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Abstract- Astrobiology, the interdisciplinary field that explores the potential for life beyond Earth, is intricately 

linked to cosmic events that shape the universe. The connection between astrobiology and cosmic events is 

profound, as the conditions for life hinge on the dynamic interplay of celestial phenomena. This paper serves as 

a comprehensive review of seven seminal articles that delve into the intricate relationship between astrobiology 

and cosmic events. The articles collectively shed light on how cosmic events, such as supernovae, planetary 

formation, and the presence of organic molecules in space, contribute to the conditions conducive for life to 

emerge and evolve. The synthesis of these articles not only expands our understanding of the broader cosmic 

context in which life may exist but also underscores the significance of ongoing astronomical discoveries in 

shaping the landscape of astrobiological inquiry. As we unravel the mysteries of the cosmos, the synthesis of 

knowledge from these seven articles forms a crucial foundation for advancing our comprehension of the potential 

for life in the vast expanse of the universe. 
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Introduction 

Astrobiology is the scientific study of life's potential existence beyond Earth. It is an interdisciplinary field that combines 

principles of biology, chemistry, physics, geology, and astronomy to understand the conditions and processes that might 

support life in the universe. Astrobiology seeks to answer questions about the origin, evolution, distribution, and future 

of life in the cosmos. 

Key areas of focus in astrobiology include: 

1. Exoplanet Studies:  

Scientists search for planets outside our solar system (exoplanets) that may have conditions suitable for life. This 

involves studying a planet's size, orbit, and atmospheric composition. 

2. Mars Exploration:  

Mars is a primary target for Astro biological investigations within our solar system. Rovers and orbiters are sent to Mars 

to analyze its surface, geology, and potential signs of past or present life. 

3. Extreme Environments on Earth:  

Astrobiologists study extreme environments on Earth, such as hydrothermal vents, acidic lakes, and ice-covered lakes, 

to understand how life can adapt and thrive in extreme conditions. This helps scientists identify potential habitats for 

extraterrestrial life. 

 

4. Moons of the Outer Solar System:  

Moons like Europa (a moon of Jupiter) and Enceladus (a moon of Saturn) have subsurface oceans beneath icy crusts. 

These moons are considered potential locations for extraterrestrial life, and missions are planned to explore these 

environments. 

 

5. SETI (Search for Extraterrestrial Intelligence):  

While not directly part of astrobiology, SETI is closely related. It involves listening for signals from intelligent 

extraterrestrial civilizations. 
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6. Exoplanet Atmospheres:  

The study of exoplanet atmospheres is crucial in understanding their potential habitability. The composition of an 

atmosphere can provide clues about whether a planet may support life. Advanced telescopes like the James Webb Space 

Telescope are expected to contribute significantly to this field. 

 

7. Astrobiology in the Laboratory:  

Astrobiologists conduct experiments in laboratories to understand the fundamental processes that could support life in 

different environments. This includes studies on the origins of life, the survival of microorganisms in extreme 

conditions, and the potential for life to exist in unexpected places. 

 

8. Philosophical and Ethical Dimensions:  

Astrobiology also raises philosophical and ethical questions. The discovery of extraterrestrial life, even if microbial, 

could have profound implications for our understanding of life's place in the universe and its potential ubiquity. 

 

NASA (National Aeronautics & Space Administration) 

NASA's commitment to astrobiology, as outlined in the NASA Astrobiology Roadmap, addresses fundamental 

questions about life's origin, existence elsewhere, and the future. The field engages education and outreach, fostering 

interest and understanding. Cosmic radiation can cause genetic mutations, impacting astronauts' health. Understanding 

its effects and developing mitigation strategies are crucial for space exploration. Stellar nucleosynthesis, the process of 

element formation in stars, shapes the universe's chemical composition. Elements forged in stars, such as carbon, 

oxygen, nitrogen, and trace metals, play a vital role in the composition of living organisms. Astrophysical events, 

including solar variability, supernovae, and Milankovitch cycles, influence Earth's climate. While historical events like 

the Maunder Minimum are linked to cooling, human activities now dominate climate change. 

 

Gravity profoundly impacts biological processes, influencing development, circulatory systems, fluid balance, behavior, 

and reproduction. Understanding gravitational effects is crucial for space exploration and considering life beyond Earth. 

The search for habitable exoplanets involves assessing astrobiological conditions. The cosmic origins of life's building 

blocks, like amino acids, highlight the interconnectedness of life and the cosmos. 

Space travel induces human biological adaptations, challenging long-duration missions. Astrobiology's portrayal in 

popular culture shapes public understanding. Future prospects involve collaborations to advance space exploration, 

discover habitable exoplanets, and explore extreme environments. Collaborative efforts between biology and 

astrophysics aim to deepen our understanding of life's connections to the cosmos. 

 

ISRO 

As per the latest update in January 2022, India has shown an increasing interest in astrobiology, particularly in the 

context of space exploration and scientific research. The Indian Space Research Organisation (ISRO) has been actively 

involved in space missions and projects that contribute to astrobiological perspectives. Here are some key points 

regarding India's emphasis on astrobiology: 

Chandrayaan Missions:  

India's lunar exploration missions, particularly Chandrayaan-1 and Chandrayaan-2, have contributed valuable data 

related to the moon's surface and its geological features. The discoveries, such as the presence of water molecules on 

the moon, have implications for astrobiological studies. 

Mars Orbiter Mission (Mangalyaan): 

Mangalyaan, India's Mars Orbiter Mission, has been another significant achievement. While the primary goal was to 

study Mars' atmosphere and surface, the mission also contributes indirectly to astrobiology by providing insights into 

the Martian environment, including the search for traces of water and potential habitability. 

Astrobiology Research:  

India has research institutions and organizations engaged in astrobiology studies. Scientific research in the field includes 

investigations into extremophiles, studying environments on Earth that mimic conditions on other celestial bodies, and 

understanding the potential for life beyond our planet. 

Collaborations and International Partnerships:  

India collaborates with international space agencies and organizations on various space missions and astrobiology-

related research. Collaborative efforts allow scientists to share expertise and resources for a more comprehensive 

exploration of astrobiological questions. 
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Education and Outreach:  

Astrobiology has been incorporated into educational programs and courses in India, both at the undergraduate and 

postgraduate levels. This integration helps in fostering interest and expertise in the field among the next generation of 

scientists. As per last update in January 2022, India has several research institutions and organizations that are actively 

involved in astrobiology studies and related research. Here are some prominent ones: 

1. Indian Space Research Organisation (ISRO): 

ISRO plays a central role in space exploration, and its missions, such as Chandrayaan and Mangalyaan, contribute to 

astrobiology-related research.[3] 

 

2. Tata Institute of Fundamental Research (TIFR): 

TIFR is a leading research institution in India involved in various scientific disciplines. It has researchers working on 

astrobiology-related projects.[4] 

3. Physical Research Laboratory (PRL): 

PRL, based in Ahmedabad, is known for its research in space and atmospheric sciences. It has scientists engaged in 

astrobiology research.[5] 

4. Indian Astrobiology Research Centre (IARC): 

IARC is dedicated to astrobiology research and education in India. It aims to promote astrobiology as a scientific 

discipline.[6] 

 

5. Indian Institute of Astrophysics (IIA): 

IIA, with its headquarters in Bengaluru, is involved in various aspects of astronomy and astrophysics. It may have 

researchers contributing to astrobiology studies. 

 6. Indian Institute of Science (IISc): 

IISc is a premier institute in India for scientific research and education. It has departments and researchers engaged in 

space and astrobiology-related studies.[6] 

7. Indian Centre for Space Physics (ICSP): 

ICSP, based in Kolkata, focuses on research in space and astrophysics. It may have researchers with interests in 

astrobiology. 

8. Birla Institute of Technology and Science (BITS Pilani): 

BITS Pilani has a Department of Biological Sciences where researchers may be involved in astrobiology studies.[3] 

9.Amity Institute of Space Science and Technology (AISST): 

Amity University has an institute dedicated to space science and technology. Researchers at AISST may be involved in 

astrobiology-related research. 

These institutions may have specific departments, centres, or researchers who focus on astrobiology or related fields. 

It's advisable to check the official websites of these institutions for the latest information on research projects, 

publications, and ongoing activities related to astrobiology.[6] 

Overview of astrobiology and its relevance to understanding life on Earth- 

NASA has played a pivotal role in fostering the emerging discipline of astrobiology by organizing workshops, 

establishing a dedicated NASA Astrobiology Institute, providing research funds, incorporating astrobiology goals into 

space missions, and engaging in public outreach and education initiatives. This commitment stems from NASA's 

historical focus on studying the origins of life and searching for evidence of life beyond Earth, traditionally referred to 

as "exobiology." 

Astrobiology, as outlined in the NASA Astrobiology Roadmap, addresses three fundamental questions that have 

intrigued generations: the origin and evolution of life on Earth, the existence of life elsewhere in the universe, and the 

future of life on Earth and in space. The roadmap, initiated in 1999, acts as a foundational guide for scientists in this 

interdisciplinary field, which continues to evolve with new information and diverse perspectives. 
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The ten scientific goals outlined in the roadmap include understanding the origin of life on Earth, defining the principles 

governing the organization of matter into living systems, exploring life's evolution at various levels, studying the co-

evolution of the terrestrial biosphere and Earth, establishing limits for life in diverse environments, determining 

habitability criteria for planets, recognizing the signature of life on other worlds, exploring the potential for life in our 

solar system (especially Mars and Europa), studying ecosystems' response to environmental changes, and understanding 

how terrestrial life responds to conditions in space. 

 

Astrobiology, while primarily a research agenda, also lends itself to education and outreach. The overarching questions 

it addresses how life begins and evolves, whether we are alone in the universe, and the future of life captivate both 

students and the public. Courses and educational initiatives built around these questions provide a platform for 

discussing deep time, astronomical and biological evolution, and humanity's place in the cosmos. The multidisciplinary 

nature of astrobiology also serves as an excellent illustration of different scientific approaches, fostering engagement at 

various educational levels, from high school to college. Notably, the popularity of college-level astrobiology courses is 

on the rise, supported by new textbooks and curricula, as educators recognize the appeal and relevance of this captivating 

field. 

 

Cosmic Radiation  

Cosmic radiation refers to high-energy particles originating from outside our solar system, primarily from sources such 

as supernovae, pulsars, and other celestial events. These particles include protons, electrons, and cosmic rays which are 

energetic atomic nuclei. When these particles interact with Earth's atmosphere and surface, they can have various 

effects, including the potential to cause genetic mutations. 

 

Ionization and DNA Damage: 

Cosmic radiation is capable of ionizing atoms and molecules when it passes through biological tissues, including human 

cells. Ionization involves the removal of electrons from atoms, creating charged particles. This process can directly 

damage DNA molecules within cells, leading to genetic mutations. 

 

Types of DNA Damage: 

Ionization events caused by cosmic radiation can result in different types of DNA damage, such as single-strand breaks, 

double-strand breaks, and the creation of reactive oxygen species. These alterations to the DNA structure can interfere 

with normal cellular processes and potentially lead to mutations if not adequately repaired. 

 

Repair Mechanisms: 

Living organisms have evolved sophisticated DNA repair mechanisms to address damage caused by various factors, 

including cosmic radiation. DNA repair enzymes can recognize and fix certain types of damage, restoring the genetic 

code to its original state. However, if the damage is too severe or if repair mechanisms are overwhelmed, mutations 

may persist. 

 

Cumulative Effect: 

While the effects of individual cosmic ray particles on DNA may be small, the cumulative impact over time and 

exposure can become significant. Astronauts on long-duration space missions, for example, are exposed to higher levels 

of cosmic radiation outside the protective atmosphere of Earth. The cumulative exposure over extended periods raises 

concerns about potential health risks, including an increased likelihood of genetic mutations. 

 

Terrestrial and Extraterrestrial Concerns 

Cosmic radiation not only affects organisms on Earth but is also a consideration for potential future human exploration 

and colonization of other celestial bodies, such as Mars. The lack of a thick atmosphere on Mars provides less protection 

from cosmic radiation, making it a factor that needs to be addressed in planning for human missions to the red planet. 

 

Research and Mitigation 

Scientists and space agencies conduct research to better understand the biological effects of cosmic radiation. This 

research includes studying the types of mutations that may occur and developing strategies to mitigate the risks. This 

could involve advancements in spacecraft shielding, pharmaceutical interventions, or other measures to protect 

astronauts during space travel. 

 

Evolutionary Implications 

Over geological time scales, cosmic radiation, along with other sources of radiation, has played a role in the evolution 

of life on Earth. The impact of radiation on genetic diversity is part of the broader context of natural selection and 
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adaptation. Understanding the interplay between cosmic radiation and genetic mutations is crucial for assessing the 

potential health risks associated with space exploration and for gaining insights into the broader implications of radiation 

exposure on life, both on Earth and beyond. 

 

Stellar Nucleosynthesis and Element Formation 

Stellar nucleosynthesis is the process by which elements are formed within stars through nuclear reactions. The primary 

driver of stellar nucleosynthesis is the intense heat and pressure generated in the cores of stars. These conditions are 

necessary for nuclear fusion reactions to occur, leading to the synthesis of heavier elements from lighter ones. 

 

The life cycle of a star can be broadly categorized into different stages based on its mass. The most common elements 

in the universe, such as hydrogen and helium, were formed during the early stages of the Big Bang. However, the 

creation of heavier elements requires the extreme conditions found in the cores of stars. 

 

Hydrogen Burning  

In the core of a star, particularly during its main sequence phase, hydrogen atoms undergo nuclear fusion to form helium. 

This process, known as hydrogen burning, releases a tremendous amount of energy in the form of light and heat. The 

most common reaction during this phase is the proton-proton chain, where hydrogen nuclei (protons) fuse to form 

helium nuclei. 

 

Helium Burning (Red Giant/Supergiant)  

As a star exhausts its hydrogen fuel, it enters the red giant or supergiant phase. In this stage, helium nuclei fuse to form 

heavier elements like carbon and oxygen. Helium burning involves the triple-alpha process, where three helium nuclei 

combine to form a carbon nucleus. 

 

Advanced Stages (Supernova)  

For massive stars, those with more than about eight times the mass of the Sun, the synthesis of heavier elements 

continues through various stages, including the fusion of elements like carbon, oxygen, and silicon. The process 

culminates in a supernova explosion, where the intense heat and pressure generated in the star's core during its final 

moments lead to the rapid synthesis of even heavier elements, including iron. 

 

Supernova Nucleosynthesis  

The explosive nature of a supernova releases an enormous amount of energy, and during this cataclysmic event, 

elements beyond iron are formed through rapid neutron capture processes, such as the r-process (rapid neutron capture) 

and s-process (slow neutron capture). 

 

Post-Supernova Elements 

Elements created during a supernova explosion are scattered into space, enriching the interstellar medium with heavy 

elements. These enriched materials become the building blocks for the formation of new stars, planets, and other 

celestial bodies. Stellar nucleosynthesis is a crucial process that plays a fundamental role in the formation of elements 

in the universe. The life cycles of stars, from their birth to their explosive deaths, contribute to the diversity of elements 

observed in the cosmos. This process has not only shaped the composition of celestial bodies but also influences the 

chemical makeup of galaxies and the evolution of the universe itself. 

 

Explanation of how elements forged in stars contribute to the composition of living organisms 

The elements forged in stars play a fundamental role in shaping the composition of living organisms. The process of 

stellar nucleosynthesis, as described earlier, is responsible for the formation of elements beyond hydrogen and helium. 

These heavier elements are crucial for the development and sustenance of life as we know it. Here's an explanation of 

how stellar elements contribute to the composition of living organisms: 

Formation of Complex Molecules 

Carbon and Oxygen  

These elements, synthesized in the cores of stars through helium burning and other processes, are essential for the 

formation of complex organic molecules. Carbon serves as the backbone of organic compounds, and oxygen is a key 

component in various biological molecules, including water. 
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Building Blocks of Life: 

Nitrogen  

Formed through processes like the CNO cycle in stars, nitrogen is a crucial element in amino acids, which are the 

building blocks of proteins. Proteins, in turn, are essential for the structure and function of cells. 

Phosphorus 

Phosphorus is another element synthesized in stars, and it is a key component of molecules such as DNA and ATP 

(adenosine triphosphate), both of which are central to the storage and transfer of genetic information and energy, 

respectively. 

Trace Elements and Biological Functions 

Elements like iron, copper, and zinc, which are produced in the later stages of stellar evolution, serve as cofactors for 

enzymes. These enzymes are crucial for various biochemical reactions in living organisms, including cellular respiration 

and DNA replication. 

Formation of Planets and Habitability 

The elements forged in stars contribute to the formation of planets, including Earth. The diverse composition of elements 

in the Earth's crust, atmosphere, and oceans creates a hospitable environment for life. 

Supernova Enrichment 

Supernova explosions disperse heavy elements into space, enriching the interstellar medium. This enrichment provides 

the raw materials for the formation of subsequent generations of stars and planetary systems, continuing the cycle of 

stellar nucleosynthesis and contributing to the diversity of elements available for life. 

Evolutionary Impacts 

Biological Evolution 

The availability of specific elements has influenced the evolution of life on Earth. For example, the presence of oxygen 

in the atmosphere enabled the evolution of aerobic organisms, leading to increased complexity and diversity in the 

biosphere. 

The elements forged in stars are the building blocks of life. From the formation of organic molecules to the role of trace 

elements in biochemical processes, stellar nucleosynthesis has shaped the chemical composition of living organisms 

and their environments. The interconnectedness of stellar processes and the emergence of life underscores the profound 

influence of the cosmos on the existence and evolution of life on Earth and potentially elsewhere in the universe. 

 

Astrophysical Events and Earth's Climate: 

Astrophysical events can have significant impacts on Earth's climate, although the influence of these events can vary in 

magnitude and duration. Some of the key astrophysical events that can affect Earth's climate include: 

Solar Variability 

Solar Cycles 

The Sun goes through cycles of increased and decreased solar activity roughly every 11 years. During periods of high 

solar activity, there is an increase in the number of sunspots and solar flares. Changes in solar radiation and solar wind 

during these cycles can influence Earth's climate, albeit to a relatively small extent. 

Maunder Minimum 

Historical records indicate a period known as the Maunder Minimum (1645-1715), during which sunspot activity was 

significantly reduced. This coincided with a period of cooler temperatures on Earth, often referred to as the Little Ice 

Age. While the causal relationship between solar variability and Earth's climate during this time is not fully understood, 

it suggests a potential link. 

Supernova Events 

Cosmic Rays 

Supernova explosions release a significant amount of energy, and the shockwaves produced can accelerate cosmic rays. 

Some studies suggest that an increase in cosmic rays could potentially influence cloud formation on Earth, affecting its 

climate. However, the extent of this impact is still a subject of research and debate. 

Asteroid and Comet Impacts 

Mass Extinction Events  

Major asteroid or comet impacts can have catastrophic consequences for Earth's climate. The impact of a large celestial 

body can generate intense heat, cause massive fires, and release debris into the atmosphere. The resulting impact winter, 
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with reduced sunlight reaching the Earth's surface, can lead to a significant drop in temperatures, contributing to mass 

extinction events. 

Galactic Alignment 

The Earth's position in the Milky Way galaxy can vary over long timescales. Some theories propose that the Earth's 

position in the galaxy, relative to the Galactic plane or spiral arms, could influence climate through changes in cosmic 

ray exposure. However, the scientific consensus on the direct impact of galactic alignment on Earth's climate is still 

uncertain. 

Milankovitch Cycles 

Orbital Variations  

While not strictly astrophysical events, variations in Earth's orbit and axial tilt (Milankovitch cycles) can influence the 

planet's climate over geological timescales. These cycles contribute to the timing of ice ages and interglacial periods. 

It's important to note that while these astrophysical events can potentially influence Earth's climate, they are often 

interconnected with other factors such as atmospheric composition, ocean currents, and geological processes. Human 

activities, particularly the emission of greenhouse gases, have become dominant factors in shaping the contemporary 

climate. Studying the historical and potential future impacts of astrophysical events on Earth's climate is an active area 

of scientific research, helping us better understand the complex interactions that influence our planet's climate system. 

Gravitational Effects on Biological Processes 

Gravitational effects on biological processes are pervasive and fundamental, influencing the development, structure, 

and function of living organisms. The force of gravity, primarily exerted by Earth, plays a crucial role in shaping life as 

we know it.  

Here are some key aspects of how gravitational effects impact biological processes: 

Plant Growth 

Gravity influences the orientation and direction of plant growth. Roots typically grow toward the gravitational pull 

(positive gravitropism), while shoots grow in the opposite direction (negative gravitropism). This phenomenon, known 

as geotropism, helps plants anchor themselves in the soil and reach sunlight for photosynthesis. 

Bone and Muscle Development:  

Gravity has a profound impact on the development of the musculoskeletal system in animals, including humans. The 

mechanical loading imposed by gravity on bones and muscles during weight-bearing activities is essential for bone 

density, muscle strength, and overall skeletal health. 

Blood Circulation  

Gravity affects blood circulation in animals. In humans, for example, blood is pumped against gravity from the lower 

extremities back to the heart. This requires efficient mechanisms, such as valves in veins and the contraction of muscles, 

to counteract the gravitational force and prevent blood pooling in the lower limbs. 

 

Fluid Movement in Cells 

Gravitational forces influence the movement of fluids within cells. Cells have evolved mechanisms to maintain osmotic 

balance and prevent excessive changes in cell volume due to gravity-related effects on fluid movement. 

Cerebrospinal Fluid: 

In the human body, cerebrospinal fluid, which surrounds the brain and spinal cord, is influenced by gravity. Changes in 

body position can affect the distribution and pressure of cerebrospinal fluid, potentially influencing neurological 

function. 

Animal Behavior 

Orientation and Navigation 

Any animals exhibit behaviors that are influenced by gravity. For example, birds and insects use gravity for navigation 

during migration, and aquatic organisms use gravity cues for depth regulation. 

Vestibular System 

In vertebrates, including humans, the vestibular system in the inner ear plays a crucial role in sensing gravity and 

acceleration. This system helps maintain balance, spatial orientation, and coordination of movement. 

Reproduction 

Sperm Motility 

In microgravity environments, such as space, studies have suggested alterations in the motility and behavior of sperm. 

The absence of gravity can impact the directional movement of sperm, potentially affecting fertilization. 

Adaptations to Microgravity 

Space Exploration 

Biological processes are profoundly affected by the microgravity environment experienced during space travel. 

Astronauts often experience physiological changes, including bone density loss, muscle atrophy, and alterations in the 

cardiovascular system. Understanding these effects is crucial for planning long-duration space missions and maintaining 

the health of astronauts. 
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Gravitational effects are integral to the functioning of biological processes across a wide range of organisms. Life on 

Earth has evolved in the presence of gravity, and the adaptations and responses of living organisms to gravitational 

forces are essential for their survival, development, and overall well-being. Studying the effects of gravity on biological 

systems not only enhances our understanding of life on Earth but also informs the challenges and opportunities 

associated with space exploration and the potential for life beyond our planet. 

 

Future Prospects and Collaborations: 

In astrobiology, future prospects involve advancements in space exploration, discovering potentially habitable 

exoplanets, and exploring extreme environments on Earth as analogs for extraterrestrial life. Collaborations often occur 

between space agencies, research institutions, and interdisciplinary teams combining expertise in biology, chemistry, 

astronomy, and robotics to unravel the mysteries of life beyond Earth. 

 

Future research directions in the intersection of biology and astrophysics may involve exploring the potential for life 

beyond Earth, understanding the impact of space environments on living organisms, and investigating the 

astrobiological implications of exoplanetary discoveries. Collaborative efforts could include joint projects between 

biologists and astrophysicists to develop instruments for space exploration, analyze data from space missions, and 

conduct experiments that simulate extraterrestrial conditions. This interdisciplinary approach aims to deepen our 

understanding of the connections between life and the cosmos. 

 

REFERENCES: 

1. Nascimento-Dias BLdo, Martinez-Frias J. Brief review about history of astrobiology. International Journal of 

Astrobiology. 2023;22(1):67-78. doi:10.1017/S1473550422000386 

2. Cockell, C. S. (2020). Astrobiology: Understanding Life in the Universe. United Kingdom: Wiley. 

3. Segura, A.,. (2020). What Is Astrobiology?. In: Souza, V., Segura, A., Foster, J. (eds) Astrobiology and Cuatro 

Ciénegas Basin as an Analog of Early Earth. Cuatro Ciénegas Basin: An Endangered Hyperdiverse Oasis. Springer, 

Cham. https://doi.org/10.1007/978-3-030-46087-7_1 

4. Cockell, C. S. (2020). Astrobiology: Understanding Life in the Universe. United Kingdom: Wiley. 

5. Merino Nancy, Aronson Heidi S.,Living at the Extremes: Extremophiles and the Limits of Life in a Planetary 

Context. Frontiers in microbiology, 2019, DOI 10.3389/fmicb.2019.00780  

6. Dimitar D. Sasselov et al, The origin of life as a planetary phenomenon. Sci. Adv.6,eaax3419 

(2020).DOI:10.1126/sciadv.aax3419 

7. Barbara Cavalazzi, Biosignatures for Astrobiology, Springer Cham, https://doi.org/10.1007/978-3-319-96175-0 

http://www.ijsdr.org/
https://doi.org/10.1007/978-3-030-46087-7_1

