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Abstract

The Agilent HaloPlex target enrichment system was used to  
prepare DNA libraries derived from FFPE tissues for NGS sequencing. 
This library preparation method enabled a sequencing coverage of 
99.5% at 1x, 95% at 20x, and high concordance of single nucleotide 
variants to the dbSNP database and fresh-frozen controls.
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Materials and Methods

Sample Preparation
Matched fresh-frozen (FF) and FFPE 
tissue samples and cell lines used 
in this study were obtained from 
the International HapMap Project 
(NA 18507), Horizon Diagnostics 
(HH cell line, p/n HD500 and HH 
FFPE, p/n HD200), and Asterand 
(B8 and C4, both FF and FFPE). 
DNA was extracted from the fresh-
frozen samples (Figure 1) using the 

Introduction

While fresh or fresh-frozen samples 
are often preferred for disease 
research, they have two main 
limitations1. First, tissue processing 
is time sensitive and an extensive 
source of such samples is not 
always available. Second, fresh 
samples can result in a bias to using 
only larger tumors in a cancer study. 

In contrast, most hospitals maintain 
long-term collections of tissue for 
diagnostic histology using formalin-
fixed paraffin embedded (FFPE) 
specimens1 and vast numbers of 
these specimens are available from 
a wide array of tissue collections 
and biobanks2. FFPE samples 
represent a valuable source of 
information that can enable the 
discovery of molecular events linked 
to disease onset and progression. 
However, nucleic acids isolated 
from paraffin-embedded samples 
are usually suboptimal in quality 
due to degradation from cross-
linking and variable specimen 
storage conditions. In spite of this, 
there is great interest in using 
FFPE samples to gain genetic 
information on disease processes 
using standard molecular analysis 
techniques such as next generation 
sequencing (NGS).
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Figure 1. Workflow showing the Haloplex Target 
Enrichment method for preparing FFPE samples 
for DNA sequencing.

QIAamp DNA Micro Kit (QiaGEN, 
p/n 56304) and the FFPE samples 
were extracted using the QIAamp 
DNA FFPE Tissue Kit (p/n 56404). 
The extracted DNA was analyzed 
using the Agilent 2200 TapeStation 
System and the Genomic DNA 
ScreenTape assay (p/n 5067-5365) 
to visualize the level of degradation. 
Significant degradation of the FFPE 
samples was observed, compared to 
the matched fresh-frozen controls. 
Average fragment sizes (Figure 2) 
correlated to quality (yield ratio) 
scores obtained from the Agilent 
FFPE DNA Quality Assessment 
protocol for HaloPlex (p/nG9900-
90050) (Table 1). 

This application note demonstrates 
the ability to obtain useful DNA 
sequence information from FFPE 
specimens using the Agilent HaloPlex 
Target Enrichment System. The 
protocol includes an optimized 
workflow for DNA extraction and 
sample quality assessment, as well 
as design and experimental setup 
optimizations to improve sequencing 
data quality from degraded samples. 
Using a set of matched fresh-frozen 
and FFPE samples, 99.5% coverage 
was obtained at 1x and 95% at 20x 
with the FFPE samples. In addition, 
high concordance in single nucleotide 
variants (SNVs) was observed, along 
with detection of known variants 
down to 3% allele frequency. 
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Table 1. Size Analysis Data for Fresh-Frozen and FFPE DNA Samples

Sample Source/
Treatment

Average 
Size (bp)

PCR Yield 
Ratios*

DNA Input for 
HaloPlex (ng)

Targeted Average 
Sequencing Depth

NA18507 Cell Line >60,000 1.0 200 200X

B8 FF

FFPE

26,619

1854

0.98

0.52

200

200

200X

400X

C4 FF

FFPE

28,877

639

.94

0.14

200

200

200X

800X

HH Cell Line

FFPE

>60,000

52,795

0.95

0.93

200

200

200X

200X

*Calculated from the FFPE DNA Quality Assessment Protocol

Figure 2. Agilent TapeStation Analysis of DNA extracted from matched fresh-frozen and FFPE-treated tissues from four different cell lines.

HaloPlex Target Enrichment 
A 50 kb custom cancer panel 
was designed for optimal capture 
of FFPE DNA (short fragments, 
dual strand capture) and used to 
prepare libraries for sequencing on 
the Illumina MiSeq. Using 200 ng 
of genomic DNA, each sample was 
split into eight different restriction 
digestion reactions. Following 
digestion, the reactions were 
pooled and mixed with biotinylated 
HaloPlex probes for a 50 kb cancer 

panel that hybridized to restriction 
fragments containing the target 
sequences. After hybridization, 
the bait/target hybrids were 
captured on solid phase streptavidin 
beads and ligated to the adapter 
sequence, thereby eliminating 
off-target DNA. In the last step 
prior to amplification, the captured 
circularized sequences were 
released from the beads using 
NaOH denaturation. The eluted 
fragments were then amplified 
using 18–25 PCR cycles.

Next Generation Sequencing

Following HaloPlex enrichment, the 
indexed samples were pooled and 
sequenced on an Illumina MiSeq 
desktop sequencer using a 150 bp 
paired-end protocol. The sequencing 
data was analyzed using Agilent 
SureCall software and variant calls 
made in the fresh-frozen samples 
were compared to the matched 
FFPE samples.
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Results and Discussion

DNA Quality
Agilent TapeStation analysis 
revealed significant degradation 
of the FFPE samples compared 
to matched fresh-frozen samples. 
Average FFPE fragment sizes 
determined in this fashion 
correlated to the yield ratio scores 
obtained using the Agilent FFPE 
DNA Quality Assessment Protocol 
(Figure 1, Table 1). The average 
fragment size dictated the targeted 
average sequencing depth to 
provide complete coverage of the 
targeted regions.

Figure 3. Uniformity of sequencing coverage (coverage at 20% average depth) for fresh-frozen and FFPE samples, 
as well as average read depth.

DNA Sequencing
Uniformity of coverage (coverage 
at 0.2x of average depth) is lower 
with FFPE samples (Figure 3). 
However, the increased sequencing 
depth compensated for the reduced 
uniformity and assured >95% 
coverage at 20x.

Variant Calls
Analysis of the sequencing data 
revealed good correlation between 
the variants called with FFPE DNA 
and those found in dbSNP (the 
Single Nucleotide Polymorphism 
Database), as well as with those 
variants found in fresh-frozen DNA 
(Table 2). The overlap of FFPE 

variant calls with those found in 
dbSNP was high, ranging from 
82.4 to 100%. The concordance 
between the actual variants called 
with FFPE DNA and those in dbSNP 
was also excellent, with 100% of 
the FFPE variants having an exact 
counterpart in dbSNP. Concordance 
rates for homozygous variants 
ranged from 94.1 to 100% while 
the heterozygous variants ranged 
from 98.7 to 100%. Sensitivity, or 
the percentage of variants found 
in fresh-frozen DNA that were also 
found in FFPE DNA, was high (93.6 
to 100%) for both homozygous and 
heterozygous variants. 
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The sample set HH, consisting 
of cell line DNA and FFPE DNA, 
contains 11 known variants 
with allele frequencies for major 
oncology targets that have been 
verified by digital PCR (Horizon 
Diagnostics, p/n HD500, HD200). 
The samples were sequenced to an 
average of 1500x, and the observed 
frequencies for these positions 
were recorded (Table 3). Variants 
present at known allele frequencies 
down to 3% were successfully 
detected in the FFPE DNA sample, 
as well as the fresh-frozen sample. 
Although the 1% mutation had 
dropped out, it was observed in a 
few reads.

FFPE Sample
B8 C4 HH

Total Calls 41.7 35.7 62.3

dbSNP Overlap 41.7 34.3 51.3

dbSNP Overlap Rate (%) 100 96.3 82.4

dbSNP Overlap Concordance (%) 100 100.0 100.0

Fresh-frozen Overlap 40.0 33.0 64.0

Homozygous Concordance (%) 97.0 94.1 100.0

Homozygous Sensitivity (%) 100.0 100.0 100.0

Heterozygous Concordance 100.0 100.0 98.7

Heterozygous Sensitivity (%) 100.0 100.0 93.6

†The National Center for Biotechnology Information (NCBI) database of Short Genetic Variations

Table 2. Comparison of FFPE Variant Calls to dbSNP† and Fresh-frozen Samples

Table 3. Comparison of Variant Allele Frequencies Detected by HaloPlex Target Enrichment versus 
Digital PCR for HH Cell Line DNA and HH FFPE DNA 

Allele Frequencies (%)
Digital PCR   HaloPlex

Gene Mutation Chromosome Position HH Sample 
Set

 HH Cell 
Line 

(HD500)
HH FFPE 
(HD200)

EGFR G719S chr7 55241707 24.5 13.9 19.4

PIK3CA H1047R chr3 178952085 17.5 17.5 13.4

KRAS G13D chr12 25398281 15.0 14.4 16.3

NRAS Q61K chr1 115256530 12.5 11.7 11.6

BRAF V600E chr7 140453136 10.5 10.9 9.5

KIT D816V chr4 55599321 10.0 11.4 21.1

PIK3CA E545K chr3 178936091 9.0 6.4 10.6

KRAS G12D chr12 25398284 6.0 4.7 5.8

EGFR L858R chr7 55259515 3.0 3.3 2.3
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Conclusions

The HaloPlex target enrichment 
system is a powerful tool for 
identifying rare variants from 
fragmented FFPE samples. The 
decrease in sequence coverage 
uniformity was caused by 
unavailability of long targets and 
can be predicted by the sample 
yield ratio scores. By compensating 
with increased targeted sequencing 
depth, >95% coverage at 20x is 
achieved. Known variants present 
at frequencies as low as 3% were 
successfully observed with 1500x 
sequencing coverage. 
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