
    Introduction: Current strategies for biosignature de-
tection on Mars rely mainly on identification of features 
associated with terran life and signatures of biologic 
processes, such as particular classes of molecules and 
isotopic signatures, enantiomeric excesses, and patterns 
within the molecular weights of fatty acids or other li-
pids. Yet, it is plausible that life on Mars may have orig-
inated independently from than life on Earth.  It is 
equally plausible that detection of these aforementioned 
targets are suboptimal for life detection on Mars. We 
posit that developing “agnostic” life detection meth-
ods—approaches that do not presuppose a specific un-
derlying biochemistry—provides a robust means of life 
detection.  

Chemical Complexity:  The recently formed Labor-
atory for Agnostic Biosignatures (LAB) project is pio-
neering the use of existing chemical analyzers, such as 
the Sample Analysis at Mars (SAM) gas chromatograph
mass spectrometer (GCMS) instrument [1] and the Mars 
Organic Molecule Analyzer (MOMA) instrument in de-
velopment for the 2020 Rosalind Franklin (ExoMars), 
to search for chemical complexity of any type of mole-
cule (organic or inorganic) that would be unlikely or im-
possible to form spontaneously. Algorithms are being 
developed to describe pathway complexity [3] and link 
it, using a mapping of the mass spectroscopic fragmen-
tation pattern, to the complexity of a given molecule. 
This promising methodology has begun to enable the 
search for different complexity distributions. LAB is 
currently testing the correlation between structure and 
complexity on a variety of abiotic and biotic samples to 
build a robust complexity index database (see Figure 
1). 

Chemometrics: Sequencing technologies have 
also been developed as a way to search for life [4-6]. 
While this approach primarily targets nucleic acids, in-
cluding those with nonstandard bases, recent work has 
laid the foundation to harness the power of sequencing 
to explore sample complexity, regardless of whether life 
is based on nucleic acids [7]. This research builds on the 
fact that oligonucleotides naturally form secondary and 
tertiary structures that can have affinity and specificity 
for a variety of molecules, from peptides and proteins 
[8], to a wide variety of small organic molecules [9,10], 
to inorganics like mineral surfaces [11] and metals [12]. 

Figure 1. MS/MS data from the 825 Da paraformalde-
hyde ion shows repeating common mass losses, indic-
ative of a polymer with high molecular weight, but low 
complexity. 

Binding patterns of nucleic acids, independent of 
their biological function, can thereby be used to probe 
and report on any chemical environment. By accumu-
lating large numbers of binding sequences that reflect 
different compounds in a mixture, statistical data anal-
yses of oligonucleotide sequences and sequence counts 
enable patterns associated with increasing levels of 
complexity to be analyzed.  This pattern recognition, 
known as “chemometrics,” represents a set of protocols 
that can be applied to find patterns in chemical data sets 
[e.g. 13-17], which in turn can be used to fingerprint 
nonterran biosignatures. The approach could distinguish 
samples with chemistries suggestive of biology—to 
“read” patterns of molecules that arise from the vast 
amount of information stored on the surface of a primi-
tive microbial cell, and to do it with great sensitivity. By 
utilizing the power of PCR, this technique could be ca-
pable of amplifying the signal associated with an ex-
ceedingly small input.  

Disequilibrium Redox Chemistries: While bio-
logical phenomena, from biomolecular production to 
growth and biosynthesis, have indelible “biosignat 
ures,” it is also true that these compounds and processes 
are, in essence, well-coordinated chemical reactions.  
Metabolically active organisms, by necessity, maintain 
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Figure 2: A new concept for life detection harnesses the 
power of DNA sequencing for detecting life that is not 
based on nucleic acids. 1) DNA strands are mixed with 
samples. 2) Diverse folded oligonucleotides bind to 
complex surfaces and far fewer bind to a simple, repeat-
ing, structures. 3) Bound sequences can be amplified 
and sequenced, revealing the diversity of binding sites 
within a sample. 
 
themselves at chemical disequilibrium from the envi-
ronment. This disequilibrium can be detected and the bi-
ogenicity of this signal assessed. Redox reactions are 
typical mechanisms for terran organisms to create en-
ergy and terran life can use organic carbon as a reduct-
ant and a diversity of soluble oxidants including oxygen, 
nitrate, sulfate and carbon dioxide. An agnostic ap-
proach to life detection would not limit bioelectrochem-
ical observations to just these compound pairs though. 
Rather, disequilibrium redox chemistries that are incon-
sistent with abiotic redox reactions could be used as an 
indicator of active metabolism.  

 As an example, many microbes can utilize solid-
phase minerals as an electron acceptor, e.g. insoluble 
Fe(III) oxides. An agnostic means of detecting this mi-
crobial activity is to use an inert, conductive electrode 
(e.g. graphite) in the environment, such as a subglacial 
brine lake [18]. The current density and other electrical 
attributes produced by microbes are notably distinct 
from abiotic oxidation; thus this signal could be used as 
an agnostic biogignature. An example of these observa-
tions are the results reported in [19].  

Chemical Fractionation: Living cells are univer-
sally distinct from their local environment in their ele-
mental and isotopic composition. Further, driven by me-
tabolism, the gross compositions of biological cells are 
far from geochemical equilibrium. Using this concept as 
the basis for the detection of life also provides an agnos-
tic view that distills the complexity of biology into an 
observable phenomena—discrete, metastable entities 
that are geochemically substantially distinct from their 
local environment.  The LAB team is currently laying 
the foundation for this new analytical approach by de-
ploying and analyzing cells collected on deep mine bi-
osamplers. 

Probabilistic Approaches to Data Analysis: 
While it is necessary to broaden our scope and design  

 
 

inclusive life detection strategies, these approaches may 
be less definitive than, say, uncovering a hopane or 
DNA sequence.  A data interpretation scheme that con-
siders expectations and likelihoods and establishes crit-
ical thresholds for life detection based upon probabilis-
tic models is therefore key to progress. Life detection 
may best be viewed along a spectrum of certainty, more 
refined than a  binary “life” versus “no life” model.   

Expectations for abiotic signals can also be set by 
developing challenging null models.  For instance, mod-
els of nonterran physical and physiological environ-
ments can generate a large space of synthetic data rep-
resenting a wide variety of possibilities for life. These 
models, which do not pre-suppose terran chemistry, her-
itage, or physiology, can help the community build 
“life-relevant” expectations for our collected data.   

Theoretical models can also inform the limits of bi-
ology in different environments on Mars, anticipate nec-
essary trade-offs indicative of alternate life strategies, 
and help us to understand minimum sample sizes neces-
sary to provide robust statistical analysis for the results. 
A theoretical approach that focuses on combining inclu-
sive principles with physical and chemical laws to de-
fine feasibility regimes. Studies that carefully consider 
the abiotic mimics of biosignatures and what tools and 
metrics can distinguish them from life are also of critical 
importance.  

 
References: [1] Mahaffy P. R. et al. (2012) Space Sci. 
Rev 170, 401. [2] Goesmann et al. (2018) Astrobiology 
17, 655. [3] Marshall et al. (2017) Philos. Trans. Royal 
Soc. A, 375, 20160342. [4] Carr et al. (2016) IEEE Aer-
ospace Conference. [5] Mojarro et al. (2016) LPSC, 
Abstract #1980.  [6] Bywaters et al. (2017) AbSciCon, 
Abstract #3437.  [7] Johnson et al., (2018), Astrobiol-
ogy, 18, 7. [8] Sun and Zu (2015) Molecules, 20, 
11959-11980. [9] Kim and Gu (2013), Kim and Gu, 
2013, Biosensors Based on Aptamers and Enzymes. 
[10] Stoltenburg et al. (2007), Biomolecular enginee-
ring, 24(4), 381-403. [11] Cleaves et al. (2011), Che-
mosphere, 83(11), 1560-7. [12] Ye et al. (2012), Na-
noscale, 4, 5998–6003. [13] Goodwin et al. (2015) An-
gew. Chem., 127, 6437-6440. [14] Hughes et al. (2008) 
Chem. Eur. J., 14, 1822-1827. [15] Pai and Ellington 
(2009) Biosensors and Biodetection, 385-398. [16] 
Umali and Anslyn, (2010) Curr. Opin. Chem. Bio., 14, 
685-692.  [17] Nie et al. (2015) RSC Advances, 5(108), 
89062-89068. [16] Lies et al. (2005) AEM, 71, 4414-
4426. [17] Watanabe et	 al. (2009) Curr. Opin. Bio-
tech., 20, 633-641. [18] Orosei et al. (2018). Sci-
ence, 361(6401), 490-493. [19] Nie et al. (2015) RSC 
Advances, 5(108), 89062-89068 
 

6374.pdfNinth International Conference on Mars 2019 (LPI Contrib. No. 2089)




