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Abstract

Development of astrophysics, astronomy and
cosmochemistry in the last two decade has widely
provided a certain realistic perception of existence of
extraterrestrial life in the Universe and even in our solar
system. Progressive synthetic biology has also enabled
us substantially to testify possible materials,
configurations and evolutions of living systems, which
are truly existing, or realistically and theoretically
existable in the Earth or even in the elsewhere. These
disciplines have opened a new era of universal biology,
called as astrobiology, and the integrated knowledge and
perspective has been renewing how to tackle one of the
most fundamental questions in science, origin of life
(OOL). Before the emergence of integrated astrobiology,
the crucial goal in multiple disciplines of OOL studies
was to give satisfactory solutions to the question: when,
where and how our first ancestral life was generated in
the early Earth. To this end, roughly speaking, one
succeeded event, even if it is a miracle crystal of many
low-probability processes but is logically consistent,
may become a true answer. In the current
astrobiological context, however, one possible episode
for origin of earthly life is no more satisfactory scientific
solution to substantial OOL. The likelihood of
occurrence and connection though the OOL processes
in the case of Earth should be justified by theoretical,
mathematical and experimental methods, and the rarity
or ubiquity of the whole and/or partial processes of
earthly life under the conditions of possible
extraterrestrial environments should be addressed in
terms of the integrated astrobiological context. Here, for
stepping into the next stage of OOL research, I briefly
overview the several significant issues and disputing
points raised through the outstanding works so far. I
hope that this overview would shed light on our present
standpoints to challenge OOL from astrobiological
aspects in future.
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Figure 1. Examples of definition of life in the history of philosophy and science. The figure is modified from Moreira and
Lopez-Garcia in 2009 [1].
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Figure 2. A calculation for mass-balance of production and
influx of organics in the Hadean Earth 4.0 Ga. The data are
based on Ehrenfreud et al. in 2002 [15].
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Figure 3. Schematic illustration of relationship of origin
of life, progenote and last universal common ancestor.
(A) Darwin’s concept of origin of life [21]. (B) Woese’s
concept of origin of life and progenote [24]. (C) Modem
consensus of origin of life and last universal common
ancestor.

\ng/ F N

origin of life
origin Of ifs origins of lives
Figure 4. Schematic illustration of concepts of
origination of earthly living forms. (A) Concept of single
monophyletic origin of life. (B) Concept of multiple
monophyletic origin of life. (C) Concept of multiple
polyphyletic origins of lives.
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Figure 5. Schematic illustration of concepts of universal
origination of living forms in the astrobiological context.
(A) Concept of different and flexible origins of lives
specific to various mother bodies in our universe and in the
artificial worlds. (B) Concept of almost identical and
decisive origin of life in our universe including the earth.
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Figure 6. Schematic illustration of heterotrophic origins of
lives theory and autotrophic origin of life theory. (A)
Heterotrophic OOL  theory substantially —represents
multiple polyphyletic origins of lives based on the
progressive Darwinian evolution of informative and
functional organic molecules from building blocks that
would have been produced by chemical evolution. (B)
Autotrophic OOL theory substantially represents identical
monophyletic origin of life from feedstock materials
through the decisively-oriented configuration of
metabolism and compartmentalization at first and genetic
system later.
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Figure 7. Schematic illustration of genetics-first OOL (heterotrophic OOL through integrated chemical evolution) theory and
metabolism-first OOL (autotrophic origin of life in deep-sea hydrothermal systems) theory. (A) If the most privileged function is
recognized to be a self-replication of information and entity (genetic system), self-replicating and metabolizing RNA system
(RNA world) should have preceded any other subsystems and functions for life. Then, the complete integration of genetcs,
metabolism and compartmentalization is the origin of life. (B) If the most privileged function is recognized to be a
free-energy-yielding metabolic entity (replicating metabolic protocell), metabolism and compartmentalization should have
preceded any other subsystems and functions for life. The integration of the two functions can be recognized the origin of life.
The complete integration of genetcs, metabolism and compartmentalization occur considerably later than the generation of

replicating metabolic protocell by potential genetic takeover.
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Figure 8. Energy balance concept of habitability in the astrobiological context. The concept is originally proposed by Hoehler in
2007 [91]. Habitability occurs when the potential for transduction of environmental energy into biological process outweighs the
biological demand for energy, and the biological demand for energy (D) is a 2-dimensional (power and voltage) function that
encompasses biochemical specifics, physical and chemical conditions, and material or solvent limitations. The biological energy
quantum, the maintenance energy and the voltage and power uptake limits are calculated by Takai in 2010 [92] and this article.
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