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is a technique that allows the specific isolation of defined areas 
from within a tissue section under direct microscopic visualization. 
The isolated tissue pieces can then be further utilized to extract 
macromolecules of interest, such as RNA.  Thus, LCM enables 
researchers to precisely dissect areas of interest from within a given 
pathology to interrogate molecular events.

Naturally, specimen isolated using LCM usually contain only very small 
amounts of tissue.  In conjunction with FFPE-mediated crosslinking 
and fragmentation of molecules, extraction of sufficient amounts of 
RNA from such specimen has been cumbersome if not impossible. 
Due to this, most LCM analyses geared towards RNA expression 
analysis have used fresh-frozen rather than FFPE tissue.

Kits for isolation of DNA or RNA from FFPE tissues are commercially 
available from several manufacturers.  Most of them include a 
protease-based digestion step to release RNA and DNA from the 
FFPE tissue section of interest.  In our experience however, isolation 
of sufficient RNA from very small sections of LCM-FFPE material was 
very inefficient, if not impossible, using these products.

In order to be able to tap the valuable source of clinical material that 
is contained in FFPE samples, we recently established an optimized 
protocol based on the Covaris truXTRAC FFPE RNA kit to extract 
RNA from small sections of LCM-FFPE tissue specimens (Amini 
et al., 2017). This protocol is presented in detail below, along with 
performance comparison compared to classical protease-only isolation 
methods.

SUMMARY 
It is well characterized that RNA extraction from FFPE tissues can 
be challenging, often producing low yields and/or poor-quality RNA 
which can adversely affect success of downstream applications such 
as Next-Generation Sequencing (NGS).  In this application note 
we describe an optimized workflow using Covaris truXTRAC FFPE 
RNA kits with deparaffinized, stained LCM-FFPE tissues of cancer-
associated stroma (CAS) and matched normal stroma derived from 
canine mammary tumors.  Using this adapted truXTRAC workflow, 
compared to the classical protease-based RNA isolation methods, 
total RNA yields were increased by 8- to 12-fold and RT-qPCR Cq 
values were 2.3-fold lower on average, signifying better performance. 
Finally, this improved quantity and quality of RNA performs favorably 
well in NGS workflows, overcoming the challenges of using low input 
RNA in RNA sequencing.

INTRODUCTION
Formalin-fixation, paraffin-embedding (FFPE) tissue samples are 
produced using a standard procedure, which allows pathologists 
to analyze the tissue of interest in morphological detail using a 
microscope for diagnostic purposes.  FFPE samples are convenient 
for such routine procedures in more than one way: fixation and 
embedding allows maintenance of optimal tissue morphology and is 
amenable to many different types of staining, while also making the 
specimen suitable for low-maintenance long-term storage at room 
temperature.  Often, clinical records associated with such specimen 
also contain large amounts of relevant data, such as clinical history, 
laboratory findings, follow-up data, and more.

However, the positive aspects of FFPE of biological samples come 
with a massive drawback: due to the chemical nature of this method, 
RNA and DNA become heavily cross-linked and fragmented.  This 
complicates extraction of these molecules and also heavily impacts 
their quantity and quality for downstream analysis.  For these reasons, 
extraction analysis of macromolecules such as RNA from FFPE 
samples has proven to be challenging so far.

Increasingly, researchers are realizing the importance of 
subpopulations of cells within given tissue samples, and the cross-
talk between different molecular entities, for instance tumor cells 
and their surrounding stroma.  Laser-capture microdissection (LCM) 
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The Covaris truXTRAC FFPE range of products provides the highest 
quality extraction of DNA and RNA from FFPE tissues, using Adaptive 
Focused Acoustics® (AFA®) on Focused-ultrasonicators.  The focused 
AFA energy actively removes paraffin, compared to classic passive 
isolation methods, and enables simultaneous tissue rehydration 
and paraffin removal.  This results in high-efficiency extraction of 
NGS-grade nucleic acids achieved through a robust and easy-to-use 
workflow.

1

Covaris



Application Note
www.covaris.com

FF
PE

RNA Isolation Using Covaris truXTRAC FFPE RNA Kit
Extraction of RNA was performed using the Covaris truXTRAC FFPE 
RNA kit with the following modifications.  To transfer the tissue 
specimen adhering to the thermoplastic film on top of the Arcturus® 
CapSure® Macro LCM Caps (Figures 2A and 2B), a sterile blade was 
used to gently peel off the thermoplastic film from the LCM cap. 
Afterwards, the film containing the tissue was transferred into the 
Covaris microTUBE for Focused-ultrasonication (Figures 2C and 2D). 
N.B.  If two caps with material were used for one sample, films from 
both caps were transferred into the same microTUBE. 

Samples were processed using the E220 Focused-ultrasonicator. 
After reverse crosslinking at 80C, the soluble fraction was transferred 
into clean microcentrifuge tubes and DNAse treated without prior 
centrifugation, as due to the absence of paraffin, the samples did not 
contain any solids that could be precipitated.  RNA was eluted from 
the spin columns using 30 μl of elution buffer prewarmed to 70C to 
increase RNA yield.  A second elution into fresh collection tubes was 
performed using 20 to 30 μl prewarmed elution buffer following an 
identical elution protocol.  The eluate was aliquoted before analysis 
and stored at −80C. RNA abundance and quality were analyzed 
using the 4200 or 2200 Tape Station Software using the High 
Sensitivity RNA ScreenTape kit (Agilent Technologies), according to the 
manufacturer’s protocol.

MATERIALS AND METHODS

Overview of RNA isolation workflow of LCM-FFPE tissue using Covaris truXTRAC 
FFPE RNA kit.

FFPE Tissue Processing
Thirteen dog mammary carcinoma sample paraffin blocks were cut at 
10 μm for LCM.  DEPC treated water was used for the microtome HM 
360 (ThermoFisher Scientific) and the blade was cleaned with RNase 
away™ (Ambion).  The tissue was mounted on PEN Membrane Glass 
Slides (Applied Biosystems™) and mounted tissue sections were left to 
dry overnight at room temperature.

Deparaffinize & Stain
To visualize the areas of interest, tissue sections were stained with 
Cresyl Fast Violet according to (Gründemann et al., 2008) (Table A1).  
To allow for proper excision, slides were completely air dried before 
microdissection.  For every tissue sample that underwent LCM, a 
second 5 µm tissue slide was stained with conventional Hematoxylin–
Eosin staining to allow for validation of tissue morphology in case of 
uncertainty using the Cresyl violet stain.

Laser Capture Microdissection (LCM)
For Microdissection, the ArcturusXT™ Laser Capture Microdissection 
System (ThermoScientific) and Arcturus® CapSure® Macro LCM 
Caps (Life Technologies) were used according to the manufacturer’s 
protocol.  Whenever possible, control tissue should be isolated from 
the same slides at the region of interest, to minimise differences in 
sample quality and handling.  Isolation of regions of interest were 
verified by microscopic examination of the LCM cap as well as the 
excised region after microdissection (Figure 1).  After excision, the 
caps were placed on top of 0.5 ml microcentrifuge tubes (Eppendorf® 
Safe-Lock Tubes) and kept on ice until proceeding with RNA isolation.  
On average, 1 to 2 caps were used per sample, depending on the 
specimen.

Figure 1. Microscopic verification of material isolated by LCM.  (A) Stained and mounted 
tissue of interest before microdissection.  (B) View of the cap containing the excised 
regions of interest.  (C) Visualization of tissue of interest after microdissection.

Figure 2. (A&B) Caps with tissue of interest after LCM.  Excised tissue can be seen 
adhering to the plastic film surface of the cap.  (C&D) Covaris microTUBE containing 
plastic film (yellowish) with extracted tissue (purple spots) in RNA lysis buffer ready for 
RNA isolation with the truXTRAC FFPE RNA kit.
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Comparison of the Performance of RNA Isolated with Protease-only and truXTRAC Protocol

RT-qPCR and NGS
Quantitative real-time PCR was performed according to (Amini et al., 2017).  RNA sequencing was carried out on an Illumina® HiSeq2500.  RNA 
library preparation, sequencing and statistical analysis were performed according to (Amini et al., 2017).  

Classical (protease-based) Isolation Protocol
Extraction of mRNA was performed immediately after microdissection using the Recover All™ Total Nucleic Acid Isolation Kit for FFPE 
(Ambion®) according to the manufacturer’s protocol with small adjustments according to (Amini et al., 2017).  RNA abundance and quality were 
analyzed using the 4200 or 2200 Tape Station Software using the High Sensitivity RNA ScreenTape kit (Agilent Technologies), according to the 
manufacturer’s protocol.

RESULTS
Workflow for the Isolation of RNA from FFPE Tissue

Figure 4. Data from (Amini et al., 2017). Direct comparison of RNA extracted from LCM samples from deparaffinized, stained FFPE tissue with the protease-only’ vs the truXTRAC FFPE 
RNA isolation protocol.  Data set in Appendix A. (A) Scatter plot with mean ± SEM of total RNA yield from 13 clinical cases analyzed obtained using the protease-only vs the truXTRAC 
FFPE RNA isolation protocol.  Old normal shows data obtained from using the old protocol on LCM samples of normal stroma, while old cancer-associated stoma (CAS) shows data for 
the old protocol on cancer-associated stroma.  New normal and new CAS are the equivalent for the truXTRAC extraction procedure, respectively.  p-values were calculated using the 
Student’s t-test.  (B) Scatter plot with mean ± SEM of the RIN values obtained from all 13 clinical cases isolated using the protease-only or the truXTRAC FFPE RNA isolation procedure, 
respectively.  RIN values could not be calculated for 3 samples of old normal and 2 samples of old CAS, and are thus omitted from this graph. 

Figure 3. Workflow comparison of the classical protease-only and Covaris truXTRAC protocol for RNA isolation from 
deparaffinized, stained LCM FFPE tissue.  Values indicate the approximate time for each step. 
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deviation 49.1  ng) using the new protocol. These num-
bers are however still underestimating the total increase 
of RNA yield that can be achieved using the new method, 
as we discovered in the course of the experiments that 
the addition of a second elution step yielded an additional 
32.2% of RNA on average using the new protocol (38.0% 
(range 15.8–63.3%, Std. deviation 17.6%) more RNA from 
the normal stroma, and 26.3% (range 10.2–53.5%, Std. 
deviation 14.9%) more RNA from CAS) (Fig. 3b). In the 
four specimen included in this study where a 2nd elu-
tion step was performed, the average yield increased by 
8.2-fold in the normal stroma (from 8.0  ng (range 3.3–
18.2  ng, Std. deviation 6.9  ng) with the old protocol to 
65.4 ng (range 17–143.6 ng, Std. deviation 59.4 ng) using 
the new protocol), and by 12.8-fold in the tumour stroma 
(from 8.2  ng (range 3.1–12.4  ng, Std. deviation 3.9  ng) 
with the old protocol to 104.6 ng (range 43.9–194 ng, Std. 
deviation 73.7  ng) using the new protocol). RNA integ-
rity (RIN) values did not differ significantly between the 
extraction procedures (Fig.  3c; Additional file  1: Table 
S1).

Comparison of the performance of the isolated RNA using 
RT‑qPCR
To compare the performance of RNA extracted using the 
two methods by RT-qPCR, we randomly picked several 
of our samples, reverse transcribed identical amounts 
of RNA extracted using both methods into cDNA in 

parallel, and analysed expression of the two housekeep-
ing genes GAPDH and B2M by RT-qPCR. RNA iso-
lated using the new method performed in general better 
yielding lower mean Cq values in RT-qPCR than RNA 
deriving from the old isolation procedure (Table  3). On 
average, RNA from the new isolation procedure yielded 
lower mean Cq values by 2.06 cycles for GAPDH prim-
ers, and by 2.59 cycles for B2M primers compared to 
the mean Cq values using RNA from the old isolation 
protocol.

Comparison of the performance of the isolated RNA using 
Next‑Generation RNA Sequencing
To compare the performance of the extracted RNA from 
both protocols using RNAseq, we checked the overall 
mapping rate for all generated reads. We observed that, 
regardless of the isolation protocol used, 49.45–79.51% 
of the reads were mappable to the dog genome (Fig. 4a). 
There was no systematic difference between both pro-
tocols (p  =  0.5936). Furthermore, we investigated how 
many mapped reads were informative in respect to exonic 
regions of the genome. The fraction of reads mapping to 
exonic regions was between 14 and 17.07% (Fig. 4b). On 
average, 1.55% more reads using the new protocol were 
assigned to exonic regions (p = 0.0323). Finally, the gene 
body coverage was checked to determine biases at 3′- or 
5′-end of expressed genes (FPKM  >  10). The coverage 
profiles were very flat for all libraries, indicating even 

Fig. 3 Direct comparison of RNA extracted from LCM samples from deparaffinised, stained FFPE tissue with the old vs the new isolation protocol. 
a Scatter plot with mean ± SEM of total RNA yield from the 13 clinical cases analysed obtained using the old vs the new isolation protocol. Old 
normal shows data obtained from using the old protocol on LCM samples of normal stroma, while old CAS shows data for the old protocol on 
CAS. New normal and new CAS are the equivalent for the new extraction procedure, respectively. p-values were calculated using the Student’s t 
test. b Bar graph displaying mean ± SEM of the increase of total RNA yield that could be achieved using a 2nd elution step with the new isolation 
protocol for normal and CAS samples, respectively, compared to a single elution step only. n = 8 for both types of tissue, respectively. c Scatter plot 
with mean ± SEM of the RIN values obtained from all 13 clinical cases isolated using the old or the new isolation procedure, respectively. RIN values 
could not be calculated for 3 samples of old normal and 2 samples of old CAS, and are thus omitted from this graph
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deviation 49.1  ng) using the new protocol. These num-
bers are however still underestimating the total increase 
of RNA yield that can be achieved using the new method, 
as we discovered in the course of the experiments that 
the addition of a second elution step yielded an additional 
32.2% of RNA on average using the new protocol (38.0% 
(range 15.8–63.3%, Std. deviation 17.6%) more RNA from 
the normal stroma, and 26.3% (range 10.2–53.5%, Std. 
deviation 14.9%) more RNA from CAS) (Fig. 3b). In the 
four specimen included in this study where a 2nd elu-
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RT‑qPCR
To compare the performance of RNA extracted using the 
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of our samples, reverse transcribed identical amounts 
of RNA extracted using both methods into cDNA in 

parallel, and analysed expression of the two housekeep-
ing genes GAPDH and B2M by RT-qPCR. RNA iso-
lated using the new method performed in general better 
yielding lower mean Cq values in RT-qPCR than RNA 
deriving from the old isolation procedure (Table  3). On 
average, RNA from the new isolation procedure yielded 
lower mean Cq values by 2.06 cycles for GAPDH prim-
ers, and by 2.59 cycles for B2M primers compared to 
the mean Cq values using RNA from the old isolation 
protocol.

Comparison of the performance of the isolated RNA using 
Next‑Generation RNA Sequencing
To compare the performance of the extracted RNA from 
both protocols using RNAseq, we checked the overall 
mapping rate for all generated reads. We observed that, 
regardless of the isolation protocol used, 49.45–79.51% 
of the reads were mappable to the dog genome (Fig. 4a). 
There was no systematic difference between both pro-
tocols (p  =  0.5936). Furthermore, we investigated how 
many mapped reads were informative in respect to exonic 
regions of the genome. The fraction of reads mapping to 
exonic regions was between 14 and 17.07% (Fig. 4b). On 
average, 1.55% more reads using the new protocol were 
assigned to exonic regions (p = 0.0323). Finally, the gene 
body coverage was checked to determine biases at 3′- or 
5′-end of expressed genes (FPKM  >  10). The coverage 
profiles were very flat for all libraries, indicating even 

Fig. 3 Direct comparison of RNA extracted from LCM samples from deparaffinised, stained FFPE tissue with the old vs the new isolation protocol. 
a Scatter plot with mean ± SEM of total RNA yield from the 13 clinical cases analysed obtained using the old vs the new isolation protocol. Old 
normal shows data obtained from using the old protocol on LCM samples of normal stroma, while old CAS shows data for the old protocol on 
CAS. New normal and new CAS are the equivalent for the new extraction procedure, respectively. p-values were calculated using the Student’s t 
test. b Bar graph displaying mean ± SEM of the increase of total RNA yield that could be achieved using a 2nd elution step with the new isolation 
protocol for normal and CAS samples, respectively, compared to a single elution step only. n = 8 for both types of tissue, respectively. c Scatter plot 
with mean ± SEM of the RIN values obtained from all 13 clinical cases isolated using the old or the new isolation procedure, respectively. RIN values 
could not be calculated for 3 samples of old normal and 2 samples of old CAS, and are thus omitted from this graph
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Comparison of the Performance of Extracted RNA using RT-qPCR

Performance of the Extracted RNA Using Next Generation Sequencing

Figure 5. Data from (Amini et al., 2017) and summarized in Table A2. Bar graph of ∆Cq values of two housekeeping genes, GAPDH (blue) and B2M (grey), by RT-qPCR of RNA extracted 
with truXTRAC and classical protocol.  Negative values indicate better performance of the truXTRAC protocol compared to the classical protocol.  On average RNA isolated with 
truXTRAC produced lower mean Cq values by 2.06 cycles for GAPDH and 2.59 cycles for B2M primers compared to the mean Cq derived from the classical protocol. 

Figure 6. Next-Generation Sequencing results obtained with RNA isolated with the truXTRAC FFPE RNA method.  (a) Barplot illustrating the relative amount of mapped (blue) vs. 
unmapped (grey) reads.  (b) Barplot showing fractions of mapped reads specific for exonic (blue), intronic (light blue) and other genomic (grey) regions. 
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with this new approach proved to be qualitatively at 
least equal if not superior to RNA extracted using the 
old approach, as RT-qPCR Ct values were on average 
2.3-fold lower using the new method (Fig. 3b). This was 
surprising, as the RIN values did not differ significantly 
between the old and the new extraction method (Fig. 3c). 
As the most important determinants for RNA integ-
rity in FFPE samples seem to be the fixation and storage 
steps, and can not be greatly influenced by the method 
of extraction [2], we hypothesize that the reason for this 
better performance is possibly lower amounts of protein-
RNA crosslinks present when using the new method. 

This could be caused by better sample accessibility for 
proteinase K, which would explain a better ‘usability’ of 
RNA for cDNA generation. Finally, we demonstrate that 
the RNA extracted using the new method performs well 
in NGS and is thus amenable for analysis using this tech-
nique (Fig. 4).

Conclusions
Using this optimised RNA extraction protocol, analysis of 
limiting samples derived from LCM extracted deparaffin-
ised and stained FFPE tissue samples becomes technically 
feasible. We thus envisage that the application of this 

Fig. 4 Comparison of Next-Generation Sequencing results obtained with RNA isolated with the old and new method, respectively. a Barplot illus-
trating the relative amount of mapped (blue) vs. unmapped (grey) reads using the new protocol (left) or the old protocol (right). b Barplot showing 
fractions of mapped reads specific for exonic (blue), intronic (light blue) and other genomic (grey) regions. c Linegraph illustrating the calculated 
read-coverage over the genebody for expressed genes of medium length (400–1000 nt). Results for samples extracted by the new protocol are 
highlighted in red colors
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Key Points – Advantages of truXTRAC workflow compared to 
classical protease-based methods:

 - Significant increase in RNA yield

 - RNA qualitatively superior with lower RT-qPCR Cq values

 - Similar hands-on time

 - Active process allowing more complete PK digestion and  
  therefore more tissue available for extraction

 - Works with very low input and low cellularity tissues

 - Reduced ‘non detectable’ rates at QC 

 - Allows LCM tissue to be compatible with RNA sequencing 

DISCUSSION
Recovering RNA from FFPE tissue of sufficient quantity and quality 
appropriate for NGS can be difficult, and when starting with very 
low inputs of RNA this has presented even more of a challenge with 
current protocols and kits available in the field. 

Using an adapted Covaris truXTRAC FFPE RNA workflow, it has 
been shown that total RNA yields could be increased by 8 to 12-fold 
compared to classical protease-based workflows.  In addition, this 
approach is qualitatively equal, if not superior, as RT-qPCR Cq values 
were on average 2.3-fold lower.  More importantly RNA extracted by 
this new approach performs well in NGS, a feat previously challenging 
when using low input RNA.

This improved performance can be linked to the acoustic AFA energy 
delivered by Focused-ultrasonicators as part of the truXTRAC 
workflow.  This active AFA energy significantly improves tissue 
disruption and allows for more of the FFPE tissue to be digested by 
Proteinase K, compared to classical passive protease-based protocols 
(Figure 7).  This improved accessibility of Proteinase K to the FFPE 
tissue allows more uniform digestion and increased disassociation of 
crosslinks with RNA and other molecules, making RNA more readily 
available for isolation.  This is visually represented in comparison to 
protease-based methods which give incomplete digestion, as tissue 
pieces are still visible even after overnight digestion with Proteinase K. 

Figure 7. Picture of LCM-FFPE sample in microTUBE before and after processing with the 
E220 Focused-ultrasonicator.  

Difficultly arises when trying to isolate RNA from small subpopulations 
of LCM tissue, due to the small size and low cellularity of the input 
tissue.  Often RNA isolated from these sources are of low quality and 
yield.  The data presented here shows successful use of low input and 
low cellularity material from LCM, considerably less than the minimum 
2 mg previously recommend in the truXTRAC FFPE RNA protocol.  A 
pre-requisite for truXTRAC workflows was for paraffinized, unstained 
tissue, however, as a requirement of LCM protocols, tissue is already 
deparaffinized and stained prior to extraction.  This adapted protocol 
has been shown to work well with Cresyl Fast Violet stained slides. 

The unique combination of Covaris truXTRAC FFPE RNA kits and 
Focused-ultrasonicators enables NGS-grade nucleic acids amenable 
to RNA sequencing, a feat previously challenging when using low 
input FFPE tissue such LCM-FFPE samples.  This workflow is easily 
transferable to other species, including Human, and to different 
pathologies, providing a solution to the difficulties previously seen 
when performing RNA expression studies from FFPE samples.

Procedure Treatment Duration Number of Repetitions

Deparaffinization 100% Xylene 20 sec 3 x in separate jars

Tissue rehydration 100% Ethanol 30 sec 2 x in separate jars

95% Ethanol 30 sec 2 x in separate jars

70% Ethanol 30 sec 2 x in separate jars

Fixation Cold (-20C) 75% Ethanol 2 min

Staining Cresyl violet staining solution* 1 min

Dehydration 75% Ethanol 5 sec

90% Ethanol 5 sec

100% Ethanol 5 sec

100% Ethanol 1 min

Slide drying Air dry on top of towel Approximately 1 min

* Apply cresyl violet staining solution directly with a syringe equipped with a sterile filter on top of the section, swivel gently. 

Table A1. Modified Cresyl violet staining protocol for LCM.

APPENDIX
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Primer Sample Mean Cq Classic Mean Cq truXTRAC
Δ Mean Cq truXTRAC – 

Mean Cq Classic

GAPDH #2 Normal 26.99 26.56 -0.43

#2 Tumor 24.89 24.61 -0.29

#3 Tumor 22.24 17.75 -4.49

#4 Tumor 22.99 19.23 -3.75

#5 Normal 26.74 24.40 -2.34

#6 Tumor 20.97 20.98 0.00

#7 Tumor 23.57 19.79 -3.78

#8 Normal 23.72 23.28 -0.44

#9 Normal 27.36 27.77 0.41

#9 Tumor 24.82 19.33 -5.49

#10 Normal 27.29 26.89 -0.40

#10 Tumor n.d. 25.68 n.a.

Mean ΔCq truXTRAC - Cq Classic for GAPDH -2.06

B2M #2 Normal 25.83 24.62 -1.21

#2 Tumor 21.88 21.27 -0.61

#3 Tumor 22.76 17.48 -5.28

#4 Tumor 22.70 18.83 -3.87

#5 Normal 24.33 21.38 -2.95

#6 Tumor 21.32 21.07 -0.25

#7 Tumor 23.89 18.87 -5.02

#8 Normal 24.13 24.46 0.33

#9 Normal 27.63 26.14 -1.49

#9 Tumor 25.94 21.36 -4.58

#10 Normal 28.98 26.73 -2.25

#10 Tumor 27.92 24.16 -3.76

Mean ΔCq truXTRAC - ΔCq Classic for B2M -2.59

Table A2. Data from (Amini et al., 2017). Comparison of Cq values obtained using RNA isolated with the classical protease-only method vs. the truXTRAC FFPE RNA protocol.  Identical 
amounts of RNA were reverse transcribed and analyzed by RT-qPCR using GAPDH or B2 M primers.  First column: primers that were used for the analysis.  Second column indicates the 
case and type of tissue from which the RNA that was analyzed derived. “Mean Cq Classic” denotes the mean Cq values obtained with RNA isolated using the protease-only extraction 
protocol.  “Mean Cq truXTRAC” shows the Cq values obtained with RNA isolated using the truXTRAC FFPE RNA extraction protocol.  “∆ Mean Cq truXTRAC-mean Cq Classic” shows 
the difference in Cq values between the truXTRAC extraction protocol and the protease-only extraction protocol; a negative value here indicates better performance (lower Cq values) 
of the truXTRAC extraction protocol.  “Mean ∆ Cq truXTRAC-Cq Classic values” for GAPDH and B2 M list the mean difference of the Cq values between truXTRAC and protease-only 
extraction across all samples. Note: n.d. = not detectable, n.a. = not applicable. 
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