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Abstract: Cutaneous melanoma has the worst prognosis of all skin cancers. Although emerging targeted therapies, 
such as B-Raf kinase inhibitor vemurafenib, improve prognosis they require an accurate and sensitive means of 
detecting the pathogenic BRAF V600E mutation. We compared the sensitivity of four BRAF V600E detection meth-
ods in formalin-fixed, paraffin-embedded melanoma biopsies from 87 consecutive melanoma patients with Breslow 
stage I-V disease (staging based on the depth of tumor of invasion). The methods assessed were the widely used 
Cobas® 4800 system based on real-time PCR amplification, Sanger sequencing, allele-specific PCR (AS-PCR), and 
droplet digital PCR (ddPCR). The BRAF V600E mutation was found in 8 (9.2%), 23 (26.4%), 23 (26.4%) and 31 
(35.6%) biopsies, respectively. The limit of detection (LoD) was determined by three different methods: Poisson 
confidence limits, calibration regression and Tzonev’s method. Pair-wise agreement between the methods was as 
follows: Cobas vs. Sanger, P = 0.33; Cobas® 4800 vs. AS-PCR, P = 0.33; Cobas® 4800 vs. ddPCR, P = 0.65; Sanger 
vs. AS-PCR, P = 1; Sanger vs. ddPCR, P = 0.08; AS-PCR vs. ddPCR, P = 0.06. Multinomial logistic regression was 
used for predictive modeling of the Breslow-Clark score; ddPCR emerged as the best predictor, the other predictors 
were mitotic activity, type of malignant melanoma and patient’s age. Our results demonstrate that ddPCR is the 
most sensitive method of detecting the BRAF V600E mutation.
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Introduction

Melanoma is the most aggressive form of skin 
cancer and has the worst prognosis. Globally 
about 132,000 patients are diagnosed with 
melanoma every year, according to the World 
Health Organization [1], with the main popula-
tion affected being relatively less pigmented 
Caucasians. Prognosis is largely determined by 
histological staging at diagnosis. Breslow stag-

ing is based on the depth of tumor of invasion 
and is the most widely used and best validated 
method. Improvements in understanding of the 
molecular basis of melanoma have resulted in 
development of targeted therapies and better 
prognoses. More than 60% of melanomas car- 
ry a BRAF mutation and 80% of mutations are 
the BRAF V600E mutation [2, 3]. This mutation 
causes activation of the downstream Raf/MEK/
ERK mitogen-activated protein kinase pathway 
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[4, 5]. Mutated BRAF has become an attractive 
therapeutic target; its inhibitor vemurafenib [6] 
has been shown to improve the survival of mel-
anoma patients bearing the BRAF V600E muta-
tion. Thus accurate identification of the BRAF 
V600E mutation is essential to the tailoring  
of patient management. Highly sensitive molec-
ular techniques are needed to detect BRAF 
V600E mutation. Digital PCR is a cost-effective, 
sensitive method for detecting mutated DNA  
in tissue samples [7] and droplet digital PCR 
(ddPCR) is the latest, most sensitive iteration  
of this technology [8]. ddPCR employs water- 
oil emulsion microfluid droplet technology and 
uses the QX200TM droplet generator to split 
DNA molecules into approximately 20,000 
droplets. Every droplet is analyzed individually 
using PCR in which the specific probe for the 
mutant sequence is labeled with a FAM fluoro-
phore whilst the wild-type (WT) specific probe is 
labeled with a HEX fluorophore. Each droplet is 
scored individually by the QX200 droplet reader 
[8]. Thus ddPCR quantifies target and back-
ground DNAs which are randomly distributed 
among the droplets [9, 10]; both mutated and 
WT DNA-containing droplets are counted to 
provide absolute quantification [11, 12]. The 
data are then analyzed using Poisson statistics 
to assess the limit of detection (LoD) of the 
ddPCR assay [13].

The aim of this study was to assess the poten-
tial advantage of ddPCR as a method of detect-
ing the BRAF V600E in patients with malignant 
melanoma relative to other widely used tech-
niques-Cobas® 4800, Sanger sequencing and 
allele-specific PCR-through a side-by-side com-
parison. Our results indicate that ddPCR is  
the most sensitive and reliable method of ana-
lyzing formalin-fixed, paraffin-embedded (FFPE) 
biopsies. 

Materials and methods 

Patients

Eighty-seven consecutive FFPE samples, histo-
logically identified as melanomas, were select-
ed for this study. Archived FFPE tissue from 
these 87 specimens was acquired from the 
Clinic of Dermatovenerology, Department of 
Plastic Surgery and Department of Pathology  
of Jessenius Faculty of Medicine and the 
University Hospital of Martin, Slovakia. Prior to 
biopsy all subjects provided written, informed 

consent to participation in the study. This pro-
spective study was approved by the Univer- 
sity Ethics Committee. Presence of the BRAF 
V600E mutation was analyzed with the Cobas® 
4800 BRAF V600 Mutation test (Roche Mole- 
cular system), Sanger sequencing, allele-specif-
ic PCR and ddPCR; details of the techniques 
are given below.

DNA extraction

The black PREP FFPE DNA kit (Life Science-
Analytik Jena, Germany) was used for fast isola-
tion of genomic DNA from FFPE samples. This 
method is based on a newly patented chemical 
process combining lysis of FFPE tissue with 
subsequent binding of nucleic acids onto the 
surface of a spin filter membrane. After several 
washings the nucleic acids are eluted from the 
membrane with the elution buffer included in 
the kit.

Quantification of DNA

The concentration of DNA was measured using 
a Qubit Fluorometer 2.0 (Invitrogen California) 
dsDNA with Qubit DNA BR assay kit, (Life 
Technologies, California). Aliquots of 50-100 
ng/μL of extracted DNA were used for ddPCR.

Mutation analysis

The V600E mutation was detected using  
the Cobas® 4800 BRAF V600 Mutation Test, 
according to the manufacturer’s protocol. 

Sanger sequencing 

For Sanger sequencing we PCR-amplified and 
sequenced exon 15 of BRAF gene. PCR was 
performed in a total volume of 25 μL. We used 
50-100 ng of genomic DNA for PCR amplifica-
tion, 50 umol/L each of dNTp, 20 pmol/L for-
ward/reverse primer, 1.5 mmol/L MgCl2, 1 x 
PCR buffer and 2.5 U Taq polymerase. The PCR 
amplification was performed under the follow-
ing conditions: 1 cycle at 95°C for 8 minutes; 
40 cycles at 94°C for 20 s, 58°C for 20 s and 
72°C for 7 minutes. Amplified products were 
purified using 1.5 μL of Exo-SAP-IT (Applied 
Biosystems, CA, USA) and sequenced in both 
directions using the BigDye Terminator Cycle 
Sequencing kit, version 3.1 (Applied Biosys- 
tems, CA, USA) with ABI PRISM DNA Sequence 
Analysis Software version 2.6. The results were 
analyzed using the Chromas software system.
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Allele-specific PCR for detection of the BRAF 
V600E allele 

To confirm the Sanger sequencing results we 
performed sensitive allele-specific PCR (AS- 
PCR). The PCR product was obtained using sep-
arate primer combinations for mutant and WT 
alleles. The mutation-specific primer: 5’-gtga- 
ttttggtctagctacaga-3 and WT-specific primer 
were separately combined with the same re- 
verse primer: 5’-ggccaaaaatttaatcagtgga-3 in 
two different tubes. These primers are opti-
mized for V600E BRAF mutation detection [14]. 
The thermal cycling conditions and the positive 
control bearing a heterogeneous V600E muta-
tion were the same as described previously 
[14]. PCR products were separated by electro-
phoresis on 2% agarose gel stained with 
GelRed nucleic acid (Biotinum, Inc., USA) and 
visualized on an UV transilluminator.

Droplet digital PCR 

To prepare the ddPCR reaction mixture we first 
created optimal amplification conditions for 
thermal cyclization for each test. Separation of 

mutation-negative and mutation-positive drop-
lets was carried out using the BRAF V600E 
mutated RKO cell line (obtained from Dr. N.A.P. 
Franken, Academic Medical Center, University 
of Amsterdam, The Netherlands) diluted to 40 
ng/μL (Table 1 and Figure 1); the WT DNA sam-
ple was also diluted to 40 ng/μL. The Taq poly-
merase reaction mixture consisted of 2 x 
ddPCR Supermix for Probes (BioRad), 20 x 
assay PrimePCR™ ddPCR™ Mutation Assay Kit 
BRAF WT for p.V600E, and BRAF p.V600E (Bio-
Rad Laboratories). Subsequently we prepared 
seven different dilutions of DNA from the RKO 
line. A 1 μL aliquot of each dilution and 1 uL of 
WT DNA were mixed with MasterMix from the 
first step for a total volume of 20 μL. After this 
optimization the FFPE-derived DNA samples 
were analyzed. We prepared 20 μL aliquots of 
ddPCR reaction mixture consisting of 18 μL 
MasterMix (16 μL Supermix for probes [no 
deoxyuridine triphosphate], 1 μL FAM probe 
and 1 μL HEX probe) and 2 μL of DNA sample 
isolated from FFPE materials. The negative con-
trol (NTC) contained 2 μL of purified water. The 
WT-only samples contained 2 μL of DNA from 
FFPE samples. ddPCR was performed using the 
QX200TM ddPCR system according to the manu-
facturer’s instructions (Bio-Rad Laboratories).

The creation of droplets in the QX200™ drop-
let generator

The DG8 (BioRad) cartridge was filled with 20 
μL of MasterMix from the previous step and 70 
μL of the oil droplet generator for each sample. 
After emulsification of samples to generate 
DNA droplets we transferred 40 μL of the result-
ing emulsion to a 96-well plate in accordance 
with the manufacturer’s instructions. The 
96-well plate was secured on the support block 
and covered with 1 sheet of special pierceable 
foil seal.

ddPCR: the T100 ™ thermal cycler 

Droplets are transferred to a 96-well plate for 
PCR in a thermal cycler. The reaction was run in 
each microbead according to the following pro-
tocol: activation of polymerase (95°C 10 min); 
40 cycles consisting of the following sequence 
of steps: denaturation (94°C 30 sec), anneal-
ing/extension (58°C 60 sec) and final exten-
sion (98°C 10 min) with ramps of 2.5°C/sec. 
PCR products were held at 4°C until the next 
step of analysis.

Table 1. Mutation analysis was performed by 
the characterized RKO line in varying dilutions

Sample Type  
template

Concentration 
of RKO line 

in copies/μL, 
duplicate

NTC-negative control MUTANT 0
WILD-TYPE 0; 184

50% MUT MUTANT 438; 421
WILD-TYPE 444; 421

1:10 MUT MUTANT 34.1; 36.4
WILD-TYPE 234; 251

1:100 MUT MUTANT 3.1; 3.82
WILD-TYPE 203; 227

1:1000 MUT MUTANT 0.307; 0.182
WILD-TYPE 198; 21.2

1:10000 MUT MUTANT 0; 0.185
WILD-TYPE 211; 175

1:100000 MUT MUTANT 0; 0
WILD-TYPE 184; 207

1:1000000 MUT MUTANT 0; 0
WILD-TYPE 198; 215

Positive control RKO line MUTANT 389
WILD-TYPE 193

The mutation was detected with 0.001% sensitivity using 
ddPCR.
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Evaluation of the results with the QX200TM 
droplet reader

After completion of the reaction the ddPCR 
plate was inserted into the droplet reader, 
which analyzed the droplets in each well. 
Analysis of the ddPCR data was performed with 
the analytical software QuantaSoftTM Analysis 
Pro (Bio-Rad Laboratories) using two probes: 

one which emitted an FAM fluorescence signal 
in the presence of the mutated target and a 
second which emitted a HEX fluorescence sig-
nal in the presence of the WT target. Serial dilu-
tions of mutant genomic DNA labeled with FAM 
probe and WT DNA with a HEX-labeled probe 
were performed in duplicate. Each droplet in a 
sample is plotted on a graph of fluorescence 
intensity vs. droplet number. 

Statistical analyses

Data on the following clinical variables were col-
lected for the 87 melanoma specimens: gen-
der, age, localization, type of melanoma, mito- 
tic activity and TNM (Tumor-Node-Metastases 
classification); summary statistics can be found 
in Table 2. The presence of the BRAF V600E 
mutation in FFPE samples was detected using 
four methods: Sanger sequencing, Cobas® 
4800, AS-PCR, and ddPCR, which also quanti-
fied the amount of mutated DNA present. 
Breslow-Clark scores were also available for all 
patients. Agreement between the methods was 
assessed with the McNemar test (Table 3). A 

Figure 1. One-dimensional plot of ddPCR showing the sensitivity of this assay. Droplets contained serial dilutions 
of RKO (cell line homozygous for BRAF V600E) genomic DNA in human genomic DNA without BRAF V600E muta-
tions. Channel A (A): FAM-BRAF V600E probe for detection of BRAF V600E-mutated amplicons in duplicates (50% 
MUT; 1:10; 1:100; 1:1000; 1:10000; 1:100000; 1:1000000). Chanel B (B): VIC-wild-type BRAF probe for detection 
of wild-type amplicons without BRAF V600E mutation in duplicates (50% MUT; 1:10; 1:100; 1:1000; 1:10000; 
1:100000; 1:1000000). The samples are divided by dotted grey lines. The unbroken pink line is the no-amplification 
threshold: positive droplets (blue and green) are above and negative droplets (grey) below. 

Table 2. Descriptive statistics for the sample
Statistic N Mean St. Dev.
age [yr] 86 65.9 12.2
mitotic activity [mf/mm2] 80 8.4 8.0
ddPCR [copies/μL] 87 39.0 141.7

Table 3. Agreement between pairs of diagnos-
tic methods: p-values for the McNemar test

COBAS SANGER AS-PCR ddPCR
COBAS P = 0.33 P = 0.33 P = 0.65
SANGER P = 1 P = 0.08
AS-PCR P = 0.06
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multinomial logistic model was used to model 
the dependence of Breslow-Clark score on vari-
ous potential predictors (gender; age; localiza-
tion; type of melanoma; mitotic activity; TNM; 
ddPCR; Sanger; Cobas® 4800; AS-PCR). The 
Akaike information criterion (AIC) was used to 
remove irrelevant predictors were removed 
from the multinomial logit model. Type III ANOVA 
was used to assess the significance of the pre-
dictors in the reduced multinomial logit model 
[18]. The statistical analysis was performed 
with R ver. 3.2.2 [19], using the libraries net 
[20] and car [18]. Results with a p-value of less 
than 0.05 were considered statistically signifi- 
cant.

Results

LoD of ddPCR

FFPE samples from all patients were analyz- 
ed using QuantaSoftTM Analysis Pro software 
(BioRad). Three different methods were used to 
determine the LoD of ddPCR: i) Poisson confi-
dence intervals as described in the BioRad 
manual [15]; ii) Tzonev’s method [16]; iii) Ca- 
libration line with control of type I and type II 
errors [17]. Tzonev’s method [16] determines 
LoD in terms of number of events, whereas the 
other two methods determine LoD in terms of 
number of copies per microliter (copies/μL). 
The LoD for the second method [16] was 5 
events per well. The other two methods had 
similar LoDs of approximately 0.2 copies/μL. 
The three methods corresponded closely as 
they all identified the same set of 31 positive 
samples. We investigated the analytical sensi-
tivity of ddPCR using the RKO line containing 
BRAF V600E, which was serially diluted with 

(26.4%) and 8 (9.2%) samples using ddPCR, 
allele-specific PCR, Sanger sequencing and Co- 
bas® 4800 respectively (Figure 2). For ddPCR 
analysis see Figures 2 and 3. The concentra-
tion of target DNA in copies/μL was calculated 
by comparing the numbers of positive and neg-
ative droplets in the sample (Figure 3).

Agreement between the diagnostic methods 

The McNemar test was used to assess agree-
ment of diagnostic methods. In none of the 
pairs did the result provide grounds to reject 
the null hypothesis of agreement (i.e., marginal 
homogeneity); the data are provided in Sup- 
plementary Table 1, and the p-values are pre-
sented in Table 2. Sanger sequencing and 
ddPCR produced the same result in 82.6%  
of BRAF patients and in 81.3% of WT samples 
(N = 87). Agreement between AS-PCR and 
ddPCR was 86.9% agreement for BRAF sam-
ples and 76.8% agreement for WT samples (N 
= 87). Agreement between AS-PCR and Sanger 
sequencing was 91.0% for BRAF and 96.9%  
for WT (N = 87). Agreement between Sanger 
sequencing and Cobas® 4800 was 85.7% for 
BRAF and 84.6% for WT (N = 20). Agreement 
between AS-PCR and Cobas was also 85.7% for 
BRAF and 84.6% for WT (N = 20). Agreement 
between ddPCR and Cobas® 4800 was 88.9% 
for BRAF and 100% for WT (N = 20).

Predicting the Breslow-Clark grade by a multi-
nomial logistic regression

Age, type of melanoma, TNM, mitotic activity, 
ddPCR, Sanger, Cobas® 4800 and AS-PCR we- 
re entered in a multinomial logistic regres- 
sion model as predictors of Breslow-Clark gra- 

Figure 2. Number of BRAF V600E-positive patients (x-axis) detected with each 
of four mutation detection methods (ddPCR, AS-Allele-specific PCR, Sanger se-
quencing, Cobas® 4800).

WT DNA (range 50% to 
0.000001%). The ddPCR 
was able to detect the 
mutation with 0.001% sen-
sitivity in Supplementary 
Information. 

Quantification of BRAF 
V600E 

BRAF V600E mutation sta-
tus was determined by Co- 
bas® 4800, Sanger sequ- 
encing, allele-specific PCR 
and ddPCR. BRAF V600E 
mutations were found in  
31 (35.6%), 23 (26.4%), 23 
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de. Model simplification based on the AIC [18] 
indicated that age, type of melanoma, mitotic 
activity and ddPCR were the important predic-
tors. A Type III ANOVA [18] yielded the following 
p-values, age: P = 0.01517; type of melanoma: 
P = 0.0000629; mitotic activity: P < 0.000001; 
ddPCR: P = 0.02266.

Discussion

Advances in our understanding of molecular 
biology of melanoma, the most aggressive  
form of skin cancer, are now being transferred 
to our therapeutic arsenal. The most prevalent 
mutations in melanoma are BRAF mutations,  
of which the BRAF V600E mutation (valine is 
replaced by glutamic acid at amino acid posi-
tion 600) is the most common and increases 
MAP/ERK kinase activity [4, 5].

Selective BRAF V600E inhibitors like vemu-
rafenib promote tumor regression. Vemurafenib 
(Zelboraf®) is a tyrosine kinase inhibitor with 
activity against BRAF kinase. Treatment with 
vemurafenib was shown to improve survival in 
patients with BRAF V600E-positive melanoma 
[6, 21] and so molecular testing for the pres-
ence of the BRAF V600E mutation should be 
carried out prior to making decisions about the 
treatment of melanoma patients Several meth-
ods of testing for the BRAF V600E mutation are 
available, including AS-PCR, Sanger sequenc-
ing, Cobas® 4800 and ddPCR [14, 22, 23]. 
Real-time PCR on the Rotor-Gene 5plex HRM 
Instrument [24] can also be used to detect low 
percentages of somatic BRAF mutations. 

However, only a few studies have used these 
methods in FFPE specimens for which a defini-
tive histological diagnosis is available. Here we 
compared the sensitivity of ddPCR and all com-
monly used molecular analytical methods [25] 
for BRAF V600E mutation detection in from the 
largest consecutive cohort of malignant mela-
noma specimens investigated to date. Although 

several recent studies had concluded that 
ddPCR is a reliable, fast and sensitive tech-
nique for detection of BRAF V600E mutations  
it had not been compared directly with other 
detection methods in FFPE melanoma speci-
mens and this is what we have done. We calcu-
lated the pair-wise agreement between four 
widely used methods for detecting the BRAF 
V600E mutation using the McNemar test. The 
results indicated good agreement between all 
four methods about the presence of the BRAF 
V600E mutation (all p-values for the McNemar 
test above 0.05). Nevertheless we found that 
Sanger sequencing, Cobas® 4800 instrument, 
and AS-PCR methods could miss low allelic 
BRAF V600E burdens in tumor cells. In our 
sample there were 8 patients with melanomas 
in which the BRAF V600E mutation was only 
detected with ddPCR. These patients could 
have benefited from vemurafenib therapy. In 
two of these eight patients BRAF V600E muta-
tions were detected in the primary tumor but 
the distant metastases had a greater allelic 
BRAF V600E mutation burden which was 
detected with the other methods as well as 
with ddPCR. It has been shown that melano-
mas can be polyclonal for the BRAF V600E 

mutation [26]; hence the low concentration of 
BRAF V600E-positive tumor cells in the primary 
tumors of the two above-mentioned patients 
which, nevertheless, accounted for the aggres-
sive behavior of these tumors and the distant 
metastases. Our sample also contained one 
patient with a primary tumor in which BRAF 
V600E was undetectable who went on to de- 
velop metastases with BRAF V600E-positive 
tumor cells. In this patient the BRAF V600E 
mutation was detected only with ddPCR and 
only in the metastases, so in this instance we 
could not detect extremely low number of BRAF 
V600E positive tumor cells in the primary les- 
ion and subsequent clonal evolution of BRAF 
V600E in the metastatic lesion. Furthermore, 
five of the eight melanoma patients whose 

Figure 3. These figures shows samples from one patient with malignant melanoma (primary biopsy: A; C versus 
distant metastases B; D; E). Sample (A) was positive for the BRAF V600E mutation only with droplet digital PCR. The 
levels of positive and negative droplets in sample (A) were 62.6 and 111 copies/μL respectively and these figures 
were used to calculate the concentration of target DNA. Sample (C): was negative for the BRAF V600E mutation 
using Sanger sequencing. Sample (B) was positive for the BRAF V600E mutation by Sanger sequencing (B), allele-
specific PCR (D) and droplet digital PCR (E). The levels of positive and negative droplets in sample (D) were 6.21 and 
36.6 copies/μL respectively. The blue cluster (FAM-fluorescence signal) represents droplets that were positive for 
the BRAF V600E mutation and the green cluster (HEX-fluorescence signal) represents droplets that were negative 
for BRAF V600E. The brown cluster represents double-positive droplets containing both wild-type and mutated DNA 
and the grey cluster represents droplets containing neither template.
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tumors were only identified as BRAF V600E-
positive using ddPCR later developed sentinel 
lymph nodes metastases, attesting to the 
greater aggression of BRAF V600E-positive 
melanoma clones. On the basis of our results, 
we recommend that ddPCR should be the pri-
mary method of detecting and monitoring BRAF 
V600E-mutated melanomas. Finally, we have 
shown that the allelic burden of mutated BRAF 
V600E as measured by ddPCR is a significant 
predictor of Breslow-Clark score in melanoma, 
along with age, mitotic activity and histological 
type. We also showed that quantitative allelic 
burden as assessed by other methods (i.e. 
Sanger sequencing, Cobas® 4800 and AS-PCR) 
does not predict Breslow-Clark score. ddPCR  
is suitable for routine laboratory detection of 
BRAF V600E mutation not only in fresh biopsy 
specimens archived diagnostic material such 
as FFPE specimens. ddPCR is thus a valuable 
tool not only for initial diagnosis and patient 
follow-up, but also for retrospective analyses.   
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Supplementary Information

All FFPE samples (n = 87) were histologically confirmed melanomas selected by clinical pathologists. 
Tested samples were containing tumor cells in interval between 30-90%. For the extraction of total DNA 
from the sections (5 μm thick, 50 mg ± 10%) Black PREP FFPE DNA kit (Life Science-Analytik Jena, 
Germany) kit was used. DNA was quantified on a Qubit Fluorometer 2.0 (Invitrogen California).

For the comparison different methods with different sensitivity were used. In general, the limit of detec-
tion (LOD) by Sanger sequencing is approximately 20 to 25% mutant alleles. However, detection of lower 
percentage of the mutant allele may be achieved, based on the contex of the target sequences. When 
compared to Sanger Sequencing, allele-specific PCR sensitivity in tumor tissues is significantly higher 
(with a detection limit of 0.65% mutant alleles) [14]. Both in case of Sanger sequencing as well as allele-
specific PCR, 20 ng of genomic DNA in total volume of 25 ul was put into the reaction. Detection limit of 
The Cobas® 4800 BRAF V600 Mutation Test (Roche Molecular Diagnostics, Pleasanton, CA) is ≥5% 
mutation level. PCR using this kit was performed in a 50-mL volume containing 50 to 100 ng genomic 
DNA according to the manufacturer’s protocol, which is 2.5-5 times more than amount of DNA used in 
previous methods. 

Detection limit of ddPCR was established at 0.001%. The sensitivity of ddPCR was tested and optimal 
concentration was selected in serial dilutions of the RKO cell line as described in the manuscript. DNA 
of final amount 132 ng were added in total volume of 20 μL to ddPCR reaction mixes, as recommened 
by Bio-rad provider. 

Supplementary Table 1. Mutation analysis was performed by the characterized RKO line in varying 
dilutions. The mutation was detected with 0.001% sensitivity using ddPCR

ddPCR
BRAF V600E Wild type

Sanger BRAF V600E 19 4
WT 12 52

ddPCR
BRAF V600E Wild type

AS-PCR BRAF V600E 20 3
WT 11 53

Sanger
BRAF V600E Wild type

AS-PCR BRAF V600E 21 2
WT 2 62

Cobas
BRAF V600E Wild type

Sanger BRAF V600E 6 1
WT 2 11

Cobas
BRAF V600E Wild type

AS-PCR BRAF V600E 6 1
WT 2 11

Cobas
BRAF V600E Wild type

ddPCR BRAF V600E 8 1
WT 0 11


