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DNA and RNA extraction 

DNA was extracted from tumor and germline samples using the Gentra kit (Qiagen) following 

manufacturer’s instructions. For FFPE samples, tissue was scraped from slides (10µm 

sections) and deparaffinized with xylene (twice 5 min at room temperature) followed by 

ethanol rinses prior to digestion with proteinase K (overnight at 55°C). RNA was extracted 

using guanidinium thiocyanate/CsCl gradient (frozen samples and cultured cells) or the 

ExtractAll RNA extraction kit (FFPE sample, Ambion, Life technologies).    

 

Exome sequencing and data processing 
For library construction using Agilent SureSelect Human All Exon v4 kit, 3 µg of genomic DNA 

were fragmented with a Covaris S2 sonicator (Covaris, Inc.) to obtain DNA fragments with a 

homogenous size distribution having a maximum at 180-200 base pairs. Fragmented DNA 

was purified with AMPure XP beads and the quality of the fragmented DNA was assessed 

with an Agilent Bioanalyzer. Preparation of the exome enriched, barcoded sequencing 

libraries was according to the recommendations of the AgilentSureselect Human All Exon v4 

kit protocol. The final libraries were quantitated with a Qubit Fluorometer (Life Technologies) 

and the correct size distribution was validated with an Agilent Bioanalyzer. Libraries were 

sequenced on Illumina HiSeq 2000, generating 100 bp paired-end reads. Purity filtered reads 

were mapped against the human genome (hg19) with the Burrows-Wheeler Aligner version 

1.5.9 using default parameters (BWA) (Li and Durbin 2009). Aligned data were processed by 

the Picard pipeline to mark duplicated reads (http://picard.sourceforge.net/).  

The Genome Analysis Toolkit version 1.6.5 (GATK) (DePristo, Banks et al. 2011)  was used 

for (1) local realignment around indels, (2) base quality score recalibration, (3) germline 

single-nucleotide variants (SNVs) and indels discovery, and (4) germline variants quality score 

recalibration (VQSR) following GATK best practices recommendations 

(http://www.broadinstitute.org/gatk/). The variants databases used were dbSNP 135, HapMap 

3.3 and the 1000 genomes Omni 2.5. 
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Somatic variant identification procedure 

We first compared exonic Single Nucleotide Variants (SNVs) found in both control samples 

because the fixation process can alter DNA (e.g. deamination and depurination (Kerick, Isau 

et al. 2011). There were 19,300 exonic SNVs that passed the VQSR filters in both samples, of 

which 123 were N1-specific and 180 were N2-specific. Most of those discordant SNVs were 

located in region with low coverage. Inside exonic regions covered 20-fold or more (92.6% of 

N1 exome and 91.2% of N2 exome), we found only four N1-specific SNVs (=0.023%) and 

three N2-specific SNVs (=0.018%) which is lower than previous comparison between FFPE 

and fresh samples (Kerick, Isau et al. 2011). All N2-specific SNVs can be explained by 

deamination or depurination. The two control samples being very similar, we could increase 

the specificity of somatic variants detection by comparing tumor samples against both N1 and 

N2, and keeping only those somatic variants found in both comparisons. Somatic SNVs were 

identified using MuTect (Cibulskis et al., 2013). Identified somatic mutations were annotated 

with Annovar (Wang, Li et al. 2010), and visualized in the Integrative Genomics Viewer 

(Thorvaldsdottir, Robinson et al. 2012). Tumor variant allele frequencies were computed from 

pileup files generated by Samtools mpileup using the following options ‘-q 1 -d 10000 -S -B -C 

50 ‘ (Li, Handsaker et al. 2009).  

 

Somatic copy number alterations  

VarScan version 2.2.10 was used to compute log ratios between tumor and normal (Koboldt, 

Zhang et al. 2012). Tumor data sets were down-sampled to have a tumor-normal pair of 

similar coverage. Sample Pre at 91.2x mean exome target coverage was compared to sample 

N1 at 94.1x. Samples PV1 at 81.0x, PV2 at 61.8x and PV1-cell line at 76.1x mean exome 

target coverage were compared to N2 at 75.9x. Regions smaller than 100 bp and covered 

less than 20 fold were filtered out. Subsequent analyses were performed using R 

(http://www.R-project.org). Varscan adjusted log ratios were normalized using chromosome 2 

that contains no CNAs. The average adjusted log ratio of the entire chromosome 2 was used 

as a normalization factor. The package DNAcopy was used for smoothing and segmentations 

(Venkatraman and Olshen 2007). Smoothing was performed on regions of 100 data points 

with a trimming of 10% of the data. During segmentation splits that were not at least three 

SDs apart were undone. 

 

Somatic variant validation  
Somatic variants were validated using Ion Torrent sequencing technology (Life Technologies). 

Amplicons were designed in the Ion AmpliSeq™ Designer (www.ampliseq.com). Out of the 

202 SNVs identified with Illumina HiSeq technology, 174 were tested using Ion Torrent 

technology. For library preparation, 10 ng genomic DNA was fragmented and primer ligated 
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according to Ion Ampliseq library kit 2.0 recommendations. The library was amplified by a 5 

cycles PCR for quantification, and then followed by One Touch spheres preparation with the 

One Touch 200 template kit v2 before being run on a 316 chip using the Ion PGM sequencing 

kit. Sequencing reads were aligned onto human genome hg19 using Ion Torrent Alignment 

plug-in v2.2.3.  

 

Pileup files were generated by Samtools mpileup (Li, Handsaker et al. 2009) from Ion Torrent 

bam files using options ‘-d 100000 -S -B ‘, and tumor variants allele frequencies were 

computed. Three variants with an average coverage below 50 were discarded. The tumor 

variant allele frequencies found in the normal sample (N2) was used as background noise and 

was subtracted to the frequencies found in Pre, PV1 and PV2. Finally, tumor frequencies 

below 1% were set to 0. 

 

RNA-seq 
Un-stranded paired-end RNA-seq libraries were prepared using polyadenylated RNA enriched 

from 1 µg of total RNA by two rounds of purification with magnetic poly-T beads. The RNA 

was then fragmented and transcribed into doublestranded cDNA. These, and all subsequent 

library construction steps were performed with the Illumina TruSeq RNA Sample Preparation 

kit v2 according to manufaturer’s recommendations. The final purification with Ampure XP 

beads was modified in order to select for larger size fragments (bead to sample ratio: 0.7 v/v 

instead of 1.0 as indicated in the Illumina protocol). The final sequencing libraries were 

quantified with a Qubit Fluorometer (Life Technologies) and the size distribution (with maxima 

at 360-390 base pairs, corresponding to 240-270 base pair insert size) was validated with an 

Agilent Bioanalyzer. Libraries were sequenced on Illumina HiSeq 2000.Reads were aligned 

against hg19 using TopHat2 with --fusion-search and --bowtie1 options (Trapnell, Pachter et 

al. 2009). Ensembl GRCh37.67 gene model annotations were supplied to Tophat2. Post 

processing tool tophat-fusion-post was run with the following parameters ‘--num-fusion-reads 

20 --num-fusion-pairs 20’, and no fusion transcript were found with sufficient coverage. The 

number of read counts per gene were summarized with HTSeq (http://www-

huber.embl.de/users/anders/HTSeq) and subsequent analyses were performed using R. 

Genes with a total number of reads (combining the three libraries) smaller than 50 were 

filtered out. Data were TMM normalized using the package edgeR (Robinson and Oshlack 

2010), and log2 transformed using the ‘voom’ function in the package limma (Smyth 2005). 

 

RT/PCR detection of alternatively spliced BRAF 
cDNA was prepared from total RNA (1 µg) using random hexamers and MuLV reverse 

trancriptase (Invitrogen). PCR amplifications were performed using GoTaq green master mix 
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(Promega) using the following primer pairs: BRAF-Alt1 (5’-GAGTCTTCCTGCCCAACAAA-3’), 

and BRAF-Alt4 (5’-CCCACTGTAATCTGCCCATC-3’) amplifying exon 3-11 (907 and 97 bp 

products for the canonical and the alternatively spliced transcript lacking exons 4-10, 

respectively); BRAF-Alt1 and BRAF-Alt3 (5’- GATGACTTCTGGTGCCATCC-3’) amplifying 

exons 3-16 (1403 and 593 bp products for the canonical and the alternatively spliced 

transcript, respectively); BRAF-alt5 (5’-TTCATGAAGACCTCACAGTAAAAA-3’) and BRAF-

alt6 (5’-TCTGGTGCCATCCACAAAATG-3’) to amplify exon 15 (118 bp product). Sanger 

sequencing of amplification product from alternatively spliced BRAF was performed by 

Microsynth, Switzerland. 
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