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Abstract
Massively parallel sequencing technologies enable scientists to discover rare 
mutations, structural variants, and novel transcripts at an unprecedented rate. 
With this technology, sensitive detection and identifi cation of even low-frequency 
alleles in highly heterogeneous samples can be done with confi dence. The Agilent 
SureSelect platform provides a fast, cost-effective, and accurate approach 
to target specifi c genomic regions for downstream sequencing analysis. The 
SureSelectXT2 kit streamlines the sample preparation protocol for multiplexed 
sequencing, greatly reducing cost per sample, input requirements, and hands-on 
time. With the sensitivity offered by next-generation sequencing in tandem with 
focused resequencing enabled by SureSelect, researchers are now looking to 
interrogate highly heterogeneous archival samples which used to be a challenge 
for Sanger sequencing. This interest is spurred by the potential to detect low 
frequency variants that could be associated with disease progression and 
response to treatment. Often, research specimens that become invaluable to 
this type of study are derived from archived tissues that contain limited and/
or damaged DNA content. To illustrate the utility of the SureSelect XT2 protocol 
using these valuable archival sources, we demonstrate excellent performance 
with formalin-fi xed, paraffi n-embedded (FFPE) samples using two commercially 
available FFPE DNA extraction kits. While the two preparation methods produce 
DNA of different relative yield and quality, sequencing results, enrichment metrics, 
and library complexity are comparable between the kits, even when starting 
with nanogram quantities of DNA. Our studies highlight the robustness of the 
SureSelectXT2 Target Enrichment System and its utility in preparing DNA from 
archived material that may be damaged or present in limited quantities.
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Materials and Methods

Preparation of gDNA

FFPE blocks comprised of fi ve different 
tissue types (breast, colon, lung, ovary, 
and stomach), containing primary 
tumor or adjacent normal tissue 
(Table 1), and matched fresh-frozen 
(FF) tissue samples, were purchased 
from Cureline. For each FFPE sample, 
two to four 10 µm sections were 
cut from each paraffin block using a 
microtome, combined, and weighed. 
Samples were then processed 
according to the QIAamp FFPE Tissue 
kit (Qiagen) or RecoverAll™ Total 
Nucleic Acid kit (Life Technologies) 
specifi cations. For FF samples, tissues 
were mechanically dissociated in liquid 
nitrogen, and weighed. Frozen tissue 
was then processed according to the 
QIAamp DNA mini kit (Qiagen) or 
PureLink Genomic DNA Mini kit 
(Life Technologies) specifi cations. 
DNA was quantifi ed using a Qubit 
fl uorometer and Qubit Quant-iT 
dsDNA BR Assay Kit (Invitrogen) 
according to the manufacturer’s 
recommendations. DNA quality was 
assessed by Nanodrop measurement 
of 260/280 ratio.

Introduction
The SureSelectXT2 library preparation 
protocol enables faster and easier 
NGS library preparations. To broaden 
its application, we describe an 
optimized protocol for processing 
genomic DNA (gDNA) extracted from 
FFPE tissues. Tissue banks throughout 
the world provide an abundance of 
normal and diseased tissue samples 
for research studies. Archived FFPE 
samples offer the ability to analyze 
large numbers of tissues of diverse 
origins and conditions, allowing 
strategic comparisons that are 
not possible with fresh samples. 
Unfortunately, DNA in FFPE samples is 
prone to damage through the fi xation 
process and prolonged storage. 
Extraction of suffi cient amounts of 
high-quality gDNA from FFPE blocks 
is critical to its successful analysis 
in downstream applications such 
as SureSelect. In this Application 
Note, we compare next-generation 
sequencing performance of FFPE 
gDNA extracted using either the 
Qiagen QIAamp DNA FFPE Tissue Kit 
(P/N: 56404) or the Ambion® (Life 
Technologies) RecoverAll™ Total 
Nucleic Acid Isolation Kit (P/N: AM 
1975). We highlight relevant quality 
control metrics and parameters 
that contribute to the success 
of SureSelect target enrichment 
experiments with FFPE-derived DNA. 
This information can be used to guide 
and troubleshoot experiments. 

Table 1. Starting material

Sample No. Clinical Diagnosis Date of Procurement Anatomical Site Sex

1 Gastric cancer 6/26/07 Stomach (fundus) M

2 Ovarian cancer 9/2/09 Ovary F

3 Colorectal carcinoma (CRC) 9/24/10 Ascending colon M

4 Breast cancer 2/25/10 Breast F

5 Lung cancer 12/2/09 Lung F

Sequencing Library Preparation

DNA libraries were prepared according 
to the SureSelectXT2 protocol. Briefl y, 
1 µg of Qubit-quantifi ed FFPE, FF, or 
HapMap gDNA (Coriell) was used as 
starting material. For FFPE samples 
whose total yield was less than 
1 µg, the entire volume of extracted 
DNA was used in the shearing step. 
Samples were individually indexed, 
and amplifi ed using 6-9 cycles of PCR. 
Indexed samples (~107 ng each) were 
then pooled into 4 sets of 14 (1500 
ng total per pool) before hybridization 
with the SureSelect Kinome capture 
library (P/N: 5190-2947). Captured 
libraries were then sequenced on an 
Illumina HiSeq2000 instrument. 

Data Analysis

Sequence data was demultiplexed 
with CASAVA 1.8.2 and aligned 
using BWA 0.5.9, generating ~6x106 

high-quality reads per sample, with 
the exception of a few outliers with 
fewer reads. An internally-developed 
pipeline was used to generate target 
enrichment metrics.
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Results

Yield and Purity of FFPE-Derived 
Genomic DNA

We compared two commercially 
available DNA extraction kits from 
Qiagen or Ambion/LifeTechnologies 
for the production of sequence-quality 
gDNA from FFPE samples. Both 
methods were performed according to 
the manufacturer’s recommendations. 
Using a panel of fi ve different FFPE 
tissue blocks, we found that the total 
DNA yield was distinct between the 
two methods (Table 2 ). The total 

yield of DNA using the Qiagen kit 
was higher compared to the Ambion 
kit for all samples, and was as much 
as 15-fold higher for one sample. 
Moreover, the two preparations 
differed in the 260/280 ratio of the 
fi nal product. The 260/280 ratio is 
used to assess nucleic acid purity. 
DNA produced with the Qiagen kit had 
an average 260/280 ratio of 2.0 while 
that of the Ambion samples was 1.8. 
In general, a ratio >1.8 is indicative of 
pure nucleic acid. A decreased ratio 
usually indicates protein carryover 
or organic contamination from the 
extraction process. DNA integrity was 

also assessed by running the samples 
on an agarose gel [data not shown]. 
For all samples assayed, fragmentation 
was found to be at a minimum with 
majority of the DNA having a size of 
500 bp or higher, rendering it suitable 
for Covaris shearing as recommended 
in the SureSelectXT2 protocol. Of note, 
treatment of samples with repair 
enzymes using commercially available 
kits (New England Biolabs or Sigma) 
did not appreciably improve yields or 
quality of downstream sequencing data 
[data not shown].

Table 2. FFPE sample yield and purity 

 RecoverAll Total Nucleic Acid kit                 QIAmp FFPE kit

Tissue origin Tissue type Conc. (ng/µl) 260/280 Conc. (ng/µl) 260/280

Gastric
N 27.16 1.78 50.81 1.94

T 35.58 1.79 214.29 1.91

Breast
N 4.64 1.95 13.02 2.05

T 25.11 1.88 84.86 1.96

CRC
N 14.97 1.81 48.56 2.00

T 88.33 1.80 138.37 1.96

Lung
N 2.50 1.66 27.68 2.07

T 3.52 1.76 32.76 2.02

Ovary
N 29.14 1.84 58.38 2.04

T 5.34 1.75 85.14 1.94
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SureselectXT2 Capture and 
Sequencing Results

To test the utility of FFPE-derived DNA 
for target enrichment, we prepared 
libraries with the SureSelectXT2 kit, 
performed captures, and sequenced on 
the HiSeq2000 (Table 3). We compared 
results obtained from FFPE DNA to 
HapMap and FF controls. Overall, mean 
performance as determined by multiple 
key target enrichment metrics was 
equivalent for all samples, regardless of 
extraction method, storage condition, 
or tissue type. The percentage of 
reads that mapped to target regions 
was approximately 50% for FFPE, FF, 
and HapMap samples (Figure 1). After 
normalization to 3 million reads, on 
average, there was no appreciable 
difference in the per-base coverage 

of high-quality, uniquely mapped reads 
(before normalization) for FFPE samples 
was generally lower (~50 %) than that 
of HapMap or FF samples (not shown). 
A few outliers with signifi cantly fewer 
reads were present (as shown in 
Figure 3A, even after normalization). 
Interestingly, a reduced number of 
mapped reads did not correlate with 
starting input amount as some samples 
with a ~10-fold difference in starting 
material had similar numbers of 
mapped reads. Likely due to reduced 
library complexity, FFPE samples had 
an increased percentage of duplicate 
reads ranging from 4% to 14% while 
control samples remained below 4% 
(Figure 3B). 

Table 3. Library Preparation, Hybridization, and Capture

FFPE FF HapMap Total

# of Samples 34 20 2 56

Input Amount (µg) 0.12 – 1.00 1.00 1.00

Pre-capture PCR 
concentration (ng/µl) 2.46 – 24.98 13.70 – 22.70 21.83 – 24.79

# of pre-capture pools 4

# indeces per pool 14

Input for Hybridization (ng) 107.14

Post-capture PCR 
concentration (ng/µl)

12.78

8.27

6.12

6.53

between FFPE and control samples or 
in the uniformity of coverage (Figure 2). 
The two coverage outliers can be 
attributed to a substantially reduced 
read output for these particular samples, 
resulting in fewer than the 3 million 
reads to which the other samples were 
normalized (see Figure 3A). Importantly, 
even with as low as 0.12 µg of gDNA 
input, the SureSelectXT2 workfl ow 
effectively enriched for targets of 
interest and provided high-quality 
sequencing results.

There was generally more variation 
between individual FFPE samples, 
as compared to FF samples across 
multiple sequencing metrics (standard 
deviations between FFPE samples 
were 2-fold or greater than that of FF 
samples). In addition, the total number 
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Figure 1. The percentage of on-target reads was similar between all samples regardless of origin, 
fi xation procedure or extraction method (N, normal; T, tumor).
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Figure 2. A) Per base coverage was consistent between FF and HapMap samples, and only slightly 
more variable for FFPE samples.  B) Uniformity of coverage varied only slightly between FFPE samples, 
but was comparable to matched FF and HapMap samples (N, normal; T, tumor).
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Figure 3. A) The number of raw reads was normalized to 3 million followed by fi ltering for quality and 
uniqueness. FFPE samples had slightly reduced number of high quality, unique reads, on average, with 
the exception of a few outliers. B) Duplicate reads were elevated for FFPE samples as compared to FF 
and HapMap samples (N, normal; T, tumor). 
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• The presence of abundant low 
molecular weight material (e.g. 
<500-1000 bp) in gDNA extracts, 
as observed on agarose gels, 
will affect yield and complexity 
of the resulting library, thereby 
reducing the effi ciency of capture 
and sequencing.

• Use of gDNA with a Qubit/Nanodrop 
concentration ratio < 0.35 should 
be avoided due to insuffi cient 
amount of double-stranded DNA 
for successful library preparation. 
Additionally, a QC qPCR assay, 
as previously described1, may be 
performed to predict performance.

• Accurate quantifi cation of samples 
pre- and post-enrichment is crucial 
to prevent bias during hybridization 
and to properly load the sequencing 
fl ow cell. Care should be taken 
when pooling high- and low-quality 
samples together.

References
1. “HaloPlex Target Enrichment from 

FFPE Tissues”. Agilent Application 
Note Publication Number 5991-
0666EN, 2012.

sample quantifi cation, undetectable 
DNA damage, or other processing 
issues. In addition, mixing of high-
quality samples (HapMap) with lower 
quality FFPE samples could result 
in bias during the hybridization and 
should generally be avoided.
Testing two commercially-available 
extraction kits indicates that any 
FFPE processing method is likely 
adequate as long as it produces 
DNA with 260/280 ratios within 
the range tested here (1.7-2.1) and 
yields > ~0.1 µg. Nevertheless, as 
with any scientifi c procedure, data 
quality will certainly correlate with the 
initial quality of the procured sample. 
The likelihood for success using 
FFPE samples for SureSelect target 
enrichment experiments is enhanced 
by following specifi c sample quality 
control guidelines and triaging samples 
with particular “red fl ags”:

• Genomic DNA extracts that differ 
signifi cantly from the expected 
260/280 range (1.7-2.0) could 
indicate purity problems that will 
affect downstream sequencing. 
Elevated 260/280 ratios may also 
indicate damaged DNA (single-
stranded and/or excessively 
fragmented) that will be refractory to 
repair or adapter-ligation.

Conclusions
The SureSelectXT2 protocol offers the 
benefi t of pre-capture sample pooling, 
reduced sample input requirements, 
and pre-combined master mixes 
for ease of use. SureSelectXT2 is 
robust enough to effectively process 
samples starting from as little as 
~120 ng of extracted gDNA, as long 
as enough adapter-ligated library can 
be generated for the hybridization 
step (e.g. ~100 ng per sample required 
for pools up to 16). Because of this 
pre-capture pooling procedure, 
SureSelectXT2 requires the least 
amount of prepared library for any 
commercial target enrichment method, 
making it ideal for samples where input 
quantity is limited. 

Our data demonstrate that FFPE 
samples produce the same high-
quality enrichment as fresh-frozen 
and HapMap controls, maintaining 
equivalent percent on-target and 
uniformity. While we observe reduced 
read output and increased duplicate 
counts for FFPE samples, on average, 
per-base coverage remains similar to 
fresh-frozen and HapMap DNA when 
normalized to the same number of 
reads. A few FFPE samples generating 
signifi cantly fewer high-quality reads 
may be attributable to inaccurate 
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