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Title of Project: Leveraging VR technology for innovation in genetics 

Statement of Purpose: 
This prospectus will examine how virtual reality (VR) technology is currently being used in 
genetics applications or contexts, as well as introduce considerations for future growth in this 
field. Specifically, an investigation of differences among the VR industry between or among 
countries/continents will be undertaken, along with case studies that demonstrate how VR 
technology can be leveraged in genetics research. There are numerous applications of VR 
across sectors, including entertainment, skilled trades training, military and law enforcement, 
space, and tourism; as the technology rapidly develops (and becomes increasingly inexpensive 
and more user-friendly/less bulky), it is predicted that infrastructure should be easier to 
establish and an increased number of applications made possible. 
 
The research questions of interest are: 

● How do Europe and the United States differ in terms of their support of the VR 
industry and infrastructure? 

● What are some examples of how VR is being used for genetics applications? 
● What implications for policy (or existing policy) are there when considering the usage 

of VR for genetics applications? 

It is critical that these questions are addressed by the diverse groups that impact them (further 
discussed in Methodology) - that is, this is a complex industry overlapping scientific 
investigation, technology developments, ethics and subsequent policy in multiple geographies. 
There is great potential to leverage VR technology to deepen our collective understanding of 
genetic disease and improve our treatment of these diseases - perhaps even taking preemptive 
action to prevent such disease in the first place. However, with this potential comes a 
responsibility to scope what progress has been made to date (of global importance, but this 
study will focus on Europe and the United States), and project future implications that may 
arise as VR technology for genetics evolves. 

Background: 
Technology as an infrastructure enables innovation. Particularly as new technology emerges, 
we see different uses or applications; various sectors can leverage technology in different 
ways. Virtual reality (VR) - when being defined as an “alternative existence” or a parallel 
reality - has roots that reach back many decades before today’s headsets and Google 
cardboards. The Virtual Reality Society (How did virtual reality begin?, n.d.) states that the 
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technology is nearly 70 years old, but with elements even as far back as 1860. Indeed, it makes 
sense in many different applications to want to transcend the physical experience and create a 
VR experience; it is useful for potentially high-risk situations (e.g., flight training, 
firefighting), expensive endeavours such as global travel, or visualizing both massive (e.g., 
astronomy/space) and microscopic items. 
 
My interest in evaluating the VR infrastructure both in Europe and the United States, and how 
it is (or could be) applied to innovation in genetics, stems from an interest in how VR has been 
leveraged for educational purposes - particularly in the K-12 classroom. The work of Dede et 
al. (1996) and Salzman et al. (1999) established how virtual reality provided a means to 
“facilitate the mastery of complex, abstract concepts” (Salzman, p. 3) and created an 
immersive learning environment for students; although their projections regarding timelines 
for the general public to access this technology have not come to fruition, their findings 
regarding student motivation and concentration while engaged in learning using VR remain 
compelling reasons to pursue applications of this technology. Further, with traditional VR 
technology, costs were prohibitive and establishing use in an educational context was nearly 
impossible. However, in the last year or two, an emerging market for bringing augmented 
reality (AR) and virtual reality (VR) into education has grown. For example, the Google 
Expeditions virtual reality kits were developed specifically for classroom teachers, work with 
low-cost Google Cardboards, and provide educators with over 500 digital “field trips” that 
connect students to real-world experiences. For example, how could students go on a field trip 
in the Sahara Desert, without having to ever leave their classroom? What about building 
empathy for the lives of others from different cultures and environments? Virtual reality could 
also help students to visualize objects such as cells, which are traditionally presented in 
two-dimensional format (via textbook drawings and microscopic slides), but are in reality 
three-dimensional objects. This last usage regarding transforming 2D visualizations into 3D is 
part of why VR for genetics represents an exciting opportunity to deepen our understanding of 
how DNA mutations occur. Historically, technology only permitted two-dimensional viewing 
of cells and cellular components, but VR breaks down that barrier. 
 
For this prospectus, the focus is on applications to genetics and whether infrastructure exists 
and is supported to further the use of VR in labs or research connected to genetics. Three 
specific cases of note have piqued my interest and shown that there is international investment 
in VR for genetics application. In the field of genetics, VR is predominantly used to visualize 
DNA at the level of gene expression, and this is reflected in all three cases. This process is best 
summarized by Ossola (2016): “After researchers sequence all the genes in a patient’s tumor 
[if dealing with cancer patients], the software projects all of the mutations onto a particular 
protein, the shape of which the researchers downloaded from the protein data bank, a digital 
archive of 3D protein shapes.” That is, this technology differs from tech like electron 
microscopy in that it is a representation of the actual genetic material, based on the real DNA 
but not a projection of the actual material. Further, researchers and clinicians need to study the 
processes leading to ultimate gene expression, as DNA mutation in and of itself will not cause 
disease, but the expression of mutated genes can lead to disease or genetic disorder. 
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Case Studies: 
 

1. DNA visualization for genetic disorders (UK) (Gaskell, 2017; University of Oxford, 
2017) 

A research team comprising individuals from MRC Weatherall Institute of Molecular 
Medicine (WIMM), Universita’ di Napoli and Goldsmiths, University of London have been 
working towards VR simulations of human DNA strands with the ultimate goal of better 
understanding the cellular processes that cause genetic diseases including diabetes, cancer, 
multiple sclerosis, and anemia. DNA, which historically has been viewed two-dimensionally, 
is more easily analyzed in this VR medium and allows for scientists to see the helix from all 
angles. Researchers hope that if they can correct a faulty gene or its regulatory elements, which 
would have led to disease, they could potentially re-introduce corrected cells into the patient 
via bone marrow. The researchers for this study are using the platform CSynth to create the 
three dimensional visualizations and only announced this work in Fall 2017.  
 

2. Genetic mutations driving cancer (USA) (Ossola, 2016) 
Another group out of Cornell University in the United States are using the infrastructure of the 
Oculus Rift VR headset - a platform used for countless applications and purposes - with a 
program to analyze the genetic mutations that drive cancer. This work, called the Institute of 
Precision Medicine VR (IPM VR), similar to the UK work mentioned previously, seeks to 
identify DNA mutations both in terms of location and function in order to treat or stop cancer. 
Proteins (three-dimensional structures) that fold on themselves, when viewed in the 
three-dimensional virtual environment, can show expressed mutations more readily to 
researchers. Currently IPM VR is largely used for research, but the ultimate goal is to permit 
doctors from across the United States to access this technology and use with patients. The team 
lead points out that as prices on the Oculus Rift drop (and are still low when compared to other 
medical equipment), it will become easier to set up an infrastructure for a national (or even 
international) network of clinicians with access to this tech - he states that within 5-10 years, 
every doctor should have this in place. Currently, doctors have been able to test this 
technology as part of trials with cancer patients; the learning curve seems to depend on the 
user, but ease of getting the hardware setup into clinics does not appear to be a barrier 
(approximately $600 plus computer). Images from this initiative are pictured in Figures (see 
next section). 
 

3. Environmental influences on DNA (Canada) (This is Me in VR, 2016) 
A third group based out of Victoria, British Columbia (Canada) is combining virtual reality 
with the DNA methylation process (when methyl groups are added to DNA). Methylation is a 
normal cellular process, but environmental triggers have the potential to alter gene expression. 
The fundamental underlying structure of DNA is still what is of interest, unsurprisingly, when 
connecting VR to genetics - however, these three cases illustrate how different foci of interest 
can all contribute to a heightened understand of DNA, disorders, and human health. 
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Figures: 
 

 
Figure 1: Images from the Institute of Precision Medicine using VR technology to navigate 
DNA. Clockwise from upper left: a) Users have a dashboard where they can select and 
de-select what is of interest when navigating the DNA - for example, highlighting hotspots 
(areas of higher-than-average genetic recombination) or mutations. b) The user’s hands are 
virtually represented in the digital environment as part of the three-dimensional manipulation. 
c) By moving their hands, users can move and rotate the DNA strand around the viewing area, 
zoom in and out of specific areas, and view the DNA from any angle desired. d) When 
focusing on mutations that are highlighted, a side information panel with more details about 
the particular genetic mutation appear. The clinician can also view in parallel the patient files 
containing medical history and details of their cancer. To see these figures from the original 
video, visit https://www.youtube.com/watch?v=_Fly4U9eFRY.  

Significance: 
Using technology such as VR to further our collective understanding of DNA will certainly 
help us with disease detection, treatment, and possibly prevention as well. However, there is an 
interesting line of inquiry and significance that is not stated in these cases that is important to 
consider. Once we have an understanding of how to “correct” DNA in order to omit mutations 
and prevent disease, where do we draw ethical boundaries? How could our choices of genes - 
slotting in “perfect cells” as it were - be played out and what are the consequences as this 
technology develops? It seems inevitable that from an infrastructure perspective, VR and/or 
other similar technology will continue to evolve, improve, lower in cost, and be more readily 
available on a global scale. Projections state that AR/VR will create up to 480,000 jobs by 
2020 in Europe alone. There are some differences when comparing countries or continents 
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(Akkas, 2018; Europe on track to become global VR leader, 2017), but the reality is that these 
differences are not massive in terms of what knowledge is available and what tech is being 
accessed. The bigger differences may come in terms of policy that countries put in place 
regarding what people can or can not do with the technology, and perhaps progress supported 
(or not) depending on how funding is allocated to further tech development and research. 
 
Understanding VR’s current (and projected future) state across countries, how it is being used 
to analyze and understand DNA (human or otherwise), and addressing the implications and 
consequences of the knowledge being sought has ethical implications for humanity and is 
important to consider. In Johnson’s ITEMS article (Johnson, 2004), she wrote about VR 
simulators to be used to create a new context for clinical training - in particular for surgery. 
The main focus of her work was to show how VR creates a reconstituted environment in which 
the real subjects are brought into the virtual world. Perhaps it is easier to maintain a disconnect 
from a reconstituted environment when scientists are visualizing a representation of DNA 
molecules as opposed to an open human heart for surgery, for example, but the applications 
and implications are just as important. This is further discussed in Problems/Challenges. 
 

Description: 
An interdisciplinary approach to investigation would certainly be needed for this work. There 
are multiple streams of interest here: one, the development of various VR technology - its 
capabilities, the costs associated, the networks needed to support it, and whether or not there 
are barriers that exist to getting this VR into certain environments. Secondly, when and how 
VR infrastructure is being used either in research or clinical environments to conduct studies 
connected to genetics. Thirdly, an ethical consideration regarding the potential lines of 
investigation or ways in which this knowledge could be used to manipulate human DNA. And 
finally, a policy concern in terms of how studies proceed, how they are funded, and the 
ecosystem in each region for innovation in this field. Actors from all sectors would need to 
contribute to the methodology of this work. 
 

Methodology: 
A qualitative approach to information gathering is suggested in which interviews with each 
sector and geographical area is conducted, alongside an environmental scan in which the 
following metrics are considered: amount of both government and private funding directed 
towards VR development (national level), number of research projects using VR, number of 
projects using VR directed towards furthering genetics research, number of clinicians using 
VR in their practice, and existing policies related to VR and/or technology’s place in genetics 
research. 
 
Following this, a gathering of the various actors (technology developers, researchers, 
clinicians, ethics experts, and policy makers) is suggested in which the research questions (see 
Statement of Purpose) could be addressed and solutions generated in a transdisciplinary 
environment. In order to create the most robust policies and paint the most accurate picture of 
how to leverage VR technology for genetics applications, all contributing experts should be 
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present and work towards problem-solving and solution-finding collaboratively. Goals of this 
transdisciplinary work should be to produce a briefing that outlines for stakeholders what the 
current state of VR technology for genetics is, what potential implications for future growth 
are, and recommendations for science, technology, and policy are in order to advance progress 
in this industry. 

Problems/Challenges  
● Defining boundaries (both physical and theoretical - as the digital world has no 

boundaries) and increasingly grey spaces regarding geographical areas. As 
cross-national studies becomes more and more easy to facilitate and technology 
advances are not kept privately within countries, the infrastructure becomes more and 
more “shared” and those boundaries are blurred. If this is to be a true comparison 
between Europe and the USA, how will boundaries be defined? For example, 
technology as well as research is frequently shared across continents, and this will 
influence the comparative nature of this study. This may have further policy 
implications, if multiple geographies with different policies are engaged in 
groundbreaking research (this is further discussed in the policy section below). 

● Keeping up with the pace of technology development. Even in the time it would take to 
accurately answer the research questions posed, VR tech would likely have evolved 
and maybe even shifted. This is an innovative space in which development is rapid. It 
would be important to consider that and perhaps anticipate future developments, even 
before they have hit the consumer market or before research has commenced.  

● The challenges that coincide with undertaking transdisciplinary research, such as 
finding a common language to share ideas (i.e., each sector carries its own expertise 
and has different ways of expressing and communicating their knowledge) and creating 
space in which the complexity of problems, diversity of knowledge, and finding 
common ground or meeting potentially disparate needs of these groups would exist 
with this work. 

● There are potential privacy and ethical implications as this area of research is 
emerging. Studying an individual’s DNA with their consent is ethically straightforward 
(and with this technology, it is a digital simulation of the DNA as opposed to the 
material itself), but subsequent sharing of DNA, manipulation of DNA (as in the UK 
case study) and cross-border studies may necessitate stronger policy development 
specific to how genetic information is handled. This policy development will also be 
influenced by the political climate in each country; depending on what majority party is 
in power, conservative values may have more or less influence in terms of restricting 
genetic manipulation that involves humans. Such debates are currently seen in policy 
connected to stem cell research, which vary country to country; it is anticipated that 
consistent global policy for VR technology in genetics will not be created and policy 
approaches will be disparate when comparing Europe to the United States.  
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