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Introduction

The human genome is comprised of more
than 3 billion base pairs with greater than
99% being identical between any two unre-
lated people. The remaining 1% contains a
mixture of sequence variants that range in
size from a single base (single nucleotide
polymorphisms or SNPs) to indels
(insertions/deletions) >1bp — <1kb and copy
number variations (CNVs) comprising dupli-
cations or deletions greater than 1kb in
length’. Many sequence variants have no
associated disease phenotype whilst others,
which include inherited and de novo
changes, can predispose people to dis-
eases such as autoimmune diseasez,
asthma®, schizophrenia®, obesity® as well as
a variety of cancers®®.

The development of genome analysis
technologies such as DNA microarrays and
next generation sequencing (NGS) has
provided the researcher with the unique
ability to screen for sequence variants of
clinical relevance. Although DNA
microarrays and NGS might be viewed as
competing platforms, this article examines
how exome and targeted sequencing is
being implemented in biomedical
laboratories and how NGS and microarrays
could complement each other to address a
range of biological questions.

Applications of genome analysis

Array comparative genomic hybridisation
(aCGH) platforms, which allow the detection
of known and de novo CNVs present in a
cell or tissue, play an important role in
genome analysis and have had a major im-
pact on the diagnosis of genetic disorders,
accelerating CNV discovery for many
diseases”. Genome-wide association
studies (GWAS) using oligonucleotide
aCGH are considered the gold-standard for
CNV detection®. In a clinical setting they
have been key for identifying novel disease

loci'* and recent data suggest that they will
have a pivotal role in prenatal diagnosis'®.
NGS offers an alternative approach for
genome analysis, providing single base
resolution that has permitted the successful
identification of causal mutations for a
number of monogenic disorders™*** as well
as for cancer'®"’.

Choice of platform for genome analysis

As both microarrays and NGS offer the
potential for discovery of sequence variants,
when selecting a platform it is important to
consider some initial questions.

1. Which platform is the best fit for
addressing a particular research
objective?

2. Which platform is most appropriate
with respect to sample throughput and
cost?

3. What data analysis is required?

Which platform is the best fit for addressing
a particular research objective?

Microarrays are an established technology
and can routinely detect aneuploidy,
unbalanced chromosomal rearrangements,
subchromosomal deletions or duplications,
loss of heterozygosity and SNPs (Table 1).

The power of microarrays for detecting such
variants comes from the density, coverage
and genomic distribution of oligonucleotides
on the array. This is of particular relevance
clinically and can be addressed by utilising
high-density genome-wide array designs or
designs combining probes for specific focus
regions with lower density probes covering
the genomic backbone.

NGS offers the ability to detect the
sequence variants outlined above but can
also be used to screen for copy-neutral
variants (e.g. balanced chromosomal



inversions or translocations), indels or single
base variants (e.g. point mutations) (Table
1). NGS provides the user with the
capability to scan for disease causing
variants  without a priori  sequence
information. When planning a NGS
experiment there are several components to
consider, including protocol (whole exome,
custom sequencing, etc.), library prepara-
tion, capture method, instrumentation,
coverage, etc., which are all essential to en-
sure that the desired information is obtained
from a sequencing run.

Table 1: DNA sequence variants detected
by microarrays and NGS

Sequence variant Microarray Whole

exome/
Custom
sequencing
Aneuploidy 44 v
Balanced 4
chromosomal
rearrangements
Unbalanced v v
chromosomal
rearrangements
Sub chromosomal vV v
deletions/
duplications
Loss of v v
heterozygosity
SNPs v v
Indels Vv

Which platform is most appropriate with
respect to sample throughput and cost?

The numbers of samples that can be
processed using either microarrays or NGS
vary; however, the most important points to
consider are the labour, time and cost
involved in sample analysis.

Microarrays enable parallel analysis of large
numbers of samples and thus offer the
potential to classify patient cohorts. As an
example of the throughput achievable using
microarrays, Oxford Gene Technology
(OGT) recently used its high-throughput
technology to process 20,000 samples in 20
weeks as part of the Wellcome Trust Case

Control Consortium (WTCCC) CNV study®®.
A major factor determining the cost of
microarray processing is the array format
utilised. The facility for parallel processing of
samples on a single microarray slide allows
significant time and cost savings to be
made. In contrast, whole genome
sequencing can be more costly with a long
turn-around time. To address this, more
focussed sequencing approaches can be
applied:

. Whole exome sequencing, which
focuses on just the 1.5% of the human
genome corresponding to gene
encoding regions that contain
approximately 85% of disease-
causing mutations™®.

. Custom sequencing, to target specific
region(s) of interest (ROI) ranging
from 0.2 — 34 megabases. Focusing in
on one or more ROl will enable
increased depth of coverage for those
regions and increased confidence for
detecting causal mutations.

These approaches present an attractive
area for NGS diagnostic development and
offer the advantage of shorter turn-around
time, reduced seguencing costs,
multiplexing and the potential to study larger
numbers of patients. However, when
considering NGS an awareness of hidden
costs is important, as the data analysis
hardware and infrastructure requirements as
well as experienced bioinformaticians can
significantly increase the overall price tag®.

What data-analysis is required?

Not all sequence variants detected in a
microarray or NGS experiment are
necessarily relevant, as the presence of
sequence variants in the healthy population
indicates that many of these will be benign
rather than disease causing®. The analysis
tools for distinguishing relevant from
irrelevant variants from microarray data are
well developed and some service providers
(e.g. OGT) make these tools available.
However, for NGS the identification of
important sequence variants can represent
a serious obstacle for researchers due to; (i)
the volume of data generated and (ii)
relatively slow development of standardised
“off-the-shelf” data analysis tools. This is of
critical importance as incorrect data



analysis, due to problems with base calling,
alignment and assembly, may result in
clinically relevant information being missed.
A robust analytical pathway for data
analysis, such as that developed by OGT
(Figure 1), can circumvent these problems
and accelerate progress in understanding
the biological meaning of complex NGS
data.

variants with biomedical relevance®®.
This information could then be used to
generate new diagnostic arrays or add

additional content to existing
diagnostic arrays.
The correct combination is essential to
ensure that the most information is

obtained with a careful balance needed
between cost and information required.
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Figure 1: Translating data into information with OGT’s advanced analysis pipeline

Microarrays or Sequencing?

At present no single platform, either
microarrays or NGS, can identify all
sequence Vvariants within the genome.
Although both platforms function perfectly
well in isolation each offers complementary
qualities that can, in combination, be used
to identify and screen for known or de novo
sequence variants. The exact order in which
the platforms are used depends on the

types of questions that need to be
answered.
1. If the requirement is to screen a large

number of samples to identify a
particular subset or genomic region’
for more comprehensive analysis,
microarrays will be more effective for
screening followed by sequencing.

If the goal is discovery, sequencing
could be used to identify sequence
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