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Introduction
Formalin Fixed Paraffin Embedded (FFPE) tissue samples have become a primary sample type for clinical oncology Next-Generation Sequencing 
(NGS) based assays [1].  As the demand for sequencing in diagnostics has increased dramatically, molecular biology laboratories receive FFPE 
sections without having significant control over how the samples are shipped and stored [2].  This can impact sample processing efficiency, 
sample loss probability during transfer, and performance of automated and semiautomated purification workflows.  To enable a streamline sample 
preparation protocol, we have developed a new system for extraction.  Here we present a novel semi-automated FFPE co-extraction yielding high 
quality RNA and DNA from the same sample using the ML230 Focused-ultrasonicator, truXTRAC® FFPE tNA Ultra Kit-Magnetic Bead Purification, 
and the KingFisher Duo Prime. 

Adaptive Focused Acoustics® (AFA®), emitted by Covaris Focused-ultrasonicators, simultaneously emulsifies paraffin into an aqueous buffer and 
rehydrates the tissue; thereby, enabling efficient Proteinase K digestion and de-crosslinking kinetics.  We demonstrate robust FFPE extraction 
yielding high quality nucleic acids using this novel method with the ML230.

Methods
FFPE samples from kidney and liver were sectioned into 10 μm scrolls and stored in the polypropylene AFA-TUBE PP Screw-Cap 0.5 ml.  All 
extractions were performed using one scroll per sample tube.  Twelve FFPE tissue scrolls were treated in two batches of six samples, with a total 
turn-around-time of ~5 hours per twelve samples and ~1.5 hours of actual hands-on time.  Sample emulsification was performed on the ML230, 
whereas purification was run on the KingFisher Duo Prime. 

Results
The RNA and DNA concentrations were measured using the Qubit Broad 
Range dsDNA and Qubit Broad Range RNA assays, yielding between 3 to 6 
μg of RNA and ~1 μg of DNA per 10 μm section.  RNA electropherograms 
were imaged on the Agilent 2100 Bioanalyzer using the RNA 6000 Nano kit. 
The RNA DV200 was greater than 60% for all tissues and replicates tested, 
which is above the Illumina recommendation (20%).

The ThermoFisher FRQ assay was performed on a Roche LightCycler to 
assess RNA amplifiability [3].  The FRQ scores were based on a calibration 
curve ranging from 0.02 ng/μL to 50 ng/μL.  The samples are normalized 
to the same input prior to measuring amplification.  All extracted samples 
display greater than the quality acceptance criteria of 0.2 ng/μL, increasing 
the likelihood of good sequencing results. 

The quality of the genomic DNA was determined using the KAPA hgDNA Quant and QC kit [4]. The kit contains three sets of primers targeting 
regions of varying sizes to determine the amplifiability of different DNA fragment ranges.  The Q-ratio that is indicative of DNA quality correlates 
to the amount of amplifiable DNA.  For lower quality starting material, such as FFPE, the 41 bp and 129 bp regions are recommended for 
determination of quality.  Both tissues extracted displayed values greater than 0.4 on average with low variability in quality across 6 replicates.  
Since this assay is a measure of relative fragment length within a sample, each sample has an internal control.  The samples are diluted to the 
dynamic range of the assay  prior to amplification.

Conclusions
The workflow presented here demonstrates a complete solution for easier sample collection, transportation, and active AFA-based paraffin 
emulsification and sample re-hydration in a single tube, producing high-quality DNA and RNA for NGS.  In addition, this workflow enables 
automated and semi-automated FFPE RNA and DNA purification workflows with easy integration and faster processing resulting in benefits that 
include:
 • High quality total nucleic acid extraction from the same FFPE sample, reducing the amount of tissue required for genomic and  
  transcriptomic analysis 
 • Simultaneous processing of 6 samples for emulsification and rehydration using the ML230 
 • Streamline purification using the KingFisher Duo Prime with truXTRAC reagents for reduced hands-on time 
 • Increased sample traceability using the polypropylene AFA-TUBE PP Screw-Cap 0.5 ml consumable with 2D barcode and reduced sample  
  transfer steps
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Figure 5. DNA Quality as the ratio between 
DNA amplified by primers targeting a 129 
bp region per DNA amplified by primers 
targeting a 41 bp region
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Figure 4. The functional RNA  as measured 
by the amount of amplifiable RNA present 
in a 10 ng RT-qPCR reaction
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Figure 3. DV200 as measured by 6000 
Nano RNA Bioanalyzer. 
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Figure 2. The total yield of the extractions measured by Qubit Fluorometer A) the total 
RNA extracted for 6 replicates B) the total DNA extracted for 6 replicates.
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Figure 1. A) ML230 Focused-ultrasonicator B) AFA-TUBE PP Screw-Cap 0.5 ml  C) FFPE extraction and purification workflow
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