torrent, both SNaPshot
and Ion Torrent Braf p.V600E assays require a minimum of
40 ng of total DNA extract per downstream processing. Forty
nanograms of human DNA translates into more than 6,000
copies of Braf p.V600E in a sample for a positive assay. This
approach is on par with the respective clinical claims for
testing late stage (IV) melanoma, where the copy number is
normally expected to be high. ASMS uses two Braf p.V600E
specific PCR primers on a single piece of DNA template, and
a Braf p.V600E specific sequencing primer, generating two
Braf p.V600E sequences, one for Braf p.V600E amplicon
(if positive) and one for Braf p.V600. Based on these assay
characteristics, the ASMS process only requires a minimum
of 40 pg (∼ 6 copies) of DNA extract to generate a positive
Braf p.V600E signal.

2017, Vol. 7, No. 2

Braf kinase is an intermediary protein in the complex cascade of the signal transduction pathway, mitogen-activated
protein kinase (MAPK). The clinical significance of the Braf
p.V600E/K mutations in metastatic melanoma, including use
of inhibitors, are reported.[17–23] Hence, low level detection
of Braf p.V600E/K plays a pivotal role in the use of Braf
kinase inhibitors. False negative Braf p.V600E/K results will
prevent some patients from receiving treatment with kinase
inhibitors, while at the same time allow for continuation
of Braf p.V600E/V60K mediated intrinsic signal transduction in mutated cancer cells, potentially resulting in further
proliferation of the tumor mass.

5. C ONCLUSION

ASMS can detect Braf p.V600E from clinical samples.
ASMS detected all positives that were detected by SNaPshot and Ion Torrent methods. Further, ASMS detected Braf
p.V600E among those negatively reported by SNaPshot and
The Braf p.V600E ASMS assay is a qualitative indication Ion Torrent. Thus, ASMS has the potential to be a more
of the presence or absence of the mutation. Tumor mass is sensitive platform to detect somatic point mutations in solid
a dynamic heterogeneous cell population of clonal cancer tumors.
cells, which are at various stages of transformation. Hence,
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