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Introduction: Genome sequencing of single mi-
crobial cells in low biomass settings such as in extreme
conditions could add crucial detection capabilities to
astrobiological pursuits. Typical microbial sequencing
requires high biomass and averages over genomically
heterogeneous populations, concealing the valuable
information hidden within very few cells [1]. Single
cell whole genome sequencing (SC-WGS) allows for
identifying unculturable microbes with low representa-
tion often neglected or undetectable in traditional stud-
ies [2, 3]. Using SC-WGS, detection of rare mutation
events in single cells can also allow for mutagenic and
detailed evolutionary work. In this work, we use an
optofluidic platform to obtain single cells of Gleocapsa
sp., Sphaerocystis sp. Arctic strain CCCryo 101-99 and
Nostoc sp. Antarctic strain CCCryo 231-06 for SC-
WGS to identify the genomic variation among the cells
exposed to space and simulated Mars conditions on the
International Space Station (ISS) in addition to the
simulated space and Mars conditions on ground.

Optofluidic platform: This platform integrates
advanced microscopy (Nikon), optical tweezers
(Thorlabs) and microfluidic technology (Fig. 1) [4]. In
this platform, single cells can be selected, moved into
an isolated chamber and transported for SC-WGS.
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Fig. 1. The optofluidic platform. Optical tweezers are integrated
into a microscope system, with a microfluidic chip.

Microfluidic device: The device consists of two
channel layers separated by a flexible membrane, ena-
bling gating functions for chamber creation (Fig. 2(a)).
When a flow channel and a control channel cross, a
gate is formed. By pressurizing the control channel, the
membrane pinches off the flow channel, closing the
gates and forming the chamber (Fig. 2(b), (¢)).

Optical tweezers: Optical tweezers rely on the
refractive index difference between an object and the
suspension to form optical traps. Single cells can be
selected and trapped based on visually discernable

traits. Trapped cells can be moved passing an open
gate into a chamber, and the gate can be closed to
isolate the cells. (Fig. 3)
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Fig. 2. (a) Cross-section of a microfluidic chip, with a membrance
separates the top and bottom layer. (b),(c) Gates open and closed.

Fig. 3. A time-elapsed image of the trapping and moving of a single
cell to pass through an open valve to be isolated in a chamber.

Experimental: Suspension of Gleocapsa sp.,
Sphaerocystis sp. and Nostoc sp. exposed to the afore-
mentioned conditions will be introduced into a micro-
fluidic device respectively. Single cells in each sample
will be trapped and isolated in a chamber. The isolated
single cells will then be transported and collected from
the device outlet for amplification and sequencing.
This platform will allow for unparalleled study of sin-
gle cell mutagenic events within a population and ob-
servation of the raw rate of mutation events that a sin-
gle cell experiences under the various conditions.

Future work: We envision that the optofluidic
platform can be integrated with various microfluidic
devices for different single cell applications such as
single cell interactions, transcriptomics, proteomics
and metabolomics (Fig. 4)
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Fig. 4. Integration of microfluidic devices into optofluidic platform
for single cell analyses.
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