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Introduction

The Agilent HaloPlex Target Enrichment System enables fast, simple, and efficient 

analysis of genomic regions of interest for a large number of samples, covering 

thousands of exons per sample. It uses single-tube target amplification and 

removes the need for library preparation to reduce total sample processing time to 

only 6 hours, without the need for dedicated instrumentation (Figure 1). HaloPlex 

is compatible with different desktop sequencing and high-throughput platforms.

Formalin-fixed paraffin-embedded (FFPE) tissues compose an enormous archive 

of samples obtained from biopsies of various human cancers in institutions 

around the world. However, as DNA purified from FFPE tissue can be highly 

degraded, damaged, and available only in small quantities, being able to perform 

molecular analysis of these samples is a common challenge. Extracting molecular 

information from FFPE samples has the potential to drastically improve our 

understanding of genetic components that underlie disease states.

Figure 1. The Agilent HaloPlex protocol takes 

only 6 hours and is accomplished in 4 basic 

steps: Step 1) Digest and denature sample DNA; 

Step 2). Hybridize oligonucleotide probe library; 

Step 3) Purify and ligate targets; Step 4) Amplify 

targeted fragments with PCR .
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Target Enrichment

A HaloPlex Custom Design was 

created, using the HaloPlex Design 

Wizard, to enrich the coding 

sequences of 33 known genes. The 

total panel size was 506 kb and 

included a total of 10,643 amplicons.

DNA samples extracted from 

FFPE or Fresh-Frozen tissue were 

enriched using HaloPlex protocol 

recommendations, plus the Coriell 

Control sample. Indexes were 

incorporated for each sample during 

enrichment, allowing samples to be 

multiplexed prior to sequencing. 

Sequencing

After enrichment, the indexed libraries 

were pooled and sequenced on an 

Illumina MiSeq platform using a 

paired-end 150 bp read length protocol. 

An average 120 mb sequencing amount 

was generated per sample (average 

223x target read depth).

Data Analysis

Reads were trimmed from Illumina 

adapter sequences using CutAdapt and 

aligned to the reference genome using 

Mosaik 2.0. A custom software was 

used to calculate coverage, specificity 

and uniformity metrics.

Methods

gDNA Extraction

Genomic DNA (gDNA) was extracted 

from ten tumor samples from paired 

FF and FFPE tissue, using NucleoSpin 

Tissue kit (Macherey-Nagel). 

Evaluation Of DNA Sample Quality 
and Fragmentation Status

In order to verify overall quality of 

the DNA samples, a QC assay based 

on PCR was developed. In summary, 

10 ng of each DNA sample was 

amplified with 2 independent primer 

pairs, in order to generate amplicons 

of incremental sizes: 105 bp, 236 bp. A 

HapMap DNA sample was used as a 

non-degraded control.

After PCR, products were evaluated 

for yield and level of fragmentation 

using the Agilent 2200 Tapestation. 

Results from the run were used to 

estimate the level of fragmentation of 

each sample, through calculation of a 

% ratio value (Sample/HapMap Yield). 

Based on the level of fragmentation, 

FFPE samples were classified in as 

good, medium or poor. Three paired 

samples (FFPE vs Fresh-Frozen) were 

selected for enrichment with HaloPlex, 

representing the 3 quality states (good, 

medium and poor).

The study described in this application 

note had two goals:

Investigate general compatibility of 

FFPE samples with HaloPlex Target 

Enrichment System

Establish a QC assay for FFPE 

samples that can predict the 

performance of a HaloPlex 

enrichment assay

After evaluating the HaloPlex assay 

for DNA extracted from various FFPE 

and Fresh-Frozen (FF) tissues, with 

different levels of degradation, we 

could conclude that:

The HaloPlex assay works almost 

equally well on FFPE samples 

compared to FF or cell-line samples

The QC assay is a good way 

to predict the performance of 

amplicons of different lengths and 

thereby also the overall performance 

of the HaloPlex assay

Due to the fact that several 

amplicons cover each base in a 

HaloPlex assay, the effect from 

fragmented DNA is limited when 

looking at a per-base coverage 

perspective since smaller fragments 

acts as a backup for longer fragments 

that might fail. This results in a high 

target coverage even in the most 

fragmented FFPE samples.
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Results

After running the QC assay for all DNA 

samples, we could measure their level 

of fragmentation and qualify their 

quality state as good, medium or poor 

(Table 1).

After sequencing the samples of 

various qualities, we observed the 

following performance results  

(Table 2; Figure 2):

Specificity (% on-target) was  

>94 % for all samples, no significant 

difference between FFPE and  

FF samples.

Over 99 % of all target bases were 

covered by at least 1x, no significant 

difference between FFPE and  

FF samples.

For coverage at 20x and 100x  

the good and medium quality 

samples showed comparable quality, 

but a slight drop in coverage could 

be observed for the poor FFPE 

sample compared to the matching  

FF sample.

Uniformity (bases covered at 10 % 

and 20 % of avg depth) was high 

and similar between FFPE and FF 

samples, with a slight drop observed 

for the poor FFPE sample. 

In summary, all samples presented 

great enrichment performance and 

performed very similarly despite their 

quality state. We could observe a 

slight hit in coverage performance for 

the poor quality FFPE sample.

Table 1. Results from QC assay developed to evaluate sample quality status

DNA sample info QC assay performance

DNA  

sample

DNA  

source

105 bp PCR yield 

(ng/µl)

236 bp PCR yield 

(ng/µl)

105 bp PCR yield 

ratio (sample / 

hapmap)

236 bp PCR yield 

ratio (sample / 

hapmap)

HAPMAP
Cell line 1.52 2.02 100 % 100 %

Cell line 1.52 2.02 100 % 100 %

GOOD
FF 1.11 0.89 73 % 44 %

FFPE 0.72 0.37 47 % 18 %

MEDIUM
FF 2.35 0.98 155 % 49 %

FFPE 0.68 0.26 45 % 13 %

POOR
FF 1.2 0.985 79 % 49 %

FFPE 0.36 0.07 24 % 3 %

Table 2. Results from sequencing run after HaloPlex enrichment of FFPE samples of different qualities  

and fragmentation status 

DNA Sample Info Sequencing Performance metrics

DNA 

sample

DNA 

source

Specifity  

(% on-target)

% bases  

cov 1x

% bases  

cov 20x

% bases  

cov 100x

% bases cov 

10 % of avg 

depth

% bases cov 

at 20 % of avg 

depth

CONTROL
HapMap 97 % 99.8 % 98 % 76 % 98 % 95 %

HapMap 97 % 99.8 % 98 % 76 % 98 % 95 %

GOOD
FF 95 % 99.8 % 98 % 81 % 98 % 95 %

FFPE 94 % 99.8 % 96 % 74 % 96 % 92 %

MEDIUM
FF 94 % 99.8 % 98 % 81 % 98 % 95 %

FFPE 97 % 99.8 % 97 % 80 % 96 % 91 %

POOR
FF 95 % 99.8 % 98 % 82 % 98 % 96 %

FFPE 94 % 99.4 % 88 % 61 % 90 % 83 %

Figure 2. Comparison of performance among different FFPE sample qualities. 
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Conclusion

In this application note we describe 

a simple target enrichment protocol, 

using the HaloPlex kit, that can be  

used to capture genomic regions of 

interest from gDNA extracted from 

FFPE material.

Results described here demonstrate 

that the QC assay developed is a good 

way to predict the performance of 

amplicons of different lengths and 

thereby also the overall performance of 

the HaloPlex assay.

The HaloPlex assay works almost 

equally well on FFPE samples 

compared to FF or cell-line samples.

Finally, due to the fact that several 

amplicons cover each base in a 

HaloPlex assay, it is expected that the 

effect from fragmented DNA is limited 

when looking at a per-base coverage 

perspective since smaller fragments 

acts as a backup for longer fragments 

that might fail. This should contribute 

to the results reported here, where a 

high target coverage is observed even 

in the most fragmented FFPE samples.

Learn more about HaloPlex:
www.agilent.com/genomics/ngs

For Research Use Only. Not for use in diagnostic procedures. 


