Figure 1: The components of SynFlo
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Figure 2: DNA with part selection

cube is placed inside test tube con-
necting with plasmid tube.
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From Wet Lab Bench to Tangible Virtual
Experiment: SynFlo

Abstract

SynFlo is an interactive installation that utilizes tangible
interaction to make core concepts of synthetic biology
accessible to the public. This playful installation allows
users to create useful virtual life forms from standardized
genetic components through the manipulation of aug-
mented object that mirror scientific instruments in order
to explore synthetic biology concepts and protocols. These
virtual E. coli, can serve as environmental biosensors that
when deployed into an environment represented by a tab-
letop computer, detect toxins and change their color as an
indicator. The goal of this project is to explore ways to
develop effective interactive activities for outreach in
STEM without the limitations of access to a lab bench
while communicating the excitement of cutting-edge re-
search.
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Figure 3: Shaking interaction “pours”
DNA into awaiting plasmid and sound
emits from test tube rattle
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Figure 4: The test tube (shown without
DNA) placed next to the E.coli cube and
flipped, pours the plasmid into bacteria.

Introduction

SynFlo is an interactive installation, designed to illustrate
core concepts of synthetic biology to the public through
playful tangible interaction. SynFlo mirrors actual proto-
cols used in wet labs to manipulate the genome of E. coli,
the most common model organism in synthetic biology.
SynFlo consists of triplets of Sifteo cubes, which can be
used to modify the genome of virtual E. coli to serve as
biosensors for environmental toxins. The virtual bacteria
can then be deployed into an environment represented by
a tabletop computer. In this environment, the E. coli can
interact with other bacteria and with environmental tox-
ins. Following, we describe the design and implementation
of SynFlo.

Design and Concept

SynFlo draws upon a well-known synthetic biology exper-
iment called E. chromi [1], in which genetically engi-
neered E. coli bacteria act as biosensors. This experiment
has three basic procedural tasks: 1) Combining biological
parts (i.e, BioBricks) to create a genetic element capable
of producing a particular color in response to the presence
of a particular toxin; 2) Inserting the selected BioBrick
into a plasmid, a circular DNA strand that replicates inde-
pendently from chromosomal DNA; 3) infusing E. coli bac-
teria with the engineered plasmids; and 4) deploying the
modified bacteria into a testing environment.

SynFlo utilizes tangible and embodied interaction to allow
users to experience an interactive and playful simulation
of the E. chromi experimental process. It employs triplets
of different Sifteo cubes: 1) a toxin selection cube, denot-
ed by color and shape and scrolled through by pressing
the screen. This cube is embedded in a casing shaped as a
DNA strand 2) a plasmid cube, embedded in as test tube

and 3) an E. coli cube embedded on a petri dish.

To create a modified E. coli users place the plasmid cube
next to the DNA cube, then mimicking vortexing or shak-
ing to making a rattling sound. To insert the plasmid into
the bacterium, the opening of the test tube is placed next
to the petri dish holding the E.coli cube and poured the
plasmid, effectively flipping the plasmid Sifteo cube. To
mirror a real-world application of E.coli as biosensors, the
user deploys the E. coli onto a multitouch Surface (Mi-
crosoft Surface) computer, by placing the petri dish on the
surface and pouring by flipping. The E. coli move around
toxins, tangibles placed by the user, and if the E.coli is
near a certain toxin there were assigned to detect, they
would change color.

Conclusion and Future Work

We presented SynFlo, an interactive installation that uti-
lizes tangible and embodied interaction to bring the wet
lab bench experience to the virtual world by illustrating
core concepts of synthetic. We plan to further refine the
experience to more accurately portray the scientific proto-
col. We already deployed SynFlo in various outreach pro-
grams and plan to evaluate its effectiveness in informal
science learning settings.
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