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  To the ancestor we will never meet, but who made us.







  
    
      “All living things are of one blood.”


    

    
      — H. G. Wells  


    

  







  
  
  Introduction

  
  




4 billion years ago, Earth looked less like a home and more like a cosmic accident. Volcanoes tore through the crust. Asteroids slammed into boiling oceans. The sky carried no oxygen, no birds, no hint that one day a species would argue online about pineapple pizza. And yet, somewhere in that violent mess, life appeared.




Not dinosaurs. Not humans. Not even cells as we know them. Just chemistry stumbling into replication. Molecules learning the oldest trick in biology: how to make more of themselves before falling apart. This book follows that trail backward. Past civilization. Past mammals. Past fish and forests and bacteria. Back to LUCA, the Last Universal Common Ancestor. The microscopic ancestor shared by every tree, whale, fungus, and human being alive today.




LUCA is not science fiction. It is a real scientific hypothesis built from genetics, molecular biology, geology, and evolutionary evidence. Scientists have traced common machinery hidden inside every living cell and discovered something staggering: all life on Earth appears connected by one ancient lineage. Which raises uncomfortable questions.




How did life appear so quickly on a hostile planet? Why do modern organisms still carry ancient molecular fingerprints? Did viruses exist before complex cells? And if life happened here this fast, could it be happening elsewhere right now? This is a story about microbes, deep time, cosmic accidents, and survival. But more than anything, it is a story about inheritance. Because inside your cells sits a biological archive older than mountains, oceans, or continents. And it still remembers LUCA.
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  The Road To Luca

  
  





In the vast darkness of space, where galaxies drift like cosmic islands, a small blue planet once swirled with fire and fury. Earth, 4.2 billion years ago. It was an alien world, one barely recognisable today: a churning mass of molten rock, toxic gases, and ceaseless storms. Yet, amidst this chaos, something profound was about to unfold. Somewhere in these hellish landscapes, perhaps deep beneath an ocean vent, or in the warm, mineral-rich pools of a young landmass, the first whispers of life stirred. 


Consider how truly unstoppable life must be if it managed to take root 4.2 billion years ago on a planet bombarded by asteroids, whipped by cosmic radiation, and beset by molten seas. It is a story so ancient it sounds equal parts science fiction and cosmic fable, yet it is entirely real, and it is ours. All of life, every plant, every animal, every bacterium and archaean, shares an unbroken lineage stretching back to a single ancestral point: a common root in the great Tree of Life. That ancient progenitor, known as LUCA, the Last Universal Common Ancestor, represents our deepest genetic connection to the past.


LUCA represents the spark from which everything emerged. It tells us that life on Earth was not a random, scattered event, but rather a continuous unfolding of shared history. To find LUCA is to find the deepest roots of a vast and ancient tree, one that branches outward into every species that has ever lived or ever will. Finding LUCA implies that every living thing, from the smallest bacterium to the towering redwood, from ants scurrying in the dirt to humans crafting civilisations, is part of the same unbroken chain of existence.


To understand LUCA is to understand ourselves. It tells us where we come from and, perhaps, hints at where life might be found elsewhere in the universe. Let us look back, back before humans, before dinosaurs, before even the first cells had fully formed, back to the very dawn of life itself.


* * *


Origins of the LUCA Concept


The origins of life have puzzled thinkers for centuries. The idea that all organisms share a common ancestor was first intimated in the 19th century. Jean-Baptiste Lamarck proposed early evolutionary ideas in 1809, but it was Charles Darwin who famously suggested in 1859 that all life descended from some “primordial form.” Moving forward to the 1970s, the groundbreaking work of Carl Woese would change everything.


Woese was fascinated by the fundamental structures of life, particularly the molecular machinery that translates genetic instructions into proteins. He turned his attention to ribosomal RNA (rRNA), an ancient and essential component of all cells, reasoning that its genetic sequences would serve as a molecular fossil record of evolution, preserving, in their very structure, the deep history of life on Earth.


By comparing rRNA sequences across different organisms, Woese discovered something remarkable: the microbes that had long been grouped under the broad label of “bacteria” actually fell into two entirely distinct groups. One group consisted of familiar bacteria, while the other, now classified as Archaea, possessed unique molecular signatures that set them fundamentally apart. This finding led him to propose an entirely new classification of life into 3 domains: Bacteria, Archaea, and Eukarya.


This was nothing short of a paradigm shift in our understanding of evolution, challenging the long-standing belief that life was divided simply into prokaryotes and eukaryotes. Woese’s discovery fundamentally restructured the Tree of Life, placing LUCA at the root of these 3 domains, rather than at the base of just two.


[image: Image]



By the time the 1990s arrived, scientists had grown comfortable with the idea that all living organisms share certain universal molecular traits: the genetic code, the same twenty amino acids, certain core enzymes, and so forth. These universal traits pointed compellingly towards a single common origin rather than multiple independent ones. And that conclusion carried with it a profound implication: if one traces the genealogical lines sufficiently far backward, one eventually arrives at a single theoretical entity, LUCA.


The term itself began appearing in scientific literature in the 1990s, alongside exciting new molecular data. Researchers realised they could examine genes or proteins shared by organisms as disparate as E. coli and elephants, apply evolutionary analysis, and determine whether these genes traced back to a single ancient lineage. There is something almost amusing in how unremarkable the name “LUCA” sounds for an ancestor that quite literally gave rise to every living being on Earth. “LUCA” sounds rather like the name of a neighbour’s dog, not the cosmic trunk of all life. Yet, as is so often the science case, the modesty of the acronym belies the magnitude of what it represents.


Life’s history, however, is not as simple as a neatly branching tree. Microbes do not evolve solely in straight lines. They share genes laterally, exchanging DNA in a process rather like travellers swapping currency across borders. This phenomenon, known as horizontal gene transfer, means that early life may not have had a single discrete ancestor, but rather an ancestral community of gene-swapping microbes. Yet, through all this genetic mixing, certain core genes remained universal, tracing every living lineage back, ultimately, to LUCA.


Horizontal gene transfer played a crucial role during LUCA’s era, rendering evolution less like a simple tree and more like a tangled web of interconnected lineages. It also means that LUCA was not necessarily the single triumphant winner of an evolutionary race, rather, it was part of a thriving community of early microbes, some of which may have persisted for considerable periods yet left no direct descendants. LUCA’s genes survived not because all other organisms simply “lost” the race, but because its particular genetic constitution happened to persist across billions of years of evolution.


* * *


The Environment Of Early Earth


The Earth that LUCA inhabited was nothing like today’s. It was a world of extremes. Earth formed approximately 4.54 billion years ago, following a violent collision that also gave rise to the Moon. By 4.2 billion years ago, the planet was still scalding















* * *
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