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Overview

® [he Search for Extra-Terrestrial Genomes
(SETG) Instrument

® The case for nucleic acid based-life beyond
Earth (and Mars)

® Prospects for sequencing non-standard
nucleic acids



The Search for Extra-Terrestrial Genomes

An in-situ detector for life on Mars ancestrally related to life on Earth

SETG

Prototype
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~4 Gya

Life on Mars, if it exists, may be related to life on Earth.

Image Credit: NASA/FUSE/Lynette Cook
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Biological protocols Radiation Sensitivity Metagenomics Approach
PCR-based approach

) Miniature sequencer
Highly conserved sequences
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If life evolved independently
from life on Earth...

It probably uses an informational polymer
to carry information

It is likely to be based on nucleic acids or
a related informational polymer

It may use a non-standard backbone and/
or alternative bases

We can potentially detect and
characterize it using in-situ sequencing






Organics get dispersed throughout the solar nebula

Complex Protostellar Chemistry

Nuth and Johnson. 2012 Science 336(6080) 424:5 (perspective).
doi: 10.1126/science.1219709



Similar organics delivered to all habitable zones

Weak Panspermia Lithopanspermia

. Meteoritic

Complex organics form, Transfer (LHB)

mix in the solar nebula _
Venus Habitable?
Earth GNA/TNA? RNA DNA
Mars Related life or 2nd genesis?
Titan Non-aqueous chemistry?

Meteorites, Europa .
2nd genesis?
Comets Enceladus J

If life beyond Earth exists, does it use common or
different informational polymers!?



Nucleic acid informational polymer (IP)

Nucleobase
Backbone

Sugar

DNA Wikipedia

Primitive Genetic Polymers

Engelhart and Hud. Cold Spring Harb Perspect
Biol 2010 doi: 10.1101/cshperspect.a002196



Could life use an alternative sugar?

Glycol Threose Ribose

Glcolaldehyde
(Interstellar space)

v

Polymerization
with base and
phosphate group

Evolution of
informational —p

polymers (IPs) GNA TNA DNA (RNA)

Cross-hybridization

Yes, it’s possible life could use other sugars, but
there may be reasons to “prefer” DNA

* Interstellar Glycolaldehyde: The First Sugar Hollis et al. 2000 ApJ 540 L107 doi:10.1086/312881

Images adapted from: Chen et al. (2009) PLoS ONE 4(3):e4949. doi:10.1371/journal.pone.0004949
Forster et al. (2012) J Nucleic Acids doi: 10.1155/2012/156035


http://dx.doi.org/10.1086/312881
http://dx.doi.org/10.1086/312881

Could life use an alternative backbone?

Reasonable Life
Detection Assumptions

Nucleobases are likely to be
standard or close relatives.

The sugar may be different than
ribose but is probably related.

The charged backbone may be
universal in water (Benner, 2004).

In synthetic biology, the possibilities
are far more numerous than are
likely for the origin(s) of life.

The XNA world Pinheiro and Holliger. Cur Opin Chem Biol 2012, 16:245-252 doi: 10.1016/j.cbpa.2012.05.198
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We know how to collect charged polymers

Synchronous Coefficient of Drag Alteration (SCODA)

Extreme contaminant rejection
Sample concentation

Works for RNA, DNA
Should work for any linear charged polymer
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Sequencing Progress to Date
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Semiconductor Sequencing

_ Load Chip Sequence
DNA— Library — Amplify — Enrich >
6M wells
316 300 Mb Pl, P2 |65M, 665M
| IM wells 1.2G wells
318 P3 250 Gb
In-situ sequencing <$ Ik human genome

of microbial genome



Semiconductor Sequencing

Eliminates need for optics
>80 runs over last year

record run 8oo Mb (500 Mb Q20)
mass challenge: reagents (<o.5L)



Oxford Nanopore Strand Sequencing

Direct sequencing from dsDNA
No amplification

Minimal sample prep

Read lengths >> | Okb (assembly!)
Error constant across read
Stated high error (4%)

Very small

Direct RNA sequencing

Protein detection via aptamers

http://www.nanoporetech.com/technology/analytes-and-applications-dna-rna-proteins/dna-an-introduction-to-nanopore-sequencing



http://www.nanoporetech.com/technology/analytes-and-applications-dna-rna-proteins/dna-an-introduction-to-nanopore-sequencing
http://www.nanoporetech.com/technology/analytes-and-applications-dna-rna-proteins/dna-an-introduction-to-nanopore-sequencing

Nanopore

dsDNA
Phi-29 polymerase

x-hemolysin pore

nonconductive
synthetic membrane
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lonic Blockade

end of
2012?
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DNA or any appropriately
sized polymer
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Issues: orientation,
adsorption, radiation.



Goals of in-situ sequencing

Assess forward contamination
Rule in/fout contamination
Detect informational polymer
Search for ribosomal sequences
Search for conserved genetic code
Search for conserved protein modules
Test for alternative genetic code
Assemble genomes!?

Relate to chemical/mineralogical data

If Mars life exists, understand is
there, they are doing, and they
are related to us.



Image credits: NASA, Life Technologies, Oxford Nanopore
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