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Introduction: A Mystery to Ourselves

‘Know then thyself, presume not God to scan;
The proper study of mankind is man …
Sole judge of Truth, in endless Error hurled:
The glory, jest and riddle of the world!’

   Alexander Pope, ‘An Essay on Man’ (1734)

‘Wonders are there many,’ observed the Greek dramatist Sophocles – ‘but none more wonderful than Man.’ And rightly so for man, as far as we can tell, is the sole witness of the splendours of the universe he inhabits – though consistently less impressed by his existence than would seem warranted.

‘Men go abroad to wonder at the height of mountains, at the huge waves of the sea, at the long courses of the rivers, at the vast compass of the ocean, at the circular motion of the stars,’ observed St Augustine in the fifth century AD, ‘and they pass by themselves without wondering.’

The reasons for that lack of wonder at ourselves have changed over the centuries, but the most important still stands: the practicalities of our everyday lives are so simple and effortless as to seem unremarkable. We open our eyes on waking to be surrounded immediately by the shapes and colours, sounds, smells and movement of the world around us in the most vivid and exquisite detail. We feel hungry, and by some magical alchemy of which we know nothing, our bodies transform the food and drink before us into our flesh and blood. We open our mouths to speak and the words flow, a ceaseless babbling brook of thoughts and ideas and impressions. We reproduce our kind with ease and play no part in the transformation, in three short months, of the single fertilised egg into an embryo, no larger than a thumbnail, whose four thousand functioning parts include a beating heart the size of the letters on this page, and a couple of eyes the size of the full stop at the end of this sentence. We attend to our children’s needs, but effortlessly they grow inch by inch, year by year to adulthood, replacing along the way virtually every cell in their bodies, refashioning the skull, limbs and internal organs, while retaining the proportions of one part to another.

The moment one starts to reflect on any of these practicalities, their effortlessness does begin to seem rather astonishing. They clearly are not in the least bit simple – yet in reality they are almost the simplest thing we know. They appear simple because they have to be so: if our senses did not accurately capture the world around us, if our metabolism did not abstract and utilise every nutrient, if procreation was not almost too easy and the growth of children into adulthood not virtually automatic, if we had to consciously make an effort to speak a sentence – then ‘we’ would never have happened.

This should make us pause for a moment because, from common experience, there is nothing more difficult and arduous than to make the complex appear simple – just as the concert pianist’s seemingly effortless keyboard skills are grounded in years of toil and practice. So, it is precisely the effortlessness of our everyday lives that should command our attention – recognising their semblance of simplicity as a mark of their unfathomable profundity.

But most people nowadays do ‘pass by themselves without wondering’; though less justifiably so than in St Augustine’s time, for we now know prodigiously more about the deep biological complexities that underpin those simplicities of our everyday lives. We should, by rights, be enormously more appreciative of nature’s ingenuity, and the deceptive effortlessness of our seeing and talking and reproducing our kind should be part of common knowledge, a central theme of the school biology curriculum, promoting a sense of wonder in the young mind at the fact of its very existence.

Yet one could search a shelf full of biology text books in vain for the slightest hint of the extraordinary in their detailed exposition of these practicalities of our lives. And why? Scientists do not ‘do’ wonder. Rather, for the past 150 years they have interpreted the world through the prism of supposing that there is nothing in principle that cannot be accounted for, where the unknown is merely waiting-to-be-known. And so it has been till very recently, when two of the most ambitious scientific projects ever conceived have revealed, quite unexpectedly – and without anyone really noticing – that we are after all a mystery to ourselves. This is the story of how it happened, and its (many) consequences.



1

Science Triumphant, Almost

‘The real voyage of discovery consists not in seeking new lands, but in seeing with new eyes.’

Marcel Proust

We live in the Age of Science, whose lengthy roll-call of discoveries and technical innovations has immeasurably changed our lives for the better. Within living memory children succumbed in their thousands every year from polio and whooping cough, telephones were a rarity, colour television was yet to be invented and the family would gather every evening around the wireless after supper to listen to the news.

Since then, the therapeutic revolution of the post-war years has reduced death in infancy to its irreducible minimum, while ensuring that most now live out their natural lifespan; the electronic revolution has prodigiously extended both the capacity of the human mind, with computers of ever smaller size and greater power, and its horizons, with the Hubble telescope circling in orbit around the earth, relaying back from the far reaches of the cosmos sensational images of its beauty and grandeur.

The landmarks of this post-war scientific achievement are familiar enough: for medicine, there are antibiotics and the pill, heart transplants and test tube babies (and much else besides); for electronics, the mobile phone and the Internet; for space exploration, the Apollo moon landing of 1969 and the epic journey of Voyagers I and II to the far reaches of our solar system. But these last fifty years have witnessed something yet more remarkable still – a series of discoveries that, combined together, constitute the single most impressive intellectual achievement of all time, allowing us to ‘hold in our mind’s eye’ the entire sweep of the history of the universe from its beginning till now. That history, we now know, starts fifteen thousand million years ago (or thereabouts) with the Big Bang, ‘a moment of glory too swift and expansive for any form of words [when] a speck of matter became in a million millionth of a second something at least ten million million million times bigger’. Eleven thousand million years pass, and a massive cloud of gas, dust, pebbles and rocks in a minor galaxy of that (by now) vast universe coalesces around a young sun to create the planets of our solar system. Another thousand million years pass, the surface of the earth cools and the first forms of life emerge from some primeval swamp of chemicals. Yet another two and a half thousand million years elapse till that moment a mere(!) five million years ago when the earliest of our ancestors first walked upright across the savannah plains of central Africa.

And again, within living memory we knew none of this, neither how the universe came into being, nor its size and composition; neither how our earth was born, nor how its landscape and oceans were created; neither the timing of the emergence of life, nor the ‘universal code’ by which all living things reproduce their kind; neither the physical characteristics of our earliest ancestors, nor the details of their evolutionary transformation to modern man. Now we do, and holding this historical sweep ‘in our mind’s eye’ it is possible to appreciate the intellectual endeavour that underpins it will never, can never, be surpassed. How astonishing to realise that today’s astronomers can detect the distant echoes of that ‘moment of glory’ of the Big Bang all those billions of years ago, and capture in those astonishing images transmitted from the Hubble telescope the very processes that brought our solar system into existence. How astonishing that geologists should have discovered that massive plates of rock beneath the earth’s surface, moving at the rate of a centimetre a year, should have formed its continents and oceans, the mountains and valleys of the snow-capped Himalayas thrust upwards by the collision of the Indian subcontinent with the Asian landmass. How astonishing, too, that biologists should now understand the internal workings of the microscopic cell, and how the arrangements of the same four molecules strung out along the elegant spiral of the Double Helix contain the ‘master plan’ of every living thing that has ever existed.

It is impossible to convey the intellectual exhilaration of such momentous discoveries, but the account by Donald Johanson of finding the first near-complete skeleton of our three-and-a-half-million-year-old hominid ancestor ‘Lucy’ conveys something of the emotions felt by so many scientists over the past fifty years.

Tom [Gray] and I had surveyed for a couple of hours. It was now close to noon, and the temperature was approaching 110. We hadn’t found much: a few teeth of a small extinct horse; part of the skull of an extinct pig, some antelope molars, a bit of a monkey jaw …

‘I’ve had it,’ said Tom. ‘When do we head back to camp?’

But as we turned to leave, I noticed something lying on the ground part way up the slope.

‘That’s a bit of a hominid arm,’ I said.

‘Can’t be. It’s too small. Has to be monkey of some kind.’

We knelt to examine it.

‘Much too small,’ said Gray again.

I shook my head. ‘Hominid.’

‘What makes you so sure?’ he said.

‘That piece right next to your hand. That’s hominid too.’

‘Jesus Christ,’ said Gray. He picked it up. It was the back of a small skull. A few feet away was part of a femur; a thigh bone. ‘Jesus Christ,’ he said again. We stood up and began to see other bits of bone on the slope. A couple of vertebrae, part of a pelvis – all of them hominid. An unbelievable, impermissible thought flickered through my mind. For suppose all these fitted together? Could they be parts of a single extremely primitive skeleton? No such skeleton has ever been found – anywhere.

‘Look at that,’ said Gray. ‘Ribs.’

A single individual.

‘I can’t believe it,’ I said, ‘I just can’t believe it.’

‘By God you’d better believe it!’ shouted Gray. His voice went up into a howl. I joined him. In that 110 degree heat we began jumping up and down. With nobody to share our feelings, we hugged each other, sweaty and smelly, howling and hugging in the heat-shimmering gravel, the small brown remains of what now seemed almost certain to be parts of a single hominid skeleton lying all around us.

Momentous events have multiple causes, and the source of this so recent and all-encompassing delineation of the history of our universe stretches back across the centuries. It is impossible to hope to convey the intellectual brilliance and industry of those who brought this extraordinary enterprise to fruition, whose major landmarks are summarised here as the Thirty Definitive Moments of the past six decades.

TABLE 1



Science Triumphant 1945–2001: Thirty Definitive Moments




	1945
	The atom bomb: Hiroshima and Nagasaki


	1946
	The electron microscope reveals the internal structure of the cell


	1947
	The invention of the transistor launches the Electronic Age


	1953
	Theory of formation of the chemical elements of life by nuclear fusion within stars


	1953
	The laboratory simulation of the ‘origin of life’


	1953
	James Watson and Francis Crick discover the Double Helix


	1955
	The first polio vaccine


	1957
	The Soviet Union launches Sputnik and the epoch of planetary exploration


	1960
	The oral contraceptive


	1961
	The Genetic Code deciphered


	1965
	The theory of the Big Bang confirmed by discovery of cosmic microwave background radiation


	1967
	The first heart transplant


	1969
	US astronaut Neil Armstrong becomes the first man on the moon


	1969
	James Lovelock proposes theory of a life-sustaining atmosphere


	1973
	The advent of genetic engineering


	1973
	The invention of magnetic resonance imaging of the brain


	1974
	The discovery of ‘Lucy’, Australopithecus afarensis, dated 4 million years BC


	1974
	The first Grand Unified Theory of particle physics


	1977
	The first complete genetic sequence of an organism


	1977
	The first personal computer designed for the mass market


	1979
	Voyagers I and II relay data from Jupiter, Saturn, Uranus and Neptune


	1979
	The first ‘test tube baby’


	1980
	The asteroid impact hypothesis of the mass extinction of dinosaurs


	1984
	The discovery of ‘Turkana Boy’, the first complete skeleton of Homo erectus, dated 1.5 million years BC


	1984
	Confirmation of theory of plate tectonics


	1987
	Formulation of the ‘out of Africa’ hypothesis of human evolution


	1989
	Launch of world wide web


	1990
	The Decade of the Brain


	1999
	The Hubble space telescope observes the birth of stars in the constellation Taurus


	2001
	Publication of the Human Genome






The triumph of science, one might suppose, is virtually complete. What, during these times, have we learned from the humanities – philosophy, say, theology or history – that begins to touch the breadth and originality of this scientific achievement and the sheer extraordinariness of its insights? What, one might add, have the humanities done that begins to touch the medical therapeutic revolution of the post-war years or the wonders of modern technology?



That history of our universe as revealed in the recent past draws on many disciplines: cosmology and astronomy obviously, the earth and atmospheric sciences, biology, chemistry and genetics, anthropology and archaeology, and many others. But science is also a unified enterprise, and these areas of enquiry all ‘hang together’ to reveal the coherent story outlined above. There remained, however, two great unknowns, two final obstacles to a truly comprehensive theory that would also explain our place in that universe.

The first is how it is that we, like all living things, reproduce our kind with such precision from one generation to the next. The ‘instructions’, as is well recognised, come in the form of genes strung out along the two intertwining strands of the Double Helix in the nucleus of every cell. But the question still remained: How do those genes generate that near-infinite diversity and beauty of form, shape and size, and behaviour that distinguish one form of life from another? How do they fashion from a single fertilised human egg the unique physical features and mind of each one of us?

The second of these ‘great unknowns’ concerned the workings of the brain, and the human brain in particular. To be sure, neurologists have over the past hundred years identified the functions of its several parts – with the frontal lobes as the ‘centre’ of rational thought and emotion, the visual cortex at the back, the speech centre in the left hemisphere and so on. But again the question remained: How does the electrical firing of the brain’s billions of nerves ‘translate’ into our perception of the sights and sounds of the world around us, our thoughts and emotions and the rich inner landscape of personal memories?

These two substantial questions had remained unresolved because both the Double Helix and the brain were inaccessible to scientific scrutiny: the Double Helix, with its prodigious amount of genetic information, comes packed within the nucleus of the cell, a mere one five thousandth of a millimetre in diameter; while the blizzard of electrical activity of the billions of neurons of the brain is hidden within the confines of the bony vault of the skull. But then, in the early 1970s, a series of technical innovations would open up first the Double Helix and then the brain to scientific investigation, with the promise that these final obstacles to our scientific understanding of ourselves might soon be overcome. We will briefly consider each in turn.

The Double Helix

The Double Helix, discovered by James Watson and Francis Crick in 1953, is among the most familiar images of twentieth-century science. Its simple and elegant spiral structure of two intertwined strands unzips and replicates itself every time the cell divides – each strand, an immensely long sequence of just four molecules (best conceived, for the moment, as four different-coloured discs – blue, yellow, red and green). The specific arrangement of a thousand or more of these coloured discs constitutes a ‘gene’, passed down from generation to generation, that determines your size and shape, the colour of your eyes or hair or any other similarly distinguishing traits, along with the thousands of widgets or parts from which we are all made. It would take another fifteen years to work it all out, at least in theory – but the practical details of which particular sequence of coloured discs constituted which gene, and what each gene did, still remained quite unknown. This situation would change dramatically in the 1970s, with three technical innovations that would allow biologists first to chop up those three billion ‘coloured discs’ into manageable fragments, then to generate thousands of copies the better to study them, and finally to ‘spell out’ the sequence (red, green, blue, green, yellow, etc., etc.) that constitutes a single gene.

It lies beyond hyperbole to even try to convey the excitement and exhilaration generated by this trio of technical innovations, whose potential marked ‘so significant a departure from that which had gone before’ they would become known collectively as ‘the New Genetics’. The prospect of deciphering the genetic instructions of ‘life’ opened up a Pandora’s box of possibilities, conferring on biologists the opportunity to change the previously immutable laws of nature by genetically modifying plants and animals. The findings of the New Genetics filled the pages not only of learned journals but of the popular press: ‘Gene Find Gives Insight into Brittle Bones’, ‘Scientists Find Genes to Combat Cancer’, ‘Scientists Find Secret of Ageing’, ‘Gene Therapy Offers Hope to Victims of Arthritis’, ‘Cell Growth Gene Offers Prospect of Cancer Cure’, ‘Gene Transplants to Fight Anaemia’, and so on.

The New Genetics, in short, swept all before it to become synonymous with biology itself. Before long the entire spectrum of research scientists – botanists, zoologists, physiologists, microbiologists – would be applying its techniques to their speciality. The procedures themselves in turn became ever more sophisticated, opening up the prospect that the New Genetics might transcend the possibilities of discovering ‘the gene for this and the gene for that’, to spell out the entire sequence of coloured discs strung along the Double Helix and thus reveal the full complement of genes, known as The Genome. There was every reason to suppose that deciphering the full set of genetic instructions of what makes a bacterium a bacterium, a worm a worm, and a common housefly a common housefly would reveal how they are made and how they come to be so readily distinguishable from each other – why the worm should burrow and the fly should fly. Then, at the close of the 1980s, the co-discoverer of the Double Helix, James Watson, proposed what would become the single most ambitious and costly project ever conceived in the history of biology – to spell out the full complement of human genes. Thus the Human Genome Project (HGP) was born, with its promise to make clear what it is in our genes that makes us, ‘us’. The truism that ‘the answer lies in the genes’ is not merely an abstract idea, rather the set of instructions passed down from generation to generation influences every aspect of our being: our physical characteristics, personality, intelligence, predisposition to alcoholism or heart disease, and much else besides. Spell out the human genome in its entirety, and all these phenomena, and more, should finally be accounted for.

‘The search for this “Holy Grail” of who we are,’ observed Harvard University’s Walter Gilbert, ‘has now reached its culminating phase, the ultimate goal is the acquisition of all the details of our genome … that will transform our capacity to predict what we will become.’ There could be no greater aspiration than to ‘permit a living creature’, as Robert Sinsheimer, Chancellor of the University of California, put it, ‘for the first time in all time, to understand its origins and design its future’. The Genome Project would, claimed Professor John Savile of Nottingham’s University Hospital, ‘like a mechanical army, systematically destroy ignorance’, while ‘promising unprecedented opportunities for science and medicine’.

The Human Genome Project was formally launched in 1991, with a projected cost of $3 billion over the fifteen years it was expected it would run. The task of assembling the vast quantity of data generated by spelling out the human genome was divided across several centres, most of them in the United States, Britain and Japan. The scene within those ‘genomes centres’ could have come from a science fiction film – gleaming automated machines as far as the eye could see, labelling each chemical of the Double Helix with its own fluorescent dye which was then ‘excited’ by a laser and the results fed directly into a computer. ‘The Future is Now’ trumpeted the cover of Time magazine, imposing that iconic image of the Double Helix over the shadowy outline of a human figure in the background.

The Brain

Meanwhile, the human brain too was about to reveal its secrets. Its physical appearance is quite as familiar as the Double Helix. But the specialisation of those separate parts for seeing, hearing, movement and so on is in a sense deceptive, concealing the crucial question of how their electrical firing translates the sights and sounds of the external world, or summons those evocative childhood memories from the distant past. How does this mere three pounds of soft grey matter within the skull contain the experience of a lifetime?

Here again, a series of technical innovations, paralleling those of the New Genetics, would permit scientists for the first time to scrutinise the brain ‘in action’. In 1973 the British physicist Godfrey Hounsfield invented the Computed Tomography (CT) scanner, revealing the brain’s internal structure with an almost haunting clarity, revolutionising the diagnosis of strokes and tumours and other forms of mischief. Soon after, the further technical development of Positron Emission Tomography (PET) scanning would transform the CT scanner’s static images or ‘snapshots’ of the brain into ‘moving pictures’.

Put simply, this is how it works. All of life requires oxygen to drive the chemical reactions in its cells. This oxygen is extracted from the air, inspired in the lungs and transported by blood cells to the tissues. When, for example, we start talking, the firing of the neurons in the language centre of the brain massively increases their demand for oxygen, which can only be met by increasing the bloodflow to that area. The PET scanner detects that increase in bloodflow, converting it into multi-coloured images that pick out the ‘hotspots’ of activity. Now, for the first time, the internal workings of the brain induced by smelling a rose or listening to a violin sonata could be observed as they happened. Or (as here) picking out rhyming words:

A woman sits quietly waiting for the experiment to begin – her head ensconced in a donut-shaped device, a PET scanning camera. Thirty-one rings of radiation detectors make up the donut, which will scan thirty-one images simultaneously in parallel horizontal lines. She is next injected with a radioactive isotope [of oxygen] and begins to perform the task … The words are presented one above the other on a television monitor. If they rhyme, she taps a response key. Radiation counters estimate how hard the brain region is working … and are transformed into images where higher counts are represented by brighter colours [thus] this colour map of her brain reveals all the regions acting while she is judging the paired words.

The details will come later, but the PET scanner would create the discipline of modern neuroscience, attracting thousands of young scientists keen to investigate this previously unexplored territory. Recognising the possibilities of the new techniques, the United States Congress in 1989 designated the next ten years as ‘the Decade of the Brain’ in anticipation of the many important new discoveries that would deliver ‘precise and effective means of predicting, modifying and controlling individual behaviour’. ‘The question is not whether the neural machinery [of the brain] will be understood,’ observed Professor of Neurology Antonio Damasio, writing in the journal Scientific American, ‘but when.’

Throughout the 1990s, both the Human Genome Project and the Decade of the Brain would generate an enormous sense of optimism, rounding off the already prodigious scientific achievements of the previous fifty years. And sure enough, the completion of both projects on the cusp of the new millennium would prove momentous events.



The completion of the first draft of the Human Genome Project in June 2000 was considered sufficiently important to warrant a press conference in the presidential office of the White House. ‘Nearly two centuries ago in this room, on this floor, Thomas Jefferson spread out a magnificent map … the product of a courageous expedition across the American frontier all the way to the Pacific,’ President Bill Clinton declared. ‘But today the world is joining us here to behold a map of even greater significance. We are here to celebrate the completion of the first survey of the entire human genome. Without a doubt this is the most important, most wondrous map ever produced by mankind.’

The following year, in February 2001, the two most prestigious science journals, Nature and Science, each published a complete version of that ‘most wondrous map ever produced by mankind’ as a large, multi-coloured poster displaying the full complement of (as it would turn out) twenty-five thousand human genes. It was, as Science observed, ‘an awe-inspiring sight’. Indeed, it was awesome twice over. Back in the 1950s, when Francis Crick and James Watson were working out the structure of the Double Helix, they had no detailed knowledge of a single gene, what it is or what it does. Now, thanks to the techniques of the New Genetics, those involved in the Genome Project had, in less than a decade, successfully culled from those three billion ‘coloured discs’ strung out along its intertwining strands the hard currency of each of the twenty-six thousand genes that determine who we are.

The Human Genome map, like Thomas Jefferson’s map of the United States, portrays the major features of that genetic landscape with astonishing precision. While it had taken the best part of seven years to find the defective gene responsible for the lung disorder cystic fibrosis, now anyone could locate it from that multi-coloured poster in as many seconds. Here too at a glance you can pick out the gene for the hormone insulin, which controls the level of sugar in the blood, or the haemoglobin molecule that transports oxygen to the tissues. To be sure, the functions of many thousands of those genes remained obscure, but now, knowing their precise location and the sequence of which they are composed, it would be only a matter of time before they too would be known. It was a defining moment. ‘Today will be recorded as one of the most significant dates in history,’ insisted one of the major architects of the Genome Project, Dr Michael Dexter of the Wellcome Trust in Britain. ‘Just as Copernicus changed our understanding of the solar system and man’s place within it, so knowledge of the human genome will change how we see ourselves and our relationship to others.’



The goals of the Decade of the Brain were necessarily more open-ended, but still the PET scanner, and the yet more sophisticated brain imaging techniques that followed in its wake, had more than fulfilled their promise, allowing scientists to draw another exquisitely detailed map locating the full range of mental abilities to specific parts of the brain. There were many surprises along the way, not least how the brain fragmented the simplest of tasks into a myriad of different components. It had long been supposed, for instance, that the visual cortex at the back of the brain acted as a sort of photographic plate, capturing an image of the external world as seen through the eye. But now it turned out that the brain ‘created’ that image from the interaction of thirty or more separate maps within the visual cortex, each dedicated to one or other aspect of the visual image, the shapes, colour, movement of the world ‘out there’. ‘As surely as the old system was rooted in the concept of an image of the visual world received and analysed by the cortex,’ observes Semir Zeki, Professor of Neurobiology at the University of London, ‘the present one is rooted in the belief that an image of the visual world is actively constructed by the cerebral cortex.’

Steven Pinker, Professor of Brain and Cognitive Science at the Massachusetts Institute of Technology, could explain to the readers of Time magazine in April 2000 (the close of the Decade of the Brain) how neuroscientists armed with their new techniques had investigated ‘every facet of mind from mental images to moral sense, from mundane memories to acts of genius’, concluding, ‘I have little reason to doubt that we will crack the mystery of how brain events correlate with experience.’



Both the Human Genome Project and the Decade of the Brain have indeed transformed, beyond measure, our understanding of ourselves – but in a way quite contrary to that anticipated.

Nearly ten years have elapsed since those heady days when the ‘Holy Grail’ of the scientific enterprise, the secrets of life and the human mind, seemed almost within reach. Every month the pages of the science journals are still filled with the latest discoveries generated by the techniques of the New Genetics, and yet more colourful scans of the workings of the brain – but there is no longer the expectation that the accumulation of yet more facts will ever provide an adequate scientific explanation of the human experience. Why?

We return first to the Human Genome Project, which, together with those of the worm and fly, mouse and chimpanzee and others that would follow in its wake, was predicated on the assumption that knowledge of the full complement of genes must explain, to a greater or lesser extent, why and how the millions of species with which we share this planet are so readily distinguishable in form and attributes from each other. The genomes must, in short, reflect the complexity and variety of ‘life’ itself. But that is not how it has turned out.

First, there is the ‘numbers problem’. That final tally of twenty-five thousand human genes is, by definition, sufficient for its task, but it seems a trifling number to ‘instruct’, for example, how a single fertilised egg is transformed in a few short months into a fully formed being, or to determine how the billions of neurons in the brain are wired together so as to encompass the experiences of a lifetime. Those twenty-six thousand genes must, in short, ‘multi-task’, each performing numerous different functions, combining together in a staggeringly large number of different permutations.

That paucity of genes is more puzzling still when the comparison is made with the genomes of other creatures vastly simpler than ourselves – several thousand for a single-cell bacterium, seventeen thousand for a millimetre-sized worm, and a similar number for a fly. This rough equivalence in the number of genes across so vast a range of ‘organismic complexity’ is totally inexplicable. But no more so than the discovery that the human genome is virtually interchangeable with that of our fellow vertebrates such as the mouse and chimpanzee – to the tune of 98 per cent or more. There is, in short, nothing to account for those very special attributes that so readily distinguish us from our primate cousins – our upright stance, our powers of reason and imagination, and the faculty of language.

The director of the Chimpanzee Genome Project, Svante Paabo, had originally anticipated that its comparison with the human genome would reveal the ‘profoundly interesting genetic prerequisites’ that set us apart:

The realisation that a few genetic accidents made human history possible will provide us with a whole new set of philosophical challenges to think about … both a source of humility and a blow to the idea of human uniqueness.

But publication of the completed version of the chimpanzee genome in 2005 prompted a more muted interpretation of its significance: ‘We cannot see in this why we are so different from chimpanzees,’ Paabo commented. ‘Part of the secret is hidden in there, but we don’t understand it yet.’ So ‘The obvious differences between humans and chimps cannot be explained by genetics alone’ – which would seem fair comment, until one reflects that if those differences ‘cannot be explained’ by genes, then what is the explanation?

These findings were not just unexpected, they undermined the central premise of biology: that the near-infinite diversity of form and attributes that so definitively distinguish living things one from the other must ‘lie in the genes’. The genome projects were predicated on the assumption that the ‘genes for’ the delicate, stooping head and pure white petals of the snowdrop would be different from the ‘genes for’ the colourful, upstanding petals of the tulip, which would be different again from the ‘genes for’ flies and frogs, birds and humans. But the genome projects reveal a very different story, where the genes ‘code for’ the nuts and bolts of the cells from which all living things are made – the hormones, enzymes and proteins of the ‘chemistry of life’ – but the diverse subtlety of form, shape and colour that distinguishes snowdrops from tulips, flies from frogs and humans, is nowhere to be found. Put another way, there is not the slightest hint in the composition of the genes of fly or man to account for why the fly should have six legs, a pair of wings and a brain the size of a full stop, and we should have two arms, two legs and that prodigious brain. The ‘instructions’ must be there, of course, for otherwise flies would not produce flies and humans humans – but we have moved, in the wake of the Genome Project, from assuming that we knew the principle, if not the details, of that greatest of marvels, the genetic basis of the infinite variety of life, to recognising that we not only don’t understand the principles, we have no conception of what they might be.

We have here, as the historian of science Evelyn Fox Keller puts it:

One of those rare and wonderful moments when success teaches us humility … We lulled ourselves into believing that in discovering the basis for genetic information we had found ‘the secret of life’; we were confident that if we could only decode the message in the sequence of chemicals, we would understand the ‘programme’ that makes an organism what it is. But now there is at least a tacit acknowledgement of how large that gap between genetic ‘information’ and biological meaning really is.

And so, too, the Decade of the Brain. The PET scanner, as anticipated, generated many novel insights into the patterns of electrical activity of the brain as it looks out on the world ‘out there’, interprets the grammar and syntax of language, recalls past events, and much else besides. But at every turn the neuroscientists found themselves completely frustrated in their attempts to get at how the brain actually works.

Right from the beginning it was clear that there was simply ‘too much going on’. There could be no simpler experiment than to scan the brain of a subject when first reading, then speaking, then listening to, a single word such as ‘chair’. This should, it was anticipated, show the relevant part of the brain ‘lighting up’ – the visual cortex when reading, the speech centre when speaking, and the hearing cortex when listening. But no, the brain scan showed that each separate task ‘lit up’ not just the relevant part of the brain, but generated a blizzard of electrical activity across vast networks of millions of neurons – while thinking about the meaning of a word and speaking appeared to activate the brain virtually in its entirety. The brain, it seemed, must work in a way previously never really appreciated – not as an aggregate of distinct specialised parts, but as an integrated whole, with the same neuronal circuits performing many different functions.

The initial surprise at discovering how the brain fragmented the sights and sounds of the world ‘out there’ into a myriad of separate components grew greater still as it became clear that there was no compensating mechanism that might reintegrate all those fragments back together again into that personal experience of being at the centre, moment by moment, of a coherent, ever-changing world. Reflecting on this problem of how to ‘bind’ all the fragments back together again, Nobel Prize-winner David Hubel of Harvard University observed:

This abiding tendency for attributes such as form, colour and movement to be handled by separate structures in the brain immediately raises the question how all the information is finally assembled, say for perceiving a bouncing red ball. It obviously must be assembled – but where and how, we have no idea.

But the greatest perplexity of all was the failure to account for how the monotonous electrical activity of those billions of neurons in the brain translate into the limitless range and quality of subjective experiences of our everyday lives – where every transient, fleeting moment has its own distinct, unique, intangible feel: where the cadences of a Bach cantata are so utterly different from the flash of lightning, the taste of Bourbon from the lingering memory of that first kiss.

The implications are clear enough. While theoretically it might be possible for neuroscientists to know everything there is to know about the physical structure and activity of the brain, its ‘product’, the mind, with its thoughts and ideas, impressions and emotions, would still remain unaccounted for. As the philosopher Colin McGinn expresses it:

Suppose I know everything about your brain: I know its anatomy, its chemical ingredients, the pattern of electrical activity in its various segments, I even know the position of every atom and its subatomic structure. Do I therefore know everything about your mind? It certainly seems not. On the contrary, I know nothing about your mind. So knowledge of your brain does not give me knowledge of your mind.

This distinction between the electrical activity of the material brain and the non-material mind (of thoughts and ideas) as two quite different things might seem so self-evident as to be scarcely worth commenting on. But for neuroscientists the question of how the brain’s electrical activity translates into thoughts and sensations was precisely what needed explaining – and their failure to do so has come to haunt them. So, for everything that the Decade of the Brain undoubtedly achieved, nonetheless, as John Maddox, editor of Nature, would acknowledge at its close: ‘We seem as far from understanding [the brain] as we were a century ago. Nobody understands how decisions are made or how imagination is set free.’



This verdict on the disappointing outcomes of the Genome Project and the Decade of the Brain might seem a trifle premature. These are, after all, still very early days, and it is far too soon to predict what might emerge over the next twenty to thirty years. The only certainty about advances in human knowledge is that they open the door to further seemingly unanswerable questions, which in time will be resolved, and so on. The implication that here science may finally have ‘reached its limits’ would seem highly contentious, having been expressed many times in the past, only to be repeatedly disproved. Famously, the physicist Lord Kelvin, at the close of the nineteenth century, insisted that the future of his discipline was to be looked for in ‘the sixth place of decimals’ (that is, futile refinements of the then present state of knowledge). Within a few years Albert Einstein had put forward his General Theory of Relativity, and the certainties of Lord Kelvin’s classical physics were eclipsed.

The situation here, however, is rather different, for while the New Genetics and those novel brain scanning techniques offer almost inexhaustible opportunities for further research, it is possible to anticipate in broad outline what their findings will add up to. Scientists could, if they so wished, spell out the genomes of each of the millions of species with which we share this planet – snails, bats, whales, elephants and so on – but that would only confirm that they are composed of several thousand similar genes that ‘code’ for the nuts and bolts of the cells of which they are made, while the really interesting question, of how those genes determine the unique form and attributes of the snail, bat, elephant, whale or whatever, would remain unresolved. And so too for the scanning techniques of the neurosciences, where a million scans of subjects watching a video of bouncing red balls would not take us an iota further in understanding what needs explaining – how the neuronal circuits experience the ball as being red and round and bouncing.

At any other time these twin setbacks to the scientific enterprise might simply have been relegated to the category of problems for which science does not as yet have the answer. But when cosmologists can reliably infer what happened in the first few minutes of the birth of the universe, and geologists can measure the movements of vast continents to the nearest centimetre, then the inscrutability of those genetic instructions that should distinguish a human from a fly, or the failure to account for something as elementary as how we recall a telephone number, throws into sharp relief the unfathomability of ourselves. It is as if we, and indeed all living things, are in some way different, profounder and more complex than the physical world to which we belong.

Nonetheless there must be a reason why those genome projects proved so uninformative about the form and attributes of living things, or why the Decade of the Brain should have fallen so far short of explaining the mind. There is a powerful impression that science has been looking in the wrong place, seeking to resolve questions whose answers lie somehow outside its domain. This is not just a matter of science not yet knowing all the facts; rather there is the sense that something of immense importance is ‘missing’ that might transform the bare bones of genes into the wondrous diversity of the living world, and the monotonous electrical firing of the neurons of the brain into the vast spectrum of sensations and ideas of the human mind. What might that ‘missing’ element be?

Much of the prestige of science lies in its ability to link together disparate observations to reveal the processes that underpin them. But this does not mean that science ‘captures’ the phenomena it describes – far from it. There is, after all, nothing in the chemistry of water (two atoms of hydrogen to one of oxygen) that captures its diverse properties as we know them to be from personal experience: the warmth and wetness of summer rain, the purity and coldness of snow in winter, the babbling brook and the placid lake, water refreshing the dry earth, causing the flowers to bloom and cleansing everything it touches. It is customary to portray this distinction as ‘two orders of reality’. The ‘first’ or ‘primary reality’ of water is that personal knowledge of its diverse states and properties that includes not just how we perceive it through our senses, but also the memories, emotions and feelings with which we respond to it. By contrast, the ‘second order reality’ is water’s materiality, its chemical composition as revealed by the experimental methods of the founder of modern chemistry, the French genius Antoine Lavoisier, who in 1783 sparked the two gases of hydrogen and oxygen together in a test tube, to find a residue of dew-like drops that ‘seemed like water’.

These two radically different, yet complementary, ‘orders of reality’ of water are mutually exclusive. There is nothing in our personal experience that hints at water’s chemical composition, nor conversely is there anything in its chemical formula that hints at its many diverse states of rain, snow, babbling brook, as we know them from personal experience. This seemingly unbridgeable gap between these two orders of reality corresponds, if not precisely, to the notion of the ‘dual nature of reality’, composed of a non-material realm, epitomised by the thoughts and perceptions of the mind, and an objective material realm of, for example, chairs and tables. They correspond, again if not precisely, to two categories of knowledge that one might describe respectively as the philosophic and the scientific view. The ‘first order’ philosophic view is the aggregate of human knowledge of the world as known through the senses, interpreted and comprehended by the powers of reason and imagination. The ‘second order’ scientific view is limited to the material world and the laws that underpin it as revealed by science and its methods. They are both equally real – the fact of a snowflake melting in the palm of the hand is every bit as important as the fact of the scientific explanation that its melting involves a loosening of the lattice holding the molecules of hydrogen and oxygen together. The ‘philosophic’ view, however, could be said to encompass the scientific, for it not only ‘knows’ the snowflake melting in the hand as a snowflake, but also the atomic theory of matter and hence its chemical composition.

It would thus seem a mistake to prioritise scientific knowledge as being the more ‘real’, or to suppose its findings to be the more reliable. But, to put it simply, that is indeed what happened. Before the rise of science, the philosophic view necessarily prevailed, including the religious intimation from contemplating the wonders of the natural world and the richness of the human mind that there was ‘something more than can be known’.

From the late eighteenth century onwards the burgeoning success of science would progressively challenge that inference through its ability to ‘reduce’ the seemingly inscrutable complexities of the natural world to their more readily explicable parts and mechanisms: the earth’s secrets surrendered to the geologist’s hammer, the intricacies of the fabric of plants and animals to the microscopist’s scrutiny, the mysteries of nutrition and metabolism to the analytical techniques of the chemist. Meanwhile, the discovery of the table of chemical elements, the kinetic theory of heat, magnetism and electricity all vastly extended the explanatory powers of science. And, most significant of all, the theory of biological evolution offered a persuasive scientific explanation for that greatest of wonders – the origins and infinite diversity of form and attributes of living things.

The confidence generated by this remorseless expansion in scientific knowledge fostered the belief in its intrinsic superiority over the philosophic view, with the expectation that the universe and everything within it would ultimately be explicable in terms of its material properties alone. Science would become the ‘only begetter of truth’, its forms of knowledge not only more reliable but more valuable than those of the humanities. This assertion of the priority of the scientific view, known as scientific materialism (or just ‘materialism’), marked a watershed in Western civilisation, signalling the way to a future of scientific progress and technical advance while relegating to the past that now superseded philosophical inference of the preceding two thousand years of there being ‘more than we can know’. That future, the scientific programme of the twentieth century, would be marked by a progressively ever deeper scientific penetration into the properties of matter, encompassing the two extremes of scale from the vastness of the cosmos to the microscopic cell from which all living things are made. It began to seem as if there might be no limits to its explanatory power.

The genome projects and the Decade of the Brain represent the logical conclusion of that supposition. First, the genome projects were predicated on the assumption that unravelling the Double Helix would reveal ‘the secret of life’, as if a string of chemicals could possibly account for the vast sweep of qualities of the wonders of the living world; and second, the assumption of the Decade of the Brain that those brain scanning techniques would explain the mind, as if there could be any equivalence between the electrical firing of neurons and the limitless richness of the internal landscape of human memory, thought and action. In retrospect, both were no more likely to have fulfilled the promise held out for them than to suppose the ‘second order’ chemical composition of water might account for its diverse ‘first order’ states of rain, snow, oceans, lakes, rivers and streams as we know them to be.

This necessarily focuses our attention on what that potent ‘missing force’ must be that might bridge the gap between those two ‘orders of reality’, with the capacity to conjure the richness of human experience from the bare bones of our genes and brains. This is an even more formidable question than it might appear to be, for along the way those genome projects have also, inadvertently, undermined the credibility of the fundamental premise of what we do know about ourselves – that the living world and our uniquely human characteristics are the consequence of a known, scientifically proven, process of biological evolution. Certainly, the defining feature of the history of the universe, as outlined earlier, is of the progressive, creative, evolutionary transformation from the simplest elements of matter to ever higher levels of complexity and organisation. Over aeons of time the clouds of gas in intergalactic space evolved into solar systems such as our own. Subsequently the inhospitable landscape of our earth evolved again into its current life-sustaining biosphere, and so on. Thus the whole history of the cosmos is an evolutionary history. That is indisputable, but the biological theory of evolution goes further, with the claim to know the mechanisms by which the near-infinite diversity of forms of life (including ourselves) might have evolved by a process of random genetic changes from a single common ancestor.

It is, of course, possible that the living world and ourselves did so evolve, and indeed it is difficult to conceive of them not having done so. But the most significant consequence of the findings of the genome projects and neuroscience is the transformation of that foundational evolutionary doctrine into a riddle. The dramatic discovery of Lucy’s near-complete skeleton, already described, provides compelling evidence for man’s progressive evolutionary ascent over the past five million years. Why then, one might reasonably ask, is there not the slightest hint in the Human Genome of those unique attributes of the upright stance and massively expanded brain that so distinguish us from our primate cousins?

The ramifications of the seemingly disappointing outcomes of the New Genetics and the Decade of the Brain are clearly prodigious, suggesting that we are on the brink of some tectonic shift in our understanding of ourselves. These issues are nowhere more sharply delineated than in an examination of the achievements of the first human civilisation which marked the arrival of our species, Homo sapiens, thirty-five thousand years ago.
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The Ascent of Man: A Riddle in Two Parts

‘Alone in that vastness, lit by the feeble beam of our lamps, we were seized by a strange feeling. Everything was so beautiful, so fresh, almost too much so. Time was abolished, as if the tens of thousands of years that separated us from the producers of these paintings no longer existed. It seemed as if they had just created these masterpieces. Suddenly we felt like intruders. Deeply impressed, we were weighed down by the feeling that we were not alone; the artists’ souls and spirits surrounded us. We thought we could feel their presence.’

Jean-Marie Chauvet on discovering the world’s oldest
paintings, from 30,000 BC

The beginning for ourselves, Homo sapiens – modern, thoughtful, argumentative, reflective, creative man – can be pinpointed with remarkable accuracy to 35,000 BC, or thereabouts, in south-west Europe. Here, in the shadow of the snow-topped Pyrenees that separate what is now southern France from northern Spain, flourished the first and most enduring of all human civilisations, a vibrant, unified, coherent culture, transmitted from generation to generation for an astonishing twenty-five thousand years. This palaeolithic (Stone Age) civilisation, created by the first truly modern Europeans, was more long-lasting than any that have succeeded it: ten times longer than the 2,500-year reign of the pharaohs in Egypt, twenty-five times longer than the thousand years of Graeco-Roman antiquity.

The historical lineage of our species stretches much further back, into the almost unimaginably distant past of five or six million years ago, but those more ancient predecessors left nothing behind other than some precious and much-argued-over skulls, bones and teeth, and the stone implements, scrapers, blades and axe-heads with which they hunted and butchered their prey.

Homo sapiens, or ‘Cromagnon man’, as this first representative of our species is known (so named after the Cro-Magnon – ‘Big Hole’ – rock shelter where his remains were first unearthed in 1868), was something else. His arrival in south-west France signalled a cultural explosion of technological innovation and artistic expression that has characterised the human race ever since. And he was the first, too, to leave behind an image of himself, so though thirty-five thousand years separate us, we can readily make his acquaintance. Fly, or catch the train, to Paris, and take the Metro westwards to the suburban station of St Germain-en-Laye. Emerging from the entrance, you cannot miss the impressive moated château of the Musée Nationale d’Antiquités, home to the largest of all archaeological collections. Few tourists make it this far out of the city, and you may be virtually alone as you stride past the first few display cabinets with their serried ranks of those familiar – if not exactly thrilling – stone implements. And then suddenly, without warning, your eyes are caught by the face of a teenage girl fashioned from the glistening ivory of a mammoth’s tusk, so small and delicate she could easily nestle in the palm of your hand (see overleaf). Her triangular-shaped face with its long, straight nose and deep-set eyes emerges from a slender, graceful neck framed by flowing locks of braided hair. She is the ‘Dame de Brassempouy’, the first human portrait, unearthed in 1895 by the French archaeologist Édouard Piette from amongst a pile of mammoth and rhinoceros bones that covered the floor of a cave a few kilometres outside the village of Brassempouy in southern France, after which she is named. Her air of youthful innocence is complemented by a second sculpted object in the same cabinet, of similar size and from the same site, that exemplifies that other timeless image of womanhood – the mature and childbearing. It may only be a broken fragment, but her prominent breasts and fleshy thighs are unmistakably those of a fertile woman.

This youthful teenager and this mature woman, the first images of modern humanity, are both visual and tactile, their polished surfaces testimony to the countless generations whose hands caressed that braided hair and felt those fleshy contours. They subvert the customary perception of man’s trajectory from a primitive past to a civilised present by compelling us to recognise how little has changed. The cultural history of our species may stretch back thirty-five thousand years, but from its earliest beginnings to the present day it is clearly ‘of a piece’.

And there is yet more to the Dame de Brassempouy than this invaluable perspective. Her immediate predecessors in Europe, the beetle-browed, thick-necked Neanderthals (so named after the Neander valley in Germany where their remains were first unearthed), were no more capable of creating so exquisite an





























THE RIDDLE OF ‘THE ASCENT’

Part 1: Setting Out















THE RIDDLE OF THE ASCENT

Part 2: The Cultural Explosion and the Origins of Language
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