Biopharmaceutical Applications

The Advantages
of Long-Read
Sequencing
The scientific community appears to be in agreement that NGS,
the next step in sequencing, has the potential to provide vast
and varied medical advantages
DNA sequencing technologies have contributed to drug
discovery and development pipelines for decades, but
more recent innovations oﬀer to signiﬁcantly expand the
applications for which sequencing is an appropriate choice.
While next-generation sequencing (NGS) instruments were
essential for making sequencing more aﬀordable, the short
reads they produce are not universally useful. They have been
excellent for applications such as genotyping or discovering
single nucleotide variants associated with disease. However,
for many applications, scientists need reads long enough
to span whole genes or complex genomic elements such as
disease-causing repeat expansions or structural variants.
Improvements in long-read sequencing technology have
addressed this unmet need. Single-molecule, real-time
(SMRT) sequencing can produce reads that are tens of
thousands of bases long, allowing for complete coverage of
large amplicons or genomic elements, alternative splicing
isoforms, and more.
The impact of long-read sequencing was ﬁrst seen in genome
assemblies. Whether these reads were used alone or in
combination with short-read data, they allowed scientists to
boost the contiguity and completeness of draft assemblies.
Today, long-read sequencing platforms are considered the
gold standard for de novo assembly of microbial genomes
and are also becoming the preferred option for plant and
animal genomes. These technologies have produced the most
contiguous de novo human genome assemblies available.
Now, long-read sequencing has been implemented for a
wide range of applications, including many that are relevant
to drug discovery and development scientists. From CYP2D6
and human leukocyte antigen (HLA) typing to discovering
disease-causing elements, to providing quality control for
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gene therapy or CRISPR pipelines, long-read sequencing has
much to oﬀer the pharmaceutical ﬁeld.

Drug Metabolism Proﬁling
About a quarter of all commonly used drugs are metabolised
by the enzyme encoded by CYP2D6, giving this gene enormous
importance for pharmacological purposes. Variants found in
CYP2D6 can aﬀect how patients will respond to medications
such as antipsychotics and painkillers; therefore, understanding
each person’s natural variation in this gene can guide dosing
decisions and inform analysis of clinical trial results.
While the importance of analysing CYP2D6 variants is
clear, doing so has proved challenging. It is not only highly
polymorphic – researchers have already characterised more
than 100 allelic variations – but it also has a nearby pseudogene
with high homology. Most of the interrogation of the CYP2D6
gene is performed with genotyping assays, but these detect a
fraction of possible alleles and cannot be used for novel ﬁndings.
The genetic complexity of CYP2D6 also makes it very diﬃcult to
resolve using short-read or Sanger sequencing.
Scientists have turned to SMRT sequencing to resolve the
CYP2D6 gene. The long sequencing reads obtained from
this sequencing technology can fully span the gene and its
pseudogene, providing complete information that cannot be
obtained with other methods. One group of scientists evaluating
this approach demonstrated that not only did it accurately
characterise the full gene – in some cases even generating
information that allowed them to correct previous analyses of
the same sample using other technologies – but it also proved
useful for discovering novel variants that will make it possible
to expand the catalogue of known CYP2D6 alleles (1). Such
information should ultimately lead to improved prediction of a
patient’s drug metabolism proﬁle.
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Figure 1: Short versus long reads

HLA Typing
The HLA genes play a pivotal role in immune response. Like
CYP2D6, these genes are highly polymorphic and difficult
to analyse using many standard genomic technologies. HLA
genes are used to assess donor-recipient tissue matches
prior to organ transplantation, as well as other immunerelated traits; therefore, detecting the variation they harbour
is critical.
Historically, HLA typing has been performed using
genotyping and other methods that scan for specific, known
variants in this gene family. Recent studies have shown that
fully sequencing these genes – a feat that is now possible
with long sequencing reads that cover the entire region
– offers a higher-resolution view of the genes, which is
expected to result in better matches between organ donors
and recipients in the future.
For example, scientists at the Anthony Nolan Research
Institute demonstrated that fully sequencing the HLA genes
made it possible to identify stronger matches associated
with longer survival rates in patients who received
haematopoietic cell transplants (2). Their retrospective study
covered nearly 900 donor/recipient pairs that had previously
been rated as a perfect match, or a 12/12 score for all six
HLA genes. Reanalysis of these pairs with SMRT sequencing
detected additional variation, finding that 29% of the pairs
were, in fact, not perfect matches. The pairs whose perfect
matches were confirmed by long-read sequencing had much
better five-year overall survival rates (54.8%) compared
to the pairs that were newly determined to have been
imperfectly matched (30.1%).
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This information may prove critical for
transplant patients. According to the study,
patients with a perfect HLA match were
less likely to die from transplant-related
complications, such as graft-versus-host
disease, in the ﬁrst year than patients with
any degree of mismatch.

Structural Variant Discovery
NGS technologies have been instrumental
in improving the diagnosis rate for rare
diseases, primarily by identifying diseasecausing single nucleotide variants. Despite
these successes, the solve rate from exome
sequencing for many diﬀerent cohorts and
disease types remains around 40%. There
is a considerable amount that must still be
learned to shed light on the 60% of cases that
cannot yet be explained.

Some of that genomic dark matter can be
attributed to structural variants (SVs) – large
and often complex genomic elements, at
least 50 base pairs long, that can escape detection by shortread sequencing tools. Accurate SV detection requires reads
long enough to span the element, whether it’s an inversion,
a translocation, duplication, or a large indel. SVs also include
repeat expansions, which can grow to hundreds of bases or
longer.
Long-read sequencing has enabled the reliable detection
of SVs, and researchers have now found many examples
of pathogenic SVs to explain diseases that have long gone
unsolved. Eﬀorts are underway around the world to establish
more comprehensive catalogues of disease-causing SVs. In
addition to their potential diagnostic utility some of these
variants could have potential as new drug targets.
Newly discovered pathogenic SVs have been found to
cause a range of diseases and conditions, including certain
types of epilepsy, Carney complex, myotonic dystrophy,
X-linked intellectual disability, and many others (3-7). In one
particularly exciting project, scientists analysed variants
associated with a common form of Alzheimer’s disease; their
ﬁndings not only led to the ﬁrst proof of gene recombination
in the brain, but also suggested that existing antiretroviral
therapies may help protect against the neurodegenerative
disease (8).

Quality Control
At various points in the drug discovery and development
pipeline, long-read sequencing can be used for quality
control to help scientists ensure that experimental results are
as expected, or that certain types of therapies are optimally
manufactured for patients.
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Structural variant

Disease examples
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now demonstrated
the utility of SMRT
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evaluating results
of CRISPR editing
experiments for a
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of the edits made
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Inversion
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FMR1 in Fragile-X, Huntington’s disease,
Spinocerebellar ataxia

Figure 2: Structural variants of all types are known to cause Mendelian disease and contributes to
complex diseases
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Figure 3: How SMRT sequencing works
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Long-read technologies continue to improve, delivering
increased read lengths and accuracy as software, chemistry, and
hardware are upgraded
The rise of CRISPR gene-editing methods has been of
tremendous interest in drug discovery, but their reliability
has been limited by unwanted on-target and off-target
edits that can be made by the nuclease. Scientists have now
demonstrated the utility of SMRT sequencing for evaluating
results of CRISPR editing experiments for a more accurate
and comprehensive view of the edits made. In one study,
they performed amplicon sequencing of the CRISPR-targeted
region, including significant lengths of flanking sequence,
and discovered far more undesired on-target changes
than expected – including large deletions, insertions, and
complex rearrangements (9). Performing post-experiment
quality control with genotyping or short-read sequencing
technologies would likely have missed these unwanted
edits because of their complex nature. The use of long-read
sequencing, on the other hand, would allow scientists to
analyse a population of cells to determine which ones had
only the anticipated edits for follow-on testing.
Downstream in the drug development workflow, the
resurgent interest in gene therapies has created a need to
ensure that each therapy contains the specific gene sequence
of interest. Unfortunately, investigations have shown that
the viral vectors used to deliver gene therapies can carry
unexpected cargo. One team of scientists used SMRT
sequencing to analyse the adeno-associated virus vectors
produced by a gene therapy pipeline and discovered a host
of problems: many vectors contained less than half of the
needed DNA sequence, while others harboured chimeras
and other genetic errors (10). Together, these issues would
have reduced the likelihood of a positive response to the
therapy. Researchers involved in this study released their
SMRT sequencing protocol and encouraged anyone involved
in creating gene therapies to implement some kind of longread-based quality control step.

Looking Ahead
Long-read sequencing is already useful at many points along
the continuum of drug discovery and development. In some
cases, it serves as a helpful complement to Sanger or shortread sequencing platforms; in other situations, it creates
entirely new opportunities. Long-read technologies continue
to improve, delivering increased read lengths and accuracy
as software, chemistry, and hardware are upgraded. Between
technical innovation and scientific creativity, there is no
doubt that long-read sequencing tools will ultimately
be adopted for many other applications relevant to
biopharma scientists.
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