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Introduction

In an epic journey from Darwin's theory of evolution to the robotic revolution, this book unveils the remarkable developments humanity has witnessed. It explains Darwin's theory of evolution and natural selection, and shows how this theory has influenced the scientific understanding of intelligence and life. It also offers an insightful comparison between the biological evolution of humans and the technological development of robots and artificial intelligence..

The book tells the story of the evolution of computers from punched cards to modern supercomputers, focusing on Alan Turing's contributions and his profound impact on the field of computing. Readers will learn about the early experiments in artificial intelligence and the successes and challenges they faced. The book also delves into the fundamental principles of artificial intelligence, such as machine learning, neural networks, and deep learning, and reviews modern technologies used in diverse fields, from voice recognition to robotics..

The book explores the uses of artificial intelligence in everyday life, such as business, commerce, medicine, transportation, and entertainment. It also discusses the significant benefits AI offers, along with the ethical, social, and economic challenges it faces. It explores future scenarios for AI development over the coming decades and how this pioneering technology will transform society and the economy. It also addresses the challenges that must be overcome to realize these expectations, such as safety, security, ethics, and privacy..

This book is a comprehensive guide exploring the past, present, and future of artificial intelligence, and is suitable for anyone seeking to understand the profound dimensions of this technological revolution.  

––––––––
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introduction

In the world of science, theories do not remain static. They either evolve and are renewed with new discoveries and practical uses, or they fade in the face of better explanations. Any modern book on a scientific theory is like a snapshot in time; while important in documenting a particular moment, it is quickly affected by the ongoing progress of science. This is especially true in two highly dynamic fields.Biological evolution and artificial intelligence.

While we recognize that life on Earth has changed and evolved over billions of years, today we are witnessing a new kind of evolution: the evolution of intelligent machines and systems. This book argues that the path of development of artificial intelligence is not fundamentally different from the path of biological evolution.ButIt can be understood through it. It is a journey through time, starting from the ideas formulated by Charles Darwin and extending to the robotics and artificial intelligence revolution that we are experiencing today..

Understanding "evolution" from a new perspective

Historically, the term “evolution” has three interconnected meanings, which we can use to understand the progress of AI.:


	change over timeJust as the fossil record has shown that life on Earth has changed dramatically, we see today's computing systems changing and improving at an astonishing rate. The primitive AI systems of the 1950s are completely different from the complex neural networks we use today. This constant change is the broader meaning of evolution.

	common ancestorIn biology, this idea suggests that different species share a common origin and evolved from it. In the world of artificial intelligence, we can see this concept in the basic models being developed. Many current AI systems share common software foundations, relying on advanced algorithms and components from previous projects, giving them a kind of "common ancestor."

	natural selectionDarwin believed that changes in living organisms occur through a process driven by natural selection. In the field of artificial intelligence, we can call this process "computational selection." Algorithms that prove to be efficient and superior at solving problems, and faster and more accurate at analyzing data, are "selected" and used more widely. This continuous process of improvement and selection is what drives the development of artificial intelligence.



New Genomics: A Roadmap for Artificial Intelligence

Just as genomics has revolutionized the understanding of evolutionary relationships between organisms, modern techniques in data analysis and neural networks are shaping a new kind of AI “genomics.”.


	Decode the genomePreviously, scientists studied evolution based on organisms' external appearance. Today, they can directly read their genomes. Similarly, AI researchers are no longer limited to studying a system's outward "behavior."Only,ButThey were able to "read" its internal structure, identify the algorithms and databases on which it was based, and compare it with other models to understand their evolutionary relationships..

	Solving the Mendelian inheritance problemDarwin believed that traits overlapped, weakening beneficial variations. Today, we know that genes are transferred as discrete units. In AI, this can represent the transfer of entire software modules, or "digital genes," between systems. Instead of inefficiently integrating systems, developers can now "transfer" specific pieces of code or pre-trained models, dramatically speeding up development.



From the Tree of Evolution to the Web of Life

As research has advanced, scientists' perception of biological evolution has changed. It is no longer viewed as a linear process that branches out like a simple tree. Recent evidence suggests that life is shaped by a complex web of genetic relationships and exchanges between organisms, with paths intersecting and intersecting in unconventional ways. This model also reflects the nature of artificial intelligence, which evolves not along a single path, but rather through an interconnected system of models, algorithms, and shared knowledge, making it more like a living organism that feeds on data and is constantly evolving..

Recent examples show that intelligent systems no longer evolve independently. Instead, they can "acquire" new capabilities from external sources.:


	HybridizationJust as different species of organisms mate to produce new hybrids, AI systems can merge, with one system loading and modifying parts of another to create a “hybrid” system that combines the best capabilities of both.

	horizontal gene transferIn biology, bacteria can acquire genes from other species. In artificial intelligence, this happens constantly. Systems learn from shared datasets, leverage open-source algorithms, and integrate components from other systems to enhance their capabilities. This ongoing process of "digital gene transfer" represents rapid evolution outside the "natural evolution" of individual systems.



Ongoing research in these two fields—biology and artificial intelligence—confirms that evolution is unstoppable. It is an ongoing process that transcends time, moving from living organisms to digital systems, opening up endless new horizons for understanding and discovery..
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Chapter One: Evolution
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The Origin of Life: From Chemistry to Biology

The question "How did life begin on planet Earth?" has long been one of the most important mysteries sought by science. Throughout history, answers have varied from ancient myths to philosophical and religious theories. But in the modern era, this question has become a fertile field of scientific research, which attempts to trace the chemical path that led to the emergence of the first living system..

RNA world hypothesis(RNA)

The RNA world hypothesis isRNA is one of the most prominent theories attempting to answer this question. This idea emerged after scientists discovered that ribonucleic acid (RNA) does more than just carry genetic information.ButThey can also act as bioenzymes (called ribozymes).).

This means that the molecules of theThe first RNA could have performed two essential functions of life at once:


	The function of genetic informationThe ability to store information, much like DNA does today.

	Motivational functionThe ability to catalyze the chemical reactions necessary for its functions and reproduction.



Simply put, the hypothesis suggests that theRNA was the "all-in-one" molecule that allowed the first primitive life forms to emerge, without the need for the complex proteins we see in modern organisms.

Challenges facing the theory

Despite its importance, the hypothesis of the world of theRNA has some challenges that need to be addressed. The most prominent of these challenges are:


	How did theRNA? It is not yet clear how complex RNA molecules could spontaneously form from simple chemicals in the environments of primitive Earth, known as the Pacific Era. Experiments simulating these conditions have not yet succeeded in producing functional RNA molecules.

	The problem of "containment"In our world, living things are contained within cells. If molecules interact freely in a vast environment like the ocean, it is difficult for them to encounter each other to catalyze the reactions necessary for reproduction. Therefore, a space or membrane surrounding them was necessary to concentrate the molecules and protect the reactions.

	Mutation and evolutionFor life to evolve, mutations (random changes in genetic information) must occur, allowing new characteristics to emerge. If the ribozyme responsible for replication were perfect, no mutations would occur, preventing evolution. Therefore, replication would have to be primitive and imprecise enough to allow for errors (mutations).



Towards a More Integrated Theory: The Two-Gene Hypothesis

To address these challenges, new theories have emerged that propose ways to integrate different aspects of the living system. Among them is the two-gene hypothesis.(The Two-Gene Hypothesis), which holds that the key to the emergence of life is the integrated relationship between two basic aspects of any living system:


	Central Information Control System(CCSI): The part responsible for storing, replicating, and distributing information (genes). In the RNA world, this role is played by ribonucleic acid (RNA) itself.

	central control mechanism of metabolism(CMIO): It is the part responsible for converting energy and materials from the environment (metabolism).



This theory assumes that the first living system did not appear thanks to just one factor.(like RNA), but rather through a feedback loop between these two sides. In other words:


	If a random mutation occurs in a moleculeRNA (within CCSI), and produced a new ribozyme that improves the efficiency of metabolism (within CMIO), the system as a whole would become more efficient.

	This improvement in metabolism(CMIO) will provide more power, which in turn enhances the system's ability to replicate its information (CCSI).



Thus, improvingCCSI leads to improved CMIO, and vice versa, creating a cycle of continuous improvement that gradually leads to a more complex and efficient living system. This idea could explain how primitive systems evolved to become like modern organisms, which have a compartment (cell) and an integrated, centralized control system.

The search for the origin of life continues. While the RNA world hypothesis is a major scientific achievement, it is not the end of the road. New theories, such as the two-gene hypothesis, are opening new horizons and providing a framework for understanding how the various components of the first cell came together, so that we may one day be able to piece together this great puzzle..

Challenges of the primitive environment

After we learned about the RNA world hypothesis(RNA) and its potential role in the beginning of life raise an important question: Was the Earth's environment in its early days, specifically during the Pacific Era (about 4.6 to 3.8 billion years ago), truly suitable for the emergence of these vital molecules?

Geological and astronomical evidence suggests that Earth at that time was a harsh place, very different from our world today. It was characterized by high temperatures and pressure, a toxic atmosphere, and constant bombardment by meteorites. This poses a major contradiction, as scientists believe that the last common ancestor of all living things(LUCA) was a thermophilic organism, RNA molecules are sensitive and unstable at high temperatures.

To resolve this contradiction, scientists had to simulate these extreme conditions in the laboratory..

Early Environment Simulation: From Conventional to Modern Reactors

Initially, experiments relied on conventional reactors known as "batch reactors." These reactors were ineffective for studying rapid chemical reactions that occur at high temperatures and pressures..

However, with the advancement of technology, a new type of research tool has been developed.Hydrothermal flow reactors. These reactors are advanced systems that allow scientists to pump chemicals through narrow tubes under extremely high pressure and temperature, with the ability to monitor reactions within fractions of a second. This advancement has been pivotal in deciphering the chemical reactions that may have occurred on early Earth.

How do unstable molecules accumulate?

Even with these new tools, the question remains: how can particles accumulate?Is RNA unstable in a hot environment? The answer lies in the concept of relative rates of synthesis and decay.

The aggregation of a molecule does not depend on its stability alone,But it dependsAlso, how quickly it is formed compared to how quickly it decomposes. If the rate of formation of a molecule ofRNA degrades much faster than its own rate of decay; even at high temperatures, this molecule will continue to accumulate. Research suggests that some of the reactions that form RNA molecules can occur very efficiently under certain thermal conditions, which may explain how these molecules have survived and evolved.

Difficulty building the building blocks

The path from simple inorganic molecules to organic molecules isFunctional RNA is not easy. There are several major chemical hurdles, including:


	Ribose formationRibose is an essential component of RNA, and its spontaneous formation in aqueous environments is extremely difficult.

	drought operationsMany of the reactions that form RNA require the removal of water molecules (dehydration). This is inconsistent with the existence of an Earth that was once covered with oceans.

	Doubled theRNA: Although some experiments have shown that RNA can replicate with the help of templates, these reactions only work efficiently with certain types of bases, leaving a significant gap in our understanding of how it replicates completely.



In short, we can say that the story of the origin of life is a story of integration.It's not about the appearance of a single magical molecule, but rather a complex system of reactions working together, supported by an environment that allows formation to outpace decomposition, even in the most difficult conditions.

Temperature limits and building blocks

After exploring the concept of bioaccumulation in extreme environments, the most important question is about the maximum temperature at which life could have emerged. Research suggests that the emergence of primitive enzymes, including ribozymes, may have been possible at temperatures as high as300∘C. This estimate is based on a fundamental concept: the gap between the rates of enzymatic and non-enzymatic reactions must be large enough to ensure the efficiency and selectivity of the reaction, which is a necessary condition for enzyme action.

In general, thermophilic enzymes demonstrate the efficiency necessary to catalyze reactions even at high temperatures, supporting the idea that early life was not necessarily restricted to temperate environments. However, the accumulation of biomolecules under these conditions depends on their rate of formation being faster than their rate of degradation, which may only occur in an environment that allows for the continuous renewal of materials..

Building Blocks Challenge: Ribose and Nucleotides

The transition from inorganic molecules to RNA moleculesRNA represents a complex series of reactions, and there are still significant gaps in our understanding of them. Although the "RNA World" hypothesis provides a logical framework, achieving each chemical step under primitive conditions faces enormous challenges.

One of the most prominent of these challenges is:


	Ribose formationRibose, a major component of RNA, is produced only in trace amounts by the formose reaction, especially in alkaline environments that may not be suitable for subsequent steps.

	Dehydration reactionsThe formation of nucleosides and nucleotides requires the removal of water molecules, a thermodynamically difficult process in aqueous solutions, suggesting that drying and wetting cycles may have been necessary.



Formation of nitrogenous bases

Nitrogenous bases represent (Adenine, guanine, cytosine, uracil, and thymine)The backbone of genetic information. It can be synthesized from simple molecules such as hydrogen cyanide (HCN) and cyanoacetylene (C3H2N2) under relatively mild conditions. For example, adenine can be produced from five molecules of HCN, and guanine through a similar process.

In extreme environments, experiments simulating meteorite impacts have shown that irradiating liquid formamide(CH3NO) A high-energy laser can produce all four bases (adenine, guanine, cytosine, and uracil) in the presence of clay. Astronomical research also suggests that these biomolecules were formed in cold space and transported to Earth via meteorites or comets.

Solving the ribose dilemma

The challenge is not just to create ribose, but to create its correct shape. Ribose exists in five different structural forms.(isomers), but the shapeβFuranose is the only form of RNA. In aqueous solutions, the pyranose form dominates, making the formation of the correct nucleosides extremely difficult.

This is where minerals and borates come in. Studies have shown that the presence of borates can enhance the selective formation of a particular form.βFuranose from ribose, which stabilizes it against conversion to other forms. Similarly, metal cations (such as Mg2+ and Ca2+) and silicates can influence the ratio of isomers, increasing the likelihood of the desired form being present for RNA formation.

From nucleosides to nucleotides

After the formation of bases and ribose, the next step is the formation of nucleosides (base + ribose), followed by nucleotides (nucleoside + phosphate). Several approaches have been explored for these reactions, both in sequential steps and in a "one-pot" that combines all components. However, these reactions are still slow and inefficient, producing very small yields..

These chemical challenges highlight that the origin of life was a process that required the combination of a set of chemical conditions and mechanisms that may have been unique to early Earth..

From Philosophy to Biochemistry

The existence of a common ancestor for all living things on Earth is an inevitable consequence of Darwin's idea of ​​common descent. The last universal common ancestor is usually considered(LUCA) as the ancestor of the cellular organisms from which the three domains of life arose: bacteria, archaea, and eukaryotes. Recent studies on the nature of LUCA indicate that this first organism possessed hundreds of genes and a complex metabolic system. In an attempt to introduce another Darwinian idea into the discussion of the origins of life, we returned to prebiotic chemistry, trying to understand how LUCA arose under the assumptions of gradualism. By this logic, we found that defining the last common ancestor is particularly important for understanding the origin of biological systems. Besides viewing biology as a language of chemical translation, where proteins are encoded into polymers of nucleic acids, we glimpse a point in the distant past where this translation mechanism may have occurred. We therefore propose the emergence of this process common to all biological systems as a point of interest, and propose the existence of this precellular entity, called FUCA, as the first universal common ancestor. FUCA was born at the moment when the RNA replicators of the world began to be able to catalyze the ligation of amino acids and convert them into oligopeptides. FUCA was considered mature when the translation system's machinery combined with the creation of a primitive, potentially error-prone genetic code. This is FUCA, the first ancestor of the LUCA lineage.

From the world of RNA toLUCA

About a century after Darwin, a fundamental and widespread field of biological research began to develop shortly after the discovery by Rosalind Franklin, James Watson, and Francis Crick.(1953) for the double-stranded structure of DNA. The development of molecular biology transformed our understanding of the biological world, allowing scientists to conduct experiments with genes and proteins inside and outside the cell, leading to a deeper understanding of how biological processes work at the biochemical level.

In the same year that Watson and Crick published their paper, a young American researcher named Stanley Miller was inspired by the ideas of Alexander Oparin and J.P.S. Haldane in the 1920s. They demonstrated that the assembly of basic chemical molecules under specific physicochemical conditions could produce amino acids, the building blocks of proteins. Miller's experiment updated the simulation of primitive Earth conditions and confirmed the production of amino acids using water.(H2O), methane (CH4), ammonia (NH3), and hydrogen (H2) were the only inputs (Miller 1953). Thus, a view of the initial organization of biological systems began, as studies of prebiotic chemistry provided an innovative way of thinking about the origins of life.

Then, by the early 1980s, the discovery of the catalytic properties of RNA molecules providedRNA is another element through which the initial organization of biological systems can be understood (Kruger et al. 1982; Guerrier-Takada et al. 1983). For the first time, these findings made it possible to put forward hypotheses capable of describing biological entities that do not require cellular structures. This idea culminated in the proposal of a molecular RNA world in which self-replicating and catalytic nucleic acid molecules could interact and be the target of natural selection, paving the way to the origins of life (Gilbert 1986).

Research onLUCA and the role of the archaea

Shortly before the RNA world theory was proposed, in the late 1970s, American microbiologist Carl Woese began producing sequences of the RNA molecule.A specific RNA known as 16S rRNA, a component of the small ribosomal subunit (Woese and Fox 1977a). This molecule contains about 1,500 nucleotides, and Woese found specific oligonucleotide fingerprints in rRNA sequences capable of distinguishing between molecules coming from bacteria and eukaryotes.

Woese's interest in ribosomal RNA (rRNA) was linked toS. The abundance of ribosomes in cells and the ease with which they can be separated and radiolabeled using available molecular techniques. However, when he first sequenced the ribosomal RNA from a methanogenic organism called Methanobacterium thermoautotrophicum, he was unable to find those expected signatures... But what did this result mean? Had he found an organism that was neither a bacterium nor a eukaryote?

By the end of the yearIn 1976, Woese and George Fox were able to identify sequences of other methanogenic organisms that could not be classified into these two groups based on their 16S ribosomal RNA sequences, confirming their previous findings. Furthermore, this new group displayed a different type of oligonucleotide fingerprint, which was common among them. Thus, the 16S ribosomal RNA molecule demonstrated bipartite diversity in the prokaryotic world. It then became clear that a completely unknown group of organisms existed: a new, distinct, and unexpected branch of unicellular organisms.

Because most members of this new group of prokaryotes lived in harsh environments, it was thoughtWoese and Fox identified them as the closest relatives of LUCA, the oldest life forms to have lived on Earth. In the early days of our planet, the atmosphere was known to have been very different, likely based on a reducing, hot, and possibly very dry environment. They discovered that the 16S ribosomal RNA of bacteria living in highly saline (halophilic) environments also clustered in this new group of organisms. The results suggested that most members of the third group lived in harsh, prebiotic-like environments. This prompted the authors to name the new branch Archaebacteria (or simply Archaea), using the Greek word archae-, meaning ancient. Thus, a new kingdom of microbes was defined, one that probably closely shared the LUCA legacy.

However, further research on ancient bacteria conducted byWoese himself and his colleagues changed the initially proposed picture (Woese et al. 1990). In fact, archaebacteria could be found not only in extreme temperate environments but also in typical temperate environments. By studying other phenotypes of this group, it became clear that they were in fact a missing link between bacteria and eukaryotes. It was found that archaebacteria displayed characteristics in common with bacteria, such as (i) prokaryotic ribosomes; (ii) circular chromosomes; and (iii) the absence of membrane-bound organelles; but also, other characteristics in common with eukaryotes, such as:


	Histone-associated DNA.

	Several types of RNA polymerases.

	Use of methionine as a starting amino acid of protein synthesis; among other things.



These observations now seem to indicate that early cellular ancestors(LUCA) was likely an ancestral group of organisms that showed more similarities to bacteria than to archaea. Since then, the origin of life and the origin of LUCA have been placed coincidentally on the tree of life as the midpoint of the tripartite division between the domains Bacteria, Archaea, and Eukarya. However, more recently, LUCA have been considered ancestral only to bacteria and archaea, while eukaryotes are considered a group that evolved from a lineage within the superphylum Archaea (Williams et al. 2012; Rayman et al. 2015; Zaremba-Niewidzka et al. 2017).

The latest genomic study into the profound nature of the genome has foundLUCA indicates that this original organism must have presented at least 355 gene families, and is thermophilic, anaerobic, and capable of fixing carbon dioxide and nitrogen, possibly hydrogen-dependent (Weiss et al. 2016).

precellular biological systems

Questions about the deep lineage ofLUCA is complex, as non-cellular organisms do not exist today. The only non-cellular biological systems currently in existence are viruses. Viruses are often considered non-living because they are not free-living organisms; they need to control cells to exhibit their ability to metabolize and reproduce. Furthermore, viruses have been excluded from deep trees of life for the simple reason that they do not contain ribosomes; without 16S rRNA molecules, they cannot appear in those trees.

However, there is now an emerging view that virus-like biological systems may have played important roles in pre-cellular living systems (Forter2006). Furthermore, the evolutionary history of viruses appears to be multilineage-based, as there is evidence that some groups formed through further simplification of cellular organisms. Thus, viruses should be understood as a life strategy rather than as a single-lineage group sharing the same evolutionary origin (Nasir and Caetano-Anollés 2015). Recent research on giant mimiviruses seems to point to multilineage, although there is much debate about the reasons for this (Harish et al. 2016; Forterre and Jaya 2016). Incidentally, it is difficult to use the words "life" and "organism" to represent viruses, and it seems reasonable to consider that virus-like biological systems may have existed long before lipid-like cellular barriers took over as the basis of life on Earth.

Definition of a biological system

Proposing an alternative view of the origins of life requires paying special attention to the concepts we are working with. The concept of life, as commonly held in biology, is usually cellular. Despite established material and new estimates and proposals about this concept, we cannot argue with such a well-established concept. However, this question about the nature of viruses has always been at the frontier of our understanding. Current considerations in virology often hold that viruses can only be considered alive when they engage in intracellular metabolism. Outside cells, viruses are considered non-living crystals of ribonucleoproteins..

Although viruses don't have cells, they provide something crucial to any biological system: a solid genetic code. This code is, in fact, the key to providing chemical translation and ensuring that their nucleic acid information produces proteins that enable them to metabolize and reproduce. Viruses may not be cellular, and they may not be living organisms, but they speak the language of biology. They contain complex proteins encoded in their genomes and have a plan of existence chemically written in their nucleic acids.(either DNA or RNA).

Although they lack the means to carry out their plans on their own, it is possible to envision a world composed of non-cellular, virus-like entities capable of transmitting their code to a translation system operating outside of them. Therefore, it is not difficult to imagine precellular virus-like particles capable of existing and attaching to other systems capable of translating their information and enabling their replication..

Even Carl Woese knew that precellular entities were necessary to explain the origin of life on Earth before Luca. He defined the concept of protocells as early cells that could potentially:


	error-prone genetic codes.

	high mutation rates.

	High exchange of genetic material (goose and fox)1977b).



These entities were essential for assembling genetic material from different biochemical pathways to form larger genomes..

Therefore, we propose using the term "biological system" as an alternative to "life." This decision has proven effective and clear in many cases, as we will see. However, to improve the use of this term, we need to define it clearly. For us, a biological system is one whose molecular nature revolves around the controlled interaction between polymers of nucleotides (nucleic acids) and polymers of amino acids (peptides and/or proteins).In general, a biological system can be considered a system based on a chemical translation process, where information stored in one chemical polymer can be translated into another chemical polymer.

This view places protein synthesis at the heart of what we consider biology. All biology is based on a chemical coding process, a system of chemical language translation in which one polymer is transformed into another by following specific grammatical rules. Thus, biological systems matured the moment these rules emerged..

Origin vs. Appearance

Another important conceptual issue that needs to be better understood within this new view of biological systems is the difference between the terms"Origin" and "Emergence." The term "origin" often refers to the first appearance of something that did not exist before. It suggests a unique and very special event that brings something from nothingness into existence for the first time. It is a leap, a rise, an emergence.

On the other hand, the concept of emergence should be understood as a more continuous process of something's emergence. It is not a radical emergence, as the concept of origin suggests.ButIt is a more subtle process that can be built upon slowly and continuously over time..

Likewise, inheriting the concept of evolution from complex systems theory, we aim to refer to a process in which “the whole is greater than the sum of its parts.” This is clearly what happened in the emergence of biological systems, where a polymer of nucleic acids initially produces peptides through pseudo-random associations until the emergence of the genetic code, throughout the history of this early process, which we callFUCA.

The role of proteins and DNA(DNA)

Although it is possible to question the existence of non-cellular biological systems, it is almost impossible to think of a biological entity that also harbors a translation apparatus for synthesizing proteins. The presence of (a) proteins encoded in a three-letter genetic code composed of nucleic acids, and (b) a metabolism coordinated primarily by proteins and enzymes, seem to be two features that unambiguously define a biological system..

Both proponents of the RNA world and researchers who propose the origin of life through hypercycles (the theory that biology began with protein metabolism that occurred without coding mechanisms) face difficulties in advancing their theories by adding the other large molecule to them..

When we think of the ribozymes of the RNA world that are capable of self-replication and catalysis (Higgs and Lyman2015), it is difficult to see how ribozyme-based primary metabolism could become more protein-based. It seems more economical to consider a biological system that already begins together, with peptides interacting with primary RNA or RNA-like polymers. Proteins are the most important molecules for coordinating cellular metabolism, interacting with compounds, and catalyzing chemical reactions, even if the importance of RNA is also enormous. Even now, the importance of RNA for cellular metabolism has been underestimated, and new results from the ENCODE project indicate that three-quarters of the human genomic DNA must be transcribed at some point (Jebali et al. 2012).

However, it appears that the DNA moleculeDNA had very limited significance in the emergence of biological systems. In fact, it is fairly well accepted that DNA was added to the system much later (Forterre 2002, 2006, 2013). The double-helical polymers of deoxyribonucleic acid (DNA) that make up the genomes of most organisms today can be considered a secure medium for storing molecular information that emerged later and allowed for important stability for both heredity and metabolic control. Although their importance is invaluable, they were probably absent in the scenario in which biological systems emerged. The existence of viruses containing RNA genomes, even in a single strand, can be considered evidence that DNA is not essential for biological systems. As a secure medium for storing molecular information, it was safely placed in the nucleus of eukaryotic cells, although it appears to have had no role in the beginnings.

It seems that the emergence of the chemical translation process in which the molecules similar to theRNA's ability to convert its information into peptides is the main feature common to any biological system, and thus it appears to have evolved from a common origin in the first universal common ancestor (FUCA).

Once we assume that the most realistic scenario for the emergence of biological systems will be based on the interaction between RNA(RNA) and proteins, highlighting the importance of explaining the origins of the ribosome and the genetic code. However, the ribosomes currently found in cells are highly specialized and complex molecular machines, and understanding their ancient evolutionary history is essential.

The emergence of the ribosome and the genetic code

Chemically, the genetic code in which codons encode amino acids is produced molecularly through the action of crucial enzymes called aminoacyl tRNA synthetases.There are two different families of these proteins, and they are responsible for binding each amino acid to the tRNA, which not only presents specific anticodons but also other conserved binding sites on its tangle structure (Zamudillo and Jose 2018). These enzymes are of paramount importance for understanding the origin and evolution of the genetic code. However, in very early biology, we must assume that the translation system did not work very well, and the codon-to-peptide coding would have been carried out without any specificity and without a clear coding system.

In this sense, biological systems do not begin with the emergence of a code, but with the emergence of a type of ribozyme capable of binding amino acids. Therefore,FUCA is a process that began without a code, but its point of maturity occurred when the code was complete. Therefore, to understand the first steps of FUCA, we need to study the anatomy of the ribosome in depth.

Ribosomes in any biological system contain two subunits. The smaller subunit binds to messenger RNA, while the larger subunit contains three sites for binding transfer RNA, which transports specific amino acids into the system..

The precise ribosomal site where amino acids bind is considered their catalytic site. This catalytic site is called the peptidyl transferase site, or pPT for short.PTC. PTC is part of the bacterial 23S ribosomal RNA and is known to catalyze the joining of two separate amino acids into a dipeptide using adenine as the main catalytic center. In this dehydration synthesis, a water molecule is released as the C-terminal end of one amino acid binds to the N-terminal end of another amino acid, initiating the polymerization process. Additional amino acids can be added to this dipeptide, increasing the number of amino acids that can be linked together and allowing the formation of oligopeptides.

In our view, the appearance on the early Earth of a DNA molecule that was able to link two amino acids together somehow initiated a process of chemical symbiosis in which the binding of this DNA to the peptides it produced itself allowed the system to:


	Stability under a self-referential perspective.

	Complexity is accumulated in layers, perhaps through a mechanism known as stacking..



We propose here that biological systems arose the moment a large DNA molecule, containing dozens of nucleotides, was able to fold in three-dimensional space and catalyze the junction of two amino acids to form a dipeptide. Thus, biological systems were born.FUCA, with the first appearance of the PTC proto-protein, allowed pre-existing self-replicating nucleic acid polymers to produce random di- and oligopeptides. These random peptides, which may have been associated with single-stranded nucleic acid polymers, produced greater stability in the system, making it more robust and more easily bound to other stabilizing molecules.

Chaos theory proponents might argue that a strange attractor should have formed at that point. Astrophysicists use the term accretion to explain how planets and other bodies form by clumping material into overlapping layers, due to the force of gravity. Here, we also use the idea of ​​accretion to explain how ribosomes assemble from protozoa.-PTC to a higher-order multilayer system. Although the first peptides were randomly linked, the process itself cannot be considered random, as very simple and specific types of amino acids must have been present in the primordial set of molecules. These early amino acids were likely glycine, serine, alanine, and others (Miller 1953; Bakker et al. 2011). Their associations attracted other amino acids, possibly forming a first layer of peptides that bound to the proto-PTC and stabilized its interaction with the proto-tRNA. After subsequent layers of complexity, these processes evolved to create the larger ribosomal subunit with A, P, and E sites for tRNA. Several studies have already attempted to clearly understand how this subunit formed; some have suggested that the PTC originated (Petrov et al. 2015), while others have provided evidence that ribosome structure began elsewhere (Caetano-Anolles 2015). However, it is agreed that the ribosome assembly process took a long time to become functional and efficient in its task of binding amino acids.

maturityFUCA and conclusion

Maturity eventFUCA was the foundation of what we now call the genetic code. With this foundation of the code, we aimed to describe the three types of ancestral RNAs that functioned as systems for coding (mRNA), decoding (tRNA), and amino acid splicing (rRNA). Recent studies seem to indicate that the same unit of 30–70 nucleotides must have functioned to produce a tRNA-like molecule initially. Specific repeats and head-to-tail sequences of this protopolymeric unit may have produced both the proto-PTC and the proto-messenger (Farias et al. 2014, 2016). Through further binding to specific precursor peptides produced by the respective system, some of the polynucleotide units each time formed more stable linear molecules, cloverleaf-shaped structures, or ribozymes.

First Universal Common AncestorFUCA is thus an ancestor of the LUCA lineage. It was born when self-replicating RNA-like nucleotide polymers began to bind to amino acids, maturing with the formation of the genetic code.

We understand the originFUCA as a chemosymbiotic process, and as a revelation of the importance of symbiotic processes in the emergence of the most important biological process. The idea that there is an ancestor to the LUCA lineage is important for understanding that FUCA emerged long before LUCA.

The appearance of Proto-PTC was a pivotal moment in the evolution of the universe's creativity and the union of macromolecules. At that time, molecules could only cooperate through binding interactions, but this had never been possible before by building other cooperating molecules. When these ancient nucleic acids were able to tame and interact with the abundant amino acids, achieving greater stability than each individual amino acid, a new era dawned, and FUCA was born.

The molecular nature of the universe has revealed that molecules can cooperate and help each other at the same time. The moral molecular imperative has become a reality. Instead of competing and destroying each other in a world based on RNA,(RNA), where replicators destroy each other to obtain their monomers and build their own copies (Dawkins 1978), other replicators found that linking amino acid molecules together produced a new form of mutual stability. A chemical symbiosis arose when one large polymeric molecule helped another in a world of chemical conflict. Together, their stable complex brought together ions and other molecules, allowing new layers to form and fostering interaction and equilibrium between them.

This system has specialized to be the basic language and grammar of biology, the language of chemical exchange that has evolved into the formation of the complete ribosome, the genetic code, and the maturation of the molecular translation process..

conclusion

This article shows a long and exciting research journey, from Darwin's idea of ​​common ancestry to modern ideas about prebiotic chemistry. We have seen how the last universal common ancestorLUCA is not necessarily the beginning of life, but rather an advanced turning point, preceded by simpler stages. Considering the existence of the first universal common ancestor (FUCA) opens new avenues for understanding how biological systems emerged through a biochemical gradient, where the interaction of RNA with the first peptides allowed for the emergence of more stable and complex systems. Many of these hypotheses are still being tested and verified, confirming that the mystery of the origin of life remains one of the greatest scientific challenges and a fertile area for research and innovation.
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On the Origin of Species
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.1 In the beginning was the word: a quiet revolution that changed the face of life

The early 19th century was a golden age of voyage and exploration. In 1839, a talented young man named Charles Darwin returned home to present to the world a unique book about his voyage on HMS Beagle. Known as "The Voyage of the Beagle," this book was a fascinating record of his geological and biological observations around the globe. Through it, Darwin proved himself to be a meticulous and gifted naturalist, but few could have predicted that just two decades later, this passionate naturalist would launch an intellectual revolution that would transform our understanding of life itself..

In 1859, "On the Origin of Species by Means of Natural Selection" was published, igniting a debate that has not abated to this day. The book was presented not merely as a scientific addition, but as a bold declaration that life on Earth is not static, but rather the product of a long process of evolution. Darwin explicitly stated his belief in the principle of transmutation, which he called "descent with modification." This principle implies that living species were not created separately, but rather all descend from a common ancestor, changing and modifying over time..

Understanding "The Origin of Species" today requires us to view it as a living historical work. Although some of its ideas have been outdated or modernized, the core of its theory remains enduring. Its value lies not in its ability to provide all the answers, but rather in its ability to pose the right questions and provide a robust and convincing scientific framework for answering them..

.2 Mechanisms of change: from pigeon breeders to natural selection

To explain his pivotal mechanism, Darwin took the reader on a simple yet profound journey into the world of breeders. Farmers seeking to produce fatter pigs or sheep with richer wool, or even pigeon fanciers choosing their birds based on the beauty of their plumage, were unknowingly practicing the principle of "artificial selection." They were selecting desirable traits from one generation to the next. Darwin argued that nature was doing the same thing, but on a much larger scale and with unparalleled power..

Darwin moved from this concept to a more complex idea, inspired by the work of economist Thomas Robert Malthus. Malthus demonstrated that populations tend to grow faster than available food resources, leading to an inevitable struggle for existence. Darwin saw this struggle as a driving force of evolution. In a world where organisms cannot exercise "self-control," individuals with advantageous traits—even simple ones—will have an advantage over others. These individuals are more likely to survive and reproduce, thus passing their traits on to future generations..

This process is what Darwin called "natural selection." It is simply"Preserve positive variations and reject harmful ones." Darwin did not use the phrase "survival of the fittest" in the first edition of his book, coined by Herbert Spencer, but it later became synonymous with his idea. Today, we see tangible evidence of this mechanism at work everywhere, from the evolution of antibiotic resistance in bacteria to the ability of viruses to mutate to evade vaccines.

Darwin's genius lay in his ability to transform what had been considered evidence of staticity (the struggle for existence) into evidence of constant change. He demonstrated that this struggle was not merely an obstacle, but a creative force capable of sculpting and shaping life forms..

.3 Argument from evidence: agreement of inductions

Darwin did not rely on just one mechanism to prove his theory. He employed what philosopher William Whewell called "concordance of inductions," a scientific approach in which a single explanation reinforces multiple phenomena from different fields. With the confidence of a well-versed scientist, Darwin reviewed evidence from diverse branches of biology..


	BiogeographyWhy are organisms on the Galapagos Islands similar to their counterparts in South America, but not to other islands with a similar climate, such as Cape Verde? This question was the cornerstone of Darwin's argument. It demonstrates that species were not created in their current locations, but rather arrived from the nearest continent and subsequently adapted and changed over time. This explanation remains vital and convincing today.

	Comparative AnatomyDarwin posed a simple question: Why are our hands, bat wings, and dolphin flippers so similar in their basic skeletal structure, even though they each serve a completely different purpose? The answer, Darwin argued, is that all these appendages evolved from a common ancestor and were gradually modified to suit different purposes. They serve as a genetic fingerprint that reveals our common origin.

	PaleontologyFossils provided Darwin with evidence that life had changed radically over the ages, and that ancient forms had become extinct and been replaced by more complex ones. This record was nothing more than a physical embodiment of Darwin's tree of life.



4. After Darwin: From Genes to Philosophy

Darwin's book wasn't complete. Critics of his time, including Darwin himself, noted that there was a missing link: no one knew how traits were passed from one generation to the next. This was the weakest point in his theory. Surprisingly, the solution already existed in the same era, in the hands of the monk Gregor Mendel, who laid the foundations of modern genetics. However, it wasn't until the early 20th century that his work was rediscovered and provided the support Darwin's theory needed. Heredity became the backbone that carried the full force of natural selection and was incorporated into what is now known as the "modern synthesis."(The Modern Synthesis) of the theory of evolution.

However, the debate did not stop. Some scientists, such as the late Stephen Jay Gould, attempted to argue that natural selection cannot explain everything, proposing alternative theories such as "punctuated equilibrium." Although these discussions added depth and greater understanding to evolution, the scientific consensus today still supports natural selection as the primary mechanism explaining the adaptive complexity of life..

Philosophically, Darwin radically changed our way of thinking. While pre-Darwinian biology viewed living organisms as designed for a specific purpose, Darwin showed that complexity arises from simple natural laws. He replaced the idea of ​​direct divine intervention in the creation of each individual organism with the idea that God created the universe with natural laws that allowed life to evolve and take shape..

Comparing Darwin to other influential figures like Freud demonstrates the uniqueness of his legacy. While Freud offered profound insights into human nature, his theories were not testable and applicable to the empirical world in the same way that Darwin's were. Darwin, in the end, was right. He understood the truth of the world. Evolution is real, and natural selection is how it works..

.5 An everlasting legacy

In conclusion, we can return to the last words of “On the Origin of Species,” which still retain their poetic power.:

“There is grandeur in this view of life, with its several powers, as having been originally breathed into a few forms or into one; and that while this planet has continued to revolve according to the unchanging law of gravitation, endless forms of the most beautiful and wonderful have been, and are being, evolved from a simple beginning.”

These words embody the essence of Darwin's revolution. It is a vision of the world that does not diminish its beauty, but rather adds to it excitement and grandeur. Darwin showed that life does not arise by mere chance, but is shaped according to fixed laws, and that from the struggle of nature, from death and famine, can arise the greatest things we can imagine..

Darwin's legacy is that he not only changed our understanding of who we are, but also our understanding of how science itself works, how ideas can evolve and grow, overcome obstacles, and reshape our view of the world..
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Primates: An Overview of a Unique Order
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Humans, monkeys, and apes together, along with a wide range of other species such as lemurs and lorises, make up the order Primates.This order, which includes more than 300 species, is the third most diverse order among mammals. Although evolutionary theory does not suggest that humans descended from any of the current ape species, we share a common ancestor with them who lived more than 20 million years ago. Understanding these connections helps us understand our place on the evolutionary family tree.

Common features of primates

What connects all these diverse animals? All primates share several unique characteristics that set them apart from other mammals.:


	nailsThey are the only mammals that have flat nails instead of claws or hooves.

	touch sensitivityIt has specialized nerve endings in the hands and feet, which increases touch sensitivity.

	gripping feetThey have a big toe that is separate from the other toes, giving them a unique ability to grasp, a trait that suggests their ancestors lived in trees.

	big brainsThey have larger brains relative to body weight than other terrestrial mammals, and a unique brain structure for visual perception.

	VisionIts eyes face forward, providing overlapping three-dimensional vision, a common trait in predators.

	teethIts teeth are low and rounded, making it easy to identify its fossil remains, which date back approximately 56 million years.



These evolutionary adaptations suggest that early primate species were likely tree dwellers and insectivores. However, modern primates have evolved to thrive in diverse environments, ranging in size from the tiny mouse lemur weighing 35 grams to the gorilla weighing over 180 kilograms. While some move around by hopping or swinging between branches, others walk on two or four legs. Humans are the only primate species that consistently engages in bipedalism..

Primate diversity and life cycles

Primates are classified into distinct groups, each of which exhibits unique characteristics and behaviors..

Major groups of primates


	
primitive primates: 
	Lemurs and lorisesThese primates are considered the closest evolutionary ancestors to humans. They are mostly nocturnal, tree-dwelling animals, and are characterized by their large eyes and long tails. The island of Madagascar is the only home of true lemurs.

	TarsierIt lives only in Southeast Asia, and is unique among primates in that it is entirely carnivorous, feeding on insects and lizards.





	
monkeys: 
	Monkeys make up about two-thirds of primate species and are characterized by having tails and slender bodies..

	Monkeys are divided into Old World monkeys (Africa and Asia), which are known for their wide diversity and closeness to apes, and New World monkeys (South and Central America), which do not have opposable thumbs, but some species have prehensile tails..

	Monkeys are known for their curiosity and intelligence, living in complex social groups, using tools, and learning from experience..





	
monkeys: 
	Great apes, including gibbons, chimpanzees, bonobos, orangutans, and gorillas, are considered ancestors of Old World monkeys, but are distinguished by their lack of a tail and more complex brains..

	Great apes demonstrate a high level of intelligence, being able to recognize themselves in a mirror, learn sign language, and manufacture tools..

	humanoidsHumans and their immediate ancestors represent a relatively recent evolution and are considered great apes. Hominins are characterized by an upright posture, the ability to walk on two feet (bipedal locomotion), and significantly larger brains.







Life cycle and social behavior

Primates generally have a long developmental cycle, and their young remain under adult care for extended periods. During this period, the young learn essential skills for integration into the complex social structure of the group. The duration of the various life stages (gestation, lactation, and juvenile) depends on the species and shows a general trend toward lengthening with higher levels of development..

Gestation periods vary greatly among primate species, from 54 days in mouse lemurs to about 267 days in humans. Reproductive seasons also vary; while some primates breed during specific seasons, others can reproduce year-round. This diversity in behavior and adaptation is one of the factors that has helped primates survive for tens of millions of years..

Primate evolution, behavior, and life cycle

The life cycle and physiological habits of primates demonstrate advanced adaptations that go beyond mere anatomical features. Understanding these aspects is essential to understanding the success of this order..

Infant development and maternal dependence

Primate pups are more advanced at birth than those of many other mammals, being born with their eyes open and fully furred. This trait is essential for their survival, especially since they rely on clinging to their mother's fur while moving around. This adaptation is crucial to the survival of the species, allowing the mother to move freely while her pup remains safe..

However, humans are a unique exception. Because of bipedalism, humans have lost the ability to grasp their toes, making human infants more helpless at birth than other primates. For this reason, they rely heavily on the infant's grasping hands for support, in addition to constant parental support. This phenomenon, along with long periods of infancy and adolescence, is an important factor in human evolution, allowing more time for social learning and brain development..

Movement and Environment

Primates exhibit an astonishing array of locomotion patterns that are suited to their diverse environments, indicating tremendous evolutionary plasticity..

	Main movement patterns: 
	Vertical cling and jumpIt relies primarily on the hind limbs and is common in lemurs and tree-hopping species.

	walking on all foursIt is widely used in forests and open lands, and includes diverse methods such as knuckle walking (as in gorillas and chimpanzees) or toe walking (as in baboons).

	arm swingA specialized method of arboreal locomotion, using the arms to swing between branches. The gibbon is a prime example of this method.

	walking on two feetAlthough many primates can walk on two feet for short periods, humans are the only species to have habitually and efficiently adopted this style, resulting in massive structural changes.






Primates also demonstrate an amazing ability to adapt to a variety of environments. While rainforests are the primary habitat for the vast majority, other species, such as baboons and geladas, have adapted to life in savannas and mountainous terrain. This diversity demonstrates that primates are not limited to a single environment but can adapt to changing conditions..

Diet and its role in adaptation

Primates are generally omnivorous, meaning they eat everything from leaves and flowers to insects and small animals. This diverse diet has allowed them to survive in a variety of environments. However, some species exhibit specialized food preferences.:


	insectivoresSmall species such as galagos depend mainly on insects.

	Fruit eatersMany species of monkeys and apes prefer fruit as a staple in their diet.

	leaf minersSome species, such as langurs, are known to prefer leaves, although they are not exclusively dependent on this food.



The nature of food and body size influence the course of primate evolution, as it is believed that the increase in size led to the diversification of food sources, which in turn led to the development of the grasping hand and a greater ability to navigate in different environments..

conclusion

The primate world displays an astonishing richness of diversity, from the smallest lemurs to the largest gorillas and humans. The success of this order can be explained by its remarkable ability to adapt to diverse environments, complex movement patterns, and extended life cycles that enhance social learning. Studying primates not only sheds light on their unique evolution,But it isIt also offers a window into understanding the common ancestry that humanity shares with its closest relatives in the animal kingdom..
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The Darwin Myth
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1. A Scene in the Shadows: The Undying Legend

Picture the scene. A quiet study in a country house in Kent, England. For two decades, a man has been sitting quietly behind his desk, gathering evidence and taking notes, confident that his theory will revolutionize his world. His work is a secret known only to a few close friends. One day, a mailman brings him a letter. The letter is sealed, but it is stained with travel stains, indicating that it has traveled thousands of miles. The man opens it and begins to read. Suddenly, the paper knife falls from his hand. He feels dizzy, and his heart races. Someone else has beaten him to it. An unknown person from a distant continent has come up with the same idea. He is left with no choice but to abandon all claim to priority and accept becoming a mere footnote in history..

This is the romantic myth told about the moment Charles Darwin discovered that a young naturalist named Alfred Russel Wallace had independently developed the theory of evolution by natural selection. It's an attractive story, but in reality, it's highly misleading. It feeds into the myth of the "lone genius," working in complete isolation until he experiences a great "eureka" moment with no one else to share it with. But scientific reality is far more complex and exciting than any fairy tale..

2. Evolution is a fact, but how?

To understand Darwin's true achievement, we need to put things in historical context. By 1859, when his famous book *The Origin of Species* was published, the idea of ​​evolution was well-known and popular in scientific circles, and it was neither strange nor shocking. On the contrary, the belief that species change over time (known as evolution) was widely accepted among scientists and philosophers. This idea, in various forms, had been the subject of serious debate for decades. The problem was not whether evolution occurred, but how it occurred..

Herein lies Darwin's unparalleled achievement. Not only did he proclaim the truth of evolution, but he also presented a convincing and clear mechanism to explain it: natural selection. This mechanism was the missing link that previous generations of naturalists had been searching for. Darwin saw that individuals better suited to their environment have a greater chance of surviving and reproducing, thus passing their traits on to the next generation, while less fit individuals struggle and leave fewer offspring. Over time, this gradual accumulation of advantageous traits leads to species change and the emergence of entirely new species..

But even this insight was not unique. At the same time that Darwin was gathering evidence in England, Alfred Russel Wallace, who was collecting specimens in the Malay Archipelago, was arriving at the same idea. The fact that the same theory was independently arrived at demonstrates something very important: that the idea was not the product of the genius of a single individual.ButIt was "ripe" in the scientific mind at the time..

.3 The truth about the relationship: Wallace is not anonymous.

The popular myth portrays Alfred Russel Wallace as an "anonymous collector" or "unmentionable person." This image is far from reality. Wallace was a serious naturalist and explorer who financed his travels by selling his valuable collections of specimens, unlike Darwin, who was fortunate enough to have family wealth. Wallace was a regular correspondent of Darwin and sent him published scientific papers, demonstrating that he was far from anonymous..

When Wallace's famous letter reached Darwin, his instinct was not to fend off a rival or defend his primacy. His initial reaction was to abandon any claim to priority and give Wallace all the credit, reflecting a rare moral nobility in scientific circles. But Darwin's friends, including botanist Joseph Hooker and geologist Charles Lyell, realized that it was unfair that Darwin's years of hard work should be ignored. Therefore, they came up with the idea of ​​presenting a joint scientific paper, under their names, to the Linnean Society of London in 1858. This ingenious solution ensured that the credit was fairly shared between the two men. For the first time, the theory of natural selection was announced as a joint effort, a first at the time..

4. Science as a cumulative construct: before and after Darwin

The theory of evolution is not a complete and pure invention of Darwin's mind. Just as apples didn't stop falling when Einstein refined Newton's theory of gravity, evolution didn't suddenly begin with Darwin..

Science is a cumulative construct, and Darwin himself stood on the shoulders of giants before him. He was influenced by the ideas of his grandfather, Erasmus Darwin, the French biologist Jean-Baptiste Lamarck, and others who put forward ideas about the mutability of species. Even natural selection, the core of his idea, had been vaguely hinted at by others..
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