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Praise

‘I very much enjoyed and admired … A Brief History of Everyone Who Ever Lived’

Bill Bryson, Observer Books of the Year 2016

‘A brilliant, authoritative, surprising, captivating introduction to human genetics. If you know little about the human story, you will be spellbound. If you know a lot about the human story, you’ll be spellbound. It’s that good’

Brian Cox

‘Adam Rutherford’s book is well-written, stimulating and entertaining. What’s more important, he consistently gets it right’

Richard Dawkins

‘Wide-ranging, witty, full of surprises and studded with sparkling insights – Rutherford uncovers the epic history of the human species, written in DNA’

Alice Roberts

‘A captivating delight. With witty, authoritative and profound prose, Adam Rutherford tackles the biggest of issues – where we came from, and what makes us who we are. He does more than any author to cut through the confusion around genetics, and to reveal what modern genetics has to say about our identity, history and future’

Ed Yong

‘Magisterial, informative and delightful’

Peter Frankopan

‘Genetics is opening up the past as never before – Adam Rutherford puts the genes in genealogy brilliantly’

Matt Ridley

‘Exemplary “popular” science … absorbing, immensely informative and beautifully written’

Henry Marsh

‘I learned gobs, pondered more, and re-read much. Excellent book!’

Commander Chris Hadfield

‘An effervescent work, brimming with tales and confounding ideas carried in the “epic poem in our cells”. The myriad storylines will leave you swooning … Rutherford, a trained geneticist, is an enthusiastic guide’

Guardian

‘DNA is fragile, confusing and contains a lot of pointless data. But unlike other accounts of human history it doesn’t lie. Adam Rutherford’s soaring book is an exposition of what this new science really tells us about who we are’

The Times

‘One of the most extraordinary things about this book is its sheer breadth. Rutherford weaves from our genes a fascinating tapestry of human history from its most primitive origins to its sophisticated present, and beyond … The writing is concise and often funny, and Rutherford never takes himself or his subject too seriously … It is one of those rare books that you’ll finish thinking you haven’t wasted a single second’

Independent

‘Fifteen years ago, the first sequence and analysis of the human genome was published. A monumental surge in genetics followed. Science writer and broadcaster Adam Rutherford rides that tide and traces its effects, first focusing on how genetics has enriched and in some cases upset our understanding of human evolution, then examining the revelations of recent findings, such as deep flaws in the concept of race … Rutherford unpeels the science with elegance’

Nature
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I was taught and tutored by Professor Steve Jones, at UCL and beyond. I suspect that no one alive has done more to expound the stories of evolution and genetics than Steve. On the first day in 1994 of his undergraduate genetics course, he offered to compensate any of us impoverished students the profit if we bought a copy of his masterpiece The Language of the Genes. I claimed that 55 pence, I think the only student to do so. Over the years Steve has influenced me intellectually perhaps more than anyone else, and in many ways, this book is, with his permission, a continuation of that classic. In 2012, when I was invited to give a prestigious lecture for the British Humanist Association, an organization that later I would become president of, Steve introduced me. He joked, I hope, that he had a strong sense that I was patiently waiting for him to die so I could truly inherit his living. He wasn’t dead in 2016 and, ten years on, he remains similarly not dead, still lecturing and writing. For that stubbornness, and for the 55 pence, I again dedicate this book to

Steve Jones



Preface

The world keeps on turning. One of the most magnificent things about science is that it never ends – if it did, scientists would stop. Instead, we find out new things and we correct old things. We chip away at big things and occasionally uncover even bigger things. We change our minds – not on a whim, but because we keep finding new questions. This quintessential quality of science therefore makes it quite annoying for those of us who wish to share the stories of science: the state of our understanding constantly changes and, like every living thing that has ever existed, we must evolve and adapt.

This book initially came out in 2016, a snapshot of a time when geneticists were riding a huge wave of discovery. The first major studies of ancient DNA that we had spooled out of the decrepit bones of our ancestors were only a few years old. We’d just revealed the genomes of Neanderthals, discovered a whole new type of human (the Denisovans) and used DNA to identify the human remains of Richard III, a king lost in a car park for six centuries. These were blockbuster finds, front-page news. The pace of discovery was accelerating. As my patient editors will wearily attest, I was adding new studies to the final manuscript long after the words ‘final manuscript’ had, at best, become an apologetic euphemism.

I worked hard to present new discoveries that I thought would stand the test of time – meaning that they would not be overturned wholesale, though I knew that they may well yet be refined. Largely, that has held up and, ten years on, the overarching song remains the same. But by the gods, things have moved relentlessly on.

In that first edition, I described the new science of genetics in the twenty-first century as an ongoing revolution: it was then, and still is now. The newly invented techniques became democratized, which meant that more people signed up to drive this revolution forward: more diggers (archaeologists), more pipette jockeys (geneticists), more number crunchers (bioinformaticians), more corpses – and much, much more DNA. The maturation and recognition of the field has grown such that one of the key pioneers, Svante Pääbo, whose work is mentioned several times in this story, was awarded a Nobel Prize in 2022. What’s even more impressive is that it was given in the seemingly unrelated category of Physiology or Medicine.

The acceleration of ancient DNA work has been breathtaking too. In 2022, a paper published the 10,000th genome of a long-dead human, and now there is a public database of all of them, which today is well beyond twenty thousand. Ten years ago, they numbered just a few. Today, the armies of the dead are legion, and they are all unwittingly contributing to twenty-first century genetics, and the story of us.

I teach students at University College London, and we don’t just inform them of the basics of science – the stuff we know we know. We try to teach them the latest research and, more importantly, how to find stuff out for themselves, how to adopt that state of mind that is being a scientist. In the ten years since 2016, some of those youngsters have indeed chosen science as a career, and perhaps the most rewarding thing that I have ever experienced in my professional life is when I meet a PhD student or young researcher and they tell me that they read this book when they were at school.


Sometimes, they go on to tell me what I got wrong, because they are now more knowledgeable than me in their domains, or how their work has superseded what I wrote a decade ago. This is good. You’ll see that Chapter 1 begins with a pithy maxim from Kurt Vonnegut’s Second World War time-travelling alien tragicomedy Slaughterhouse-Five, one of my most beloved novels. There’s a refrain from that book that I pepper these pages with – three words laden with pathos, bathos and inevitability – and it’s the only polite response in such situations. A smile, some humility, perhaps with slightly gritted teeth:

So it goes.

One must be graceful in acknowledging and accepting scientific progress. We must evolve. The gene-editing technique known as CRISPR did exist in 2016, but was yet to truly become a game changer for genetics, and its creators would be recognized with their own Nobel Prizes in 2020. At the time I elected not to mention it in the first edition, its waves only beginning to gain momentum. I met an undergraduate student recently who had spent her summer holidays doing some work experience in the same lab in which I did my PhD at the turn of the century. With CRISPR, in just one month she achieved what I had tried (and failed) to do over the course of three years. So it goes.

There have been myriad discoveries – some subtle, others breathtaking – that refine the story of humankind’s evolution. The Out of Africa theory remains robustly intact (Chapter 1), but new evidence, including the new dating of skulls embedded in the roof of a cave in southern Greece, indicates that there were earlier exoduses from Africa by Homo sapiens. We are probably not descended from them and so they are effectively dead ends in the human story, but still worth hearing about.

Much of the revolution has been fuelled by access to ancient DNA, but the genes of the living are still offering new stories from the deep past. In 2025, genetic analysis at an unprecedented fine scale revealed that the African population from which all humanity is descended had started out as one, split into two and re-mixed more than a million years later – still within Africa. This work, by Trevor Cousins, Aylwyn Scally and Richard Durbin in Cambridge, looked at the publicly available human genomes and applied a hidden Markov model – a statistical method for detecting extremely subtle patterns in observable data. Broadly, a population of unknown humans in Africa divided around 1.5 million years ago, separated and did not interbreed again until around 300,000 years ago. It is from this union that Homo sapiens emerges. It was not an even merger: one population makes up about four-fifths of the fusion.

We don’t know who these people were, why they diverged nor why or where they got back together. But that million-year loop is at the root of our story, and was only just revealed using inconceivably subtle data. A quotation from the paper: ‘in the last tens of thousands of years, there has been repeated separation and subsequent remixing, or admixture, of populations.’ I love the use of the word ‘remixing’ there. Technically they mean they ‘mixed again’, but what is remixing in its modern sense if not the creation of something new from two (or more) things that were previously separate?

We also know that the Neanderthals and Denisovans emerged from only one of the two groups and, of course, Homo sapiens would meet both those cousins much later and remix yet again. With these new findings, I am more convinced than ever that the idea of a branching tree is wholly inadequate for describing what actually happened in our evolutionary past, and that the very rude word I borrowed from an American beat poet is far more apposite (here). I have childishly enjoyed deploying that word in lectures for the past decade and have no plans to adopt more decorous language: human evolution was a one-million-year clusterfuck.

Then there were revelations about those cousins who became our ancestors. One of the biggest stories of humanity’s evolution was the discovery of the tooth and molar of a teenage girl, neither Neanderthal nor Homo sapiens, in a cave in Siberia. Her genome revealed that she was from a different type of previously unknown human that we named the Denisovans (here), and whose genetic legacy can be found in the genomes of people of East Asian descent. But she remains rather lonely today, as very few other bones of her people have since been found. A skull, featuring an incredibly pronounced brow, was found in 1933 in China, but in 2021 was subjected to scientific scrutiny and given the holding name Homo longi – the Dragon Man. In 2025, fragments of DNA from the skull identified him as being a Denisovan, 100,000 years older than the first one we had discovered. He also gave us for the first time an idea of what they might’ve looked like. But other than these two, and scraps of a handful of others, the old bones of Denisovans remain elusive.

Scraps can be enough, though. Perhaps the most astonishing discovery of all in the last decade was a shard of bone found in 2018 that introduced us to Denny, a 90,000-year-old, thirteen-year-old girl whose genome told us that she was a first-generation hybrid, meaning that her father was Denisovan but her mother was Neanderthal. She is the only human hybrid ever discovered, so far.

I think about Denny a lot. The people of prehistory are helping us tell the story of human evolution in unprecedented ways, but it can all be rather abstract. The time periods we are talking about are oceanic and utterly incomprehensible set out against our own short lives. We use words like ‘migration’ in ways that are unrelated to contemporary usage: in evolutionary terms we mean the movement of populations over tens of thousands of years and tens of thousands of miles. We use the word ‘population’ in ways that are not really aligned with contemporary usage, but instead are hypothetical and a bit arbitrary. And we use scientific euphemisms like ‘gene flow events’ or ‘admixture’ (here) when what we’re really talking about is sex that results in babies. These discoveries are always about people, and families, and lived lives. Denny is so striking because of her unique position in human history. She is not the only hybrid who ever existed – we know that because of the living people who carry Neanderthal or Denisovan DNA in their genomes. But she’s the only one we know about, and she renders so much of what was abstract real. One must always be careful not to romanticize the stories revealed by genetics of the ancients, and we have literally no clue about the nature of the relationship between her parents, or them to her. But we do know that they were different to each other in interesting ways. We know that they met ninety millennia ago, and had a baby girl, who died as a teenager from unknown causes somewhere in the heartland of a place that for a minuscule fraction of its existence we have called Russia.

The title of this book was formulated as a bit of a placeholder, a joke while we thought about what it should actually be. But people seemed to get it and like it, so it stuck. Over the years, most readers understood its meaning, in that your story is humanity’s communal story, recorded in the historical source text that everyone carries in our cells. A few took exception to the title, one particularly helpful fellow complaining (I think jokingly) that his actual name was not in the index, so ‘how can it be about everyone who ever lived?’ But to name a book A Brief History of Everyone Who Ever Lived and leave out an entire continent was an oversight that I have attempted to correct in this anniversary edition. The new Chapter 3 is modified and updated from one that was, until now, only available in the US edition. The story of the First Nations and indigenous people of the Americas is fascinating in its own right – those founding populations who wandered from Asia across the now submerged land of the Bering Strait more than 20,000 years ago.

One of the biggest discoveries ever in American prehistory was the 2021 analysis of sixty-one footprints from people walking in soft soil by a lakeside 21,000 years ago in what is now New Mexico (here). As with Denny, these are not merely of great scientific interest for understanding the peopling of the Americas, but are brimming with emotional resonance too. They show families, toddlers toddling along holding the hands of adults, children jumping around and hunters stalking a startled giant ground sloth. Not a bone to be found, yet, but in those cast shadows we can envisage the lives of our ancestors across unimaginable time.

These people were among the first who populated that continent from almost pole to pole, and remained self-contained and isolated from the rest of the world until European invasion by the despotic and genocidal Christopher Columbus in 1492 (apart from a temporary three-year foray by fearsome Icelandic Vikings around a thousand years ago, who were chased away by the even more fearsome indigenous Skraeling).

This new Chapter 3 is called ‘This land is your land’, after the legendary song by Woody Guthrie, himself a part of the story by proxy elsewhere, as he carried and died from Huntington’s disease, one of the first genetic disorders to be fully understood. The prehistory of the Americas is worth exploring in detail not simply because of what we do know, but to beg the question of why we do not know more. Compared to the peopling of Europe, and of Africa, we know far less, perversely, as humans have only walked the Americas for a fraction of that time. Science is always political because it is done by people, who carry with them the cultural, psychological and personal biases that all of us are burdened with. But the story of palaeoanthropology in the USA is particularly political for reasons examined in the new chapter; reasons that include racism, colonialism and some clumsy, ham-fisted and, on occasion, very bad behaviour by scientists. Though this is history, the legacy of these politics is very much part of the scientific landscape today. Every story of human migration is the same but different, and the peopling of the Americas is unique and worth sharing not just because it’s different, but because it’s different in very unique ways.

In the second half of the book, I explain what genetics tells us about people today, and what it means for health and medicine. Part of my job as a public-facing scientist is to debunk the myths, deflate the hype and hose away the bullshit that inevitably comes when a sometimes-breathless press is clamouring for easy answers to hard questions. That hasn’t changed much in the decade that has passed. The assumptions of genetic determinism remain (here and Chapter 7), and still command the popular idea of how and why people are the way they are.

A new genre of genetic nonsense has emerged since the first edition, with the advent of ‘resurrection genetics’ – the idea that extinct animals can be brought back to life by cloning their long-dead genomes into living surrogates. The mammoth features most prominently in this junk science story, and in 2025 the world briefly went doolally for the claims that the dire wolf – an extinct North American canid – had been resurrected successfully. The full evisceration of these claims is for another time (in fact, it is a chapter in my next book) but, without meaning to spoil the ending, you will never see a living mammoth, and the dire wolf claims are absolute horseshit infused with cynical commercial exploitation. The genomes of mammoths are shredded by time, and hopelessly incomplete, so Colossus Biosciences – the company behind these claims – propose editing mammoth genes and splicing them into its nearest living relative, Asian elephants. The resulting creature would be a hybrid of sorts: mostly elephant with enough mammoth to make them hairy and cold-adapted.

But this is all fantasy. These two elephantids parted ways on their evolutionary trees roughly six million years ago. That was at about the same time we separated from what ended up as chimpanzees. That’s how different they are; that’s the equivalent hybrid being proposed. Cast your moral distaste over that particular mutant aside and just consider that we don’t know the gestation period for a mammoth. We don’t know how big a mammoth neonate would be. We don’t know if a mammoth could digest an Asian elephant’s milk. We would be performing artificial insemination and experimental IVF on an elephant that I am guessing did not give informed consent for this procedure.

Even if these claims were scientifically viable, the moral implications of such ambitions should end this conversation for ever. Elephantids are highly intelligent and social animals. They have complex social interactions within families and without. Asian elephants have evolved over millions of years to exist in Asia, as if that needs explaining. Mammoths evolved over millions of years to be adapted to icy cold environments, and ecosystems that no longer exist. Should these insurmountable scientific hurdles be somehow crossed, an Asian elephant mother would be giving birth to a different species into a social group with which it has no affiliation, in an environment it has not evolved to be part of because it ceased to exist many millennia ago.

And it will be utterly alone. The best possible outcome will be one single boutique animal that is profoundly confused. Most likely it will die very quickly.

As for the dire wolf claims, we often use books and words as metaphors for genetics. There are around 19,000 grey wolf genes, and Colossus Biosciences made twenty individual edits of single letters of DNA in fourteen grey wolf genes. Certainly, that is enough to make a noticeable difference to the phenotypes in question, but that does not make it a different species – it’s still a grey wolf. Dire wolves evolved in the Americas and have no real kinship with grey wolves – they had a common ancestor about 5.7 million years ago. They are not actually even wolves, which along with dogs are in the genus Canis; dire wolves are in the separate genus Aenocyon, just as chimpanzees are in the genus Pan, not Homo. They look similar, because evolution is sometimes convergent, but sticking feathers up your butt does not make you a chicken. The new-born wolves are genetically modified grey wolves, and dire wolves remain very extinct.

The absurd and frankly ghoulish claims about mammoth and wolf resurrection amount to a textbook case of science miscommunication and hubris. Here’s a fact: at the time of writing, and for the foreseeable future, one single animal from one species has been brought back from extinction. It was the Pyrenean Ibex, the last of which, Celia, died in 2000. Cells were taken from her before she died, and then in 2003, using the same technique by which Dolly the Sheep was cloned in 1997, a baby ibex was brought to term from a surrogate goat. This meant that the genome of the kid was near identical to that of the parent, and therefore unquestionably a member of the same species. The kid died soon after birth, suffocating with ill-formed lungs, but it did live for a few minutes, making it the only species in the 4-billion-year history of life on Earth to have gone extinct twice. Extinction, with that one shitty exception, is forever. Anyone who claims otherwise is selling something.

Another area that I examined, and robustly criticized, is the commercial market for personalized genomics testing. That story has significantly evolved too. The majority of these tests are aimed at providing consumers with information about their ancestry, drawn not from family trees, but from their own genomes – you pay a fee, spit in a tube, send it off, and a few weeks later you get a glossy report about where your ancestors were from (see pages here–here for a thorough fisking, and here for a company that exploited indigenous American citizenship for a few bucks). That market was in its infancy in 2016, but grew and grew and grew. I’ve rewritten that section (here) to reflect two significant changes. The first is that the size of the growth was colossal, and the debunking efforts that I and many colleagues and experts deployed were futile in the glow of sparkly marketing and vapid but intriguing promises. Our best guesses are that two companies own more human genomes than all those curated by publicly funded scientists by many millions. 23andMe was the biggest – 15 million paying customers – and its specific aim was always to monetize your genomic data, which they successfully did: in 2021, the company was valued at $6 billion.

But the second update worth documenting is that this gold rush was ultimately doomed. All the companies that were thriving in 2016 are now either kaput or hanging on by their fingernails. It was a fashion. 23andMe’s share price peaked at $320 in Spring 2021, but four years later they were worth 85 cents. In early 2025, 23andMe filed for bankruptcy. I’m not sure we fully understand why the business failed. Maybe people fell out of love with this fad because, well, what are you meant to do with the reports anyway? It might have been amusing for a few days at Christmas, but there’s not a lot of scope for further business after the novelty wears off. Certainly, some people did find out new things about their family ties, and my own family had a significant revelation of previously unknown Jewish ancestry that began in a 23andMe report (here). But most of the millions of paying customers discovered nothing of note – as I pointed out at the time, most people know who their parents are, and what colour eyes they have. Maybe punters got wise to the weakness of the claims the glossy marketing made, such as ‘root for your roots’ – a laughable attempt to sell testing kits to football fans during the 2018 Men’s World Cup.

And then there was the data breach. In 2023, 23andMe was hacked. Seven million customers’ most private conceivable data was leaked in what appeared to be a racially motivated attack: Ashkenazi Jewish customers’ data was put up for sale on the dark web. All those customers paid a company to store their data securely, and it failed. Other companies, minnows compared to the behemoth that was 23andMe, also went the way of the mammoth, dire wolf and dodo, and I don’t lament their demise: some of them threatened me with legal action following what I wrote. So it goes. But at the time of writing, the 23andMe story is ongoing, not least because we don’t really know what will happen to the data – the genomes of paying customers. This is a serious concern.

My job is not to be a cynic, but a realist. It’s my belief that some genetic genealogy companies are sometimes prone to trading on people’s ignorance of genetics. They hype and promise – and people buy it. There will always be those who exploit scientific ignorance to make money, and the battles will go on. But one thing I wrote in 2016 as a means of deflating the broader hype about genetics is now incorrect, and I am utterly delighted, because it’s almost magic. The Human Genome Project was the grand international scheme to read all three billion letters of genetic code in a human, and therefore formed the foundation for all subsequent work in human genetics. In examining what it was really about, rather than the exaggerated promises of the press and politicians (here), I wrote that the ‘number of diseases that have been cured as a result of gene therapy? Zero.’

Well, that is no longer true, and we should sing this loud and proud. In early 2025, twenty-one-year-old New Yorker Sebastien Beauzile was cured of sickle cell disease as a result of gene therapy using CRISPR. It took longer than we expected, maybe thirty years since the first serious attempts to fix disease-causing errors in DNA rather than simply treat the symptoms. But the progress is such that, six months on, the treatment has been approved for widespread use in the NHS in the UK, and in the USA. In June 2025, Tim Chronis, a twenty-eight-year-old from Blackpool, was cured of the blood disease beta thalassaemia after gene therapy with the same technique. In July 2025, ten patients were cured of deafness. Three other successful gene therapy cures, including Huntingdon’s, makes six. I truly hope that by the time you read these words, they are already out of date.

The trajectory of the story of biology is one of progress, but Chapter 5 deals with its pernicious history. In examining what we know today as well as how we came to know it, we must remember that the birth of biology itself was synonymous with the invention of racial hierarchies and European colonialism, and that the birth of genetics was synonymous with the ideology of eugenics. Because these are huge subjects, I expanded the ideas in that chapter into two separate books, both companions to this one: How to Argue With a Racist first came out in 2020, but I rewrote it a year later following a world turned upside down by a pandemic and global race riots. Control: The Dark History and Troubling Present of Eugenics came out in 2022. These are troubling times indeed, when in the last few years, we have lived through an unwelcome return of scientific racism, spread through social media and engineered by committed ideologues creating their own fake pseudoscientific journals and their own conferences, and successfully courting the media and attracting independent funding. I have added a section about the undercover investigation I was involved in to expose these new covert schemes (here).

Eugenics became a toxic word after the Holocaust in the Second World War, but as a way of thinking, it never went away. The spectre of eugenics was inherent in new technologies in reproductive genetics, coupled with new versions of old threats that fuelled its rise a century ago. These included the idea that mass migrations herald the replacement of the existing demographic, and that population collapse is the result of a decadent middle class lost in high-minded academic pursuits and indulgent cultural frivolities rather than fulfilling their solemn duty to have lots of kids. These menaces are as phantom today as they were in the 1920s, and most consequentially in Nazi Germany.

But the political climate has evolved since 2016, and both the pseudoscientific ideas of race science and the promise of eugenic-style policies to correct the fates of nations have become mainstream. The data hasn’t changed, nor has our understanding of human biology, but the political landscape shifted under our feet. The president of the USA declared that race is a biologically meaningful concept in March 2025, contrary to what is universally understood by geneticists. The current richest man in the world frequently espouses pseudoscience and conspiracy theories that are straight out of the eugenics playbook of the past. The current US Health Secretary is a man committed to wild conspiracy theories and straight up vaccine denialism, and access to reproductive medicine for women is profoundly and increasingly restricted. For America at least, these days feel like a grim shadow is passing over the enlightenment that science can provide, and the need for genetic literacy and an understanding of our dark history is greater than ever.

Some colleagues and friends have had their federal funding pulled for no given reason, their brilliant work and careers hanging in the balance on the whims of ill-conceived and malevolent political forces. To them, we as a community extend our hands in support, for science is always collaborative.

This remains true, and genetics is a particularly collaborative science. There are no lone geniuses, never evil geniuses and very rarely any heretical geniuses. Almost all science is done by very normal people working in teams or in cahoots with others in similar or dissimilar fields. We build knowledge on the shoulders of historical and contemporary giants, as Isaac Newton once suggested, parroting the words of the twelfth-century philosopher Bernard of Chartres, who was referencing the Greek myth of the temporarily blinded hunter Orion, who saw further by sitting a dwarf on his shoulders. Sarah Tishkoff, Brian Donovan, Aylwyn Scally, Ewan Birney, Svante Pääbo, Turi King and the Richard III project, Joe Pickrell, David Reich, Josh Akey, Joachim Burger, Graham Coop, Johannes Krause provide strong shoulders for me, all of them people who have provided direct or indirect support for this book in its first and latest incarnation – any errors herein are mine not theirs. A large number of the studies involve my colleague Mark Thomas at University College London, and I am eternally grateful for his guidance and friendship over the years. Matthew Cobb, a brilliant science writer and historian continually helps me shape my ideas. And Jennifer Raff became a friend and colleague because of this book: her work with indigenous Americans, the peopling of the Americas and her own book Origin provide much needed enlightenment in a hopefully brief period of shadow in the story of the great American experiment.

There are shafts of light. Science may feel under attack in this current era, and these painful ideologies will pass in time too, as the arc of history tends towards progress. But there are specific reasons to be hopeful. Public interest in the work of ancient DNA is high. New discoveries in gene editing and gene therapy are now regular front-page news. Sometimes, hope comes from unlikely sources. The fact that genetics is enjoying a boom meant that we were uncommonly prepared to immediately understand a new virus that emerged in China in late 2019 and would change the world. Labs and scientists paused their various works and switched to the analysis of the novel coronavirus. And during the Covid-19 pandemic, we were all suddenly exposed to scientific ideas in an unprecedented way. For a short period, we were talking about spike proteins, exponential growth, mRNA vaccines and PCR – all terms that people like me deal with on a day-to-day basis, but were largely alien to civilians. In 2023, I co-authored a study in which we tested the effect of this unlikely exposure on public understanding and trust in genetics, an unwelcome global visitor allowing us to ask an important question. We found that trust went up, and that genetic literacy also increased during that awful time.

And so ultimately, this was – and, in this new version, is – a book about hope. Progress is inherent in science – we don’t merely do this stuff because it’s interesting, but also because knowledge serves humankind. In the first edition, at the end of the chapter called ‘The most wondrous map ever produced by humankind’, I asked you to get involved, as students, scientists or as patients, or just as enthusiasts and advocates. You are all part of this story.

Science moves on, the revolution never ends. But we can take a moment to look at where we are, where we’ve come from and where we are going. And so here, ten years on, I’m asking you again to come with us. A million years of human evolution: there is no destination, no end in sight. But the journey is wild.

A.R.

January 2026

PS: On here, there is a glossary of some of the technical or less-than-friendly terms that geneticists feel compelled to use.



Introduction

‘In the distant future I see open fields for far more important researches … Light will be thrown on the origin of man and his history.’

‘Chapter 14: Recapitulation and Conclusion’ in
The Origin of Species by Charles Darwin, 1859

This is a story about you. It concerns the tale of who you are and how you came to be. It is your individual story, because the journey of life that alights at your existence is unique, as it is for every person who has ever drawn breath. And it’s also our collective story, because as an ambassador for the whole of our species, you are both typical and exceptional. Despite our differences, all humans are remarkably close relatives, and our family tree is pollarded, and tortuous, and not in the slightest bit like a tree. But we are the fruit thereof.

Something in the order of a 107 billion modern humans have existed, though this number depends on when exactly you start counting. All of them – of us – are close cousins, as our species has a singular origin on the landmass we now call Africa. We don’t quite have the language to describe what that really means. It doesn’t, for example, mean a single couple, a hypothetical Adam and Eve. We think of families and pedigrees and genealogies and ancestry, and we try to think of the deep past in the same way. Who were my ancestors? You might have a simple, traditional family structure or, like me, it could be handsomely untidy, and its tendrils jumbled like old wires in a drawer. But no matter which, everyone’s past becomes muddled sooner or later.

We all have two parents, and they had two parents, and all of them had two parents, and so on. Keep going like this all the way back to the last time England was invaded, and you’ll see that doubling each generation results in more people than have ever lived, by many billions. The truth is that our pedigrees fold in on themselves, the branches loop back and become nets, and all of us who have ever lived have done so enmeshed in a web of ancestry. We only have to go back a few dozen centuries to see that most of the 8 billion of us alive today are descended from a tiny handful of people, the population of a village.

History is the stuff that we have recorded. For thousands of years, we have painted, carved, written and spoken the stories of our pasts and presents, in attempts to understand who we are and how we came to be. By consensus, history begins with writing. Before that we have prehistory – the stuff that happened before we wrote it down. For the sake of perspective, life has existed on Earth for about 3.9 billion years. The species Homo sapiens, of which you are a member, emerged within the last 400,000 years as far as we know, in pockets in east and north Africa. Writing began about 6,000 years ago, in Mesopotamia, somewhere in what we now call the Middle East.

For comparison, the book you are holding is around 111,000 words, or 660,000 characters long, including spaces. If the length of time life has existed on Earth were represented as this book, each character, including spaces, is around 5,909 years. Anatomically modern humans’ tenure on Earth is equivalent to

… the precise length of this phrase.

The time we have been recording history is an evolutionary wing-flap equivalent to a single character, the width of this full stop<.>

And how sparse that history is! Documents vanish, dissolve, decompose. They are washed away by the weather, or consumed by insects and bacteria, or destroyed, hidden, obfuscated or revised. That is before we address the subjectivity of the historical record. We can’t agree definitively on what happened in the last decade. Newspapers record stories with biases firmly in place. Cameras record images curated by people and only see what passes through the lens, frequently without context. Humans themselves are terribly unreliable witnesses to objective reality. We fumble.

The precise details of the events of 11 September 2001 when the World Trade Center towers were destroyed may well remain obscure because of conflicting reports and the chaos of those horrors. Though the evidence points towards the origin of the Covid-19 pandemic as an animal spillover event in China, we may never know the truth, and in this age of misinformation, those with different – and sometimes absurd – views can become mainstream. Witness testimonies in courts are notoriously defective and are always subject to squint-eye scrutiny. Flit back a few centuries, and there is no contemporary evidence even for the existence of Jesus Christ, arguably the most influential man in history. Most of our tales about his life were written in the decades after his death by people who never met him. Today, we would seriously question that, if it were presented as historical evidence. Even the accounts that Christians rely on, the Gospels, are inconsistent and have irreversibly mutated over time.

This is not to disparage the study of history (nor Christianity). It’s merely a comment on how the past is foggy. Until recently it was recorded primarily in religious texts, business transaction documents and in the papers of royal lineages. In modern times we have the opposite problem – far too much information and almost no way to curate it. In every purchase you make online, every internet search you do, you volunteer information about yourself to be captured by companies in the ether. Books, sagas, oral histories, inscriptions, archaeology, the internet, databases, film, radio, hard drives, tape. We piece together these bits and bytes of information to reconstruct the past. And now, biology has become part of that formidable swill of information.

The epigram at the beginning of this introduction is Darwin’s single reference to humans in The Origin of Species, right at the end, as if to tease us that there will be a sequel. With his proposed theory of descent with modification in the distant future, light will be shed on our own story: to be continued.

That time has come. There is now another way to read our pasts, and floodlights are being shone on our origins. You carry an epic poem in your cells. It’s an incomparable, sprawling, unique, meandering saga. About a decade ago, fifty years after the discovery of the double helix, our ability to read DNA had improved to the degree that it was transformed into a historical source, a text to pore over. Our genomes, genes and DNA house a record of the journey that life on Earth has taken – 4 billion years of error and trial that resulted in you. Your genome is the totality of your DNA, 3 billion letters of it, and due to the way it comes together – by the mysterious (from a biological point of view) business of sex – it is unique to you. Not only is this genetic fingerprint yours alone, it’s unlike any other of the 107 billion people who have ever lived. That applies even if you are an identical twin, whose genomes begin their existence indistinguishable, but inch away from each other moments after conception. In the words of Dr Seuss:

Today you are you! That is truer than true!

There is no one alive who is you-er than you!

The sperm that made you started its life in your father’s testicles within a few days before your conception. One single sperm out of a spurt of billions ground its head against your mother’s egg, one of just a few hundred. Like a Russian doll, that egg had grown in her when she was growing inside her mother, but it matured within the last menstrual cycle and, taking its turn from alternating ovaries, eased its way out of the comfort of its birthplace. On contact, that winning sperm released a chemical that dissolved the egg’s reluctant membrane, left its whiplash tail behind and burrowed in. Once inside, the egg sets an impenetrable fence that stops any others breaching her defences. The sperm was unique, as was the egg, and the combination of the two, well, that was unique too, and that became you. Even the point of entry was unique. Your mother’s egg being roughly spherical, that sperm could’ve punched its way in anywhere, and at the behest of cosmic happenstance, it penetrated its quarry at a singular point, a point which set waves of chemicals and effectively began the process of setting your body plan – head at one end, tail at the other. In other organisms, we know that if the winning sperm had come in on the other side, the embryo that became you would’ve started growing in a different orientation, and it may well be the same in us.

Your parents’ genetic material, their genome, had been shuffled in the formation of sperm and egg, and halved. Their parents, your grandparents, had provided them with two sets of chromosomes, and the shuffle mixed them up to produce a deck that had never existed before, and never will again. They also bestowed upon you just a bit of unshuffled DNA. If you’re a man, you have a Y chromosome that was largely unchanged from him and from his father and so on back through time. It’s a stunted shrivelled piece of DNA, with only a few genes on it and a lot of debris. The egg also had some small loops of DNA hiding inside, in its mitochondria, a tiny powerhouse that provides power for all cells. It has its own mini genome, and because it sits inside the egg, this only comes from mothers. Together, these two make up a tiny proportion of your total DNA, but their clear lineages have some use when tracking back through genealogies and ancient history. However, the vast majority of your DNA was forged in the shuffle of your parents’, and theirs in theirs. That process happened every time a human lived; the chain that precedes you is unbroken.

They fuck you up, your mum and dad.
They may not mean to, but they do.
They fill you with the faults they had

And add some extra, just for you.

I offer no comment on the psychological or parental aspects of Philip Larkin’s poem, but from a biological point of view, it’s spot on. Each time an egg or sperm is made, the shuffle produces new variation, unique differences in the people that host them. You’ll inherit your parents’ DNA in unique combinations, and in that process – meiosis – you also will have invented some brand new genetic variations, just for you. Some of those will get passed on if you have children, and they will acquire their own as well.

It’s upon these differences in populations that evolution can act, and it’s in these differences that we can follow the path of humankind, as we have roamed across land and oceans, and oceans of time, into every corner of the planet. Geneticists have suddenly become historians.

A single genome contains a huge amount of uncurated data, enough to lay out plans for a human. But genomics is a comparative science. Two sets of DNA from different people contain much more than double that information. All human genomes host the same genes, but they all may be slightly different, which accounts for the fact that we are all incredibly similar, and utterly unique. By comparing those differences we can make inferences about how closely related those two people are, and when those differences evolved. We can now extend these comparisons to all humanity, as long as we can pull DNA from your cells.

When the first complete human genome was published in 2001 to great fanfare, it was in fact a sketchy draft read-out of most of the genetic material of just a few of us. To get this far had taken hundreds of scientists the best part of a decade, and had cost in the order of $3 billion, approximately $1 per letter of DNA. Just fifteen years later, things are emphatically easier, and the amount of data from individual genomes now is incalculable. When I first wrote this book, 250,000 human genomes had been read in full. Ten years on, we are in the many millions, and millions more partially sequenced. The UK’s ‘100,000 Genomes Project’ hit its titular goal in 2018, typifying how easily we can now extract the data stored in our cells. Here in the UK, we are seriously considering sequencing genomes of everyone at birth. And it’s not limited to the rigour of formal science or governmental medical policy: you can spit in a test-tube and get a read-out of key parts of your own genome from an armada of companies that will tell you all sorts of things about your characteristics, history and risk of some diseases, for just a couple of hundred quid.

We now have genomes of hundreds of long dead people too to slot into this grand narrative. The bones of an English king, Richard III, were identified in 2014 with a raft of archaeological evidence (Chapter 4), but the deal was royally sealed with his DNA. The kings and queens of the past are known to us because of their status, and because history is dominated by telling and retelling their stories. While genetics has enriched the study of monarchs, DNA is the ultimate leveller, and our newfound ability to extract the finest details of the living past has rendered this an examination of the people, of countries, of migration, of everyone. We can test, and verify or falsify, and know the histories of the people, not just the powerful or the celebrities of their day. Nobodies from the past are being elevated to some of the most important people who ever lived. DNA is universal and, as we’ll find out, being in a royal lineage might afford you divine rights over citizens, and the spoils that go with inherited power, but evolution, genetics and sex are largely indifferent to nationalities, borders and all that heady power.

And we can look further still. The study of ancient humans was once limited to old teeth and bones and the ghostly traces of their lives left in dirt, but we can now piece together the genetic information of truly ancient humans, of Neanderthals and other extinct members of our extended family, and these people are revealing a new route to where we are today. We can pluck out their DNA to tell us things that could not be known in any other way – we can, for example, know how a Neanderthal person experienced smell. Retrieved after epochs, DNA has profoundly revised our evolutionary story. The past may be a foreign country, but the maps were inside us the whole time.

The amount of data this new science continues to generate is colossal, phenomenal, overwhelming. Studies are being published every week that upend or append what has come before, as should happen in science. Dates get pushed back or refined with new techniques or discoveries, and get changed by thousands, or sometimes tens of thousands, of years. These numbers are not much in evolutionary terms, ripples in geological time. But bear in mind that a shift of ten thousand years in our understanding of a crucial event in prehistory – a migration, or procreation – is much more than the whole of written human history, and so the land continually and dramatically moves under our feet.

The first half of this book is about the rewriting of the past using genetics, from a time when there were at least four human species on Earth right up to the kings of Europe into the eighteenth century. The second half is about who we are today, and what the study of DNA in the twenty-first century says about families, health, psychology, race and the fate of us. Both parts are drawn from using DNA as a text to sit alongside the historical sources we have relied on for centuries: archaeology, rocks, old bones, legends, chronicles and family histories.

Although the study of ancestors and inheritance is as old as humans, genetics is a scientific field that is young, with a difficult short history. Human genetics was born as a means of measuring people, comparatively, such that the differences between them could be formalized as science, and used to justify segregation and subjugation. The birth of genetics is synonymous with the birth of eugenics, though at the time in the late nineteenth century, that word did not carry the same toxic meaning that it has now. There are no more controversial subjects in all of science than race – people are different from each other, and the weight of those differences is something that has caused some of the deepest divisions and cruellest, bloodiest acts in history. As we will see, modern genetics has shown how we continue to get the whole concept of race so spectacularly wrong. In the ten years since this book was first published, the global political landscape has also shifted under our feet. Ideas about the biological basis of race were dismantled and abandoned years ago. But with the growth of social media, and populism in politics, these pernicious and specious ideologies have not only inveigled their way into the public discourse, but have made it to the mouths of the most powerful men on Earth. The need to be genetically literate is more pressing today than it ever has been.

Humans love telling stories. We’re a species that craves narrative, and more specifically, narrative satisfaction – explanation, a way of making sense of things, and the ineffable complexities of being human – beginnings, middles and ends. When we started to read the genome, what we wanted to find there were narratives that tidied up the mysteries of history and culture and individual identity; that told us exactly who we were, and why.

Our wishes were not satisfied. The human genome turned out to be far more interesting and complicated than anyone anticipated, including all the geneticists who remain ever more gainfully employed a quarter of a century on from the so-called completion of the Human Genome Project. The truth of this complexity and our lack of understanding is struggling to filter down into what we talk about when we talk about genetics. We once spoke of blood and bloodlines as a means of tying us to our ancestors and describing our familial selves. It’s no longer in the blood, it is in our genes. DNA has become a byword for destiny, or a seam running through us that seals our fates. But it is not. All scientists think that their field is the one that is least well represented in the media, but I’m a scientist and a writer, and I believe that human genetics stands out above all as one destined to be misunderstood, I think because we are culturally programmed to misunderstand it.

Science is apt to reveal that much of the world is not how we perceive it, whether that is the cosmological, the molecular, the atomic or the subatomic. These fields are distant or abstract compared with how we talk about families, about inheritance, about race, about intelligence and about history. The baggage we carry, the subjectivity with which we naturally approach these quintessentially human characteristics is without equal. The gap between what science has revealed and how we talk about families and race is a chasm, because, as we shall see, things are not how we thought they were.

There’s plenty of fabrication and myth making born of DNA as well. Genetics can certainly tell us who our closest relatives really are, and can reveal so many mysteries of our deep past. But you have far less in common with your ancestors than you may realize, and there are people in your family from whom you have inherited no genes at all, and who therefore have no meaningful genetic link to you, even though in a genealogical sense you are most definitely descended from them. I will show you that despite what you might have read, genetics won’t tell you how smart your kids will be, or what sports they should play, or what gender person they might fancy, or how they will die, or why some people commit acts of heinous violence and murder. Just as important as what genetics can tell us is what it can’t.

Our DNA is the very thing that has encoded brains sophisticated enough to be capable of asking questions about our own origins, and providing the tools to figure out how our evolution has proceeded. Changes in this strange molecule have accumulated and been recorded over time, waiting patiently for millennia for us to discover how to read it. And now we can. Each chapter in this book tells a different story about history and about genetics, of battles lost and won, of invaders, marauders, murder, migration, agriculture, disease, kings and queens, plague, and plenty of deviant sex.

Above all, you are holding a history book. Some of the stories here are the history of genetics – with all its own convoluted twists and dark past – included to understand how we know what we now are discovering. Many of the stories are tales of nations, populations, a few known through celebrity or inheritance of power, but most are the anonymous multitudes. We can pick through the bones of individual men, women and children who through sheer chance died in uncommon circumstances, and turned out to be the people whose lives we would scrutinize forensically because in the preservation of their death they inadvertently gave up their DNA to us.

Biology is the study of what lives and therefore what dies. It’s messy – wonderfully, frustratingly so – and imprecise and defies definitions. If you want to start at the beginning, which might seem like a very good place to start, then here is where our troubles begin.



PART ONE

[image: Image]

HOW WE CAME TO BE



1

Horny and mobile

‘There is no beginning, no middle, no end, no suspense, no moral, no causes, no effects. What we love in our books are the depths of many marvelous moments seen all at one time.’

Kurt Vonnegut, Slaughterhouse-Five

Vonnegut was mostly right. There is definitely no beginning, and if there is an end, it’s not in sight. We are always in the middle, and we are all missing links. Just like there was no absolute point when your life began, there was no moment of creation when our species began, no spark of life, no breath of God into the nostrils of an Adam moulded in the red earth, no cracking of a cosmic egg. So it goes. Nothing living is fixed, and all creatures are four dimensional, existing in space, and also through time.

Life is transition: the only things that are truly static are already dead. Your parents had parents, and theirs had parents, and so on, two by two, back through the whole of history, and prehistory. If you keep going back and back, your ancestors will slowly and inevitably become unrecognizable to you, via apes and monkeys, two-legged then quadrupedal, and ratty mammals and brutish beasts on land, and before them in wading sea creatures and fishy swimmers, and worms and weedy sea plants, and around two billions years ago, you don’t even need two parents, but just the binary fission of a single cell, one becomes two. Eventually, at the beginning of life on earth around 4 billion years ago, you’re locked in a rock at the bottom of the oceans, inside the hot bubbling tumult of a white-smoker hydrothermal vent. This geologically slow, incremental change is like a colour chart, where pixel-by-pixel white becomes black, whether it’s the gap from reptile to mammal, or from four-legged to upright. On occasion there will be a splash of colour thrown into the mix, but for the most part, the pathway to your ancestors creeps rather than jerks,* and all of it grey in its depths.

Life on Earth has been continuous in that time, and we are a dot on that grey continuum. Conjure up that image of a hairy monkey-like ape on all fours, to the left of a crouching ape, to the left of a hunched stooping ape, to the left of an upright, modern bearded man-ape like us wielding a flint-tipped spear with his right leg cocked coyly forward to protect us from seeing his immodest instruments of biological transition. This iconic image implies something that we now know is untrue. We just don’t know the pathway of the apes that led to us. We know many of the creatures en route, but the map is full of gaps and smears. The second untruth is that there is a direction to our evolution, to our bipedal gait, and our big beefy brains, and our tools and culture. With that arrow we are to infer progress, from simplicity to an inescapable advance into the erect future, an inevitable cognitive revolution of the mind.

Alas, we are no more or less evolved than any creature. Uniqueness is terribly overrated. We’re only as unique as every other species, each uniquely evolved to extract the best possible hope for our genes to be passed on into infinity given the present unique circumstances. With all the bones of evolution, and a modern understanding of evolution and genetics, it’s impossible to conceive of a twenty-step progress of apes from the left to the right, let alone those neat discrete jumps in five moves. There is no measure of the progress of evolution, and the language we once used, where species were ‘higher’ or ‘lower’, no longer carries any meaning for science.

Charles Darwin used those words,* as was the style of his time, when he outlined the mechanism for the origin of species in 1859. We had scant evidence for other upright apes then, with or without their spears. He had no mechanism for how that modification was passed from generation to generation. Since the end of the nineteenth century we’ve known the patterns by which characteristics are passed from parent to child. In the 1940s we discovered that DNA was the molecule that transmitted that information down the generations. Since 1953, we’ve known that the double helix is how DNA is built, giving it the impressive ability to copy itself and allow those copies to build cells just like the ones they came from. And since the 1960s we’ve known how DNA encodes proteins, and that all life is built of, or by, proteins. Those titans of science, Gregor Mendel, Francis Crick, James Watson, Rosalind Franklin and Maurice Wilkins, stood on their predecessors’ and colleagues’ shoulders, and would in turn be the giants from whose shoulders all biologists would see into the future. The unravelling of these mysteries would make the great science stories of the twentieth century, and by the beginning of the twenty-first the principles of biology were set in place. In cracking the universal genetic code, and unwinding the double helix, we had unveiled a set of simple rules of life. Yet they turned out to be profoundly complex, as we will soon see.

But Darwin didn’t know any of that. When he published his second great work, The Descent of Man, in 1871, his primary concern was the question of

whether man, like every other species, is descended from some pre-existing form …

Then, just a handful of Neanderthal remains were known: a skull from Belgium, another from Gibraltar, and a bag of bones from central Germany. As early as 1837, Darwin had sketched out a visionary version of an evolutionary tree in a notebook, showing how one branch of life became two and more, selected by nature in response to the changing environment. How these ancient apes fitted onto the human tree was entirely unknown.

‘I think’, he scrawled at the top of the page in that notebook, in his inimitably dreadful handwriting, but never finished that thought. What was set in motion in the nineteenth century was the idea that, alongside all animals, we were part of a continuum – a species begotten not created. Nowadays, only the wilfully ignorant dismiss the truth that we evolved from earlier ancestors. The images of gigglemug skulls of our long-dead forebears are commonplace, and they become front-page news when a new species is claimed. Dozens of lines of evidence bellow incontrovertibly that we are an ape, with an ape ancestor common to chimpanzees, bonobos, gorillas and orangutans.

Sometimes people say, as a way of revealing the paucity of the fossil record, that all the specimens of ancient human evolution could be placed on a large table or in a single coffin. That’s not true either. We have literally thousands of ancient, hardened bones, found all around the world; many in the nursery of the human story in eastern Africa, many in Europe, and the more we look the more we find. For Darwin, though, we were effectively alone at the end of a mysterious branch on our family tree.

But for all the sheer grit of the diggers who devote their lives to sitting in dugout caves or dusty ancient riverbeds armed with toothbrushes and tiny picks, there are not nearly enough physical specimens to reveal anything resembling a complete picture, and the progress of humans; there are individual fossils arranged into groups according to shared characteristics such as the shapes of their brows, the arch of an instep, the cusps on their molars. These were dated according to where they were found, in which layer in the ground and what other things are found nearby – tools, the shadows of cooking or traces of hunting.

Or if they’re young enough, by the ratio of radioactive carbon atoms which, instead of being replenished via living metabolism, in death are slowly ticking down at a regular rate. It’s all good, robust science, contentious as research often is, and frequently fractious, but the analysis of old bones is precise, complex and highly sophisticated. In the 200 years since the first other human species was discovered, our understanding of how we came to be has undoubtedly increased immeasurably, but our confidence in that path has changed, and continues to evolve. For decades that image of the progress of monkey-ape to ape-man to man-ape has been on display in museums around the world, and in textbooks, a nice line of clear evolution that says ‘this is how we got here’. In Down House in the English county of Kent, where Darwin beetled away, meticulously drawing up the best idea anyone ever had, you can still buy coffee mugs with that image on it.

When I was young and falling in love with science in the 1980s, the evolutionary trees looked just like that. My father would collect articles for me from New Scientist or Scientific American showing neat branching diagrams suggesting that one species morphed into another, or one becoming two, with the other gruff ape-men perishing along the way. The picture seemed clearer, the fewer specimens we had. By the end of the twentieth century, more and more human species and specimens had risen from their graves, different enough to blur those nice clean lines, and the branches got fatter, less distinct and more pollarded.

Maybe it’s time for us to retire the long-serving metaphor of the evolutionary tree of life, and certainly the picture of apes to ape-men to man-apes. Today, you’d be hard pushed to call it a bush, shrub or anything arboreal at all. Instead, it is represented in graphical form as more of a set of upside down dribbly blobs running upwards into the pool that is us, streams, rivers and rivulets, some running into the ocean, others petering out en route (see overleaf). An alternative version is to place the specimens in their species clusters on a chart, oldest at the bottom, us the sole survivors at the top, the width showing the geography of where all the bones were found, and you must accept that the lines between them are dotted, meaning hypothetical. If this was a detective story, we have the bodies, but the clues are scant and disconnected. The case is far from settled.

We’re utterly fascinated with ourselves, and with some justification. We are just another animal, but we’re the only one evolved to have scrutinized our own existence, to look in the mirror and really squint at it. Many, many books have been written about the origin of our species, but this story deals specifically with just those from which we can reconstruct the past, and past relationships, using the newest tool in the palaeoanthropologist’s shed, and that is DNA. That molecule has revolutionized much of our understanding of human history in unprecedented ways, all in the space of a couple of decades at the beginning of this century. It’s a field changing so rapidly that researchers have told me of their reluctance to publish new findings for fear of them being superseded not within years or months, but within weeks or even days. Keeping track is not an easy task, as the study of human evolution is mutating into an unremitting revolution. The picture of how we humans came to be what we are is more detailed than ever before, and we still have a long way to go. Before we get to all that, here is a brief, scant overview of the story so far. Let us begin not at the beginning, because there was no beginning, but, somewhat arbitrarily, with two feet.

[image: Image]
The murky evolutionary shrub of humankind. Old bones, combined with new analysis of old DNA, has meant that what was once a confident branching tree has been pollarded and pruned and replanted as an unrooted bush. The broad blobs represent individual human species, and the dotted lines are the flow of genes via sex between them. The more we learn, the messier the picture becomes.

*

Bipedal apes walked the Earth at least 4 million years ago. In fact, all apes are capable of two-footed movement, but what concerns us is habitual bipedalism – walking as a primary means of travel. Standing upright was a quintessential step in our own evolution, as it prompted and coincided with a number of anatomical changes, such as the position and shape of the spine, how it connects to the skull and so on. Why this happened is not agreed upon, and there are plenty of theories: some focus on an increased efficiency of movement in being upright; others on its being an adaptation to suit a life on the savannah rather than swinging in the trees, or the changing climate of the Rift Valley. The most famous of these early walkers is Lucy, born around 3.2 million years ago. Forty per cent of her fossilized skeleton (which is a lot to be preserved for remains that old) was discovered in 1974 by Donald Johanson, and named after the Beatles song ‘Lucy In The Sky With Diamonds’ that was playing back at the researcher’s basecamp in the Awash Valley in Ethiopia that heady night. Lucy was one of the first members of the species Australopithecus afarensis discovered. We cannot say whether her species was a direct ancestor of us. What we can say is that there were many other primates living at this time, and she looks more closely related to us than any other.

The classification of animals is also a frequently unsatisfactory business, but to tell the story of our species we need to dive in and hope for the best. The system that we exclusively use was invented in the eighteenth century by the Swedish naturalist Carl Linnaeus, and gives creatures two Latin names: a genus, and a species.* An English oak tree is a Quercus robur. There’s a wasp called Lalapa lusa, and a Fijian snail called Ba humbugi. Enema pan is the rhinoceros beetle. The common toad is Bufo bufo, which might seem a bit lazy as it’s Latin for ‘toad toad’, but lots of common animals have this form, including the mollusc Extra extra, and our fellow great apes, Gorilla gorilla.* You may well have a Felis catus at home, which at least comprises two different words for ‘cat’.

Lucy’s type, Australopithecus afarensis roughly translates as ‘southern ape-like thing from Afar’. And there are other species of southern ape-like things – sediba, anamensis and africanus. Earlier apes are slotted into genus categories with names like Sivapithecus (Shiva’s ape, having been found in India), and Ardipithecus (ground ape), and Gigantopithecus (really big ape).

We are genus: Homo; species: sapiens – Homo sapiens: the wise humans. That’s the short version. There’s an equivalent in biology to when children write their addresses from street to town to country to continent, hemisphere, solar system and galaxy. Several classification ranks sit above genus and species to place us precisely in the living universe:

Domain: eukaryota (complex life)

Kingdom: animalia (animals)

Phylum: chordate (animals with a central column, akin to a backbone)

Class: Mammalia (milk producing)

Order: Primates (monkeys, apes, tarsiers and a few more)

Sub-order: Haplorhini (dry-nosed apes)

Family: Hominidae (great apes)

Everything in this book from here on in will be Homo. Neanderthals are classified as Homo neanderthalensis – the humans







Learning to read




































And death shall have no dominion
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The migration of Homo sapiens out of Africa. Anatomically modern humans began their tenure on Earth primarily in eastern Africa, around 200,000 years ago – although more archaic Homo sapiens have been found as far away in time and space as 300,000 years ago in Morocco. Our ancestors had begun to trickle out of Africa at least 100,000 years ago. They met Neanderthals in Europe, and other human species en route, and according to our DNA, bred with many of them.





































A tooth and a fingertip




















A ghost from our past
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