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      To the memory of my great-grandfather William Morgan, for forty years preacher at Capel-y-Garn, Bow Street, Ceredigion 

    

  
    
      
        
          

        

      

      
        What, it will be Questiond, When the Sun rises do you not see a round Disk of fire somewhat like a Guinea O no no I see an Innumerable company of the Heavenly host crying Holy Holy Holy is the Lord God Almighty. 

        
          William Blake, Notebook on a Vision of the Last Judgement (1810)
        

      

      
        The one duty we owe to history is to rewrite it. 

        
          Oscar Wilde, The Critic as Artist (1881)
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              It is a foolish thing to make a long prologue, and to be short in the story itself. 

            
            	 
          

          
            	 
            	
              
                II MACCABEES 2:32
              

            
          

        

      

      When, long ago, I was a student in the Zoology Department of the University of Edinburgh, there stood in a niche on the main staircase a bronze statue of a chimpanzee. The object is still there. The animal wears a perplexed expression as it gazes at a human skull held in its fist. It sits upon a pile of books, one of which bears the name ‘Darwin’ upon the spine. On the open page of another volume are incised the words ‘Eritis sicut Deus’. The phrase is a quotation from the third chapter of Genesis, as translated by St Jerome in the fourth century. As the Serpent persuades Eve to pluck the forbidden fruit the creature says: ‘Eritis sicut Deus, scientes bonum et malum,’ which the King James Version renders as: ‘Ye shall be as gods, knowing good and evil.’

      Scientists are no more qualified than anyone else to comment on those two abstractions, but they have gained insights into the physical world rather more dependable than those of the Scriptures. Science (unlike the Serpent) has, in its brief history, lived up to most of its promises. It allows us to answer many of the questions that so mystified that Scottish primate and, as an incidental, gives this book a title.

      The double helix and the mushroom cloud have joined the Cross, the Crescent and the Star of David as global icons. Like the ancient scribes, the people who invented those two images seldom ask new questions, but – unlike them – they do quite often come up with new answers. The topics studied by today’s physicists, astronomers and biologists have obsessed mankind since long before their subjects began. God himself set problems about how the world works, as in his address to Job: ‘Where is the way light dwelleth?’, ‘Hath the rain a father?’, ‘Where wast thou when I laid the foundations of the earth?… Whereupon are the foundations thereof fastened?’ The Book of Proverbs does the same: ‘Who hath gathered the wind in his fists; who hath bound the waters in a garment?’ The response to such queries was, needless to say, that the universe had been called into being by the Lord himself and that its beauties were evidence of his existence, proof that ‘The heavens declare the glory of God; and the firmament sheweth his handiwork’.

      That logic is empty, but the questions posed to the unfortunate Job have become the raw material of research. Those who study Nature’s ways today are interested, as were the sages of old, in the origins of the universe, of our planet, of living matter, of species and of mankind; and in the biology of sex and age and the possibility of eternal life – real rather than metaphorical – as against fiery doom in a decaying solar system. The repeated appearance of such themes in sacred texts, the Bible among them, is a reminder that each was a handbook to help comprehend the world and that each in its own way, and in its own day, succeeded.

      The Good Book is many other things: a set of laws, some serious and some trivial, a history both real and imagined, a collection of precepts and of poetry, and an extended speculation about the glorious future that awaits those that accept its message. It sits firmly in the genealogy of ideas. Science is its direct descendant and the factual, if not the spiritual, questions asked long ago can be explored with the latest technology. This volume is an attempt to do just that, to scrutinise the biblical pages from the point of view of a scientist. In an attenuated version of its original, it tries to imitate the Testaments by weaving what might seem a series of unrelated facts into a coherent whole.

      Religion itself can also be studied by members of my profession, on several levels; in terms of curiosity about this world and the next, and of the universal concern about the welfare of family, of nation, or of life as a whole. Research on the brain adds to the story, as do individual differences in genes and personality and in the social and intellectual background in which they are placed.

      Powerful as the tools of science have proved, plenty of people dispute its findings on grounds of belief while others reject claims based on faith because they deny the truth, or are impossible to test. Even so, the attitude of the globe’s billion or so agnostics and atheists to the doctrines of the devout majority has much in common with the views of the pious to the obdurate universe of fact, for each contemplates the other with a mixture of fascination and distaste. The idea that simple conviction can illuminate the physical world is devoid of interest to biologists, geologists and the like. Many who cleave to dogma have an equally negative attitude towards science, for they reject what they see as its claim to be a complete explanation of what surrounds them. As a result, many scientists have a furtive interest in what the fundamentalists are up to, and biblical literalists are often beguiled by science, if only to denounce it.

      The twenty-first century has reawakened the serpent of superstition. Many have tried to strangle it while others prefer to stir the creature up. Polemical works for and against the power of belief stream from the press. Some attack its fundamentals while others do the opposite. Their attempts to do so have generated more than a thousand courses in science and religion in American universities (with a few scattered across the arid wastes of British academe).

      This book is unlikely to appear on their reading lists, for most of their curriculum is beyond the capability, or logic, of science itself. In a covert attempt to accept that failing, some try to have a foot in both camps. They suggest that objective analysis can only go so far and that there must be another truth beyond. Alfred Russel Wallace – co-discoverer of natural selection – was certain that Homo sapiens had ‘something which he has not derived from his animal progenitors – a spiritual essence or nature… [that] can only find an explanation in the unseen universe of Spirit’.

      Charles Darwin was dubious about such careless use of his ideas, but in a response to an attack on his colleague’s claim, he noted that such statements were ‘not worse than the prevailing superstitions of the country’ (by which he meant Christianity). There he was right, but more than a century on, many still hold to Wallace’s belief, as restated by Martin Luther King, that ‘Science investigates; religion interprets… the two are not rivals.’ The notion that science and doctrine occupy separate, or even complementary, universes and that each provides an equally valid insight into the world seems to me unconvincing and is pursued no further here.

      Even so, those involved in science can examine many of the claims made in the Bible in an objective way. The Serpent’s Promise is not intended as a statement for or against the joy of sects; as an attack on, or defence of, Christianity or any other creed. My own views on the sublime, such as they are, play almost no part. Instead I attempt to stand back and take a fresh look at the sacred writings in a volume that tries to interpret some of its themes in today’s language. The King James Version is more than six times longer than this work, and I have been obliged to omit many sections, such as the endless accounts of family trees and tribal battles, and the detailed instructions as to how to deck the Tabernacle.

      This book begins, in the tradition of its model, with an account of the covenant between God and Man that began in Eden, with an attempt to trace the global pedigree from the inhabitants of that fabled land and from their real equivalents as revealed by modern biology. Genesis explains how the universe came into being, and I too gallop through history from the Big Bang to modern humankind. Eve’s acceptance of the Serpent’s promise led to original sin – to inborn imperfection – and biology has given us the ability to identify many of our own strengths and weaknesses even before birth (although the decision about what to do with such information has scarcely moved on since biblical times).

      Her great error forced sin and sex to become close companions. That mode of reproduction ensures that life persists whatever the fate of those who transmit it. It means that sex levies a penalty in the currency of age and death. Decay, as a result, strikes us all, and long before it smote the patriarchs.

      Soon after their demise, divine irritation with Man’s degenerate ways led to the Great Flood, an event that has been tracked down in history even as today’s fecklessness threatens us with a successor. The descendants of its few survivors fought among themselves even as they multiplied in number. In time, one chosen group, the Children of Israel, were taken into bondage, but in the Exodus found their way to a promised land, only to flee again after a political upheaval; an experience that the Jews have undergone again and again. DNA shows that every nation has the same history of exile and danger as humankind multiplied in number and filled the world. As it did, the Bronze Age Levant boomed and the earliest cities, Babylon included, appeared. They were accompanied by the first epidemics, and in the Book of Leviticus the priesthood set out rules of purity in an attempt to cope with a problem that remains a threat today. They also turned a jaundiced eye on which foods are wholesome and which are not as a reminder that diet is a potent statement of cultural and religious identity (and, as we now know, of health).

      Visionaries, from Isaiah to Ezekiel, play a large part in the scriptural narrative and we now understand how some of their experiences arise, how the brain can deceive its owner and – perhaps – what lay behind some of the supposedly supernatural experiences of the biblical prophets and their successors.

      The New Testament marks a great shift from the Old for it brings the scriptural narrative much closer to the modern world. Instead of a narrow focus on the doings of a chosen people and their implacable god, the Gospels emphasise altruism and inclusiveness, and the rewards to be gained in heaven by making sacrifices here on Earth in response to Christ’s promise of eternal life. To believers, that philosophy explains the origin of devotion, and of society, itself (sceptics, in contrast, see religion as a confidence trick to concentrate power in the hands of a few). The Serpent’s Promise ends with an account of today’s attempts at a science of faith; and makes the modest proposal that now may be the time for the natural to supplant the supernatural as Man begins to make sense of the universe he inhabits.

      About the supernatural itself, neither science nor this book can say anything. As the mathematician Laplace is said to have responded to Napoleon when the Emperor asked him why there was no mention of the deity in his volume on celestial mechanics: ‘I have no need for that hypothesis.’ An appeal to a supreme power added nothing to his understanding.

      In spite of that succinct advice, Christians often try to accommodate the latest advances into their creed. From the heliocentric universe to the theory of evolution, new discoveries are woven into the texture of belief and used to bolster religion itself (the Big Bang, for example, must have been sparked off by God). Theological arguments of this kind depend on the idea that the existence of a final cause behind the universe can never be rejected. In the end – as Laplace pointed out – untestable mysteries of that kind are of no interest except to those determined to believe them.

      The Frenchman’s logic makes sense to his intellectual descendants, but would have seemed strange indeed to his predecessors, many of whom saw their task as no more than a step towards a comprehension of divine intent. The Bible plays as a result a large (and often neglected) part in the history of science, for many of its great figures were believers in a sense that modern minds find hard to understand. Isaac Newton was less interested in the ‘Book of God’s Works’ – physics and mathematics – than in the ‘Book of God’s Words’, the Bible. He wrote far more about philosophy than about physics, with a 300,000-word exegesis on the Book of Revelation which tried to prove that the Pope was the Antichrist (and on the way came up with the oddly comforting fact that ‘We have no reason to suppose more Apocalyptic Whores than one’). The rules of the universe had been set at least in part by an external agent: ‘So then gravity may put the planets into motion but without the divine power it could never put them into such a Circulating motion as they have about the Sun.’

      In the same way, Robert Boyle, father of chemistry, felt that the human body lives on even after death; ‘its atoms are preserv’d in all their Digestions and kept capable of being reunited’ (which explained the Resurrection). Robert Hooke, discoverer of the cell, saw the microscope as an attempt to restore the perfection of Man’s senses, lost at the Fall, while Joseph Priestley, of oxygen fame, was equally sure that his History of the Corruptions of Christianity was worth far more than his research on gases. He hailed the French Revolution as a harbinger of the Second Coming and was forced to flee the mob as a result.

      As even Isaac Newton might now be forced to concede, since his day the book of divine works, and that of words, have diverged in an essential way, for the first has moved on while the second has stayed more or less where it was. Reality is a stubborn thing and those who devote their lives to it are often forced to change their minds as the evidence changes. Religion, in contrast, depends on revealed and permanent truths. It evolves only in response to philosophical speculation and social pressure rather than as the result of new discoveries about divine intent. Three centuries after Newton, his most direct descendant, Albert Einstein, saw the Bible as no more than ‘a collection of honourable but still primitive legends which are nevertheless pretty childish’.

      The notion that physical or chemical laws could confirm its claims, or that they have themselves been put in place by a divine force, is alien to most of those who study them. The rise of scepticism in the United Kingdom (with, according to the 2011 census, a quarter of the population not defining themselves as religious and no more than one in five ever going to church except for weddings and the like) makes it hard to compare the attitudes of believers and their opposites. In the United States, where two thirds of the population trust in God with absolute certainty, half are sure that Jesus will soon return, and a majority say that they would be happier to vote for a Mormon, a Jew, or a homosexual as President than an atheist, the contrast is stark. In a survey of almost a thousand of the nation’s top researchers, just two felt that the Bible should be interpreted as a literal truth, compared to a third of their fellow citizens. Two thirds of the American public, in contrast, say that they would continue to hold to a claim made by their Church leaders even if scientists were to disprove it.

      In spite of their confidence in its message, their instruction manual has a chequered past, seen by many in the tradition of David Hume as ‘a book, presented to us by a barbarous and ignorant people, written in an age when they were still more barbarous, and in all probability long after the facts which it relates, corroborated by no concurring testimony, and resembling those fabulous accounts, which every nation gives of its origin’. The first five sections – Genesis, Exodus, Leviticus, Numbers and Deuteronomy – comprise the Torah, which was, some believe, transcribed by Moses from the word of God. In fact, like its companions, it has multiple sources and was composed over many years. Its chapters are a palimpsest of manuscripts written and edited by known and unknown hands. Parts of the text emerged long after the actions it purports to describe. Some books are in most versions, while others have been excluded. Its tales are often inconsistent (as when, in Genesis, Man is created both before and after the animals). Some are supported by other evidence, while for many the ancient scrolls are the sole indication that the events recorded did happen.

      Parts of the biblical message are deeply conservative, others radical. For more than a thousand years the only Christian text available was in Latin, and as most people could not speak that its mysteries were hidden from those told to believe them. The earliest complete English translation was made in 1382. It was suppressed. The first printed copy was that of William Tyndale in 1537. He was martyred for his pains.

      A century later James I saw that an authorised edition was preferable to the demotic versions by then in circulation (some of which contained difficult terms such as ‘tyrant’) and sponsored a new translation. The King James Version of 1611 is written in Late Renaissance Newspeak, a language noble but purged of unacceptable ideas. It contained helpful phrases such as ‘The powers that be are ordained by God’ (which confirms that even the worst monarchs have a divine right to rule).

      The King James has sold more copies than any other work in English, and in its language and its insight into an ancient and unfamiliar way of life has had a pervasive influence on Western civilisation. Literature owes it an enormous debt: in Coleridge’s phrase, ‘intense study of the Bible will keep any writer from being vulgar in point of style’. He was right, and more recent translations, such as the New International Version used in many churches, are by comparison feeble. Their leaden lines dispel much of the mystery that still surrounds the King James and make many of its claims even less convincing than they appear when told in the language of four centuries ago.

      Its contents have also had large effects, benign or otherwise, on politics and history. George Washington felt that ‘It is impossible rightly to govern the world without God and the Bible’ and his successor John Adams imagined that if ‘a nation in some distant Region should take the Bible for their only law Book… Every member would be obliged in conscience, to temperance, frugality, and industry; to justice, kindness, and charity towards his fellow men… What a Eutopia, what a Paradise would this region be.’ Some years later, George W. Bush announced that ‘I feel like God wants me to run for President.’

      The Serpent’s Promise is by no means the first attempt to revise that great work. Noah Webster, of American Dictionary fame, was shocked by the lewdness of earlier versions and in his edition men have no stones and women no teats. Fornication has gone, as have legs (which are replaced by limbs). Thomas Jefferson went further, for in his adaptation he considered the miracle stories to be ‘a ground work of vulgar ignorance… superstitions, factitious, fabrications’. He cut out many of the wonders and dubious additions (and by that he meant the Trinity and the question of Jesus’ divinity) in a search for its essence. The forty-six pages that remained, he was certain, ‘extracted the diamonds from the dunghill’ to give ‘the most sublime and benevolent code of morals which has ever been offered to man’. His successors in the American Conservapedia movement are, in the spirit of the English monarch, even now at work on a similar project, with an attack on the liberal bias they see in modern translations (‘volunteer’ replaces ‘comrade’ throughout).

      Many people have also pointed at what they see as objective truths within its pages. Job said that God ‘hangeth the Earth upon nothing’ (which might be a statement of a globe suspended in space) and spoke of the weight of the wind long before the notion that the air had mass, while Jonah fell to mountains at the bottom of the sea when cast overboard, as proof that he was the discoverer of seamounts.

      Others interpret its tales in modern terms. The Plagues of Egypt happened around 1500 BC, as the climate warmed. They might have coincided with natural events: perhaps the stagnant Nile suffered an attack of red algae, which forced frogs onto land. Their corpses fed flies and mosquitoes, whose depredations caused animal disease and human boils. Then the Mediterranean island of Thera exploded, with a hail of fire. The rains that followed caused an outbreak of locusts, which blocked out the sun until, in the final disaster, the firstborn died because they ate mouldy and poisonous damp grain. Such claims are plausible and some may even be accurate, but there exists little direct evidence for any of them. Rather than attempting to explain particular scriptural events in detail I try to sketch out the Bible’s larger themes.

      My own attempt to reconsider the work is quite free of any taint of originality. I often warn students of the dangers of plagiarism but am myself a serial offender. I have in the past attempted to rewrite, or at least update, the entire oeuvre of Charles Darwin, and to use modern biology to test his ideas (which survive the process remarkably well). This attempt to do the same with the Good Book follows its structure in a less slavish fashion.

      The Serpent’s Promise is a book about dry fact, not theology (nor, God preserve us, philosophy). Its original has much more interest in the universe of the spirit than in the banalities of the physical world; a truth celebrated by many of its devotees. St Augustine criticised Godless curiosity about the tangible universe as ‘the lust of the eyes… a vain inquisitiveness dignified with the title of knowledge… To satisfy this diseased craving… people study the operations of Nature which lie beyond our grasp, when there is no advantage in knowing and the investigators simply desire knowledge for its own sake.’ Science is that ‘concupiscentia oculorum’. Unlike its alternatives, it answers questions rather than just asking them. Progress depends on the hope that a theory may be disproved rather than on the acceptance of stated truth. Its enquiries know no limits, none of its explanations is complete, and authority, divine or otherwise, is never enough. Sometimes, as in the downfall of Newton’s ideas as the foundation of physics from Higgs boson to cosmos, a whole subject collapses in the face of new evidence, but those whose temple has been thrown down do not wring their hands over the ruins, but dust themselves off and build a new one.

      Its practitioners’ most important principle is that they do not know what they will find. Without that admission, their subject could not exist, and humankind would be mired in ancient ignorance. The French physiologist Claude Bernard wrote in his 1865 book Introduction to the Study of Experimental Medicine that ‘It is better to know nothing than to keep in mind fixed ideas based on theories whose confirmation we constantly seek.’ He was right (although it took many years to persuade doctors to follow his advice).

      The danger of doctrine is that its adherents seek confirmation of what they know; that their redeemer liveth, that there is no God but God and Muhammad is his prophet, or that one of a variety of other convictions must be true. A little knowledge is a dangerous thing, but certainty is worse. To the scientific method, faith is a vice; to believers, a virtue. In the Epistle to the Hebrews it is defined as ‘the substance of things hoped for, the evidence of things not seen’. Such a notion is anathema to science, but central to religion, whose debates are held under the rules of the courtroom rather than the laboratory. A defence lawyer quotes only the evidence that favours his client and rubbishes the opposing case, however strong he can see it to be. A scientist may cling to his favourite theory for perhaps too long, but in the end must accept that he is wrong if the evidence goes against him. Doubting Thomas, who refused to believe in the Resurrection unless he was allowed to insert his hand into Jesus’ wounds, was rebuked by the Saviour: ‘Thomas, because thou hast seen Me, thou hast believed: blessed are they that have not seen, and yet have believed.’ The dubious Thomas would make an excellent patron saint for scientists, but unfortunately the post has already been filled by St Albert the Great (who, needless to say, saw in the natural world a proof of the existence of God).

      In biblical times people asked sensible questions about life, or geology, or the sky at night, and came up with what seemed sensible answers. Almost all were wrong, but their philosophy meant that there was no reason to revise them. Piety is – with its promise of life eternal – for optimists, while science is the home of pessimists, who search for ugly facts with which to destroy their (or at least their rivals’) beautiful theories. They have brought doubt to the world and the world has gained as a result.

      Not everyone agrees. Whatever the triumphs of modern research, a good portion of humankind still rejects its tenets because they conflict with their own opinions. Instead they prefer Martin Luther’s assertion that ‘All the articles of our Christian belief are, when considered rationally, impossible and mendacious and preposterous. Faith however, is completely abreast of the situation. It grips reason by the throat and strangles the beast’; a statement which has at least the virtue of honesty.

      That way of thinking has given rise to what some see as a new Age of Endarkenment. The word contrasts the seventeenth-century outburst of intellectual creativity with that manifest in today’s faith healing, Jesus’ face in tomatoes or on toast, and the rest of the medieval clutter which dominates so many lives. Its adherents insist that no attempt to understand the universe that omits the spiritual can be complete, whatever the advances of biology, chemistry, physics and the rest, which may be why 40 per cent of the United States population – plenty among them students of biology or medicine – deny the truth of evolution (and why more than twice that proportion of Pakistanis, Egyptians and Malaysians agrees).

      Millions more reject the notion of man-made climate change because they do not like the idea. I find such views impossible to understand. Why listen to a perjurer paid by the oil industry when discussing global warming, or train to become a biologist and at the same time deny the very foundations of the subject? To do so is like doing a degree in English while rejecting the existence of grammar, or in physics with a rooted objection to gravity: it makes no sense.

      I sometimes wonder whether those who pour their inane doctrines into their pupils’ ears ever consider the damage they do; not to my profession, but to theirs. Why, when a student begins to learn the simple and credible facts, rather than fantasies, about how life emerged or the atmosphere works, should he swallow anything else that his pastor, his rabbi or his imam has told him? Why build a philosophy based on fixed untruths, when we have so many truths, and so much still to find out? There, science cannot help.

      The closer scientists draw to the spiritual the less precise their statements become, but I hope to make the case that reason is a better way to understand the physical universe than is faith; that whatever the historical importance of the latter, or the solace it offers to some, that science is a more consistent, universal and satisfying tool with which to organise human lives. A few may be converted from one view to another while more will see no reason to change their opinions and some may be no more than irritated by my presumption. Whatever their response, I hope that readers will learn something from this endeavour to put unfamiliar facts into familiar context. The illustrations at the chapter heads are by William Blake, who demonstrates, better than almost anyone else, the power of sacred imagery to move even those who do not share his convictions. Much of his oeuvre itself is based on a radical new interpretation of the Good Book. Blake expels the corrupted God and replaces him with his divine son, and does so with such genius that I forgive him his statement that ‘Art is the tree of life: Science is the tree of death.’

      My own attempt to emulate his work, feeble as it may be in comparison, flies in the face of scriptural advice; as the Book of Revelation puts it, ‘For I testify unto every man that heareth the words of the prophecy of this book, If any man shall add unto these things, God shall add unto him the plagues that are written in this book: And if any man shall take away from the words of the book of this prophecy, God shall take away his part out of the book of life.’ The Serpent’s Promise takes that risk and I await the consequences with interest.
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          William Blake, The Primaeval Giants Sunk in the Soil

        

      

      
        
          
            	 
            	
              There were giants in the earth in those days; and also after that, when the sons of God came in unto the daughters of men, and they bare children to them, the same became mighty men which were of old, men of renown. 
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      Genesis was the world’s first biology textbook. Its obsession with ancestry is reflected in much of the rest of the Bible. The word ‘begat’ appears a hundred and forty times in its pages, while ‘son’ gets two thousand mentions in the Old Testament alone. Judaism, the most genetical of all creeds, is built on the assumption of shared descent from Abraham, who had himself a direct tie with Noah’s son Shem and was as a result a successor to Adam.

      Christianity, too, links God’s immortal son to Abraham in a statement of continuity. Matthew’s Gospel describes itself as ‘The book of the generation of Jesus Christ, the son of David, the son of Abraham’ and rehearses the three sets of fourteen ancestors that separate Abraham from King David, David from the exile to Babylon, and from then to the Saviour. In the Middle Ages, the image of the Tree of Jesse was popular. It traces Christ’s descent back to Jesse of Bethlehem, the father of David, and is based on the prophecy in Isaiah that ‘… there shall come forth a rod out of the stem of Jesse, and a Branch shall grow out of his roots: And the spirit of the LORD shall rest upon him…’ (part of that notion comes from the similarity of the Latin word for rod, virga, and that for the Virgin, Virgo). A modern work of perhaps lesser merit also points at the unshakeable fascination with shared blood, for The Da Vinci Code describes the marriage of Jesus to Mary Magdalene to provide a direct connection between a modern Frenchwoman and the son of God. All this is part of a deeper message; of the need to establish a covenant between sinful Man and the purity of Eden before the Fall, and – for Christians at least – to enter an afterlife that recreates those days of innocence.

      Humankind’s moral decay since Eve accepted the fateful fruit was, many once thought, accompanied by physical decline. The Koran sees Adam as a sixty-cubit monster (a cubit is the length of a forearm) with, to match the world’s spiritual degeneration, much shrinkage since his day. That notion was supported by the bones of mammoths that hung in some churches and allowed experts to estimate Adam’s stature as twice that put forth in the Koran. There were, as the Good Book itself says, once giants in the Earth; and as so often it is right. Those titanic figures illustrate, better than almost anything else, the power of science to illuminate myth.

      Until not long ago such people were creatures of wonder and of veneration. They crop up in the Bible Lands as a race or tribe (‘Giants dwelt therein in old time; and the Ammonites call them Zamzummims’), as rulers (‘For only Og king of Bashan remained of the remnant of giants; behold his bedstead was a bedstead of iron… nine cubits was the length thereof, and four cubits the breadth of it, after the cubit of a man’) and as powerful enemies (‘And there went out a champion out of the camp of the Philistines, named Goliath, of Gath, whose height was six cubits and a span’).

      Spies sent into Canaan reported that for the biblical giants ‘… we were in our own sight as grasshoppers, and so we were in their sight.’ Some claimed that such creatures were the descendants of rebellious angels who had mated with women; a bold notion but one rejected by those who accept Jesus’ statement that angels do not marry. Others thought that the monsters were the spawn of Seth, third son of Adam and Eve, conceived to replace the murdered Abel. Their ancestors had polluted their heritage by marrying into the lineage of the killer Cain, and were punished with the repeated appearance of freaks of nature among their descendants. The giants were swept away in the Great Flood but make a brief and unexplained return later.

      The Good Book’s fascination with ancestry finds a match in the obsession still felt by many people about their own pedigrees. For them, as for the Israelites, shared descent acts as a badge of membership of a family or a nation, and even as a mark of adherence to a particular faith.

      Genetics is poised to answer many of their questions. It can now read off the three thousand million pieces of information coded into the four chemical units or ‘bases’ of the double helix of DNA, the letters A, G, C and T, in a few hours. By so doing it can chase down the ancestry of anybody, tall or short. We are creatures of great diversity. A new survey of the complete sequence of the protein-coding genes (themselves only a small part of the DNA) from a thousand people from across the world reveals forty million differences in the individual letters of the genetic alphabet and over a million separate insertions and deletions of sections of double helix. The constant rearrangement of these changes through sex, and the endless input of new errors by mutation, means that everyone alive today is different from everyone else, and from everyone who has ever lived, or ever will live. More remarkable, every sperm and every egg made by every man and woman is different from all others, as has been each of those fecund cells made in their infinite billions since Adam met Eve. The double helix, the universal record of the past, can as a result track down the pedigrees of the inhabitants of Eden, of the biblical giants, and of everyone else.

      The giants are still around. The world’s tallest man, The Guinness Book of World Records tells us, towers two and a half feet above my own modest frame for he stands at eight feet three inches. The young Sultan Kösen also boasts the globe’s biggest feet at fourteen and a half inches long. His plight has been explored not with legend but with biochemistry.

      Sultan Kösen is Turkish. A group of Istanbul businessmen once explained to me that the idea of human evolution was of course correct – except for Turks, who had emerged from titanic figures who once roamed Anatolia. That conversation took place some years before their fellow-citizen claimed his title but they would no doubt have welcomed his success as proof of their theory.

      The people of Turkey are not alone in their claim of an elevated past. Finn MacCool was the gargantuan leader of the armed band that guarded the High Kings of Ireland. He was the architect of the Giant’s Causeway, the rocky point that stretches from Ulster towards Scotland. It appeared when he built a path to allow him to fight a rival across the water (his opponent used it to arrive in Finn’s native province while the Ulsterman was asleep, but was warned by Finn’s wife not to wake what she called her ‘baby’, whereupon the Scot fled for fear of the supposed infant’s father).

      Finn MacCool may have had a real existence. Tales of tall men appear again and again in his native land, often enough to suggest that they are more than fantasy. Their remains have surfaced on several occasions and such people still thrive on Irish soil.

      In 1895 the Strand magazine reported the excavation of a twelve-foot skeleton in County Antrim. The bones were lost in transit to the London and North-Western Railway Company’s depot and have not been seen since. Fortunately, other evidence has survived.

      In the eighteenth century extraordinarily tall men were popular items of curiosity (as they still are). One such, Charles Byrne (his surname the anglicised form of O’Brien), was born in County Tyrone in 1761. He claimed to be eight feet two although his real height as measured from his skeleton was six inches less. At the age of nineteen, he put himself on show in London and made a career from those happy to pay to see a freak of Nature. A contemporary print shows him in company with two equally tall twins who lived near his home and claimed to be his relatives. Charles Byrne was also kin to another lofty Irishman, Patrick Cotter O’Brien of Cork. He too exhibited himself on this side of the Irish Sea, declaring himself to be a descendant of the colossal King Brian Boru. Accounts of such people were so widespread that James Prichard in his 1813 book Researches Into the Physical History of Mankind, the work that founded British anthropology, wrote that ‘In Ireland men of uncommon stature are often seen, and even a gigantic form and stature occurs there much more frequently than in this island: yet all the British isles derived their stock of inhabitants from the same sources. We can hardly avoid the conclusion that there must be some peculiarity in Ireland which gives rise to these phenomena.’

      What that peculiarity might be he had no idea, but now we know. The Irish Giant took to drink and died at twenty-two. He had a great fear that he might be dissected and demanded that he be buried at sea, but his bones were too valuable for that; as a journal of the time put it: ‘The whole tribe of surgeons put in a claim for the poor departed Irishman and surrounded his house just as harpooners would an enormous whale.’ The winner was the anatomist John Hunter, who paid the huge sum of five hundred pounds for the corpse. He filled Byrne’s coffin with rocks to fool those who hoped to honour the unfortunate man’s final wish. The skeleton is now on display in the Royal College of Surgeons, where it is likely to remain in spite of calls for its return to the land of his fathers, or even for it to be condemned to the deeps.

      In 1909 the bones were examined by the American neurosurgeon Harvey Cushing. He noted that a section of skull at the base of the brain was enlarged and suggested that the Irishman may have had a tumour on his pituitary gland. People with that condition, we now know, may make too much growth hormone. Should the problem be delayed until after puberty the bones of the skull and elsewhere become heavy and thickened. That leads to a disease called acromegaly. It changes the patient’s appearance and has unpleasant side effects such as diabetes, arthritis and more. If it begins in childhood the main effect is on height, for arms and legs grow far faster than they ought and the children mature as modern-day versions of Charles Byrne. Sultan Kösen himself has the disorder but with the appropriate drugs has managed to put a stop to his growth.

      A certain form of pituitary tumour has a strong inherited component. The gene involved has been tracked down and the altered form found within four Irish families, each of which has a history of acromegaly or of extreme height. Every one of the fourteen cases shares just the same change in the DNA, together with a long stretch of almost identical sequence on either side, as a hint that it descends from a common ancestor. Nucleic acid extracted from the teeth of Charles Byrne bears the identical anomaly, as proof that he too (and, no doubt, his giant contemporaries) belongs on the pedigree. Several hundred of his extant relatives have inherited the mutation (although, for reasons unknown, many have normal patterns of development). An Indian giant has an identical mistake in the gene itself, but carries a different arrangement of DNA letters around it, as proof that the damaged gene has arisen on separate occasions in different places. No skeletons of Og King of Bashan or of Goliath have been preserved, but the bones of the Egyptian Hen-Nekht, a nobleman of around 2500 BC, a thousand years before Og’s day, show that he too was eight inches taller than average. His skull had signs of the Irish disorder (‘extraordinarily massive, remarkably long, and with marked grooves and ridges’). The biblical giants may hence have been related to each other, to an Egyptian who lived fifty generations earlier and, perhaps, even to the gigantic Adam via his son Seth and his tribe of monsters.

      Educated guesses (and they are no more than that) about the rate at which the few changes in the double helix on either side of the site of the Irish mutation build up hint that their common ancestor lived around fifteen hundred years ago. That is the time of the High Kings, when giants such as Finn MacCool begin to play a part in the nation’s history. Half a millennium later, the tenth-century Goliath Brian Boru brought their dynasty to an end.

      The ability to connect an eighteenth-century Irishman to his modern descendants shows how the double helix can link the past to the present. The Bible uses written records to do the same. It traces everyone’s pedigree from Adam and Eve, from the heroes of the Good Book, and from a great host of other people, to link the Children of Abraham into a web of shared kinship.

      To search out descent has become a renewed obsession among amateur genealogists, many of whom appeal to websites with names such as ‘Genes Reunited’ or ‘Ancestry.com’ in the search for the past. Like most geneticists I have little interest in my own ancestors, real or imagined, but for many people the hunt for shared blood is almost a mania. The double helix gives a heritage to those who have lost touch with their roots and the hunt for those who have gone before has become big business.

      It began in the year 2000 with a company called Family Tree DNA. I was approached at that time by a private entrepreneur who wanted to know how he might make money out of the new fashion. I suggested that African-Americans, whose inheritance had been stolen from them in the days of slavery, might be keen to delve into the past. What, he asked, would be needed? The real demand was for a map of gene distribution in West Africa. As my colleagues had just started to work in that neck of the woods I accepted his offer to fund the project.

      A few days later came a phone call. He had a question: was there any way that subscribers could check a statement that their families had come from, say, Cameroon rather than Nigeria? No, I said; and with joy in his voice he said he would not need our help for any company he might decide to establish could come up with a form of words that would satisfy its clients with no need to spend any money on field-work. I made my excuses and left; but since then at least forty companies have offered to do the job. They provide a scan of thousands of variable sites across the whole genome, sometimes for less than a hundred dollars and, for only a little more, promise to introduce you to dozens of relatives you never knew you had.

      The Genesis account of descent begins with Adam and ends ten generations later with Ham, Shem and Japheth, the sons of Noah. The even longer trees in the First Book of Chronicles – upon which Abraham and King David, ruler of Jerusalem, both appear – are said to have provoked nine hundred camel loads of commentary. Millions of people claim a place upon them. Many Jews can follow their descent back to Rashi, an eleventh-century sage who established, to his own satisfaction, a direct tie to David. Rashi’s modern representatives include Sigmund Freud, Karl Marx, Felix Mendelssohn, Yehudi Menuhin and all the Rothschilds.

      Distinguished as they might be the scions of Rashi are arrivistes. The Chinese sage Confucius lived in the fifth century before Christ. He has a million and a half recorded living descendants, each separated from their ancestor by eighty or so generations. Confucius himself has a well-attested tie with the Emperor Tang of Shang, who was born in about 1675 BC, half a millennium before his Israelite equivalent, King David.

      Few Britons can match that. Most of us can chase our heritage through the records for no more than a few score years. The Joneses in their multitudes are a dead end for ancestor-hunters but I did once pursue my mother’s line to a William Morgan, born in 1759. He lived on the farm in West Wales still occupied by my relatives and was the great-great-grandfather of William Morgan, the nineteenth-century farmer-preacher to whom this book is dedicated.

      Unremarkable as any clan – Jones or not – might be, each of its members has, within every cell of his or her body, a complete set of links to their ancestors and, in the end, to everyone who has ever lived. The record acts as a timer, for as the double helix is copied it is, like a scroll written out again and again by the scribes, corrupted by errors. Over the years, such mutations build up at a more or less steady rate. DNA can as a result date any pedigree on a scale from decades to millennia. The ability to read off the double helix at speed makes it possible to compare the sequence of a child with that of its parents to measure the mutation rate. It gives an average of a little more than one error in a hundred million per DNA letter per generation – which means around sixty mutations in a typical newborn.

      The Good Book itself has suffered many such errors. Several editions have gaffes that identify their moment of publication. The Adulterous Bible of 1631 omits the word ‘not’ from the Seventh Commandment which then reads, with some optimism, ‘Thou shalt commit adultery.’ Less outrageous was the 1717 version that mutated the Parable of the Vineyard into the Parable of the Vinegar. The Sin-On Bible of a year earlier converts ‘sin no more’ to ‘sin on more’. Such shifts represent in turn mutation by deletion, by changes in individual letters, and by inversion of their order, all of which have parallels in DNA. Other slip-ups were no doubt corrected by proof-readers before they became public.

      Before the invention of movable type many more blunders were made as a new copy of a manuscript followed the last. More than twenty thousand handwritten versions of the New Testament are known, and no more than a few are the same. If enough versions of a sequentially corrupted manuscript have survived, a tree of errors can work out what the original might have looked like, and even estimate when it was written.

      The Great Stemma is a parchment that shows the descent of Jesus and of hundreds of other figures, all traced from Adam. The document is mentioned in scrolls from the earliest days of Christianity, but the original is long lost. Around twenty versions have survived, the oldest from the tenth century and the youngest from three hundred years later. Even the earliest diverge from each other as proof of their descent from a common precursor while later copies become more and more corrupt. If the lost manuscripts had accumulated mistakes at the same rate, the original can be dated to the fourth century, when the Bible was translated into Latin. Mutations in the double helix can, in much the same way, place people into historical context.

      The urge to do so goes back to ancient times. In the Levantine villages of the Bronze Age where Judaism finds its roots, membership was from the early days based on an assumption of kinship. One of the earliest mentions of the nation emphasises the importance of inheritance. An Egyptian stele commemorates a great victory in 1207 BC with the statement that ‘Israel is laid waste; his seed is not.’ Relatedness did not always draw people together, for Genesis tells how brothers – Cain and Abel, Esau and Jacob, together with various other relatives – murdered each other, cheated siblings out of their inheritances, sold them into slavery, or drove them into exile; but then things began to change.

      The first Jewish state was founded more than three thousand years ago from scattered tribes whose later cycles of quarrels with God, delivery into the hands of enemies, and return to the fold, are described in the Book of Judges. In the early years household gods – the ‘gods of the fathers’ – competed with Yahweh – first mentioned in Moses’ time – for the people’s attention. In time their numbers reduced, and even Baal, with his Golden Calf, fell from favour. Soon, with the emergence of the Kings of Israel, Yahweh became the national god, although a few competitors lingered on.

      Under their Kings the Jews united but, in the ninth century before the Common Era, split into two, Israel in the north and Judah, with its capital Jerusalem, in the south. Many verses of the Bible discuss their squabbles but in time they were reunited. For a period the nation’s borders stretched far beyond those of today and under Solomon its citizens built the First Temple in Jerusalem. Even that statement is disputed by many, and attempts to excavate on the Temple Mount to find firm evidence have been banned by the Islamic authorities. Excavations on Mount Gerizim, now in the occupied West Bank, suggest to some that the Samaritans, who see themselves as the true descendants of the founders, built the first great place of worship there instead. It was, they claim, demolished by Jewish enemies and the Samaritans more or less written out of history. The northern state had suffered its own calamity when the Assyrians destroyed its capital and took its people into exile. That event gave rise to another hereditarian legend, that of the Lost Tribes; families named after Simeon, Ephraim, Zebulun and the rest, the issue of Jacob.

      Jerusalem was ruled for centuries by a clan of monarchs, the successors of David, the victor over Goliath. The devout saw their metropolis as the abode of God himself, a sacred capital where that dynasty would rule for ever (an idea shattered when the Temple was overthrown by the Babylonians six centuries before the birth of Christ).

      Its citizens were among the many to assume that mankind was divided into distinct tribes and that within each, everyone had common descent. The notion of a shared and exclusive kinship became the rationale for unity and an excuse for war against those who did not belong. A fascination with bloodlines has had effects just as malevolent ever since.

      Man is a classifying animal, of himself most of all. The great subdivisions of humankind were once said to be the African, European, Asian, Malayan and Native American races, with groups such as the Europeans further divided into Aryan, Slavs and Nordics, or Welsh, English and Scots (even a Cockney race was once proposed). Each section or subsection was a branch or a twig on the tree of relatedness. Implicit in such claims is the notion that in the grand sweep of history, peoples of unblemished heritage left their homelands and mixed to make the nations of today. Such mongrelisation was to blame for most of the problems of the world.

      Modern Israel still defines itself, at least in part, by descent. Its obsession with biological continuity means that, for its most devout citizens, birth control is unacceptable. Some would even be happy to accept cloning if it were needed to allow their line to persist. Adoption is under strict control and is forbidden if the child comes from outside the nation’s borders. Israel is the only country to offer almost unlimited fertility treatment, with a strong emphasis on in-vitro fertilisation (which preserves the genetic link between both parents and their child) as distinct from artificial insemination by donor, which works better but breaks the sacred chain of ancestry. IVF is offered to any woman under forty-five, married or not, until she has had two children with her partner. As a result, Israeli women are the world’s greatest users of such technology.

      A decade and a half ago I passed through Tel Aviv Airport after a trip to collect DNA from Palestinians. I was for some reason picked on by Security and grilled about every item in my luggage. At last they came to a box filled with plastic tubes and asked, with some suspicion, what it was. Irritated by twenty minutes spent in an attempt to justify my existence I said, with some asperity, ‘Arab spit.’ This gave them pause but after a brief explanation of what I was up to the atmosphere lightened, for the officials were happy to hear about the then little-publicised pastime of studying history with genes. They were particularly interested in whether the double helix might reveal a common heritage for Jews that would set them apart from the descendants of other tribes (or, at least, from the modern inhabitants of Palestine). A scientific proof that they were the true scions of the Kingdom of Israel would be welcome indeed. In my new and amicable relationship with the uniformed branch, I did hint that perhaps it was, for reasons from recent history, a mistake to define Jews as members of a distinct bloodline, but they did not seem much concerned.

      Shared ancestry was used to justify the greatest crime of the twentieth century. The Roman historian Tacitus claimed two thousand years ago that the Germani were, unlike any other nation, still a pure group united by biology (in part, he thought, because nobody else in their right mind would want to migrate to a place with such a terrible climate). They were a noble people: ‘No one in Germania laughs at vice… and good habits are here more effectual than good laws elsewhere. The tribes of Germany are free from all taint of inter-marriages with foreign nations, and they appear as a distinct, unmixed race, like none but themselves.… All have fierce blue eyes, copper-coloured hair and huge frames.’

      His ideas stuck. ‘Read Tacitus,’ said the eighteenth-century philosopher Johann Gottfried von Herder. ‘The tribes of Germany have not been dishonoured by intermixture with others, they are a true, unadulterated nationality which is the original of itself. Even the formation of their bodies is still the same in a large number of people.’ In 1853 Count Joseph Arthur de Gobineau published his Essay on the Inequality of the Human Races, the work that introduced the term ‘Aryan’ into anthropology. That group represented the highest point of human excellence. It had spread to found the cultures of ancient Egypt, Rome, China, Peru and (needless to say) Germany. The Aryans (the ‘Nobles’ in the ancient Asian language Sanskrit) were members of a grand and extended pedigree. They came, he imagined, from a distant and romantic landscape and their blue-eyed descendants had colonised much of the globe. The idea that all advanced civilisations derive from the Aryans was picked up by Nietzsche, to whom the Nordics – the ‘blond beasts’ – were the purest specimens of all. The Germans were remnants of a great people who might one day expel, with what rigour was necessary, the lesser breeds that had infiltrated its homeland. The idea became notorious with the twentieth-century attempts to put that theory into practice.

      DNA means that scientific fact has succeeded historical fiction. Now, any nation can use the double helix to chase down its past. The ancestry companies have gone so far in their expertise (and income) that the data they generate is often more precise than that produced by geneticists. They are much appealed to by those who hope to prove a personal tie to a noble person, or a noble people, from ancient times.

      The biblical seekers for shared blood, like many of their successors, were interested in just a single track through history. It passes from fathers to sons. Certain genes, too, are transmitted through males alone, while others go through females. Each can be used to search out ancestors in a journey that leads, as it must, to Adam and to Eve, the progenitors of all men, and of all women, on Earth.

      The male line is tracked through the Y chromosome. Many Chinese can recite their fathers’ pedigree back through twenty or more steps. A DNA test of the chromosomes of two Cantonese who asserted descent from the same individual and were separated by thirteen generations showed that they were correct in their claim. So, no doubt, are millions more of their fellow-countrymen, those who declare a tie with Confucius included.

      Some of the scions of the philosopher share another clue of common ancestry, for they bear the surname ‘Kong’. Western names, too, connect the present to the past. The gigantic Charles Byrne’s surname in its native form O’Brien linked him both to his enormous contemporary Patrick Cotter O’Brien and to the ancient colossus, Brian Boru. Several carriers of the pituitary mutation still bear that title.

      Surnames and Y chromosomes both pass through history without sex. Each faces the same problem. If a man has no children at all, or no sons, his surname and his Y will both be lost (as genealogists say of the latter group, they have ‘daughtered out’). As the years go by this process continues until at last just a solitary version of both name and gene is left. It can be seen at work in Britain. Some four hundred native names are each carried by more than ten thousand people, but there are hundreds of thousands of much rarer titles. Those with fewer than two hundred bearers – and an uncertain future – include the families Edevane, Ajax and Slora; while the Pauncefoots and the Footheads have disappeared within recent times.

      Surnames collapse a whole pedigree into a single line of descent shared by all the sons, grandsons and later male descendants of the man who founded it. They have a chequered history. Japan did without them until the nineteenth century, when a great variety sprang into existence at the command of the Emperor Mutsuhito. Over a hundred thousand are still in widespread use – one for every thousand citizens – as few have yet been lost through death or daughters. Welsh surnames are no more than three hundred years old and their English equivalents around twice as ancient. Most Chinese versions can, in contrast, be traced back for five thousand years. China has the world’s most frequent title, Li, and has fewer surnames, in relation to its size, than almost anywhere else. The figures are remarkable. A fifth of the country’s population – around three hundred million people – share three names as evidence of how few of its male lineages have maintained themselves. In France the average number of bearers of a particular surname is seventeen, in Britain twenty-eight and in Ireland sixty-three. In China the number is seventy thousand.

      The biblical scribes tried to include every significant male on the line through the past, and the more the better. Its verses are filled with statements such as ‘The children of Shem; Elam, and Asshur, and Arphaxad, and Lud, and Aram. And the children of Aram; Uz, and Hul, and Gether, and Mash. And Arphaxad begat Salah; and Salah begat Eber. And unto Eber were born two sons’ and so, endlessly, on. The Judaic habit of calling oneself after a father, grandfather and the rest, with the prefix ‘ben’ as a link between generations, resembles the Welsh ‘ap’, used in the same way. Today’s Prices, Pughs and Proberts have no link apart from their descent from a Rhys, a Huw or a Robert whose children were obliged by the English to take up their father’s identity. Problems with adoption, deliberate shifts of surname (often in order to receive an inheritance) and illegitimacy (even if its incidence has been, DNA tests show, less than 1 per cent in most European populations) also muddy the genetical waters.

      The biological headquarters of male descent is a reduced and battered version of what was once the equivalent of an X chromosome. Although it contains sixty million DNA bases it has no more than around sixty functional genes (not least the tiny structure that dooms its bearer to be a man) but, with the exception of some strange stretches that are perfect mirror images of each other, is otherwise full of duplication and decay.

      Over the generations the Y builds up errors, on two distinct scales. The chromosome contains lots of short repeated segments. Such structures are unstable and, as they are copied, their numbers go up or down. In the two Chinese men separated by thirteen generations there had been four mutations of this kind. Overall, the mutation rate for these repetitive sections is as much as one in a thousand per generation, which means that differences build up at some speed. Other variants involve much rarer shifts in the individual letters of the code. Mistakes of that kind happen just once or twice in human history and divide the world’s Y chromosomes into large and stable groups. Within each, changes in the repeated segments mount up to give every local lineage an identity. The system is rather like surnames themselves. German titles are distinct from those in Spain, but within each country there is plenty of variation. The unstable sections can be used to search out genealogies over a few hundred years, but evolve so fast that the distant past is obscured by the fog of mutation. The rarer changes in the single letters of the chromosome tell the tale of more ancient kinship.

      To mix metaphors, molecular surnames also have elements in common with telephone numbers. The more digits they contain, the better they track down their owners. In Alexander Bell’s day, a local number had no more than two or three digits, enough to cover the few subscribers in a village or small town. Hundreds of scattered people in different places across the country would share the same number. In cities it was soon necessary to use more digits; in most places seven, the first three of which divided the place into smaller sections, while the remainder identified individuals within those areas. Again, there were repeats in different cities. Four additional figures then gave every British phone a unique personality. For global use even more have been added, to give, for most places, fourteen altogether, enough for several thousand telephones for everyone on Earth, which should do for now.

      The first Y chromosome trees, a decade or so ago, were based on no more than half a dozen individual letters, but the most recent – many from genealogy companies – have fifteen times as many and a few have several hundred (and, quite soon, the complete sequence of individual chromosomes will be available). They can be used to place any man onto his local, national or global tree of descent.

      An identity conferred by name and by chromosome often overlaps. Almost all the hundreds of Britons called ‘Attenborough’ have either just the same version of the Y or a form changed from it by a few minor shifts. Each must descend from the same individual, who may have lived several centuries ago near a fort or ‘burgh’ that was, given the present distribution of the title, somewhere in the English Midlands. Other fort-dwellers might have taken up the same surname, but their lineages died out when, in a certain generation, their male descendants either had no boys, or no children at all. All today’s Attenboroughs descend from one or a few males. The Smiths, those innumerable workers in metal, and the Joneses, the sons of many Johns, are in contrast a mixed lot for their label appeared on dozens of occasions. Their Y chromosomes are just as bastardised.

      On the other side of the Irish Sea, in contrast, those who bear certain abundant surnames, such as O’Brien (the sons of Brian), tend to share a Y. They are the descendants of noble families founded at a time when a few powerful males granted their favours to many females. One man in six in the north-west of the island bears more or less the same version of the chromosome, perhaps because they descend from the High Kings of Ireland, whose males spread their seed to a large constituency. Charles Byrne lived nearby and he too may have shared that identity.

      Irish surnames have an unexpected resonance in English history. In the eighth century and later, Ireland suffered a series of invasions by the Vikings. In time they established settlements and mingled with the locals, which is why some of the kings had Nordic titles such as Magnus or Olaf. I lived as a schoolboy on the other side of the Irish Sea, on the Wirral Peninsula (which my friends and I used to refer to, with some bitterness, as Liverpool’s Left Bank), a dull industrial suburb with almost no discernible personality. The Wirral has some odd place-names – Thingwall, Irby, Raby, Meols and more – which interested us not at all. They are in fact the relics of a forgotten Viking enclave, founded by warriors driven out of Ireland a thousand years ago. My local golf course was the site of the Battle of Brunanburh of 937, when the invaders were defeated and where England was born as a single country. The event finds a place in the Icelandic sagas and Alfred Lord Tennyson modernised the Anglo-Saxon version of the tale (‘Bow’d the spoiler/Bent the Scotsman/Fell the ship-crews/doom’d to the death’). Most of the golfers do not seem to be interested.

      A check of the Y chromosomes of men with surnames such as Irby and Raby (whose medieval families must have lived in the ancient Nordic villages) shows them to have strong ties with Scandinavia and hence to be descendants of Vikings. The double helix gives the Wirral Peninsula a romance that otherwise it lacks.

      Useful as names are, some who believe that a shared surname is proof of common ancestry are mistaken. The Prophet Muhammad had no sons, but through his daughters he did have grandsons, Hasan ibn Ali and Husain ibn Ali. The Sayyid kindred is, many of its members suppose, descended from the Prophet down the male line from one of those two. Some once held high office and were even exempted from taxation. If they are correct they should, like the Attenboroughs, share a Y chromosome, but they do not. Sayyid status is based on tradition rather than on biology.

      Other self-styled aristocrats have an identity just as ambiguous. Iranians tell themselves, with some historical evidence, that they descend from an ancient people called the Arya. About a quarter of all Indians (in particular those of the upper castes, in part derived from invaders from what is now Iran) also claim that bond. Many members of those groups do indeed share a similar set of Y chromosomes.

      The Germans too claimed kinship with a pure, blond and talented race from a distant mountain homeland. That argument was used as an excuse to destroy lesser breeds in an attempt to restore the Aryan nation. In 1941, the Germans invaded Russia to fulfil that dream but were – like so many before them – beaten back.

      Nazi racial theory was as confused as its military strategy. Russia has three major Y lineages, each marked by a shift in the single-letter cues of identity, the most frequent borne by half of its men. That sequence is close to that of the historical Arya of Iran but in Germany is almost absent. Instead that nation has many copies of a different version of the Y, which is itself abundant in the Middle East. The ancient Aryan warriors hence have more in common with modern Slavs than with Germans, and the Teutonic purists who saw the Arya as their own ancestors had on average a closer tie with the Jewish men they despised.

      The feminine path through the past can also lead to unexpected places. Lineages that pass through daughters once received less attention than did those of sons although that has changed (and even Confucius’ pedigree has been revised to include – for the first time – women). Its signposts are the cellular structures called mitochondria. Those energy machines are passed through the egg to sons and daughters, but daughters alone hand them on. Each contains many copies of a small circle of DNA. Like the Y chromosome it builds up differences at some speed. As it does it tells the tale of mothers gone by.

      Often, their histories diverge from that of their partners. The Parsis are Zoroastrians whose legends tell that they were expelled from what is now Iran in around the tenth century AD. Their Y chromosomes show that they do indeed have ties to the Arya of that region. Many of their female lineages, in contrast, find a closer match in Gujarat in North-West India, where Parsi men may have found mates among the locals.

      Male invaders have often mated with the women of a conquered nation. At the southern tip of Africa, the ‘Cape Coloureds’ trace their roots to the seventeenth-century arrival of the Dutch East India Company, and to the later importation of slaves from elsewhere in Africa and from what is now Malaysia. The local Khoi-San tribes resisted the white colonists, who in revenge killed many of their men and drove others out. For more than a century, the Cape Colony saw an influx of European males, but of almost no females. Among the slaves, too, there were six times as many men as women. Khoi-San women faced pressure to enter into relationships with foreigners. Many did, but there was almost no sex between Khoi-San men and alien women.

      Overall, about a third of today’s Cape Coloured genes are Khoi-San, a third are from Black Africa, and the rest come from Europeans and Asians (which explains their wide range of skin colour). However, six out of ten mitochondria are of Khoi-San origin, compared to just one in twenty that traces itself to a European. In contrast, just a twentieth of their Y chromosomes come from the original male inhabitants of the Cape. The history of oppression lives on in the genes.

      The Cape Coloureds are also, in their diversity, a statement of the unifying power of sex. In the first days of apartheid, many South African families faced inspections in which they and their children were classified as White, Black or Coloured. The latter group posed a problem, for some children were light enough to pass for white, and were accepted as such, while others were dark and were classified as black. One official was sure that he ‘could tell a Coloured from the way he spits’ but even that was not always dependable. In the Senate’s 1950 debate on the Population Registration Act (which set up formal racial classification) a Nationalist member was outraged by the admission of people of mixed ancestry into a superior category: ‘… we know that these people are Coloured, but because by repute and common consent they are white, we are going to make them White. By so doing we are going to allow Coloured blood into this race which we, some of us, wish to maintain so wonderfully pure.’ In spite of his confidence, Afrikaners themselves have plenty of non-white blood, for a typical member of that group – the instigators of the apartheid regime – has about a twentieth of his or her DNA from African or Asian sources.

      That episode was shameful, but has a lesson for biology. It shows how sex blurs history and brings families together as it mixes inherited information from separate lineages. The habit brought democracy to South African DNA, if not to its bearers. Over the centuries, the reproductive habits of Khoi-San, Europeans and Bantu spread genes through a whole community. The authorities – who, like the authors of Genesis, saw descent as a linear process – were often baffled by the appearance of what seemed to be a white child to coloured parents or vice-versa. Sex was to blame.

      That pastime generates a web, rather than a tree or even a ladder, of kinship that, quite soon, draws the whole world into its embrace. It means that every individual pattern of descent can be traced not just from Adam or from Eve, but from untold millions of people.

      The agenda of the ancestry companies is, as a result, more ambiguous than many of their clients realise. Any individual passes just half his or her DNA on to each child. After a dozen or so generations of sexual reproduction – well within the ambitions of some ancestor-hunters – any section of double helix hence has no more than a limited chance of a successful passage through the genetic labyrinth. As a result, large numbers of genuine antecedents will go unrecorded in a molecular pedigree and, perhaps even worse, some grand figure with a real historical tie to a person alive today may have, because of such dilution, almost no molecular link with him. Those who find a sense of nobility from their explorations of the past are often, in biological terms, deluded.

      Sex leads ancestry hunters to deceive themselves in other ways. Often, they use a variant rare in one place but common in another as evidence of their own direct link with a distant (and distinguished) people. With the exception of Y and mitochondrial lineages (and they too can be ambiguous) that leads to self-delusion. The assumption is that of de Gobineau: that pure and homogeneous groups have mixed to make the modern world. Each supposed ‘homeland’ is identified by its having the highest incidence of a particular variant. Someone of that type from far away is then described as having Irish, or Berber, or Tibetan blood. Unfortunately, genetics does not work like that. My own blood group is B, which is rare in Britain with only one person in twenty bearing a copy. In Northern India as many as one in three is so blessed, but it would be foolish to say that I have ‘Indian blood’ (or even, as some might put it, ‘the blood of the Mogul Emperors’).

      The fact that common variants tend to have rather independent geographical patterns also confuses the issue. As someone who has the ‘positive’ variant in the rhesus blood group system I am more like a typical Chinese (and hence perhaps descended from Confucius), all of whom are rhesus-positive, than I am to the people of Northern Spain who have plenty of rhesus-negative. Which bloodline do I belong to?

      Biologists, unlike ancestor-hunters, are more concerned with statistical differences among the peoples of the globe than in the antecedents of one person or another. To them, the world pedigree is an almost impenetrable jungle in which each family tree shares both roots and branches with its neighbours. Ancestry is a forest not of pines but of mangroves.

      Its tangled state is forced onto it by arithmetic. Everyone has two parents. Almost all of us have four grandparents, and many more can rejoice in eight great-grandparents or even sixteen great-great grandparents. In a perfectly sexual population the figure doubles each generation. That process cannot go on for long, because the numbers soon become enormous, the world runs out of ancestors and every pedigree is forced to connect to all the others.

      Brothers and sisters share both parents and, as a result, half their heritage. Cousins share two of their four grandparents and have a one in eight degree of similarity, while second cousins have two of their eight great-grandparents in common, and so on. In an ideal sexual universe every sperm would always meet an egg with which it shared no ancestors at all, but the numbers game prevents that. The marriage of relatives – close or distant – hence makes any population less sexual than it would otherwise be.

      In the West marriages among close kin are now rare, but in Victorian times were widespread. In Africa, the Middle East and parts of India, they still are. Partnerships between individuals closer than cousins are forbidden in the Koran, but South Indian Hindu and Sephardic Jewish communities welcome them and even allow the closer marriages of uncle and niece. Worldwide, a tenth of all nuptials are between partners closer than second cousins, and more than a billion live in countries where between a fifth and a half of all such ceremonies are between kin. In Pakistan two decades ago, two thirds of marriages were of this kind, and the process has gone on for so long that the average degree of relatedness of two random citizens is that of first cousins once removed (the kinship of children to their parents’ first cousins).

      Royalty takes such exclusivity to an extreme, for its very existence is defined by ancestry. Some among the nobility were convinced that they embodied the bloodline of a god. They went to great lengths to ensure that the precious fluid was not polluted by plebeian corpuscles. DNA tests of mummies from the Egyptian Eighteenth Dynasty (who flourished from around 1400 BC) revealed the five-generation pedigree of Tutankhamun. He was the son of a liaison between brother and sister, and the DNA of two foetuses found in his tomb hints that he himself had sex with his half-sister.

      Crowned heads are now less selective about who is invited into the marital bed. Even so, their families show how a few generations of close copulation can prune a pedigree. For a child of quite unrelated parents, six generations ago there would be sixty-four people on the tree. For the Bourbons, the rulers of Spain and Austria, the pool of acceptable mates was tiny, which meant that Alfonso XII of Spain, who reigned from 1874 to 1885, had because of repeated marriages to relatives not sixty-four but just six ancestors in that generation.

      Victoria herself wed her cousin Albert. Nine of her children and twenty-six of her grandchildren married into noble families across the Continent, often in unions made to reduce the chances of conflict (that failed, for in 1914 Kaiser Wilhelm of Germany found himself at war with his cousin George V). The habit continues among her descendants. Queen Elizabeth and Prince Philip are, at the same time, second cousins once removed and third cousins by virtue of their joint descent from Victoria. In addition, Elizabeth is the second cousin of the King of Norway, and third to the monarchs of Denmark, Sweden, Spain, Belgium and Luxembourg. All of them descend from a Johan Willem Friso, Prince of Orange, who died in 1711. The marriage of Prince William – the future monarch – to a commoner, Kate Middleton, sparked off speculation about blue-collar blood in a blue-blooded line. There was certainly some, because the Duchess of Cambridge, as she became, is descended from miners and road-sweepers – but she also has ties with William Petty FitzMaurice, the 1st Marquess of Lansdowne, who served as prime minister in the 1780s. In addition, Kate and William are twelfth cousins once removed, with shared descent from Sir Thomas Leighton, an Elizabethan governor of Guernsey and Jersey.

      When it comes to relatedness, royalty keeps the paperwork, but most of us do not bother. Even so, everyone bears an obvious clue of identity that allows them to work out the shape of their local family trees.

      The number of surnames in relation to the number of people in a particular place shows how connected its lineages may be; a large population with few names suggests a closed community, a place with almost as many names as there are inhabitants indicates the opposite. A high frequency of marriage between two individuals with the same surname – Attenborough, perhaps – is a further hint that both partners descend from the same person in the recent, or not-so-recent, past. The technique works better for rare names, but the information is so easy to collect that even the Joneses tell part of the tale. Such figures show that the greatest numbers of links among pedigrees in Europe are in Paris and in Rome, while the isolated villages of Galicia, Murcia and elsewhere in Spain tend to keep sex within the community.

      The double helix as a whole is itself no more than a vast and extended biochemical surname. On the large scale, the molecule is cut up and reordered each generation as sperm and egg are made, but over lengths of a few thousand, or even a few million, adjacent DNA letters that does not happen very often. As a result, the children of brother-sister incest tend to have long segments of DNA inherited in double and identical copy, one from each parent, for their version of the molecule has experienced just a single generation’s worth of admixture. The children of cousins have, on average, shorter segments of paired material as the DNA from their common grandparents has gone through two rounds of sexual disruption. As the shared individuals on a pedigree recede further and further into the past sex continues to reshuffle the double helix so that fewer and fewer stretches are inherited in double copy.

      That logic can be turned on its head. The extent to which each person’s, or each population’s, DNA is marked by long paired sections of identical sequence can be used to estimate how much marriage among relatives there has been and can provide a snapshot of how interconnected the local pedigrees must be.

      The Adriatic islands of Brač, Hvar and Korčula are now tourist resorts but for many years their inhabitants were – like so many in the Balkans – wary of strangers. Church records show plenty of marriage within families over the centuries. Many locals still find their partners in their native villages, but others have become attached to husbands or wives from distant places. A scan along the DNA of those whose ancestors stayed at home shows that around a third of them bear many double copies of segments more than ten million letters long. The children of their mainland relatives have fewer such sections, and of Croats in general (and of Europeans as a whole) fewer yet. A comparison of molecules with the islands’ marriage registers shows a precise fit.

      Britain has its own isolates; people separated by distance or by culture from their fellows. The Orkney Islanders have long seen themselves as distinct from their Scottish neighbours. Their surnames are different, with titles such Isbister, Kelday and Tulloch, rather than the ‘Macs’ common on the mainland. Their marriage records go back to the eighteenth century and reveal that few links were made between Orkney families and those of Scotland, ten miles across a stormy sea. Now the genes show that Orcadians have kept themselves separate for much longer. They have almost as many doubled-up and lengthy stretches of DNA as do the islanders of the remote Adriatic. A quarter of the natives have such paired sections more than ten million DNA bases long – a proportion fifty times greater than among Scots as a whole. Gales, cold and isolation have beaten their family trees out of shape.

      The disasters of history have done the same across the globe. In Africa massive stretches of matched DNA are rare, as evidence that its pedigrees are highly intertwined. Mainland Europe has more evidence of recent shared descent. China has more again, as proof that two Chinese have a higher chance of shared descent from the same precursor who lived not long ago than do two Africans. Remote islands have even higher levels of common ancestry, perhaps because, as men and women moved across an empty world, numbers were so small that marriage to a relative was unavoidable.

      Whatever the details, in the end, everyone on the planet – African, British, Chinese and more – belongs on the same pedigree. How long ago did their universal ancestors live? The calculations are full of guesswork but give an unexpected insight into the past.

      For men and women considered separately, the task should be simple. To follow the Y back further and further into the past leads, as it must, to ‘Adam’, the great-grandfather of us all. The chromosome can identify the progenitor of a lineage (as in the Attenboroughs) or of a tribe, as in the descendants of the High Kings of Ireland. A whole continent may retain evidence of an ancient patriarch, for a certain version of the Y is carried by more than a hundred million men across Europe, perhaps through the efforts of an energetic farmer of long ago. Travel further back and we can, in principle, find the universal ancestor of every male alive today. Mitochondria can do just the same for Eve.

      The existence of those two individuals is not in doubt, but their lives were not as simple as many imagine. Whenever and wherever Adam lived, he was surrounded by other men who had no idea that their lineages would disappear and he himself could have had no insight that his Y chromosome would, one day, be at the root of the world male tree. The same is true of his female equivalent.

      The search for their homeland has gone on for centuries. The Good Book is precise in its description, for Eden is the source of four rivers, the Pison, ‘which compasseth the whole land of Havilah’, a place rich in gold; the Gihon, ‘that compasseth the whole land of Ethiopia’; the Hiddekel (which may be the Tigris), ‘that is it which goeth toward the east of Assyria’; and the Euphrates. Many attempts have been made to fit that to the real world. The Garden has been found in, inter alia, Iraq, Turkey, Egypt, Sweden, Sri Lanka, Mongolia, Florida, California, Missouri, and Ohio. Some enthusiasts place it at the North Pole, while General Gordon, of Khartoum fame, located it on the Seychelles island of Praslin, his evidence, in his biographer’s words, being ‘the remarkable similarity between the ripe fruit of the Coco de Mer, a gigantic palm tree, and Eve’s pudenda’. In 1960, the editor of The Flying Saucer Review placed it on Mars, with the canals as the biblical rivers.

      Its age is equally contentious. Archbishop Ussher used the lifespans of the patriarchs who descended from Adam to establish a date of 4004 BC. To work out the real birthdays of the primal couple is not quite as simple. It depends on guesses about mutation rate, about population size and about past patterns of movement. Even so, the genes, combined with well-dated fossils, have begun to tell the tale. A count of the inherited errors that have built up as mankind made his way across the world shows that the male tree reaches its root in central Africa around a hundred thousand years ago.

      The birthday of Eve can be tracked down in the same way. She lived, those sums tell us, rather less than two hundred thousand years ago, well before Adam. The two can never have met, let alone have committed the first and perhaps least original of all sins: fruit, followed by sex.

      The gap emerges from differences in the shape of the male and female family trees. The name Abraham means ‘Father of a Multitude’ and there was plenty of polygamy in his day. The Book of Exodus allows a husband to take several wives, as long as the first is properly cared for. David had at least five plus a retinue of concubines, while Solomon ‘loved many strange women… and he had seven hundred wives, princesses, and three hundred concubines’. His court was, no doubt, overrun by children.

      For his sons to find their shared male ancestor they would have to go back no further than the noble ruler himself. There were, in contrast, hundreds of Solomonic mothers and to uncover their common female predecessor the daughters of his palace would have to delve much deeper into history.

      If some males monopolise many females, other men get less than their fair share. This means that the male population is, in effect, smaller than the female. That leads to a more rapid loss of Y chromosomes compared to that of mitochondria, and a shorter trip on the time machine to be introduced to Adam rather than to Eve. The present generation has, as a result, around 40 per cent more ancient great-grandmothers than it has great-grandfathers.

      The Y and the mitochondrial lines are no more than twigs on the spreading giant of the world inheritance tree. We are linked to the past not just through those two exclusive pathways – fathers to grandfathers, and mothers to grandmothers – but through the billions of men and women who have slept together since history began. That habit unites the human race. A hunt for shared ancestry through male and female lineages considered together can zigzag through the generations, from son to mother to grandfather, or from daughter to father to grandmother. To do so unearths a common root far sooner than does the tedious plod to Adam or to Eve.

      How far back must we go to find the most recent shared ancestor for – say – all Welsh people or all Japanese? And how much further is it to the last person from whom everyone alive today – Welsh, Japanese, Nigerian, or Papuan – can trace descent? The calculation demands even more guesses, some of them wild, about the size of populations, their rate of growth and the length of each generation than were needed for Adam and for Eve. The extent to which people tend to mate with relatives and their tendency to avoid other nationalities (as I discovered to my cost in the ten years I spent as a Welshman in Edinburgh) also raises barriers and pushes back the date. Most of all, nobody knows how much movement there was hundreds or thousands of years ago; and no more than a few people have to shift between continents to drag them into the same sexual net.

      Speculative as they are, the results are a surprise. In a population of around a thousand people everyone is likely to share the same ancestor about ten generations – some three hundred years – ago. The figure goes up at a regular rate for larger groups, which means that almost all native Britons can trace descent from a single anonymous individual on these islands who lived in about the thirteenth century. On the global scale, universal common ancestry emerges no more than a hundred generations ago – well into the Old Testament era, perhaps around the destruction of the First Temple in about 600 BC, and long after Archbishop Ussher’s estimate of the date when Adam met Eve.

      Confucius himself lived at about the time of the destruction of that edifice. As he said, ‘By nature, men are nearly alike: by practice, they get to be wide apart.’ He was more right than he knew, for in political terms – by practice – people are even further apart than they were in his day, as millions face starvation while almost as many kill themselves with excess. Nature, in contrast, has drawn us closer together. Movement, migration, and the breakdown of social barriers have begun to unite the families of the world. The proportion of people who identify themselves as mixed race in Britain has almost doubled in the past decade and one household in eight contains members of different ethnic origins. For about half of the nation’s children with an Afro-Caribbean parent the other parent is white, so that on these islands the pedigrees of two continents will soon merge. The process began long ago. Seven Yorkshiremen bear the surname Revis (after Rievaulx Abbey in the county). Each carries a Y chromosome that came from West Africa, perhaps in the eighteenth century. It has been joined by millions more. In Western populations as a whole, comparison of the incidence of long doubled-up sections of DNA in samples collected from around 1900 to the present day also suggests that the extent of close mating has much reduced over the past century.

      Barriers to sexual relations among groups have not disappeared. In the United States black-white unions make up only one in sixty new marriages today, far fewer than in Britain – but even there the incidence has shot up from fewer than one in a thousand when Barack Obama’s parents tied the knot some fifty years ago. Many others are based not on race, but on creed and clan. The genes prove that Indian castes, for example, have kept themselves separate for thousands of years, but even there the barriers have started to break down. As a result, one day, all families will become one. As they do, the time since the most recent common ancestor will draw ever nearer. Our global great-great-grandparents, the double helix tells us, are getting younger every year.
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