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The global DNA sequencing capacity is increasing 3x-5x per year, leading to an
unprecedented flood of biological data. Already, the output of biological data amounts
to 15 petabytes a year (the equivalent of >3 million DVDs) and its amount doubles
every 9 months, making it hard for scientists to keep up and put the information in context. As a result, there is a critical need for powerful and easy-to-use bioinformatics
tools that help to harness the vast amount of highly complex biological data to generate
valuable molecular insights.

1 DNA sequencing

3 Variant calling

As a sequencer deciphers the genetic code base by
base, it computes quality scores for each base and
returns so-called reads, which represent short fragments
of the original genome each ranging between 100
and 300 base pairs. The volume of data generated
depends on the length of the sequenced genetic code
and the number of repetitions for each read (so-called
coverage). In cancer testing where the highest
reliability of results is key, the coverage can be higher
than 1000 x, meaning that a defined region of the
DNA is sequenced more than 1000 times. Full genomes
are usually sequenced at a coverage of 30 x, which
equals more than 90 billion data points.

Primary analysis

Once the original DNA sequence has been established, sophisticated statistical tools are used to
detect genetic variants. To this end, bioinformatics
software like the Biomedical Genomics Workbench compares the DNA sequence with a reference genome and identifies any deviations.
The full genome of a healthy individual typically
carries tens of thousands of variants. Tumor
samples may even contain tens of millions of variants. The challenge is narrowing in on variants
that are causal for a certain disease and removing
all which are due to sequencing errors.

Secondary analysis

Tertiary analysis

2 Assembly and alignment

4 Variant analysis

Following the sequencing run, the reads need to
be reassembled to obtain the original DNA sequence.
To this end, bioinformatics tools such as the CLC
Genomics Workbench typically compute the original
DNA sequence by aligning it against a reference
genome or constructing a consensus sequence from
scratch. Before this process, the raw data is assessed and filtered for quality to obtain the best results.
The final DNA sequence is computed based on
advanced algorithms to ensure the highest possible
accuracy of results.
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variants are typically present in the
full genome of a healthy individual.

A few

causal variants are what researchers try to identify
to generate actionable insights.
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In the final and most important step, the identified
variants are interpreted with regard to their
re levance in the context of a specific research
question. Bioinformatics tools such
as Ingenuity Variant Analysis enable users to filter
the data utilizing an advanced ontology, thus
helping to narrow down the selection to a few or
even singular genetic mutations. The QIAGEN
knowledge bases and software also provide upto-date knowledge on the relevance of the variants,
helping to create actionable insights.
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