Development of methods for NGS based RNA-Seq and DNA-Seq on FFPE materials
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Formalin-fixed, paraffin-embedded (FFPE) patient tissue samples stored globally in pathology archives
represent an invaluable resource for clinical research. Unfortunately, nucleic acids isolated from FFPE tissues
tend to be fragmented and chemically modified, interfering with many classical molecular analyses. Since
Next Generation Sequencing (NGS) technologies rely on randomly fragmented nucleic acids, we have
focused a systematic study on the potential use of FFPE samples in NGS-based clinical studies. Available FFPE
extraction kits were evaluated with respect to purification of RNA and DNA from different tissue types.
Although the quality and quantity of the extracted nucleic acids was found to be highly dependent on the
purification method used, it was possible to isolate high molecular DNA and RNA from recent FFPE specimen
(fixed within one year). From older FFPE specimen, the quality and quantity was though found to be
reduced. Extracted DNA and RNA from matching cryopreserved and FFPE specimens were used for the
preparation of targeted genomic (Exome-Seq) and whole transcriptome (RNA-Seq) sequencing libraries.
Illumina’s TruSeq exome preparation protocol was used for the preparation of Exome-Seq libraries and was
found to provide functional libraries for some samples, while others failed during amplification of the
libraries, most likely due to the modifications of the DNA. In contrast, using depletion of rRNA followed by
preparation of strand-specific RNA-Seq libraries (Ribo-Zero and ScriptSeq, Eppicentre/Illumina) succeeded in
all samples, even from tissues sampled and fixed two decades ago. Analysis of the obtained paired-end
sequencing data (2x101, multiplex, HiSeq 2000) revealed a slightly lower fraction of reads mapping in FFPE
compared to FF libraries and a slightly higher fraction of non-perfect matches in FFPE compared to FF
libraries. We hence recommend sequencing FFPE libraries deeper than FF and use long reads to compensate
for the higher error rate. We found good concordance in variant calls between exome data from FF and FFPE
libraries, but observed some systematic as well as random biases. The expression profiles obtained from the
paired FF-FFPE samples were also found to be in concordance – even from old (12 years) samples. This work
demonstrates the potential application of NGS to study FFPE samples. The results are promising regarding
the possible use of the concealed information of archived FFPE specimens for large scale retrospective NGSbased genomic studies.

