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How life first arose on Earth is a mystery that humankind has sought to understand
for millennia, and includes scientific, philosophical, societal, and religious aspects, amongst
others. Even more mysterious is whether life exists elsewhere, including whether the
conditions for life to arise exist beyond Earth. While it is possible to discuss these topics
from any viewpoint, as researchers, we seek to answer these questions from a scientific
perspective, which requires rigorous investigation in a variety of fields, from astronomy to
planetary science, geology, physics, chemistry, biology, and others. To that end, a Special
Issue featuring contributions from all aspects of origins of life (OoL) research was set up
to highlight the diversity of the field and the breadth of the knowledge required to even
attempt to understand OoL on Earth and elsewhere, and also to illuminate unanswered
questions that will be tackled by the next generation of OoL researchers. This Special Issue
was guest-edited by Paul Higgs, Addy Pross, Kuhan Chandru, and Tony Z. Jia (the latter
two being the authors of this Editorial) Here, we briefly highlight the 19 contributions to
this Special Issue as arranged in a broad range of research subtopics. Many papers could
belong to more than one subtopic, which shows the interdisciplinarity of the field, and the
breadth of topics that the contributions covered suggests the importance of incorporating
various viewpoints when considering questions related to OoL.

Potiszil et al. review what we currently know about organics in Ryugu, an asteroid
which the Hayabusa2 mission mined to bring samples back to Earth for analysis. They
synthesize known information and gives context to theories as to how Ryugu formed,
while also focusing on the possibility of future analyses of Ryugu samples [1]. Ishikawa
et al. experimentally study how gamma rays could lead to the formation of amino acids
within carbonaceous chondrites. They report that increasing doses of gamma radiation
of simple organic starting materials lead to the enhanced formation of various amino
acids, most notably alanine and glycine, and that gamma radiation enhances the forma-
tion of glycoaldehyde from formaldehyde starting materials, a key step in amino acid
formation [2].

Lei and Burton review the 3 31 nt minihelix tRNA evolution theorem and propose its
acceptance as a proven theory in biology. They discuss statistical, functional, and structural
reasons that support this theorem, placing tRNA at the center of OoL [3]. Schoenmakers
et al. review the application of evolution theory to the origins of life, specifically focusing
on how evolution can be applied to prebiotic chemistry, and, in particular, metabolism.
They combine discussion and analysis not only from a scientific viewpoint, but also from
philosophy, simultaneously highlighting unanswered questions in the field [4]. Brunk
and Marshall review how reflexively autocatalytic food-generated networks led to the
origin of eukaryotic cells. In particular, they suggest that because bacteria and archaea
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are so different, cellularization likely evolved twice, eventually leading to the emergence
of eukaryotes via the fusion of bacteria and archaea [5]. Yarus presents a computational
study which investigates the origin of the standard genetic code. According to this study,
code division results in rapid code evolution, while the combination of fusion and division
further imbues accuracy into rapid code evolution, suggesting that a combination of fusion
and division, both standard cellular processes, likely led to the origin of the standard genetic
code [6]. Mayer et al. study order and complexity in evolving micellar systems through
simulations based on the graded autocatalysis replication domain (GARD) model. They
report that lipid-based micellar and vesicular systems increase in order and complexity
over time, which signifies their ability to undergo Darwinian evolution and potentially
makes them key structures at the origins of life [7].

Brown et al. review the importance of non-canonical amino acids at the origins of
life, providing structural, chemical, and functional evidence that suggests the significance
of xeno amino acids early on in biology. They then allude to a number of unanswered
questions that can be taken up by the next generation of researchers [8]. Agmon reviews
the contribution of three biopolymer types, DNA, RNA, and proteins, to the origins of
life. Specifically, the author suggests that RNA and proteins likely had to co-evolve in
order to jumpstart the origins of life [9]. Weller reviews the plausibility of how the first
homochiral molecules on Earth initially arose. The author suggests that rather than positing
the existence of a homochiral monomer pool, there is a statistical possibility that homochiral
polymers could have formed from a non-enantiopure chemical milieu [10]. Chandru et al.
review how contingency could have played a role at the origins of life. In particular,
they discuss how non-biomolecules, i.e., those that do not participate significantly in
modern biology, could have led to the origins of life both on and off Earth [11]. Roche et al.
present research showing the plausibility that proto-nucleotides can be synthesized in a
single one-pot reaction containing proto-nuclebases (barbituric acid and melamine) and
ribose-5-phosphate. These proto-nucleotides then self-assemble into structures showing
Watson-Crick basepairing ability, suggesting one mechanism by which proto-RNA could
have emerged on early Earth [12]. Cowan presents a computational study investigating
how the weak nuclear force can lead to autocatalytic amino acid synthesis. According
to this study, a metal-promoted Strecker mechanism could lead to the emergence of a
homochiral pool of amino acid monomers [13]. Lopez et al. experimentally investigate
conditions conducive to the progression of key oligonucleotide and peptide-based primitive
reactions in conditions favorable to lipid vesicle formation. Given that specific conditions
simultaneously optimal to all of these processes could not be discovered in this study, the
authors propose that nucleic acids and peptides evolved independently at the origins of
life [14]. Verma et al. employ microfluidic devices to generate phase transitions driven by
the self-assembly of a small molecule dye. Using the microfluidic devices, they are able to
recapitulate the phase diagram of a liquid crystalline phase transition with the automation
of dehydration-rehydration processes. They propose incorporating more microfluidics
technologies into origins of life research due to their ability to rapidly manipulate small
volumes of liquids, leading to higher experimental throughput with less waste [15].

Fox et al. present computational research showing how salt-induced peptide forma-
tion could have led to the origin of homochirality. Specifically, density functional theory
calculations found no evidence that the geometry of the CuCl active complex led to the
stereoselectivity of peptide formation, which opens up other possible mechanisms that
the field is challenged to investigate [16]. Daga et al. use a numerical model to simulate
how changes in environmental conditions affect evolving protocells. In particular, they
find that in stable environments, evolving protocells outcompete non-evolving protocells.
However, when environmental changes occur on a similar timescale to the lifetime of a
single generation, evolving protocells are outcompeted, likely due to energetic cost from
their optimization for different conditions [17]. Ravanbodshirazi et al. investigate how various
experimental conditions can affect spark discharge reaction product distribution. They find
that while temperature has an impact, product distribution is most greatly affected by how the
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spark itself is generated, including the type of equipment used [18]. Finally, Christensen et al.
use a thermochemical model to estimate the formation of atmospheric NO and HCN and an
updated photochemical model to estimate fixed nitrogen species production on Hadean Earth.
The updated model includes a new radical-based pathway to generate HCN, which results in
the estimation of greater levels of HCN than previously found [19].

Author Contributions: T.Z.]. and K.C. wrote this Editorial. All authors have read and agreed to the
published version of the manuscript.

Acknowledgments: K.C. is supported by the Ministry of Higher Education Malaysia (MoHE) through
the Fundamental Research Grant Scheme under the grant number FRGS/1/2021/STG04/UKM/02/1,
the Visitor Grant (ZF-2022-008), and the Alexander von Humboldt Foundation. T.Z.]. is supported by
the Japan Society for the Promotion of Science (JSPS) Grant-in-aid 21K14746, the Mizuho Foundation
for the Promotion of Science, and the Temporary Assistant Program by the DE&I Section of Science
Tokyo (facilitated by K. Fujishima, whom T.Z.J. acknowledges). The authors thank all contributors to
the Special Issue as well as all guest editors and staff who facilitated the Special Issue.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Potiszil, C.; Yamanaka, M.; Sakaguchi, C.; Ota, T.; Kitagawa, H.; Kunihiro, T.; Tanaka, R.; Kobayashi, K.; Nakamura, E. Organic
Matter in the Asteroid Ryugu: What We Know So Far. Life 2023, 13, 1448. [CrossRef] [PubMed]

2.  Ishikawa, A.; Kebukawa, Y.; Kobayashi, K.; Yoda, I. Gamma-Ray-Induced Amino Acid Formation during Aqueous Alteration in
Small Bodies: The Effects of Compositions of Starting Solutions. Life 2024, 14, 103. [CrossRef] [PubMed]

3.  Lei, L,; Burton, Z.F. The 3 31 Nucleotide Minihelix tRNA Evolution Theorem and the Origin of Life. Life 2023, 13, 2224. [CrossRef]
[PubMed]

4. Schoenmakers, L.L.].; Reydon, T.A.C.; Kirschning, A. Evolution at the Origins of Life? Life 2024, 14, 175. [CrossRef] [PubMed]

5. Brunk, C.F.; Marshall, C.R. Opinion: The Key Steps in the Origin of Life to the Formation of the Eukaryotic Cell. Life 2024, 14, 226.
[CrossRef] [PubMed]

6.  Yarus, M. The Genetic Code Assembles via Division and Fusion, Basic Cellular Events. Life 2023, 13, 2069. [CrossRef] [PubMed]

7. Mayer, C.; Lancet, D.; Markovitch, O. The GARD Prebiotic Reproduction Model Described in Order and Complexity. Life 2024, 14,
288. [CrossRef] [PubMed]

8. Brown, S.M.; Mayer-Bacon, C.; Freeland, S. Xeno Amino Acids: A Look into Biochemistry as We Do Not Know It. Life 2023, 13,
2281. [CrossRef] [PubMed]

9.  Agmon, L. Three Biopolymers and Origin of Life Scenarios. Life 2024, 14, 277. [CrossRef] [PubMed]

10. Weller, M.G. The Mystery of Homochirality on Earth. Life 2024, 14, 341. [CrossRef] [PubMed]

11.  Chandru, K;; Potiszil, C.; Jia, T.Z. Alternative Pathways in Astrobiology: Reviewing and Synthesizing Contingency and Non-
Biomolecular Origins of Terrestrial and Extraterrestrial Life. Life 2024, 14, 1069. [CrossRef] [PubMed]

12.  Roche, T.P,; Nedumpurath, PJ.; Karunakaran, S.C.; Schuster, G.B.; Hud, N.V. One-Pot Formation of Pairing Proto-RNA Nucleotides
and Their Supramolecular Assemblies. Life 2023, 13, 2200. [CrossRef] [PubMed]

13.  Cowan, J.A. Influence of the Weak Nuclear Force on Metal-Promoted Autocatalytic Strecker Synthesis of Amino Acids: Formation
of a Chiral Pool of Precursors for Prebiotic Peptide and Protein Synthesis. Life 2023, 14, 66. [CrossRef] [PubMed]

14. Lopez, A.; Vauchez, A.; Ajram, G.; Shvetsova, A.; Leveau, G.; Fiore, M.; Strazewski, P. From the RNA-Peptide World: Prebiotic
Reaction Conditions Compatible with Lipid Membranes for the Formation of Lipophilic Random Peptides in the Presence of
Short Oligonucleotides, and More. Life 2024, 14, 108. [CrossRef] [PubMed]

15.  Verma, A.; Mateo, T.; Quintero Botero, J.; Mohankumar, N.; Fraccia, T.P. Microfluidics-Based Drying-Wetting Cycles to Investigate
Phase Transitions of Small Molecules Solutions. Life 2024, 14, 472. [CrossRef] [PubMed]

16. Fox, A.C.; Boettger, ].D.; Berger, E.L.; Burton, A.S. The Role of the CuCl Active Complex in the Stereoselectivity of the Salt-Induced
Peptide Formation Reaction: Insights from Density Functional Theory Calculations. Life 2023, 13, 1796. [CrossRef] [PubMed]

17. Daga, K.R,; Feray Cosar, M.; Lowenkron, A.; Hao, J.; Rouillard, J. Environmental Stability and Its Importance for the Emergence
of Darwinian Evolution. Life 2023, 13, 1960. [CrossRef] [PubMed]

18. Ravanbodshirazi, S.; Boutfol, T.; Safaridehkohneh, N.; Finkler, M.; Mohammadi-Kambs, M.; Ott, A. The Nature of the Spark Is a
Pivotal Element in the Design of a Miller-Urey Experiment. Life 2023, 13, 2201. [CrossRef] [PubMed]

19. Christensen, M.; Adams, D.; Wong, M.L.; Dunn, P,; Yung, Y.L. New Estimates of Nitrogen Fixation on Early Earth. Life 2024, 14,

601. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/life13071448
https://www.ncbi.nlm.nih.gov/pubmed/37511823
https://doi.org/10.3390/life14010103
https://www.ncbi.nlm.nih.gov/pubmed/38255718
https://doi.org/10.3390/life13112224
https://www.ncbi.nlm.nih.gov/pubmed/38004364
https://doi.org/10.3390/life14020175
https://www.ncbi.nlm.nih.gov/pubmed/38398684
https://doi.org/10.3390/life14020226
https://www.ncbi.nlm.nih.gov/pubmed/38398735
https://doi.org/10.3390/life13102069
https://www.ncbi.nlm.nih.gov/pubmed/37895450
https://doi.org/10.3390/life14030288
https://www.ncbi.nlm.nih.gov/pubmed/38541614
https://doi.org/10.3390/life13122281
https://www.ncbi.nlm.nih.gov/pubmed/38137883
https://doi.org/10.3390/life14020277
https://www.ncbi.nlm.nih.gov/pubmed/38398786
https://doi.org/10.3390/life14030341
https://www.ncbi.nlm.nih.gov/pubmed/38541666
https://doi.org/10.3390/life14091069
https://www.ncbi.nlm.nih.gov/pubmed/39337854
https://doi.org/10.3390/life13112200
https://www.ncbi.nlm.nih.gov/pubmed/38004340
https://doi.org/10.3390/life14010066
https://www.ncbi.nlm.nih.gov/pubmed/38255681
https://doi.org/10.3390/life14010108
https://www.ncbi.nlm.nih.gov/pubmed/38255723
https://doi.org/10.3390/life14040472
https://www.ncbi.nlm.nih.gov/pubmed/38672743
https://doi.org/10.3390/life13091796
https://www.ncbi.nlm.nih.gov/pubmed/37763200
https://doi.org/10.3390/life13101960
https://www.ncbi.nlm.nih.gov/pubmed/37895342
https://doi.org/10.3390/life13112201
https://www.ncbi.nlm.nih.gov/pubmed/38004341
https://doi.org/10.3390/life14050601
https://www.ncbi.nlm.nih.gov/pubmed/38792622

	References

