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Abstract

Whole-genome sequencing (WGS) can provide valuable health insight for research participants or patients. Opportunities
to be sequenced are increasing as direct-to-consumer (DTC) testing becomes more prevalent, but it is still fairly unusual
to have been sequenced. We offered WGS to fourteen professionals with pre-existing familiarity with an interest in human
genetics — healthcare, science, policy and art. Participants received a hard drive containing their personal sequence data files
(.BAM,.gvcf), without further explanation or obligation, to consider how experiencing WGS firsthand might influence their
professional attitudes. We performed semi-structured pre- and post-sequencing interviews with each participant to identify
key themes that they raised after being sequenced. To evaluate how their experience of the procedure evolved over time, we
also conducted a questionnaire to gather their views 3 years after receiving their genomic data. Participants were generally
satisfied with the experience (all 14 participants would choose to participate again). They mostly decided to participate out
of curiosity (personal) and to learn from the experience (professional). Whereas most participants slightly developed their
original perspective on genetic data, a small selection of them radically changed their views over the course of the project.
We conclude that personal experience of sequencing provides an interesting alternative perspective for experts involved in
leading, planning, implementing or researching genome sequencing services. Moreover, the personal experience may provide
professionals with a better understanding of the challenges visitors of the Genetics Clinic of the Future may face.
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Introduction

The complexities associated with whole-genome sequencing
(WGS) and its introduction into clinical care (van El et al.
2013; Berg et al. 2011; Vears et al. 2018) have evoked exten-
sive discussions among professionals involved in genetics.
Some studies have provided information about the experi-
ences of — supposedly healthy — participants in beyond-
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the-clinic WGS projects (Ball et al. 2014; Beck et al. 2018;
Reuter et al. 2018). We suggest that these discussions could
benefit from the perspectives of professionals that have first-
hand experience of WGS, having undergone sequencing
themselves, and that this could be particularly insightful if
their perspectives are gathered before and after sequencing,
noting any changes in their opinions.

The attribution of personal experience to professional
behaviour is an emerging theme in health policy research.
It has been shown how having a disability shapes students’
and clinicians’ interactions with their patients (Battalova
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et al. 2020), and how doctors who become patients change
their views towards risks and benefits of treatments (Klitz-
man 2006). Simultaneously, there is an emerging culture
of empowering individuals to be the creators of solutions,
sometimes unconventional, to challenges they encounter
(‘Maker movement’) (Awori and Lee 2017). In general, the
interest for adding personal perspectives to innovation tra-
jectories is increasing across healthcare domains.

Rapid developments in genomic sequencing technologies
have raised expectations for increased use of DNA sequenc-
ing in the clinic. Currently, sequencing is primarily used
as a diagnostic tool for rare diseases or genetic predispo-
sitions (e.g. familial cancers). With recent technological
advances, especially the breakthrough of next-generation
sequencing (NGS), our understanding of human genotypes
that are involved in disease has increased enormously. Dur-
ing the recent years, NGS has become faster, cheaper and
more accurate (Stark et al. 2019; Machini et al. 2019; Velt-
man et al. 2013). Expanded use of WGS and whole-exome
sequencing (WES) will improve diagnostics of rare genetic
disorders, personalise treatment to suit specific patients, and
anticipate strategies for prevention. This provides opportuni-
ties to shift the focus from disease-treatment, to more per-
sonalised and preventive care. While benefits for the com-
munity are not established yet, routine implementation of
sequencing in healthcare faces considerable challenges that
go far beyond the sequencing technologies per se. The poten-
tial of WES and especially WGS for research and diagnostics
depends on solutions to major challenges around data shar-
ing and control, informed consent, and the role of genome
data within and beyond the clinic (Veltman et al. 2013; Leit-
salu et al. 2016; Lange et al. 2020; Brunfeldt et al. 2018).
Since these challenges cross disciplinary boundaries, viable
solutions will depend on profound understanding of them
among the range of disciplines involved (Lange et al. 2020).

At the same time, a growing number of people obtain
genomic information outside the clinic. Individual citi-
zens may get WGS data via various research projects,
including biobanks, or may buy WGS from direct-
to-consumer (DTC) companies. There are no reliable
estimations on the numbers of WGS investigations per-
formed at present nor how often the full data is shared
with those tested. We have studied the approach taken
by BBMRI-ERIC biobanks and most of them were plan-
ning to return some data to their donors but had not
done so yet (Brunfeldt et al. 2018). Most DTC compa-
nies use genome-wide association studies (GWAS) but
some of them also offer WGS. In these situations, users
may strive to interpret their data with the help of bioin-
formatics companies or tools that have been developed
for self-interpretation of genomics (e.g. Promethease)
(Promethease 2021).
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While the potential interest in using genomic data
from people’s personal domains for clinical decision
making is still unclear, it is likely that pressure will grow
on the healthcare system to make some use of these data.
There are already plenty of examples of data being use-
fully contributed by patients, for example the growing
reliance on Patient Report Outcomes Measures (Beard
et al. 2015) and research studies that acknowledge the
value of the experience that patients provide (Teare et al.
2017; Rosa et al. 2015). Alongside this, the increase of
websites offering symptom tracking, apps measuring
biometrics, and wearables gathering health-related real-
time data, demonstrates a shift in the traditional patient-
doctor interaction (Jandoo 2020). PatientsLikeMe web-
site allows patients to share their experiences with other
patients, and it has become a valuable research resource
(Wicks et al. 2011).

Here, we transpose the paradigm of personal experi-
ence contributing to professional attitude to the genet-
ics field, and explore whether personal experience
affects professional perspectives on WGS. As part of
the Horizon 2020-funded Genetics Clinic of the Future
(GCOF) project, we provided consortium members with
the opportunity to have their own genome sequenced.
The GCOF was a multidisciplinary EU-funded project
(2015-2017) that aimed to develop ideas and tools for
effective, patient-driven, and sustainable use of genomic
data in future healthcare. Experiencing the process of
personally undergoing WGS could extend participants’
knowledge and understanding beyond theoretical con-
siderations, gaining first-hand experience with what it
means to have and use such data. Participants explored
the consent process, the technological feasibility as well
as the personal, societal and clinical consequences of
using genomic information.

The objectives of the project were (1) to study how
experts (involved in leading, planning, implementing,
recommending, communicating and researching genome
sequencing services) experience having their genome
sequenced, (2) monitor and assess pre-sequencing expec-
tations of genomic information and to what extent these
expectations are met post-sequence and (3) to explore the
influence on receiving personal genomic data to professional
attitudes.

Materials and methods

We performed WGS on 14 representatives from
consortium partners who may represent potential
stakeholders in the Genetics Clinic of the Future.
We provided participants with their WGS data, and
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interviewed them before and after receipt of the data.
Additionally, we implemented a brief follow-up sur-
vey 3 years after sequencing to understand longer-
term responses.

The participants

In the mid-term meeting, the project coordinator indicated that
WGS would be available to one representative from each of the
consortium partners, entirely voluntarily. The representatives
could either volunteer themselves or extend the offer to one
of their colleagues. The participants were from several coun-
tries, represented universities, patient organisations, companies
involved into genetics and had a wide variety of disciplines.
The implications of sequencing were openly discussed, with
ethical issues relating to being both partners and participants
discussed at length. Sequencing was not included as a formal
deliverable of the project, to avoid any worries of coercion.
The participants could carefully consider their involvement,
and to withdraw at any time from the simulation project (pro-
ject flow chart is presented in Fig. 1).

Ethics statement

All participants consented for data collection and publica-
tion. The Medical Research Ethics Committee (MREC)
Utrecht confirmed that the Medical Research Involving
Human Subject Act (WMO) does not apply to this study and
that therefore formal approval was not required (reference
number WAG/mb/16/014283) (Appendix 1).

Consent

An accredited or broadly accepted consent procedure
for explorative WGS on apparently healthy individuals
was not available. Therefore, we co-created a custom
consent procedure with all consortium partners, consist-
ing of an information sheet (Appendix 2) and a consent
form (Appendix 3). The consent form was an adapted
version of common consent forms for clinical sequenc-
ing, with additions on the ownership. In addition to the
information sheet, the process and consequences of the
study were deeply discussed, and the participants were
encouraged to ask questions.

Sequencing and the process of delivering genomic
data to participants

The department of the UMC Utrecht provided saliva collec-
tion kits. The UMC Utrecht isolated DNA from the saliva
samples and used this for sequencing on an Illumina HiSeq
X Ten system, according to standard operating procedures.
The raw (.fasta), mapped (.bam) and annotated (.vcf) files
were stored on hard disks and personally delivered to each
participant. The data files were stored on hard disks and per-
sonally delivered to each participant. After delivery, all files
were deleted from the UMC Utrecht servers which made each
participant the sole possessor of his/her genome data. Initially,
the participants received no support on how to analyse the
data unless they could arrange this themselves. Three months
after the participants had received their genome data, bio.logis
offered them a personal genomics module for selected clinical
questions concerning pharmacogenetics and carrier screening
for common recessively inherited diseases. They were also
alerted to existing tools that might help examine the data in
more detail, including DNA.Land, Open Humans program,
literature retrieval system Promethease, Integrated Genomics
Viewer (IGV) and direct-to-consumer service 23andMe. In
addition, bio.logis and Cartagenia (which has since become
Agilent, Alissa) services were offered to interpret the genomic
data more extensively.

Interviews

We performed two interviews with all participants: (1)
Pre-test interviews were held before the participants had
received their genomic data (between August and Octo-
ber 2016; average duration 30 min per interview, range
16-51 min) (Appendix 4), and (2) Post-test interviews
were held, approximately 3 months after receipt of the data
and after receiving the bio.logis personal genomics report
(between May and June 2017; average duration of 31 min
per interview, range 19-54 min) (Appendix 5). Both the
pre- and post-test interviews were semi-structured, based on
a protocol that had been drafted and internally validated by
a group of GCOF participants. Interviews were conducted
via Skype, and were voice-recorded and transcribed. All
interviews were undertaken by a single researcher (MB) to
achieve the best possible consistency.

Consent E> T E> Pre-test E> WGS data E> ZSOISJ:: E> Post-test E> Three years
process pling interview ana‘:,y)sing interview questionnaire

Fig. 1 Project flow chart representing the phases of the project
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Questionnaire

In the beginning of 2020 — 3 years after the data were handed
over to participants — we invited all participants to respond to an
internally validated questionnaire, using Webropol Tool (Appen-
dix 6). The aim was to figure out if the participants had returned
to their genomic data afterwards and if their thoughts about the
experience had remained the same or possibly changed.

Data analysis

The interviews were transcribed verbatim. We performed
iterative coding on the transcripts of the interviews to iden-
tify key issues that participants raised in response to being
sequenced. Based on the interview transcripts, we composed
a summary of each participant’s replies for an overall picture
on the content of the interviews and to ease the data handling.
The transcripts were not returned to the participants for com-
ments and/or corrections, and the participants did not provide
feedback on the findings. We did not provide subject numbers
for quotation, because of the data privacy, since there were
only a small number of participants.

The data derived from the follow-up questionnaire was
linked to the interview data question-specifically for com-
parison and for following the personal pathways. In the data
analysis, we pointed out the events that expressed how the
participants experienced the process.

Results

Fourteen genetics-affiliated professionals from organi-
sations involved in the GCOF project had their genome
sequenced. Most participants (11/14) were consortium

partners in the GCOF project, while the others were
volunteers from institutes represented within the pro-
ject (3/14). Participants were born between 1962 and
1990. They were from 10 different European countries
and were predominantly male (9/14). Participants were
generally highly educated (B.Sc. or higher) and profes-
sionally active in disciplines with varying affiliation to
genetics: genomics research, clinical genetics, bioin-
formatics, ethics, social science, patient organisations
and art. Three participants had previous experience with
personal genomic testing, either in research setting or
via DTC services.

In correspondence with objectives, the interviews
and the brief questionnaire provided insight into (1)
the experience of being sequenced, (2) how the pre-
sequencing expectations were met in the light of the
post-sequence interview and (3) the influence on profes-
sional attitudes.

Experience

Participants generally perceived the overall experi-
ence as positive; all (14/14) mentioned that they would
choose to participate again and confirmed that they
were satisfied with the consent process. Participants’
motivation for participation was often a mixture of pro-
fessional interest and personal curiosity. When asked
what they were planning to do with the data, partici-
pant responses varied considerably. Also, many par-
ticipants, at least at first, indicated they were not yet
sure what kind of information they would glean from
the data (Box 1).

Box 1. Examples on quotes of participants’ expectations on findings from their genomic data. (replies from

the pre-test interview).

“I have type 1 diabetes, which probably has a strong genetic component.”

“My mother has died of breast cancer very young so there is a chance | may have the genes as well.”

“I will explore if something is popping up which is in the panel of the American College of Medical Genetics.”

“I will look into gene related to the metabolism of caffeine [...] probably also see what is common in the

population and if | deviate from that.”

“I haven’t really thought about it.”

“I don’t have some specific thing that I'm very curious about.”

@ Springer
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While participants were generally satisfied, they also
expressed some worries, doubts and difficulties (Box 2).
Some participants were anxious concerning their own health
and the risk of finding something unpleasant or alarming,

e.g. cancer risk variants. Others were more worried about
the consequences for their family members, e.g. children. In
addition, there were concerns about data privacy, e.g. com-
panies using the data or data stealing (Box 2).

Box 2. Examples of quotes about worries, doubts and technical difficulties (replies from pre- and post-test

interviews).

Worry of finding concerning results

“What | was most thinking about, was my children, because obviously any meaningful information about my

own genome has some implications for them.”

One participant decided not to look at the data because of her pregnancy
“I would probably have decided differently if | hadn’t been pregnant. This is the main point: these decisions

are not stable.”

Most participants could not interpret their data before the bio.logis personal genomics report
“I began to see, what trying to interpret it on my own would mean [...] it was really nice to have the Bio.logis

results at hand right away.”

“I had some troubles with pharmacogenomics, to find out the risk variants, so it eased a lot when someone is

giving you the information (online bio.logis report).”

Worries on data privacy and third party use

“I sense that more people are looking what we're doing on a daily basis than we like to imagine.”

“My concern is some companies taking advantage and in one way selling the genetic tests to people, but in
another way maybe doing some backdoor business model with the data or with something that puts the

person at risk.”

Most participants (10/14) had technical difficulties
accessing the raw data. As non-professionals in informat-
ics, they lacked the necessary infrastructure and tools to
access and/or analyse the + 60 Gb.BAM files, and were
unfamiliar with commonly used file formats for genome
data (e.g..fasta,.bam,.vcf). The responses to these chal-
lenges were varying; participants turned to the project
coordinator, to colleagues, got frustrated, or even gave
up accessing the data altogether. Of the four participants
who had no trouble accessing the data, two were able to
work with the data entirely by themselves based on their
prior experience. The online reports displaying individ-
ual results (for example, pharmacogenomics) for each
participant from the bio.logis’ personal genomics portal
(3 months after reception of the raw data) provided all
participants with at least some understandable results.

Post-test interview insight into pre-sequencing
plans and expectations

How open participants were about their genomic results
(Fig. 2) varied considerably. In general, participants consid-
ered their close family (partner, siblings, and parents) as the
most important people to share results with. Still, there was a

considerable discrepancy between the intention to share results
and actually doing it (Fig. 2). For instance, only three of the
7 participants who indicated a plan to share results with par-
ents or siblings eventually did so. One participant waived the
self-imposed principle to keep it a secret in order to be able to
securely and sustainably archive the data; the other ultimately
recognized the value of the experience in discussion with col-
leagues. Of the participants, 8/14 had offspring, of which a few
mentioned by their own initiative that their children were too
young to understand the results and therefore did not share the
results with them. The participants generally overestimated the
number of people they would share their genomic results with.

Half of the participants (7/14) accessed their data files
immediately after receiving the hard drive. Later, 11 partici-
pants had opened their raw genomic data files and had also
viewed their bio.logis personal genomics report. On the other
hand, three participants consciously decided not to pursue
analysis of their own data, or at least not all of it. One became
pregnant between the decision to participate and the moment
she received the data, and therefore made a personal choice
not to look at either the WGS data or the bio.logis report.
One person had not looked at the WGS data by the time of
the post-test interview but had briefly looked at the bio.logis
report. One person did open the files immediately, but had
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Fig.2 Transparency about

sequencing results Partner

Siblings
Parents
Other

Other family
Colleagues
Friends
Children

Nobody

o
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technical problems because of the data format and also felt
worried about the data privacy issues and did not return to the
data (Fig. 3). Three years after having received the data, we
reached 10/14 participants for a brief follow-up survey. Most
(6/10) participants indicated having returned to their data
or results at least a few times (Fig. 3). Of them 3/6 replied
that they had not changed their health behaviour, while 3/6
reported having made changes to avoid (statins in the future)
or stop (ibuprofen, oral contraceptives) certain medications.
All belonging to this group (6/6), replied they had not been
worried because of the results. All 10/10 participants had
kept the data stored and had not deleted it (Fig. 4).

The participants referred to pharmacogenomics
results as the most interesting information. They also

Post-test interview 2017

How long after you received
your hard drive did you plug
it in your computer? (n=14)

Fig.3 Personal pathways
concerning how fast the partici-
pants plugged the genomic raw
data hard drive to computer and
if they continued surveying the
data after

Right away
In 1 week

In 2 weeks
In 1 month
In 2 months
Did not look
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mentioned other results of interest, such as carrier states,
disease variants in family, nutrition related variants and
also variants relating to gluten sensitivity, celiac dis-
ease, lactose intolerance and diabetes. One participant
reported having been identified as a carrier of the APOE
e4 allele, associated with an elevated risk of late-onset
Alzheimer’s disease (APOE €4 allele represents about
5-30% of the APOE alleles in European populations).

Influence on professional attitudes

Most participants approached the data from a personal
perspective, not a professional. Their focus was mostly on
the use of the data as a personal resource — to identify

Post-test interview 2017
Will you continue on going
through your data after the
project ends? (n=14)

Follow-up questionnaire 2020
The second interview took place
about 3 months after you had
received your data. Have you
returned to your data or results
after that time? (n=10)

Ys 10 —(5) Yes 6
D~

No 2 Q) S~ No 4

Not 2 0

sure
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Fig.4 Timeline on how the
participants experienced the
participation to the project ben-

is going to benefit your
efited their professional life

professional life
somehow? (n=14)

Pre-testinterview 2016
Do you think the project

Post-test interview 2017
Considering your
professional life, do you
think the project was
useful? (n=14)

Follow-up questionnaire 2020
Has your involvement in the
simulation project changed
your views when working in
genetics? (n=10)

Yes 10 m Yes 11 @ Yes 6
No 2 No 3 w No 4
Not 2

sure

genetic variants that would provide insight into their own
present or future health status — without any reference to
the professional motivations for participation. However,
participants also had various professional reasons for
participating and 11/14 indicated in post-test interview
that they considered the project useful from a profes-
sional perspective (Box 3). The participants were asked

if participation in genomic sequencing should always
be discussed with family members as well. The replies
varied, for example, one participant stated that the deci-
sion is always individual, but would recommend discuss-
ing with family members. Another participant thought it
should be an individual decision similar to a decision to
make a doctor’s appointment.

Box 3. Examples about quotes on professional reasons to participate in the project (replies from pre- and

post-test interviews).

“I want to understand what the feeling could be to get results, since it is my job to give genetic information

to other people.”

“I think it’s absolutely impossible to really fully understand the implications of sequencing before you

actually head down that process.”

“Scientists do not have to be neutral. You can do research on your own data, which can be very valuable. |

think that is a great experience, also professionally.”

“In my professional life | make illustrations, also about DNA.”

“I am planning on new healthcare services and that is why | am also interested about possibilities these WGS
services may give us, and of course, I’'m interested about how the patients or users experience these things.”

When asked if the doctor should be able to decide
which genomic information can be given for patients,
one participant replied that people should have con-
trol over their data. Another participant said that
counselling would be a good idea and thought the
person and the counsellor or doctor should decide
together.

In Box 4, we present examples of participants’ views
relating to relevant issues when planning possible

implementation of WGS in health care in general, and
the role of genetics clinics in this. The quotes illustrate
the vastly different views of the participants. When spe-
cifically asked about the influence on their professional
attitudes, all participants unanimously referred to the
additional insight the experience had provided. Most
were not very concrete about how they wanted to use
this insight in their professional life, except for one, who
planned to write a book on the experience.

@ Springer
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Box 4. Examples on quotes on the expert opinions and how the experience shaped professional attitudes
(replies from pre- and post-test interviews).
Difficulties in the ethical approval process
“I think the process of getting the approval from the Dutch ethical committee and our work with trying to
work out the dynamic consent has changed in several ways on how | work, yes. But not the sequence itself.”
In the future, sequencing methods will evolve and better interpretations can be made
“We're already very advanced in doing genomic sequencing and interpretations, but on the other hand, we
are still in baby shoes as well. There are still a lot of advancements needed and there is still information in the
genome that we are not seeing yet.”
Thoughts about data privacy changed radically over the course of the project
“The shift | made from being a really privacy oriented to becoming a little less paranoid. | now know how
difficult it is to make sense of that data.”
The setting of explorative and p ptis ing is different from what patients experience at
present
“Most people whose stories | read and who | interacted with got genetic testing after a seven year odyssey of
] and wrong tr . For me it was the other way around; not based on any specific question
to be answered.”
. . . . . . .
Discussion reflects how challenging interpretation is without a pre-

We explored the influence of personal experience of WGS
on professional perspectives. We monitored and assessed
the expectations for WGS, and to what extent these expec-
tations were met, and identified issues that the genetics
regime should be aware of when planning implementation
of genome sequencing beyond the diagnosis of rare genetic
disorders.

The concept of WGS without any medical indications was
new to the local medical research ethics committee (MREC),
resulting in a multi-faceted decision process (Appendix 1),
finishing with the decision that the study does not fall under
the Dutch Medical Research Involving Human Subjects Act.

The participants became aware of the many aspects that
require a choice or decision for responsible implementation,
far beyond the obvious challenges — privacy, autonomy —
that have been discussed extensively. In addition, they came
across various challenges that are inherent to the current
human genetics ‘regime’, and that may shape the Genetics
Clinic of the Future.

First, developing and implementing the appropriate pro-
cedures for information and consent for WGS is challeng-
ing. Our study proved that there is a great need for dynamic
approaches towards counselling, consent and access to data.
Individuals progress continuously, and their thoughts, atti-
tudes and preferences change accordingly. This was clearly
illustrated by the two participants who decided to withhold
from accessing their sequencing data; pregnancy and new
insights were important examples for why preferences might
change. This change in view was also reflected in those par-
ticipants that didn’t follow their plan to inform family mem-
bers or others about their participation or the findings.

Second, examining the data without a specific diagnostic
objective was confusing to many participants (Rigter et al.
2014). In clinical genetics, the diagnostic purpose strongly
determines the interpretation of sequencing results. The
inability of most participants to select which kind of dis-
eases or predispositions they would like to look for clearly

@ Springer

defined (health related) question. One could see this as an
argument for limiting genome sequencing to the traditional
clinical context, but we hypothesise that the opposite may be
more sustainable; to consider non-clinical genetic findings
(and initiate corresponding research) as inspiration for pos-
sible innovative new ways to implement genomics beyond
traditional clinical genetics (Rigter et al. 2014).

Third, the doctor-patient (or provider-client) relationship
may change as a result of personal experience of WGS. The
closest comparison is the doctor-who-becomes-patient para-
digm, showing that doctors have more empathy and patience
with their patients if they are patients themselves, but in
genetics the theory has never been tested (Klitzman 2006).
However, already in 2015, the European Society of Human
Genetics discussed the question: “Should Clinical Geneti-
cists have their Genome Sequenced?” (Santen 2016). The
prime argument for doing so was: “Personal understanding
of the process that patients go through will improve coun-
seling skills of clinical geneticists” (Santen 2016). Only two
of our participants were doctors (a clinical geneticist and a
psychiatrist); thus our study did not contribute much to this
theory. However, we argue that many other professionals
involved in various ways in (genetic) healthcare also have
a great impact on the system. The question we should thus
ask is: “Should genetics professionals have their genome
sequenced?”.

Fourth, the participants varied considerably in prior expe-
rience with interpretation of genetic variants. Experienced
researchers smoothly extracted their status for clinically rel-
evant variants, (e.g. BRCA1, APOE, or MTHFR). The par-
ticipants with less experience initially consulted colleagues,
family, friends, or experts in the consortium, expressing var-
ious degrees of uncertainty. As genetic professionals had
difficulties, lay people can be expected to find the interpreta-
tion even more difficult. If they will, in the future, often have
their genomic data in their possession, appropriate tools and
support must be available.
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As they entered genomic testing without any prior clini-
cal objective, only four of them were able to indicate the
variants they would be most interested to learn about. The
other participants were not able to make clear choices on the
information they wanted to get out, and were instead guided
by the software tools provided to them.

Finally, participants’ opinions varied considerably about
who should decide whether to be tested or not, and who
should be involved in the process of taking that decision.
Many agreed that the individual should be autonomous, but
appreciated the idea of clinical support or counselling to
assist in decision making. Opinions of the participants about
whether the family should be acknowledged in the decision-
making process were inconsistent. This seemed to depend on
the context; significance of the expected results and relation-
ship with family members.

This is not the first study to focus on genetic testing of
healthy individuals, and even the profile of the participants
— professionals in genetics-affiliated areas — is not totally
new. Yet the focus on the impact of personal experience on
professional thinking is unique. Others have captured the
personal experience from — supposedly healthy — partici-
pants to beyond-the-clinic genome sequencing projects, but
the focus has either been on the impact of medically rel-
evant findings, or public awareness of genomics (Ball et al.
2014; Beck et al. 2018; Machini et al. 2019). The difference
in the focus is subtle but significant, as the framework for
future applications of WGS — e.g. analysis and interpre-
tation tools, consent, legislation — is strongly influenced
by experts in genetics. As the results indicate, the perspec-
tives of such professionals on how this framework should
be constructed are not similar nor static. Adding a personal
experience to the professional view reveals various issues
that require more in-depth and diversified consideration.

An interesting result was that the participants shared the
results as planned or to a greater extent than planned to col-
leagues and partners, but less than planned to parents and
siblings. The reason might be that they did not consider the
results interesting for the relatives if actionable findings were
not detected. On the other hand, it might reflect the com-
plexities in informing relatives about shared genetic results
(van den Heuvel et al. 2019). This is a challenge that genet-
ics clinics will increasingly face: who will be the messenger
in informing of genomic results, who will take the respon-
sibility and who will assure that the data privacy issues are
being considered.

This study revealed personal expectations, experiences
and individual impact of genome sequencing, and it showed
that the decisions, thoughts and emotions relating to WGS
are complicated and may change over time. We look forward
to similar studies in diverse professional and societal groups
to better prepare for future implementation of genomics to
healthcare and beyond.

We believe that analysing the experiences of professionals
might help those offering WGS to population, whether as
part of healthcare, research or DTC business, to understand
the type and extent of the essential support.

If genomic testing of healthy individuals becomes a com-
mon procedure in healthcare and outside of it, there is a
need to thoroughly discuss its position. Studying healthy
subjects was not counted as medical research by the MREC.
Our study was a research project but if conducted outside of
research setting: it could be considered as a part of health-
care, something complementing healthcare or an action
better suited outside of healthcare. In the ethical approval
process, MREC proposed to guide the participants to appro-
priate genetic counselling in the country of residence. None
of them used this option and so we do not know if the over-
loaded genetics clinics might have welcomed them.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12687-021-00561-0.

Acknowledgements We want to thank the participants for their gener-
ous participation. We thank Prof. Anthony J. Brookes, Bogi Eliasen
and Mathieu Boudes in their contribution in the planning of the study.
Mariélle Scheepers and Erika Perola are thanked for their valuable help
in the interviewing process.

Funding Open Access funding provided by National Institute for
Health and Welfare (THL). The Genetics Clinic of the Future project
was funded by the European Union’s Horizon 2020 research and inno-
vation programme under grant agreement no. 643439.

Declarations

Conflict of interest HK is consultant geneticist in Blueprint Genetics
Laboratory. TV is consultant to the Copenhagen Institute for Future
Studies. DS is founder and CEO of bio.logis Genetic Information
Management GmbH. HT has started working as a Research Leader
at RAND Europe (since this project was concluded), and consults for
the Copenhagen Institute for Future Studies, and Interactive Pharma
Solutions.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Awori J, Lee JM (2017) A Maker movement for health: a new paradigm
for health innovation. JAMA Pediatr 171(2):107-108

@ Springer


https://doi.org/10.1007/s12687-021-00561-0
http://creativecommons.org/licenses/by/4.0/

256

Journal of Community Genetics (2022) 13:247-256

Ball MP, Bobe JR, Chou MF, Clegg T, Estep PW, Lunshof JE et al
(2014) Harvard Personal Genome Project: lessons from participa-
tory public research. Genome Medicine 6(2):10

Battalova A, Bulk L, Nimmon L, Hole R, Krupa T, Lee M et al (2020)
“I can understand where they’re coming from”: how clinicians’
disability experiences shape their interaction with clients. Qual
Health Res 30(13):2064-2076. https://doi.org/10.1177/10497
32320922193

Beard DJ, Harris K, Dawson J, Doll H, Murray DW, Carr AJ et al
(2015) Meaningful changes for the Oxford hip and knee scores
after joint replacement surgery. J Clin Epidemiol. 68(1):73-9

Beck S, Berner AM, Bignell G, Bond M, Callanan MJ, Chervova O
et al (2018) Personal Genome Project UK (PGP-UK): a research
and citizen science hybrid project in support of personalized
medicine. BMC Med Genomics 11(1):108

Berg JS, Khoury MJ, Evans JP (2011) Deploying whole genome
sequencing in clinical practice and public health: meeting the
challenge one bin at a time. Genet Med 13(6):499-504. https://
doi.org/10.1097/GIM.0b013e318220aaba

Brunfeldt M, Teare H, Soini S, Kéddridinen H (2018) Perceptions of
legislation relating to the sharing of genomic biobank results with
donors — a survey of BBMRI-ERIC biobanks. Eur J Hum Genet
26:324-329. https://doi.org/10.1038/s41431-017-0049-3

Jandoo T (2020) WHO guidance for digital health: what it means for
researchers. Digit Health. 6:2055207619898984

Klitzman R (2006) Views and approaches toward risks and ben-
efits among doctors who become patients. Patient Educ Couns
64(1):61-68

Lange TZ, Rigter T, Vrijenhoek T (2020) Clinical genetics and its
adjacent regimes. medRxiv. https://doi.org/10.1101/2020.06.04.
20102939

Leitsalu L, Alavere H, Jacquemont S, Kolk A, Maillard AM, Reigo A
et al (2016) Reporting incidental findings of genomic disorder-
associated copy number variants to unselected biobank partici-
pants. Pers Med 13(4):303-314

Machini K, Ceyhan-Birsoy O, Azzariti DR, Sharma H, Rossetti P,
Mahanta L et al (2019) Analyzing and reanalyzing the genome:
findings from the MedSeq project. The American Journal of
Human Genetics 105(1):177-188

Promethease [Internet]; 2021 [cited accessed 23 Feb 2021]. Available
from: https://promethease.com/ondemandagreed

Reuter MS, Walker S, Thiruvahindrapuram B, Whitney J, Cohn I,
Sondheimer N et al (2018) The personal genome project Canada:

@ Springer

findings from whole genome sequences of the inaugural 56 par-
ticipants. CMAJ 190(5):E126-E136

Rigter T, Henneman L, Broerse JEW, Shepherd M, Blanco I, Kristof-
fersson U et al (2014) Developing a framework for implementa-
tion of genetic services: learning from examples of testing for
monogenic forms of common diseases. ] Community Genet
5(4):337-347

Rosa C, Campbell ANC, Miele GM, Brunner M, Winstanley EL
(2015) Using e-technologies in clinical trials. Contemp Clin Tri-
als. 45:41-54

Santen GWE (2016) ESHG Plenary Debate 2015: Should clini-
cal geneticists have their genome sequenced? Hum Mutat
37(5):495-497

Stark Z, Dolman L, Manolio TA, Ozenberger B, Hill SL, Caulfied MJ
et al (2019) Integrating Genomics into healthcare: a global respon-
sibility. The American Journal of Human Genetics 104(1):13-20

Teare HJA, Hogg J, Kaye J, Lugmani R, Rush E, Turner A et al (2017)
The RUDY study: using digital technologies to enable a research
partnership. Eur ] Hum Genet. 25(7):816-22

van den Heuvel LM, Huisinga MJ, Hoedemaekers YM, Baas AF,
Plantinga M, Henneman L et al (2019) Informing relatives at
risk of inherited cardiac conditions: experiences and attitudes
of healthcare professionals and counselees. Eur ] Hum Genet.
27(9):1341-50

van El CG, Cornel MC, Borry P, Hastings RJ, Fellmann F, Hodgson SV
et al (2013) Whole-genome sequencing in health care Recommen-
dations of the European Society of Human Genetics. European
journal of human genetics: EJHG 21(Suppl 1):S1-5

Vears DF, Sénécal K, Clarke AJ, Jackson L, Laberge AM, Lovrecic L
et al (2018) Points to consider for laboratories reporting results
from diagnostic genomic sequencing. European Journal of Human
Genetics: EJHG 26(1):36-43

Veltman J, Cuppen E, Vrijenhoek T (2013) Challenges for implement-
ing next-generation sequencing-based genome diagnostics: it’s
also the people, not just the machines. Pers Med 10:473-484

Wicks P, Vaughan TE, Massagli MP, Heywood J (2011) Acceler-
ated clinical discovery using self-reported patient data collected
online and a patient-matching algorithm. Nat Biotechnol 29:411-
414. https://doi.org/10.1038/nbt.1837

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1177/1049732320922193
https://doi.org/10.1177/1049732320922193
https://doi.org/10.1097/GIM.0b013e318220aaba
https://doi.org/10.1097/GIM.0b013e318220aaba
https://doi.org/10.1038/s41431-017-0049-3
https://doi.org/10.1101/2020.06.04.20102939
https://doi.org/10.1101/2020.06.04.20102939
https://promethease.com/ondemandagreed
https://doi.org/10.1038/nbt.1837

	Simulating the Genetics Clinic of the Future — whether undergoing whole-genome sequencing shapes professional attitudes
	Abstract
	Introduction
	Materials and methods
	The participants
	Ethics statement
	Consent
	Sequencing and the process of delivering genomic data to participants
	Interviews
	Questionnaire
	Data analysis

	Results
	Experience
	Post-test interview insight into pre-sequencing plans and expectations
	Influence on professional attitudes

	Discussion
	Acknowledgements 
	References


