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INTRODUCTION 
Formalin fixation and paraffin embedding (FFPE) is the standard for processing tumor tissue in 
pathology departments. Archived tissue blocks provide an important resource for molecular 
oncology studies, as tissue in this form and some degree of clinical follow-up is available from 
nearly all tumors.  However, the fixation procedures that are necessary for tissue preservation 
compromise the quality of the DNA, making FFPE a challenging sample for many molecular 
applications.  Clinical evaluation of FFPE tissue for oncogene mutations, such as those in KRAS, 
has been achieved, but this typically involves evaluation of a small number of nucleotides.  
Evaluation of an entire genome from FFPE tissue, as with next generation sequencing (NGS), is 
more challenging especially as compared to NGS on higher quality DNA, such as from 
peripheral blood leukocytes.  We developed a protocol for NGS on routinely processed FFPE. 
  
MATERIALS AND METHODS 
We first developed a protocol to prepare an NGS sequencing library from FFPE tissue from a 
melanoma sample. The sample was microdissected to enrich for tumor cells from a 5 um slice 
of tissue. DNA was extracted using the Qiagen DNA extraction kit with extended (four days) 
Proteinase K incubation. DNA was then sheared to approximately 800 base pairs with the 
Covaris adapted, focused, acoustic technology.  The SPRI-TE automated nucleic acid extractor 
was used for Illumina adaptor ligation.  Six cycles of PCR was then performed across the 
adaptors. The resultant amplicon was gel purified to enrich for a size of 400 base pairs. Kapa 
Biosystems quantitative PCR was used to assess validated library quantity. The Illumina c-Bot 
generated clusters on 8 lanes of a flow cell and the Illumina Hi Seq generated 2x100 paired end 
reads.   
Additionally, four tumor samples with mutations in hotspot oncogenes were prepared with the 
same extraction protocol, sheared to about 200 base pairs, and ligated manually with Illumina® 
adaptor sequence tags. PCR was performed with primers specific to the sequence tags for 6 
cycles. The adapted sequences were then hybridized with biotinylated RNA baits from the 
Agilent SureSelect  Human Kinome Kit® to enrich for 612 kinase and assorted cancer genes . 
The hybridized samples were then conjugated to  strepdavidin  T1 Dynabeads® The beads were 
captured with a magnetic field,  the non-target DNA was washed away and the RNA baits 
removed by a neutralizing buffer. The samples were then PCR’d with four unique index tags for 
20 cycles. The resulting prepared libraries were pyrosequenced to determine mutation allele 
percentage. Using concentration figures determined by Kapa Biosystems® quanitative PCR the 
samples were pooled into one equi-molar, multiplexed sample. The Illumina c-Bot generated 
clusters on 1 lanes of a flow cell and the Illumina Hi Seq generated 2x100 paired end reads 
 
RESULTS 
The entire genome of the melanoma was sequenced.  Over 90% of the reads had Q scores 
greater than 30, corresponding to 99.9% base call accuracy. Average coverage of the genome 
was 30 reads per base. A BRAF c.1799A>T (V600E) mutation was detected in 17/29 reads (59%). 
BRAF mutation detection of the original DNA extraction before library preparation showed the 
same mutation at 57%.  The four samples  that were enriched for 612 genes, 3.2 Megabases and 
sequenced had read coverage ranging from several hundred to several thousand reads for the 
hotspot oncogene mutations. In all 5 samples the expected mutation was detected, and none 
of the samples had mutations in regions expected to be wild type.  
 
CONCLUSIONS 
The protocol described here is a method for next generation sequencing of an entire tumor 
genome from FFPE. The Q scores and coverage were comparable to sequence from genomic 
DNA from whole blood or snap frozen tissue. Targeted sequencing using the Agilent SureSelect  
Human Kinome Kit® provided adequate coverage for somatic mutation detection in FFPE 
samples.  

 

Formalin fixation and paraffin embedding (FFPE) is the 
standard for processing tumor tissue in pathology 
departments. Archived tissue blocks provide an 
important resource for molecular oncology studies, as 
tissue in this form and some degree of clinical follow-
up is available from nearly all tumors.  However, the 
fixation procedures that are necessary for tissue 
preservation compromise the quality of the DNA, 
making FFPE a challenging sample for many 
molecular applications.  Clinical evaluation of FFPE 
tissue for oncogene mutations, such as those in KRAS, 
has been achieved, but this typically involves 
evaluation of a small number of nucleotides.  
Evaluation of an entire genome or targeted subset of 
the genome, from FFPE tissue, as with next 
generation sequencing (NGS), is more challenging. 
Especially as compared to NGS on higher quality DNA, 
such as from peripheral blood leukocytes or frozen 
tumor tissue.  We developed a protocol for NGS on 
routinely processed FFPE.  

The protocol described here is a method for next generation 
sequencing of an entire tumor genome or targeted subset of 
genes from FFPE. The Q scores and coverage were 
comparable to sequence from genomic DNA from whole 
blood or snap frozen tissue for the whole genome and kinome 
capture samples. The current Illumina chemistry does not give 
adequate coverage of the whole genome for oncology 
purposes.  Targeted sequencing of the 3.2 Mega bases in the 
Agilent SureSelect  Human Kinome Kit®  for 612 kinase and 
assorted cancer genes when paired with the extraction  and 
Illumina sequencing protocol, provides ample coverage 
ranging from hundreds to thousands of reads for somatic 
mutation detection in FFPE samples.  At this time the capture 
and enrichment for genes of interest is necessary to obtain the 
high read depth necessary for oncology mutation detection. 
 
The BRAF mutated melanoma  library was Sanger sequenced 
because the NGS mutation allele percentage is significantly 
discordant with the pyrosequencing mutation allele 
percentage. The Sanger data is in a box on the right side of the 
NGS data for the BRAF mutated Melanoma. The inflated 
mutation detection percentage in the NGS data for the BRAF 
mutated melanoma kinome sample does not appear to be a 
capture or library preparation artifact, as the pyrosequencing 
and Sanger sequence results for the library indicate a mutated 
allele percentage of  45-48%. It is possible that some reads are 
aligning improperly at the bioinformatics step or that the flow 
cell chemistry was anomalous for  this sample. 
 

We developed a protocol to prepare an NGS sequencing library from FFPE tissue 
from a melanoma sample. The sample was microdissected to enrich for tumor 
cells from a 5 um slice of tissue. DNA was extracted using the Qiagen DNA 
extraction kit with an extended (four days) Proteinase K incubation. DNA was 
then sheared to approximately 800 base pairs with the Covaris adapted, focused, 
acoustic technology.  The SPRI-TE automated nucleic acid extractor was used for 
Illumina adaptor ligation.  PCR was done across the adaptors and gel extraction 
was done. Kapa Biosystems quantitative PCR was used to assess validated library 
quantity. The Illumina c-Bot generated clusters on 8 lanes of a flow cell and the 
Illumina Hi Seq generated 2x100 paired end reads.  
  
Additionally, four tumor samples with mutations in hotspot oncogenes were 
prepared with the same extraction protocol, sheared to about 200 base pairs, 
ligated manually with Illumina® adaptor sequence tags. PCR was done with 
primers specific to the sequence tags for 6 cycles. The adapted sequences were 
then hybridized with biotinylated RNA baits from the  Agilent SureSelect  Human 
Kinome Kit® to enrich for 612 kinase and assorted cancer genes . The hybridized 
samples were then conjugated to  strepdavidin  T1 Dynabeads® The beads were 
captured with a magnetic field and the non-target DNA was washed away. The 
samples were then PCR’d with four unique index tags for 20 cycles. The resulting 
prepared libraries were pyrosequenced to determine mutation allele percentage. 
Using concentration figures determined by Kapa Biosystems® quanitative PCR 
the samples were pooled into one equi-molar, multiplexed sample. The Illumina c-
Bot generated clusters on 1 lane of a flow cell and the Illumina Hi Seq generated 
2x100 paired end reads.  

 
 
Sample Name 
 (Library Pyrosequencing 
mutation %) 

Read Depth 
Mutation % by NGS 

KRAS 

Read Depth 
Mutation % by NGS 

BRAF 

Read Depth 
Mutation % by NGS 

 NRAS 

Read Depth 
Mutation % by NGS 

 PIK3CA 
 

Read Depth 
Mutation % by NGS 

 c-KIT 
C-KIT 

Melanoma Entire Genome 
(BRAF + c.1799T>A 68%) 

19 
WT 

29 
59%A 

15  
WT 

9 
WT 

24 
WT 

                                                      Kinome Capture Samples 
Colorectal Cancer 1 
(KRAS+ c. 35G>C 34%) 

2065 
25%C 

352 
WT 

616 
WT 

1714 
WT 

1261 
WT 

Colorectal Cancer 2 
(KRAS+ c.35G>A 63%) 

3576 
65%A 

514 
WT 

531 
WT 

1799 
WT 

1279 
WT 

Melanoma 1 
(BRAF + c.1799T>A  48-45%) 

2315 
WT 

482 
96%A 

722 
WT 

1514 
WT 

565 
WT 

Melanoma 2 
(NRAS+ c. 182A>G 38%) 

780 
WT 

386 
WT 

381 
34% 

839 
WT 

508 
WT 

Total Read count:29 
A:12(41%) 
C:0 
G:0 
T:17(59%) 

BRAF+ c. 1799T>A 96%)  
Antisense  Strand Shown 

Total  Read count: 482 
A:20(4%) 
C:0 
G:0 
T:462(96%) 

NRAS+ c.182A>G 34%)  
Antisense Strand Shown 

Total Read count:381 
A:1(0%) 
C:131 (34%) 
G:0 
T:249(65%) 

KRAS+ c. 35G>A 65%)  
Antisense Strand Shown 

Total  Read count: 3576 
A:1(0%) 
C:1232 (34%) 
G:2(0%) 
T:2341 (65%) 

KRAS+ c. 35G>C 25%)  
Antisense Strand Shown 

Total  Read count:2065 
A:2(0%) 
C:1545(75%) 
G:517 (25%) 
T:1(0%)  
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