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Figure 1: Five challenges for visualizing genomics data in the clinic identified in this study. Challenges are the multiscale nature of the data,
artifacts introduced by the sequencing, unknown significance of findings, a multitude of sources of information, and a need for efficiency.

Abstract

There is currently a movement in health care towards precision medicine, where genomics often is the central diagnostic
component for tailoring the treatment to the individual patient. We here present results from a domain characterization effort
to pinpoint problems and possibilities for visualization of genomics data in the clinical workflow, with analysis of copy number
variants as an example task. Five distinct characteristics have been identified. Clinical genomics data is inherently multiscale,
riddled with artifacts and uncertainty, and many findings have unknown significance, so it is a challenging visual analytics
domain. Moreover, as in other clinical domains, high efficiency is key. This characterization will form the basis for follow-on
visualization prototyping.

CCS Concepts

* Human-centered computing — Information visualization; Visualization design and evaluation methods; * Applied com-
puting — Genomics;

1. Introduction analytics tools for clinical genomics, that work with the clinical
protocols in place, and scale to manage the growing challenges.
The movement towards precision medicine [Hod16] will heavily
rely on DNA sequencing, for purposes such as treatment selection
for patients with cancer or hereditary diseases. As it gets cheaper
and more accessible to sequence a patient’s genome, more and
larger panels will be utilized, leading to a vastly increasing amount
of data to review. Simultaneously, healthcare providers are under

Next generation sequencing (NGS) has decreased the time and
money required to sequence DNA [Wet21]. In NGS the DNA is
broken into fragments which are often amplified before being se-
quenced. The sequenced fragments are then mapped to a reference
genome, to piece together the sequence of the sample.

economic pressure and have difficulties increasing the spending per In this work we use analysis of copy number variations (CNVs)
patient. Our work is directed towards a new generation of visual to probe the visualization needs. Having a CNV means that a large
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section of the genome is either deleted or copied any number of
times [PRB*21]. When there are multiple copies of a section it in-
creases the number of fragments obtained from that region, which
is one way to detect CNVs in NGS data [ZWW*13]. Current can-
cer research shows that CNVs are important for cancer develop-
ment [BMP*10] as well as in some genetic diseases, but their im-
pact is far from fully understood [PRB*21]. Many CNV visualiza-
tion efforts in the literature are based on graphs or scatter plots of
the copy ratio [KSC*14,Ull17, MYR*19, TSBB16,DVP18].

The main contribution of this work is a domain characterization
of the clinical practices for visual review of genomics data. The
findings made constitute a complex combination of prerequisites
that pose interesting challenges for future research on, and devel-
opment of, visualization tools.

2. Methods

This paper reports on results from two deep semi-structured inter-
views with one variant analysts each, site visits to three hospital
genomics laboratories, and a shorter interview with one of the vari-
ant analysts and a geneticist. In total we engaged with 11 experts
throughout the study.

This work uses a design study approach [SMM12], where the
communication with domain scientists and end users plays a large
role. The domain characterization is part of a larger effort that also
includes prototyping of novel visualization tools. This meant that
we were in a position to elicit insights from the discussions also
through end user feedback on sketches and other design artifacts.

3. Results

Variant review in the clinic is based on call lists, where a computa-
tional algorithm locates possible variants and the clinician reviews
them and their importance for the patient case. The reviewer can
review the data in a genome browser [NHG19] but can also just
trust the call list. Including CNVs in the analysis is quite new so
there are no clear routines defined yet. Though not exhaustive, five
main types of challenges were identified (see Figure 1):

Multiscale data: There is often important information both on
the chromosome level, on a more zoomed in regional level, and
on basepair level. This multiscale characteristic presents a signifi-
cant visualization challenge. Study participants expressed that it is
not plausible for clinicians to scroll through data at the gene level,
therefore they rely on algorithms to identify the interesting areas.
Specifically for the CNV detection task, candidate CNVs can also
be found by looking for outliers in a scatterplot of the estimated
copy numbers along a section of the genome. If more information
is needed, basepair level review can be done in a genome browser.

Artifacts: Genomics data are full of artifacts and uncertainties,
which the analysts have to consider and assess in their interpreta-
tive work. In the interviews, multiple subjects emphasized the im-
portance of distinguishing between artifacts and true findings in the
data. It is important to these users that they can review the data to
exclude the possibility that their potential finding is erroneous. One
user expressed that they can not report a finding unless all evidence
agree or they find a reliable explanation for the deviation. The same

group of users expressed that knowledge of the chemical and bio-
logical processes involved in data extraction was crucial for under-
standing the data, and that leaving this information out would be
irresponsible. On the other hand, they acknowledged that this type
of genomics data will be analyzed also by end users not having the
same experience and knowledge as they.

Unknown significance: When a finding is made, the available
literature must be searched for evidence that the finding has clini-
cal relevance. Much is not yet known about the genome and how
different variants change the phenotype of the patient, which study
participants expressed as a limiting factor. This is particularly perti-
nent for CN'Vs, so many findings are not actionable from a clinical
perspective and need to be disregarded.

Multiple sources: Evaluating a finding involves comparing it to
other samples and specifics of the lab processes, such as targeted
sections. Finding the clinical relevance involves consulting multi-
ple databases for evidence and comparing to gene annotation data.
Since this data is often found in different places, the interviewees
had to use many different channels (tabs, windows and programs).

Efficiency: The messages were clear from all users and domain
experts that time is limited when reviewing a case, so there will not
be time to closely investigate every finding in the clinical setting.

4. Discussion

The use of large-scale DNA sequencing in clinical practice is still in
its early stages. Even though there are efforts made to create guide-
lines for assessing and reporting variants [RAB*15, RAC*20],
much ambiguity seems to remain about what to do in practice. This
is further complicated by the need for efficiency, which hinders the
close review of each suspected variant. This is common in medical
fields, where limited resources and time is a constraining factor.

A fundamental challenge, especially for CNVs, is that there is
important information at multiple zoom levels. This could per-
haps be helped by multiple linked views or tracks [STM*14], and a
details-on-demand [Shn96] approach, to enable closer review of se-
lected regions. There is also much metadata in the genome browser,
which could be presented in more zoomed-out graphs to indicate
sections that might contain artifacts. Yokoyama et al. [YSS*19]
also illuminate the challenge of distinguishing nested CNVs.

It is potentially useful to make room in the visualization envi-
ronment to express data hunches [LAML21], since the users know
the data contains artifacts, similar to the situation described by Mc-
Curdy et al. [MGM19]. This would provide visualization prove-
nance [XOW™*20], by allowing users to follow each other’s work.

5. Conclusions

To conclude, the area of genomics visualization presents interesting
challenges for multiple reasons, in particular when considering it in
the clinic where additional constraints apply.
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