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For Bryan


Everything was being destroyed, … but it seemed to me that one new thing was made. A kind of … responsibility. Man for man.… [T]o bring that on to the earth again like some kind of a monument and everyone would feel it standing there, behind him, and it would make a difference to him.

Arthur Miller, All My Sons
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PROLOGUE

One chilly Saturday morning, I was standing in a draughty auditorium watching one of my daughters in the midst of a dress rehearsal for her drama class’s annual production. A talented actress, she had been chosen for the lead part during the auditions, but a few weeks before the dress rehearsal had been shunted to a more minor role. I had never been able to discover the reason for the change – and my daughter refused to talk about it – until one of her friends let slip that, when a new director took over, another 13-year-old girl had lied about her acting experience in order to persuade him that she should be given the part that had been assigned to my daughter – her best friend.1

When I tried to raise this tactfully with her mother, another spectator that day, she cut me off and shrugged. “Well, that’s life,” she replied airily, “isn’t it?”

I was taken aback, but I had to admit she had a point. Certainly that’s the life we grown-ups have designed for ourselves. Competition makes up the very warp and weft of the societies of most modern developed countries. It is the engine of our economy, and it is assumed to be the basis of most of our relationships – in business, in our neighbourhoods, even with our closest friends. Being first, no matter how, has permeated our lexicon as a given: All’s fair in love and war. Survival of the fittest. Winner takes all. He who dies with the most toys wins. It is hardly surprising that highly competitive tactics have crept into the social relations of our children, leading to transgressions, large and small.

I began to think about the social exchange in my own neighbourhood, and about how much of what psychologists call “relativity awareness” has played a part. How many children do you have? What kind of car do you drive? How many holidays are you off on this year? Which university has your kid got into? How many A levels did he or she get? Where, in other words, do you fit on the social ladder? Even the best of us have internal moments like American Psycho’s Wall Street trader Patrick Bateman when, regarding his colleague’s exquisite new business card with alarm, he thinks: “Oh my God. It even has a watermark.”

Nevertheless, the notion that competition is a fundamental human urge made no sense to me from a scientific perspective. I write about frontier science, and the latest evidence from many disciplines – from neuroscience and biology to quantum physics – suggests that nature’s most basic drive is not competition, as classic evolutionary theory maintains, but wholeness. I’d seen a good deal of new research demonstrating that all living beings, including human beings, have been hardwired to seek connection above virtually any other impulse – even at personal cost. Nevertheless, our current paradigm, as provided by traditional science, maintains a view of the universe as a place of scarcity populated by separate things that must turn against each other in order to survive. We’ve all simply assumed that’s life.

Furthermore, it might have been our view of life, but it certainly wasn’t true of the one animal closest to hand, our dog, Ollie. There is nothing dog-eat-dog about Ollie’s neighbourhood. He doesn’t have much time for humans, but he is kind to every dog he meets on his walks. He regularly shoves bones under the fence for T-bone, our next-door neighbour’s affenpinscher; in fact, he saves the biggest bones for her. Ollie’s relationship with T-bone defies every current biological description about the imperative to act selfishly. Since T-bone is neutered, there’s no personal genetic advantage to courting T-bone, no possibility of extending the family line. Nevertheless, when T-bone visits, Ollie will raid our wheelie bin, fishing out a chicken carcass for her to feast on, then offer her unfettered access to his own food bowl, his pigs’ ears, and his toys. Although T-bone is smaller than he is, when Ollie plays with her, he often lets her win just to keep her in the game.

I began to ask myself a basic question: Does it have to be like this?

Were we meant to be so competitive with one another? Is it inherent in animal and human biology? How did it get like this? And if we’re not this, what are we supposed to be?

Since that dress rehearsal, I’ve been thinking that, at some point, we’d torn up the social contract and forgotten how to come together. Somewhere along the line, we’d forgotten how to be.

It doesn’t have to be like this. As I began researching this book and studied the latest discoveries in a vast array of disciplines – general biology, physics, zoology, psychology, botany, anthropology, astronomy, chronobiology, and cultural history – the more it became clear to me that the lives we’ve chosen to lead are not consistent with who we really are. I discovered other societies that live very differently from us, with a world view more in keeping with the findings of the new science. These cultures conceive of the universe as an indivisible whole, and this central belief has bred an extraordinarily different way of seeing and interacting with the world. They believe that they are in a relationship with all of life – even with the Earth itself. We see the thing; they see the glue between the things – the thing that holds them together. The essential thing for these societies is not the individual, but the relationship between individuals, which they view as a thing in itself.

They’ve understood the essential nature of humanity as a coming together – a communion – and, as a consequence, they live happier lives with lower divorce statistics, fewer troubled children, less crime and violence, and a stronger community.

They have chosen a better way to live, a more authentic way to be – the way, I believe, that you and I were meant to live. And they do so because they’ve bought into another narrative – another world view of who we are and why we’re here than that espoused by our culture, most particularly by our current science.

I wrote this book to prove to you that we are operating according to an outdated set of rules. I want to show you that the scientific story of who we are has drastically changed, and that we must change with it in order to survive. The competitive impulse that is now a major part of our self-definition and that forms the undercurrent of all our lives is the same mindset that has created every one of the large global crises now threatening to destroy us. If we can recover wholeness in our relationships, in my view, we will begin to heal our world.

My hope is that reading The Bond will give you a better neighbourhood than the one you have now – so that constant comparison and stealing roles aren’t part of the rules of the game.

It should be pointed out that this book is emphatically not an apology for communism or socialism, nor is it a new economic or political model. I enjoy the freedoms of democracy, just as I suppose you do, if not the recent excesses of the economic model it has spawned, and after living in the UK for many years, I have witnessed firsthand the shortcomings of certain of its older, more socialist policies. The ideas in this book are not meant to disparage either science as a profession or the discoveries of the great geniuses of science like Isaac Newton or Charles Darwin. I am emphatically not a creationist. Nevertheless, science is a relentless process of discovery. No one scientist writes the final story for all time. As new findings come to light, new chapters constantly revise and even supplant earlier versions. Currently, we are undergoing a radical revision of our understanding of ourselves and our world. Many of the theories we have held sacred, including the original theory of evolution, are being refined as more information about the nature of our world unfolds.

I hope to offer you the first roadmap of how to live according to this new scientific story. I aim to give you a fresh way of seeing the world from a wider perspective, a new way of relating to other human beings, a new sense of community, a new and authentic purpose – something better than envying your neighbour’s watermarked business card.

I intend to demonstrate to you how easy it is to live in wholeness, how tiny changes can revolutionize your life and the lives of everyone around you.

It doesn’t have to be like this. Not for one more day.

Lynne McTaggart,
December 2010





INTRODUCTION

We sense that we have reached the end of something. Since the millennium, commentators of every variety have been trying to get a handle on the collective significance of the continuous crises besetting us in modern times: banking crises, terrorist crises, sovereign debt crises, climate-change crises, energy crises, food crises, ecological crises, man-made and otherwise.

“The world as we know it is going down,” a Wall Street broker told reporters in September 2008, after Lehman Brothers collapsed and Morgan Stanley threatened to follow suit. It is the “end of capitalism as we know it,” declared the film-maker Michael Moore when the American auto giant General Motors filed for bankruptcy. It is the end of our dependence on fossil fuel, announced President Barack Obama, about the Deepwater Horizon oil-rig explosion. It is the end of nature, wrote Bill McKibben in his book of the same name. It is the end of oil, wrote the journalist Paul Roberts in his book of the same name. It is the end of food because it is the end of oil, declared Roberts in his follow-up book. For those who take stock in the Mayan Long Count calendar and the apocalyptic significance of 2012, it is the beginning of the end of the world.

But the crises we face on many fronts are symptomatic of a deeper problem, with more potential repercussions than those of any single cataclysmic event. They are simply a measure of the vast disparity between our definition of ourselves and our truest essence. For hundreds of years we have acted against nature by ignoring our  essential connectedness and defining ourselves as separate from our world. We’ve reached the point where we can no longer live according to this false view of who we really are. What’s ending is the story we’ve been told up until now about who we are and how we’re supposed to live – and in this ending lies the only path to a better future.

In this book, I have an audacious mission: to revolutionize the way you live your life. This book is going to rewrite the scientific story you’ve been told about who you are, because the current version has reduced us to our lowest common denominator. At this very moment you live contrary to your truest nature. I hope to help you to recapture your birthright, which has been sabotaged not only by modern society but, more fundamentally, by modern science. I wish to wake you up to who you really are, to do nothing less than to return to you your authentic self.

The leitmotif of our present story is the hero up against it all. We take it for granted that our life’s journey is meant to be a struggle. Consequently we remain constantly vigilant, poised to wrestle with every behemoth – at home, at work, among our acquaintances and friends – that strays across our path. No matter how pleasant our lives, the vast majority of us maintain a stance of operating contra mundi, with every encounter some sort of battle to be fought: against the co-workers who seek to usurp our jobs or promotions, or the students who raise the bell curve against which we are judged; against the people who take our seat on the train, the shops that overcharge us, the neighbours who have a Mercedes when we drive a Volvo, and even the husband or wife who has the temerity to insist on maintaining an opinion that is different from ours.

This idea that we operate against the world has its origin in our basic understanding that this self of ours, the thing we call I, exists as a separate entity, a unique creation of genetic code that lives apart from everything else out there.

The most enduring statement we make about the human condition, the central fact of our existence, is our solitude, our sense of separation from the world. We regard as self-evident that we exist as self-contained, isolated beings, living out our individual dramas, while everything else – other atoms and other cells, other living things, the land masses, the planets, even the air we breathe – exists as something distinct and wholly separate.

Although we begin life from the uniting of two entities, from there on in, science tells us, we are essentially on our own. The world is the irrefutable other, carrying on impassively with or without us. Our hearts, we believe, beat finally and painfully alone.

This paradigm of competitive individualism offers us a view of life as a heroic struggle for dominion over hostile elements and a share of strictly limited resources. There’s not enough out there, and others may be fitter than we are, so we have to do our damnedest to get hold of it first.

A multitude of influences – religious, political, economic, scientific, and philosophical – writes the story that we live by. Nevertheless, most of the big ideas we have about the universe and what it is to be human derive from three revolutions: the Scientific Revolution, or the Age of Enlightenment, and the two Industrial Revolutions of the eighteenth and nineteenth centuries, which transformed the cultural and socio-economic conditions of the West into our modern developed world. These movements largely created the modern sense of our own individuality by drastically altering our vision of the universe from a harmonious, benevolent, and interconnected whole to an amalgam of separate and unrelated things, competing with each other for survival.

The Scientific Revolution launched a relentless march toward atomization, as scientists believed they could understand the whole of the universe by studying its individual components.

With the publication of the Philosophiae Naturalis Principia Mathematica in 1687, Isaac Newton, the father of modern physics, described a universe in which all matter was thought to move according to certain fixed laws within three-dimensional time and geometrical space. Newton’s laws of motion and gravity depict the universe essentially as a machine, a vast clockwork of separate parts that can always be relied upon to follow predictable behaviour. Once Newtonian laws demonstrated that the trajectory of virtually everything, from single objects to the motion of the planets, could be reduced to a mathematical equation, the world came to be viewed as dependably mechanistic. Newtonian laws also demonstrated that things exist independently of each other, complete in themselves, with their own inviolate boundaries. We ended with the hairs on our skin, at which point the rest of the universe began.

The French philosopher René Descartes wrote of man’s essential separation from his universe in a philosophy that banished any kind of holistic intelligence from nature and portrayed matter as mechanistic and corpuscular. Even our material bodies lay outside our conscious selves: one more well-oiled and highly dependable machine.

The Newtonian paradigm of world-as-machine was further reinforced with the arrival of the most influential machine of all: the steam engine. Steam and the development of machine tools not only transformed the production of food, fuel, heating, manufacturing, and transport; they also profoundly affected human beings by separating them from the natural world. In every way life was broken down into regular sequences. Work was now dictated by an assembly line, and workers became one more cog in the wheel of production. Time was parcelled out in minutes, and not through the seasons of planting and harvest, and marked through the punching of a clock. The vast majority of people working in factories no longer followed the rhythms of nature, but the rhythms of the machine.

The Second Industrial Revolution, in the nineteenth century, introduced modern technology with the advent of steel and petroleum manufacturing and led to the rise of a middle class, which in turn paved the way for modern capitalism and the promotion of the individual and his interests. In An Inquiry into the Nature and Causes of the Wealth of Nations, published in 1776 and considered one of the founding philosophies of economic theory, Scottish philosopher Adam Smith argued that the “invisible hand” of the market, created by natural supply and demand, and competition between self-interested individuals would naturally best serve society as a whole. He famously believed that we do best for others by giving way to this fundamentally selfish nature of ours and looking out for Number One: “By pursuing his own interest, [the individual] frequently promotes that of the society more effectually than when he intends to promote it.”1

Undoubtedly the scientific discovery with the most pervasive hand in our current worldview is Charles Darwin’s theory of evolution through natural selection. When assembling his ideas for On the Origin of Species, the young Darwin was profoundly influenced by the concerns of the Reverend Thomas Robert Malthus on population explosion and limited natural resources.2 Darwin concluded that, since there wasn’t enough to go around, life must evolve through what he termed a “struggle for existence”. “As more individuals are produced than can possibly survive,” Darwin wrote in Origin, “there must in every case be a struggle for existence, either one individual with another of the same species, or with the individuals of distinct species, or with the physical conditions of life.”3

Darwin was at pains to note that his catchphrase “struggle for existence” was not literal but highly elastic, encompassing everything from the search of tree roots for water to the reliance of a pack of animals on each other. It was actually the British philosopher Herbert Spencer who first coined the term “survival of the fittest”, after an enthusiastic reading of On the Origin of Species; after some persuasion Darwin accepted the term,4 eventually adding the subtitle: Or The Preservation of the Favoured Races in the Struggle for Life.

Malthus had provided Darwin with a central metaphor to explain the mechanism behind nature’s drive to propagate and thrive, and as an inadvertent consequence, Darwin unleashed upon the world a metaphor that came to represent the human experience: life as war. An individual or population thrives only at another one’s expense. Despite Darwin’s liberal use of the term, almost immediately the narrower meaning of the metaphor stuck, offering a scientific framework for all the various burgeoning social and economic movements of the day. Most subsequent interpretations of Darwin’s work, even in his lifetime, promoted a vision of all aspects of life as a battle over scarce resources, in which only the toughest and most single-minded survived.

The English biologist Thomas Huxley, the Richard Dawkins of his day, dubbed “Darwin’s bulldog” for his role as Darwin’s vociferous mouthpiece, generously extended the view of dog-eat-dog competition in his belief that it was responsible for the evolution of culture, ideas, and even the human mind. Huxley was convinced that it was in the natural order for human beings to put their own interests above all others.5

Thanks to newly invented telegraphic cables and advances in printmaking, the wider interpretation of Darwin’s theory quickly swept across the globe. “Survival of the fittest” was a perfect fit with Smith’s brand of enlightened competition in the marketplace, but besides Western capitalism, the theory of natural selection was also used to justify the Chinese revolution and the “whitening” of Latin American indigenous culture with European stock.6 Writers such as the Russian-born Ayn Rand used fiction as thinly disguised polemic to applaud the process whereby each of us attempts to gulp the biggest breath of a strictly limited amount of oxygen.

The metaphoric representation of life as a race to the finish line has been used as intellectual justification for most aspects of modern industrialized society, which regards competition as society’s perfect shake-down mechanism, separating out the economically, politically, and socially weak from the strong. The winners have a right to winner-takes-all because the human race as a whole would benefit from it.

The final important influence on our modern scientific definition of ourselves occurred in 1953, when the molecular biologists James Watson and Francis Crick claimed to have unlocked the “secret of life” by unravelling deoxyribonucleic acid (DNA), the genetic coding in the nucleus of every cell. Thereafter many scientists came to believe that within the coiled double helix lay every individual’s lifelong blueprint. Each of our cells, equipped with a full pack of genes, would live out its preprogrammed future, while we were held hostage by our genetic destiny, powerless to do anything other than observe the drama unfolding. As with every other kind of matter, the human being had also been atomized – reduced, in a sense, to a mathematical equation.

Modern-day interpreters of Darwin, the neo-Darwinists, have woven competition and struggle into the latest theories of our biological make-up by proposing that every part of us acts selfishly in order to survive; our genes – even our ideas – are engaged in competition with other gene pools and thoughts for domination and longevity.7 Indeed some scientists invest genes with the power to control every aspect of our lives, considering the body an accidental by-product of a greater evolutionary endeavour.8

Modern evolutionary theory has removed any vestigial sense of moral design or beneficence from the natural world: nature has no stake in cooperation or partnership, but only likes winners, of any sort. The vision of a purposeful and harmonious whole has been replaced with blind evolutionary force, in which human beings no longer play a conscious part.

Many psychologists argue that competitiveness is hardwired within us, a natural biological urge as inherent as our basic urge to survive. After we stop fighting over food, water, shelter, and mates, the theory goes, we begin competing over more ephemeral prizes: power, status, and, most recently, fame.

Consequently for more than 300 years our worldview has been shaped by a story that describes isolated beings competing for survival on a lonely planet in an indifferent universe. Life as defined by modern science is essentially predatory, self-serving, and solitary.

These metaphors – the mechanistic view of the universe, the “red in tooth and claw” sense of ourselves – have seeped into our consciousness to permeate our every day. Our paradigm for living today has been built upon the premise that competition is the essential calling card of existence. Every modern recipe in our lives has been drawn from our interpretation of life as individual and solitary struggle, with every-man-for-himself competition an inherent part of the business of living. Our entire Western economic model is built on the notion that competition in a free-market economy is essential to drive excellence and prosperity. In our relationships we extol our inherent right to individual happiness and self-expression above all else. We educate our young by encouraging them to compete and excel over their peers. The currency of most modern two-cars-in-every-garage neighbourhoods is comparison and one-upmanship. The world, as Woody Allen once put it, “is one big cafeteria”.

The individualistic, winner-take-all zeitgeist of modern times is to blame for many of the crises we presently face in our society, particularly the excesses of the financial sector, with its insistence on a bigger and better profit every year, at any cost. Before being jailed for his part in the energy company Enron’s vast array of fraudulent activities, CEO Jeffrey Skilling bragged that his favourite book was neo-Darwinist Richard Dawkins’s The Selfish Gene, and he periodically fired the entirety of those of his workforce achieving the bottom 10 per cent results as a means of improving the overall “fitness” of the herd.9 This mindset is responsible for the raft of deceit that now goes on in every sector of society, from the 50 per cent of college students known to cheat in exams to corporate cheating, even in sectors designed for the public interest. Up to three-quarters of all published research on pharmaceutical drugs in the medical literature is now believed to be ghostwritten by public relations firms hired by drug companies, with serious and even potentially fatal side effects routinely concealed.10

The danger inherent in our current worldview is apparent in the ways that it has been taken to its extreme conclusion and used as a justifying principle for sociopathic behaviour, from mass murder during the Third Reich and the eugenics of the twentieth century, to modern ethnic cleansing and serial murder. Eric Harris, for instance, was sporting a T-shirt emblazoned with the words “Natural Selection” on 20 April 1999, when he and Dylan Klebolt, armed with propane bombs, assorted Molotov cocktails, an Intratec TEC-DC9 blowback-operated semi-automatic handgun, a Hi-point 995 Carbine semi-automatic pistol, a Savage 67-H pump-action shotgun, and a Stevens 311D double-barrel sawn-off shotgun, sauntered into Columbine High School and opened fire.11

Although our Newtonian vantage point has afforded us technological mastery over our lives, the worldwide collapse of our global economic model in 2008, the current ecological crises, the threatened shortages of water and food, and the exhaustion of petroleum sources all expose the extreme limitations of this mindset, which now threatens our planet with extinction. On a personal level it has left most of us with a distinctly hollow feeling, as though something profound – our very humanity – has been trampled on in our daily wrestle with the world.

We urgently need a new story to live by.

For the past 15 years, ever since I began pondering the meaning of cutting-edge discoveries in physics and other branches of science,12 I have been struck by how much of scientific theory, and consequently our model of the way things work, is currently going up in smoke. With every new finding in the sciences, yet another cherished notion we hold about ourselves is overturned. An entirely new scientific story is emerging that challenges many of our Newtonian and Darwinian assumptions, including our most basic premise: the sense of things as separate entities in competition for survival. The latest evidence from quantum physics offers the extraordinary possibility that all of life exists in a dynamic relationship of cooperation. Quantum physicists now recognize that the universe is not a collection of separate things jostling around in empty space. All matter exists in a vast quantum web of connection, and a living thing at its most elemental is an energy system involved in a constant transfer of information with its environment. Rather than a cluster of individual, self-contained atoms and molecules, objects and living beings are now more properly understood as dynamic and protean processes, in which parts of one thing and parts of another continuously trade places.

This revolution is not confined to physics. Extraordinary new discoveries in biology and the social sciences have profoundly altered our view of the relationship between living things and their environment. Frontier biologists, psychologists, and sociologists have all found evidence that individuals are far less individual than we thought they were. Between the smallest particles of our being, between our body and our environment, between ourselves and all of the people with whom we are in contact, between every member of every societal cluster, there is a Bond – a connection so integral and profound that there is no longer a clear demarcation between the end of one thing and the beginning of another. The world essentially operates, not through the activity of individual things, but in the connection between them – in a sense, in the space between things.

The most essential aspect of life is not the isolated thing, whether a subatomic particle or fully fledged living being. It is the relationship itself: the inseparable, irreducible Bond. This connection – the space in between – holds the key to the life of every organism, from subatomic particles to large-scale societies, and also the key to our viable future.

These discoveries suggest that the idea of the individual as an individual thing distinct from other things is a fallacy. There is nothing – from our subatomic molecules to our entire being – that we can define with any certainty as a wholly separate body that can be isolated and ring-fenced. The “individual” is only the sum of an infinite number of inexactly defined parts, and the parts as we currently understand them are shifting and transforming at every moment. In every way individual things live life inextricably attached and bonded to an “other”. Nature’s most basic impulse is not a struggle for dominion but a constant and irrepressible drive for wholeness.

These new revelations from the frontiers of science represent a reversal of the process of atomization that began with the Age of Enlightenment. The new story that is being written around the globe adds up to the beginning of a recovery of our holistic view of ourselves as inextricably bound to everything we see around us.

These discoveries hold not only vast implications about how we choose to define ourselves, but also vast implications about how we ought to live our lives. They suggest that all our societal creations, invested as they are in competition and individuality, run counter to our most fundamental being – that a drive for cooperation and partnership, not dominance, is fundamental to the physics of life and the biological make-up of all living things. They imply that most of us in the developed world are not living in harmony with our true nature. That we are constantly affecting and being affected by all matter in a constant and ever-evolving Bond demands a drastic change in the way we relate to ourselves and all other living things.

We need some new rules to live by. We need another way to be.

This book offers a new metaphor to live by. It rejects the central tenet of orthodox science: that matter, even subatomic matter, exists in isolation and is complete in itself. It suggests that the dance of life is not a solo, but a duet – that every part of you connects to an essential and irreducible Bond. It acknowledges that each of us is so tightly interconnected with our world that we can only hope to live authentically when we live by a very different story.

We need to adopt a new definition of what it means to be human. We need to look at our universe with a fresh pair of eyes. Applying these new discoveries to every aspect of our lives requires nothing less than making ourselves anew.

The Bond ultimately posits an alternative future in which a new paradigm for living in partnership and connection replaces the metaphor of battle. I hope to offer you an entirely new vision of yourself and your place in the world, not as its master or its competitor, but as its cooperative partner.

That new vision starts with the understanding – shocking in the breadth of its implications – that nothing in the world is separate. In fact in the most basic sense there is no such thing as a thing.





PART I

THE SUPERORGANISM

The sickness of our times for me has been just this damn thing that everything has been getting smaller and smaller and less and less important.

Norman Mailer, The Naked and the Dead





CHAPTER 1

THE HUNT FOR THE THING

On a bench the size of two SUVs at the University of California at Berkeley, Graham Fleming and his colleagues in the chemistry department have set up the scientific equivalent of a pinball machine. Numerous precision lasers, which pulse out light at millions of a billionth of a second, are placed at various strategic points and trained onto an obstacle course of mirrors and glass lenses, themselves aimed at a tiny solitary black box. Once the machines are switched on, the laser light generated by these ultrafast devices will career off each mirror and lens before shooting inside and alighting on the box’s contents: a tiny sampling of a green sulphur bacteria. The light from the lasers is supposed to mimic the sun, for this type of bacteria, for all intents and purposes, is a plant, with the same extraordinary photosynthetic ability to convert sunlight into energy inside its cells.

By tracking the means by which a rudimentary living thing harnesses the power of the sun and converts it into stored energy, Fleming, a British-born 60-year-old, hopes to solve the central mystery of plants: their ruthless efficiency. The miracle is not only that the plant can manage this feat at all, but that it does so by using every last photon that comes its way.

The most sophisticated machine on Earth cannot begin to mimic the energy production of a plant. Every manmade activity of rough equivalence diminishes the initial store of energy by more than 20 per cent in the process of transforming from one type of energy to another. If humans could learn to capture and transform solar energy through even a crude approximation of the manner in which plants do, mankind’s future energy needs would be forever secure.

The other aspect of the mystery is more elementary: how a simple living system like a plant can generate the world’s oxygen and carbohydrates through a reaction powered by the electricity that it essentially creates from light.

The key to studying this extraordinary process lies in tracking the path of electron energy inside the protein scaffolding of the cell, which connects the bacteria’s exterior solar panels, or chlorosomes, the harvesters of sunlight, to reaction centres at the heart of the cells, the tiny crucible where the miracle of conversion takes place.

Fleming’s experiment takes a tiny fraction of the time it takes to flicker an eyelid. As soon as the pulsed light from the lasers hits the protein, it excites the electrons, and the resulting energy then needs to find the most direct route along the tiny protein scaffolding track to the reaction centres. This is a complex and potentially time-consuming task, according to conventional physics, as there are many possible pathways and end points that the electron’s energy must seek out and eliminate, one by one.

What Fleming discovered is nothing less than a giant chink in the entire edifice of accepted biology. Rather than a single pathway, the energy reaches its target by trying out several routes simultaneously. Only when the final connection is made and the end of the road reached does the energy track its most efficient course – retroactively – and the energy follow that single path. It appears as if the optimum route were chosen backward in time, after all possibilities have been exhausted. It is as if a person lost in a labyrinth had tried all possible pathways at the same time, and after finally discovering the correct pathway to the exit, eliminated all trace of his rehearsals.

Fleming’s discovery is a wholly unexpected answer to his line of inquiry: the plant is so efficient because the energy generated by its messenger electrons is able to occupy more than one location at the same time.

Fleming is making some of the first tentative forays into what has been called “quantum biology”, producing the first evidence that life on Earth is driven by the laws of quantum physics, and his experiment is necessarily crude. It substitutes laser light for true sunlight and is carried out at temperatures of 70 kelvin (–203°C), an environment far too cold for most plants to survive.

Nevertheless, with his background in physics as well as chemistry, Fleming realizes the import of what he has just witnessed. As the founders of quantum theory, the Danish physicist Niels Bohr and his brilliant German protégé, Werner Heisenberg, discovered in the early part of the twentieth century, subatomic particles like electrons and photons by themselves aren’t an actual anything yet. Atoms are not little solar systems of billiard balls but rather a messy little cloud of probability. They exist in many places simultaneously, in a state of pure potential – or, as physicists refer to it, “superposition” – the sum of all probabilities. A subatomic particle like those in Fleming’s bacteria essentially experiments with this pathway and that pathway at the same time before choosing the optimum pathway to the reaction site.

One of the conclusions of their theory, which has become known as the Copenhagen Interpretation, after the city where Bohr and Heisenberg first hammered out the inescapable conclusions of their mathematical discoveries, is the idea of indeterminacy, the fact that you can never fully know everything about a subatomic particle. If you measure where it is, for instance, you cannot also work out where it is going or at what speed. Bohr and Heisenberg recognized that a quantum particle can exist as both a particle, a congealed, bullet-like thing, and a “wave function”, a big smeared-out region of space and time, any corner of which the particle may occupy.

In a quantum state a particle exists as a collection of all possible future selves all at the same time, like an endlessly replicated chain of paper dolls. An electron “probably” exists until scientists pin it down and take a measurement, at which point its multiple selves collapse and the electron settles down into a single state of being.

If the results of Fleming’s experiment are verified – and others have now successfully carried out the experiment on real plants at room temperature – this will mean that the most fundamental process of the universe, the process responsible for life on Earth, is driven by a mechanism that isn’t actually anything at all, at least according to our usual definition of things. The electron driving photosynthesis is a will-o’-the-wisp, impossible to pin down or locate with precision.1 Fleming’s experiment also lays bare a much larger possibility: that all of life is created and sustained by something so ephemeral that we may not even be able to identify what it actually is, much less locate where it is with precision.

Although revolutionary in its implications, Graham Fleming’s discovery is not especially revelatory to quantum physicists. Many within this discipline have been casting about without success to find the thing: the smallest thing that creates all other things in the world. All modern suppositions about our physical universe rest on the belief that life is composed of things, which in turn are made up of littler things, and that we can understand the big things by seeking out and naming the little things.

Ever since a Muslim physicist named Ibn al-Haytham developed the scientific method more than a thousand years ago, scientists have attempted to take apart the universe like one vast radio to examine its component parts. For the past 100 years or so they have been preoccupied with attempting to locate the tiniest of its building blocks. In 1909 the Nobel Prize-winning New Zealand chemist, Ernest Rutherford, and his colleagues at the University of Manchester created the Rutherford model of the atom, a tiny solar system of orderly electrons, after discovering what at first was believed to be its sun and one of the world’s smallest units: the nucleus. Rutherford’s model took a slight hammering when a colleague from Cambridge, the British physicist James Chadwick, went on to discover an even smaller particle inside the nucleus: the neutron.

Chadwick posited that the constituents of an atom, the protons, electrons, and neutrons, are the most fundamental units of our world – until it was discovered that, like a Russian doll, within these particles lay still smaller particles.

In 1969 science briefly congratulated itself on isolating what it thought was the most essential of the universe’s elements when the quark was discovered – until an alphabet soup of other particles was found or postulated in the following decades: muons and tauons, positrons and gravitons, particles with force and particles without force, upsilon particles, tau neutrino, and the most recent discoveries, skyrmions and goldstinos and dyons and pomerons and luxons, plus strongly interacting “composite particles” like hadrons and even hypothetical particles born of supersymmetry theories.

To make sense of all these entities, physicists produced the Standard Model, the Rosetta Stone of modern particle physics, which lumps all these hundreds of varieties of particles and impossibly complicated interactions into three families and their fundamental interactions and flavours: six types of quarks, six leptons, and a variety of bosons, or “force carrier” particles, which include the tiniest unit of light, the photon, gluons, something called weak-gauge bosons, plus gravitons and the Higgs boson, the latter two classifications assumed to exist but never actually yet seen.

However elegant the Standard Model is as a theory, enabling scientists to reduce all these dozens of particles into mathematical short-hand, the bottom line is that physicists still cannot isolate one single structure and claim with any confidence that this is it, the smallest currency of the universe, the final individual entity from which our world derives. Most of the dozens of particles discovered after World War II are now thought not to be elementary but rather composites of particles; in fact physicists now allow that it may be impossible ever to prove that these particles can be further separated into their component parts.

Physicists assume that certain particles are more elementary than others – that quarks are more elemental than, say, nucleons or pions. Nevertheless, as the Nobel Prize-winning American particle physicist Steven Weinberg once lamented, “We cannot reach any final conclusion about the elementarity of the quarks and gluons themselves.”2

What scientists have settled for, in the Standard Model theory, is a fuzzy approximation that may have as much to do with the final truth of life as a cyborg has to do with a human being. The Standard Model is likely to prove only a vague approximation for some more fundamental theory that will reveal itself once scientists have invented higher energy particle accelerators, at which point we might discover that the tiniest of these particles isn’t in fact the smallest Russian doll but simply another doll with more dolls inside.

One reason for this continuing difficulty in locating the smallest piece of the universe may be the simple fact that nothing, finally, exists independently. Although we consider matter discrete and definable, the fact is that it cannot be compartmentalized into anything definitive. Even the smallest structure of matter may prove impossible to separate from its neighbours, place a fence around, and say with any finality that here is where it begins and there is where it ends. For anything smaller than an atom we cannot figure out if a subatomic thing exists on its own or as a composite of elements.

The closer scientists look, the more they discover how dependent on, and finally indivisible from, everything is with everything else. Werner Heisenberg referred to this fact as the “most important experimental discovery of the last 50 years”. He also noted that even the question of what particles “consist [of] no longer has any rational meaning”: “A proton, for example, could be made up of neutron and pion, or Lambda-hyperon and kaon, or out of two nucleons and an anti-nucleon; it would be simplest of all to say that a proton just consists of continuous matter, and all these statements are equally correct or equally false. The difference between elementary and composite particles has thus basically disappeared.”3 In fact the very word “particle”, with its suggestion of a separate and corporeal reality, is a misnomer. When particle physicists get down to the bottom layer of matter there isn’t really anything there. Although Rutherford’s model is still taught in secondary-school physics, and atoms are still rendered as a grouping of tiny, well-behaved billiard balls with orderly little orbits around a central nucleus, subatomic particles more closely resemble a tiny coalescence of energy, a smeared-out, uncongealed puff of vibratory nothingness.

Vlatko Vedral, a professor of quantum physics at Oxford University, once remarked that it is more correct to say that a particle is an excitation of a wave, an excitation of energy, a little coalescence of energy within a larger field of energy, much as a knot exists on a length of rope. Steven Weinberg adds, “We will not be able to give a final answer to the question of which particles are elementary until we have a final theory of force and matter. When we have such a theory, we may find that the elementary structures of physics are not particles at all.”4

Although we classify everything in the universe as separate and individual, individuality, at the most rudimentary level, does not exist.

The world owes a debt of gratitude to Werner Heisenberg’s delicate immune system and his body’s tendency toward excessively high histamine levels. During a severe attack of hay fever in May 1925 Heisenberg packed himself off to the main island of Heligoland, a small, rocky archipelago off the northwest coast of Germany, whose name, “Holy Land”, is a nod to its unusually temperate climate – a meteorological freak in the North Sea – and the virtual absence of pollen on its inhospitable terrain. Once he began to breathe easily, Heisenberg could also freely contemplate many of the conundrums posed by new discoveries about the quantum structure of matter. He and Niels Bohr had held many long discussions about the incompatibility between these new ideas and existing physics theory while hiking in the mountains near Bohr’s home in Copenhagen, and Heisenberg had spent long hours trying to reconcile the two. With no other distraction on that treeless island, he finally worked out the beautifully elegant equations of quantum matrix mechanics, ending forever all need to shoehorn the new discoveries about quantum entities into classical mechanics.

Heisenberg’s ideas reduced down to a simple truism: any theory about the physical universe should be concerned only with what can actually be observed in experiments. He’d stripped away all the suppositions that had been made about subatomic bits, such as any notion that they orbit like planets around the sun. Rather than working with individual digits, he played around with a cluster of numbers to represent the spectrum of states open to a subatomic entity, and in this manner ultimately found a mathematical means to represent the strange twilight of the quantum particle.

After returning to the mainland Heisenberg showed his work to Bohr and his other mentor, the physicist Max Born, who helped to formulate it into the first consistent theory of quantum physics.

Heisenberg had been left with one strange fact with his equations, which were otherwise so successful: they did not commute. Unlike in normal algebra, x + y did not equal y + x. A year later he went on to formulate the Uncertainty Principle, or Ungenauigkeit in his native German, which essentially put forward the outrageous proposition that matter is finally unknowable. By confining himself to the purity of mathematics, he’d discovered a way to demonstrate what was beginning to dawn on both him and Bohr. They’d discovered something so counterintuitive and bizarre about the physical world that many modern physicists, imbued with Newtonian physics, continue to have difficulty accepting it: there is no such thing as a thing, no underlying solid reality, but only the space between, the indivisible relationships between things.

Since the establishment of quantum physics, physicists have felt compelled to keep inventing new theories – string theory, many-worlds theories – because otherwise, although the maths works, the logic of it continues to confound. Nevertheless, modern quantum physicists have demonstrated what Heisenberg had first intuited: matter is nothing but a relationship; x + y, in a sense, stands for an impenetrable bond between two indeterminate things that do not exist on their own. Or as Heisenberg, with his philosophical bent, would bluntly note, after fruitlessly attempting to move beyond uncertainty in the quantum world, “We cannot know, as a matter of principle, the present in all its details.”5

Heisenberg went on to refine his theories in what became known as “quantum field theory”. He discovered that at our most fundamental layer of being, our subatomic particles not only aren’t really a definable anything, but also do not remain the same at any moment. The little things that make up big things in the universe don’t stay the same, but keep changing. All subatomic particles are constantly trading information with their environment and being reshuffled in a dynamic pattern. The universe contains an indeterminate number of vibrating packets of energy that constantly pass energy back and forth as if in an endless game of basketball with a quantum sea of light. Indeed they aren’t even there all the time, but are constantly popping in and out of existence, making a brief appearance before disappearing back into the underlying energy field.

All elementary particles interact through what are considered temporary or “virtual” quantum particles, combining and annihilating each other in less than an instant. Furthermore every type of particle has its shadow self in the form of antimatter or an antiparticle, which behaves just like its corresponding “positive” variety except with an opposite charge. So for every quark there is an antiquark, for every electron a positron. And should the two ever meet they simply combine, so that the superficial appearance of an entity reverts to indeterminate, unspecified energy.

The back-and-forth passes of virtual particles, akin to two people taking turns constantly depositing and withdrawing the same amount of money from a bank, are known collectively as the Zero-Point Field. The field is called “zero point” because even at temperatures of absolute zero, when all matter theoretically should stop moving, these tiny fluctuations are still detectable. Even at the coldest place in the universe, subatomic matter never comes to rest, but carries on this little energy tango.6

Nature’s most basic ingredients are bundles of energy that are indistinguishable from the field around it. According to quantum field theory, the individual entity is transient and insubstantial, and particles cannot be separated from the empty space around them. Although you appear the same at any given moment, you are an entirely new batch of subatomic energy with every breath you take.

Rather than a batch of separate things jostling around in empty space, it is more correct to say that fundamental matter is simply a relationship between two indeterminate things: particle energy traded with other particle energy and also with the background Field. It is in fact the Bond between these tiny particles and the background Field that creates everything that we refer to as “matter”. All matter depends on a connection with this most fundamental of energy fields to achieve a sense of solid and stable substance.

Hal E. Puthoff, the director of the Institute for Advanced Studies at Austin in Austin, Texas, and his colleagues have shown that this constant to-and-fro exchange of all subatomic matter with the Zero-Point Field accounts for the stability of the hydrogen atom, which implies that it also accounts for the stability of all other matter.7 Without this constant trading of energy with the Zero-Point Field, the electrons within the atoms of things would spiral out of control and be sent crashing into the atom’s nucleus, and all matter would simply implode.

Puthoff also showed that this relationship creates the sense we have that an object has mass, or density.8 In a landmark paper he and his colleagues argued that inertia – the tendency of objects to stay put and be hard to get moving, and then once moving, be hard to stop – is simply a “drag force”, or resistance to being accelerated through the Zero-Point Field. The larger the object, the more particles it contains and the more tightly it is gripped onto by the Field. The “drag” on that object gives the appearance of mass, but in the eyes of these physicists, mass is simply energy holding onto other energy. Whenever you push on an object or it attempts to move, the interaction between the particles, or energy vibration, of that mass is held onto tightly by the Zero-Point Field, giving the illusory sense of corporeal form.

What this essentially boils down to is that everything we label an object, no matter how large or how heavy, is essentially a collection of electric charges interacting with other energy. The most basic property of matter, its sense of being a solid “something”, is only and entirely due to the Bond between subatomic particles and the background sea of energy.9 A subatomic “particle” is simply the seeking of a connection in the space between a big web of energy and a little knot of energy. You and everything around you are simply a collection of charged energy having a relationship.

We also now understand that these little knots of energy mostly like to operate as an indivisible collective. Another strange feature of quantum physics is nonlocality, also referred to as “entanglement”, with its poetic connotation of doomed indivisibility, like a pair of starcrossed lovers who may be forced to separate but remain mentally and emotionally intertwined forever. Niels Bohr discovered that, once subatomic particles such as electrons or photons are in contact, they remain aware of and forever influenced by one another instantaneously and for no apparent reason, over any time and any distance, despite the absence of force or energy, the usual things that physicists understand are necessary for one thing to affect something else.

When particles are entangled the actions of one will always influence the other in the same or the opposite direction, no matter how far apart they are separated, like Siamese twins that can never be divided. Once they have connected, the measurement of one subatomic particle instantaneously affects the position of the second one. The two subatomic parties continue to talk to each other, and whatever happens to one is identical to, or the opposite of, what happens to the other.

Entangled particles often get into a state of “coherence”, where they lose their individuality and behave like one giant wave. Although the individual subatomic entities do maintain a certain individuality – much like the individual musicians in an orchestra – any attempt to separate them is now futile, for something occurring to one always affects the whole, and any action by one is conducted by the group. They are so inextricably connected that you cannot even distinguish one from the other. Frontier physicists have seen evidence that the subatomic particle emissions from living things, including human beings, are highly coherent, suggesting that our own subatomic make-up consists of particles that exist only as a collective, impossible to distinguish from each other.

Until his death in 2008, John Archibald Wheeler’s sober countenance, not unlike a balding Richard Nixon, belied his almost recklessly speculative interior life. It was Wheeler, another protégé of Niels Bohr, who developed the theory of nuclear fission. He also came up with the idea that uranium-235 might make a feasible atomic bomb, well before that became the mission of the Manhattan Project in Los Alamos during World War II. It was also Wheeler who discovered that Einstein’s space-time becomes a seething quantum foam, and who, with his talent for turning a phrase, coined terms like “black hole” and “wormhole”. Wheeler acted as one of Einstein’s chief cheerleaders in promoting the theory of general relativity and, working with Einstein, tried and failed to derive from it a unified field theory. Nevertheless, Wheeler carried on believing the universe could be unified, presented as a line of mathematics, and even ultimately reduced entirely to information. Toward that end he produced the catchy phrase “it from bit”. “Every particle,” he said, “every field of force, even the space-time continuum itself is derived from ‘yes or no’ answers, binary choices, bits.”10

Wheeler’s most outrageous speculation attempted to understand the biggest mystery posed by quantum physics. The pioneers of quantum physics had demonstrated in their experiments that the only thing that seems to transform the potential something of a subatomic particle into something solid and measurable was the involvement of an observer. As soon as the scientists took a closer look at a subatomic particle by taking a measurement, the subatomic entity that existed as pure potential would “collapse” into one particular state.

The fact that a subatomic particle settles down to a set single state only when measured or observed suggested a staggering possibility to many scientists: the role of the scientist himself – or the role of living consciousness – somehow is the influence that turns the smallest elements of life into something real. This implies that the universe is a joint venture between the observing consciousness and the observed: it requires the observer to bring that which is observed into being.

Wheeler wanted to test this notion with a variation of the famous double-slit experiment in quantum physics, based on a classic experiment with light carried out by Thomas Young, a British physicist of the nineteenth century. In Young’s experiment a beam of pure light is sent through a single hole, or slit, in a piece of cardboard, then passes through a second screen with two holes, before finally arriving at a third, blank screen. The light passing through the two holes forms a zebra pattern of alternating dark and light bands on the final blank screen. If light were simply a series of particles, two of the brightest patches would appear directly behind the two holes of the second screen, as a pattern of individual particles.

However, the brightest portion of the pattern is halfway between the two holes, caused by the combined amplitude of those waves that most interfere with each other. When two waves peak and trough at the same time, and bump into each other, the combined signal of the overlapped wave intensifies and the light gets brighter. If one peaks when the other troughs, the opposite occurs, and they cancel each other out, causing complete darkness. After observing this phenomenon Young was the first to realize that light beaming through the two holes spreads out in overlapping waves.

A modern variation of the experiment fires off single photons through the double slit using a gadget called an interferometer. These single photons also produce zebra patterns on the screen, demonstrating that even single units of light travel as a smeared-out wave with a large sphere of influence. Physicists have held up Young’s experiment as proof that quantum entities like photons act wave-like and travel through both slits at once. Because you need at least two waves to create such interference patterns, the implication of the experiment is that the photon is somehow mysteriously able to travel through both slits at the same time and interfere with itself when it reunites.

But there is a catch to this experiment: when the experimental apparatus has a particle detector whose job is to locate which slit the photon went through, the outcome of the experiment is very different. Instead of being wave-like, the photon acts like a particle and is detected as definitely travelling through one of the two slits. Rather than creating an interference pattern, it creates a definite particle pattern on the screen.

So when the particle detector is turned on, it assumes the role of observer. Once “observed” by the detector, the photon acts like a solid particle rather than a smeared-out, uncongealed wave. It collapses to a single entity, goes through only one of the slits, and enables you to track its path.

In 1978, when Wheeler was pondering the meaning of this experiment – which seemed to place an emphasis on whether or not the photons were detected – he wondered whether timing was important, whether it mattered at which point the photon is observed or measured.

When scientists want to test a hypothesis, they sometimes first carry out a “thought” experiment, or, in a nod to the German roots of the practice, a Gedankenexperiment. They imagine an experiment in their heads and work it out in the pure language of mathematics. The experiment is thus essentially proven to work, or not, by virtue of maths alone, not real life. To test the timing with his photon experiment, Wheeler devised a famous thought experiment called the Delayed Choice Experiment, in which a particle detector is delayed so that the photon’s path is detected only after it has gone through the slits.

Imagine a photon that has already passed through the slits and is travelling toward the back walls. There are three possible routes for the photon: the left slit, the right slit, or both slits at the same time. At this stage we don’t know which route it has taken.

What if, as Wheeler imagined, the apparatus could include a highly mobile detector screen, which can either be removed at this point or left in place? Once the screen is removed, two telescopes are revealed, each one trained on one of the slits. The telescopes would be able to see and record a little flash of light as the photon travels through one of the slits and so be able to detect the path of the photon through one or the other slit.

In this experiment the observer has “delayed his choice” of whether or not he wants to observe the path of the photon (via the telescopes) until after the photon has presumably made its decision to go through one slit, the other slit, or both.

According to Wheeler’s calculations, the path of the photons entirely depends upon whether or not they are observed. If we remove the screen and the telescopes record the path of the photon – even after it has passed through the double slits – we get a distribution pattern consistent with what we’d get if particles were going through one or the other of the two slits, but not both. If we keep the screen up, the photons remain in a state of superposition and go through both slits.

The remarkable aspect of this experiment is that timing is irrelevant: even after the event has occurred and the photon has gone through one or both slits, the presence or absence of the screen – that is, the presence or absence of observation – determines its final outcome.11

Wheeler’s experiment implies that observation, even after the fact, determines the final outcome. The observer entirely controls whether that which is observed comes into being at any point in time.

In the words of Wheeler’s protégé, the physicist Richard Feynman, the role of the observer is central to quantum physics; it is the “mystery which cannot go away”. Wheeler’s experiment itself remained a mystery until 2007, when Jean-François Roch and his colleagues at the École Normale Supérieure de Cachan in France successfully found a means of carrying out the “delayed choice” experiment and proving the ideas that Wheeler had imagined 30 years before.12

As Wheeler noted in 2006, two years before he died, “We are participators in bringing into being not only the near and here but the far away and long ago.”13 In his fertile imagination, he even imagined the entire universe as one giant wave in need of observation to bring it into being.

From this evidence we have to ask ourselves a fundamental question: If quantum entities, which are impossible to separate from each other, drive all our basic life processes, does anything exist as an actual something on its own?

Matter in the subatomic world cannot be understood in isolation but only within a complex web of relationships, forever indivisible. Life exists because of a fundamental duality, a multiplicity of influence and being, a cooperative partnership. At its most elemental, physical matter not only isn’t an anything yet, but it remains something indeterminate until our consciousness becomes involved with it. The moment we look at an electron or take a measurement, we help to determine its final state.

The most irreducible relationship of all may be that between matter and the consciousness that observes it; what finally makes anything real is the alchemical Bond between observer and observed. There is no “us” and “them”, only a constantly transforming “we”. With every breath we take, we are cocreating our world.

We cannot discover the most fundamental parts of our universe, no matter how hard we look, because they exist only in relationship to the other parts. Quantum physicists fruitlessly continue to hunt for the thing, even though, in the very act of searching, they alter it. Life is established not within a thing but in the Bond, the space between two things: between subatomic particles, between particles and the background Field, and between mind, or consciousness, and matter. In fact, as biologists have discovered, that is the very way we ourselves get made. You and I are creations entirely of our interactions with the universe.





CHAPTER 2

THE MASTER PROGRAMMER

To Randy Jirtle, the human genome was simply a faulty computer. Jirtle, a professor of oncology at Duke University, had begun his long academic career working on computers, performing feats of complex mathematics as part of his undergraduate degree in nuclear engineering. After graduation he jettisoned his initial plans to work on nuclear energy and reactors, eventually specializing in the biology of ionizing radiation – the biological effects, in a sense, of nuclear energy gone wrong. But even with living systems it seemed like he was back to working with hardware and software. It was clear to him that the gene was the hardware. But why, he often wondered, did the hardware so often go wrong? And where exactly was the software, the master program controlling it all?

The flaw in the software had to do with imprinting, when one entire chunk of DNA on every chromosome pair gets silenced for life. Imprinting has baffled many geneticists, for it seems to violate the neat laws of inheritance laid down by Gregor Mendel, a nineteenth-century monk who developed the foundation for modern-day genetics. Although an organism inherits two sets of genes, one set from each parent, according to Mendel, the tougher and fitter gene is dominant, helping to shape the organism’s appearance, while the recessive other half, the 90-pound weakling, stays silent, overwhelmed by the dominant gene. Nature’s rationale for receiving genomic copies from both mother and father appeared to be an extra safeguard against mutation, but by silencing one or the other, nature seemed to be relinquishing this advantage.

Jirtle contended that the determination of whether or not a gene turned on had more to do with which parent it had come from than any innate tendency to be dominant. At the level of the gene, life is a constant war between the sexes. As his own work revealed, the silenced gene appeared to be inherently weak, a susceptible target for cancer or other disease. It was as though DNA had been constructed with a circuit board deliberately programmed to implode.

For an entire decade Jirtle had been puzzling over this issue and how it related to systems in the body that suddenly developed cancer. His laboratory was noted for its investigation of insulin-like growth factor-2 (IGF-2), a substance in the body that stops apoptosis, or cell death, paving the way for cancer: cell growth run amuck. He’d exhaustively studied a tumour suppressor called IGF-2R in mice, which scavenged for IGF-2 and managed to mop it up, ultimately suppressing liver cancer. Jirtle’s team eventually discovered that a switch outside the gene was responsible for turning on IGF-2R activity. But what exactly were the biological conditions that flipped the switch? If he could find the on and off switches for certain diseases, he might be able to modify the imprinting process and ultimately turn off the computer’s self-destruct mechanism.

Jirtle had his chance to explore the question further in 2000, when he received a letter from Rob Waterland requesting sponsorship for his postdoctorate project. Waterland, who’d just received his PhD in human nutrition from Cornell University, wished to explore whether dietary changes represented one of the switch’s main controls, and he’d been impressed by Jirtle’s willingness to look beyond the gene as the master control. Waterland had been particularly fascinated by the scientific evidence showing that the children of women who were deprived of certain nutrients while pregnant were more highly susceptible to disease and neurological disorders. Epidemiological research had revealed that populations exposed to famine prenatally have lower birth weights and higher than normal rates of degenerative diseases, including diabetes, coronary heart disease, and cancer.

Waterland was also intrigued by evidence that the effects of famine carried on through generations. People who had been starved in the womb produced smaller than normal children, who in turn had smaller grandchildren, even if the children and grandchildren received adequate nutrition throughout their lives. Adverse environmental conditions appeared to affect at least two generations down the line.1

Suppose you attempted this in reverse, he wondered. If you improved the diet of a pregnant mother, could you turn off the expression of genes programmed for disease and reverse genetic destiny?

Jirtle agreed to work with Waterland, with the proviso that they choose their model species carefully. When scientists want to study a genetic problem, they need to examine an easily identifiable aberration under exaggerated conditions, so they look for a genetic quirk of fate. Jirtle and Waterland both independently decided that the perfect quirk for their purposes was the agouti viable yellow (Avy) gene. Agouti mice, as they’re known, possess a genetic defect in their agouti gene, which encodes the signalling molecule for hair colour, ordering the hair follicles to produce a yellow coat rather than the customary brown. Mice with the defective agouti gene are also destined to be couch potatoes. Besides being golden coloured, these mice are often hugely obese, with a tendency to develop diabetes and cancer.

Waterland had been inspired by a study carried out by the National Center for Toxicological Research (NCTR) showing that supplementing the diets of female agouti mice with a variety of B vitamins could override the genetic defects and produce a greater number of normal offspring. The study had speculated that a mechanism “above the gene” had been responsible, but the researchers had not identified exactly how it worked or what in the mother’s DNA got modified to produce this happy result.2 Waterland planned to use their model and their protocol, but then take apart the offspring mice’s DNA to see what it might reveal.

After receiving a two-year fellowship from the Dannon Institute, Waterland and Jirtle got hold of a few pairs of breeding agouti mice from the NCTR group who had done the original study, and within six months had ten litters each of test mice and controls. Half of the female agouti mice were fed extra B vitamins before they became pregnant, during pregnancy, and also during lactation, while the other half received only normal mouse chow.

Isolating the genetic code of a single animal is a painstaking process that can take an entire week. Waterland started by taking a tiny fragment of tissue from the tail of each of his test animals, modified it through one process, mixed it into a toxic soup of chemicals to separate out the genetic code, then shocked it with 40°C changes of temperature. The alternating hot and cold set off a chain reaction that quickly replicated the DNA, a bit like a photocopier firing off endless copies. After a few more chemical processes, the genetic blueprint was finally visible enough to photograph. Once he had carried out this laborious sequence with all his test mice, Waterland discovered an obvious difference in an aspect of the code of the mice whose mothers had been supplemented.

Genetic code for proteins comes in four versions, notated by science with uncharacteristic simplicity as A, C, G, and T (representing the nucleotide bases of adenine, cytosine, guanine, and thymine). In a huge portion of the offspring of the mice who’d been given the B vitamins, C had transformed into T. The B vitamin supplements, in a sense, had turned on a different gene.

The changes in gene expression were also physically obvious. A larger percentage of offspring of the mothers that had received the enriched diet were a normal brown colour and also less susceptible to adult degenerative diseases like diabetes and cancer. Unlike their mothers, the next generation of mice lived out a normal lifespan.3 The dietary supplements had dramatically overridden the offspring’s genetic destiny by turning off the agouti gene’s expression. This was the first evidence of a clear causal pathway between a mother animal’s environment and permanent alterations in an aspect of her offspring’s genetic code. As Jirtle giddily announced with the publication of their study, “This is where environment interfaces with genomics.”4 With their little batch of mice Jirtle and Waterland had proven that a few simple environmental modifications early in the life of a living thing could take charge of its genetic destiny.

“We’re either going to be famous or we’re going down in flames,” Jirtle had joked to Waterland when the journal Molecular and Cellular Biology featured their study on the cover of its August 2003 issue, accompanied by a photo of an assortment of yellow and slim, brown offspring crawling over a mountain range of fresh broccoli and kale. Jirtle realized what they were about to unleash upon the scientific community: not only had they overturned a century’s worth of scientific belief about genetics and the backbone of modern biology, they had also redeemed Jean Baptiste Lamarck, a scientific maverick so disparaged that for more than a century his name had been a synonym for the preposterous.

More than 50 years before Darwin developed his views on natural selection and wrote On the Origin of Species, Lamarck, a French botanist and zoologist, had spent ten years studying French flora and invertebrates (a term he coined), eventually producing Recherche sur L’Organisation des Corps Vivants in 1802 (Research on the Makeup of Living Bodies) and later his masterpiece, the two-volume La Philosophie Zoologique (Zoological Philosophy), the first book to set out a coherent, well-developed theory of evolution.5 Lamarck described life as an evolving chain of being, and indeed Darwin enthusiastically studied Lamarck’s theories as a student at Oxford. Yet Lamarck also believed in the inheritance of “acquired characteristics”, that the environment is responsible for changes in animals, and that these changes could be inherited by the next generation.

Darwin depicted the evolution of species essentially as capricious happenstance. The whole of his theory of natural selection rests on three basic assumptions: that all organisms descend from a common ancestor, that new traits in species evolve by random mutation, and that these traits persist only if they help the species to survive. He believed that mutations occurred within individual organisms essentially as some sort of copying error passed down to offspring. Any permanent changes resulting from these mutations would endure within a species only if this genetic mistake provided members of the species with a survival advantage. Nevertheless any major changes from one species to another occurred in infinitely small baby steps over vast stretches of time. From this perspective, as Richard Dawkins memorably put it, nature is a “blind watchmaker” and evolution a cold-blooded process of winnowing out winners from losers.

Lamarck, on the other hand, viewed evolution as a cooperative venture between an organism and its environment. He believed in the “inheritance of acquired characteristics”, that an organism acquiring certain characteristics during its lifetime in response to environmental challenges would pass these traits on to its offspring. He concluded that an organism responded to the need to evolve and that this need would produce favourable adaptations. Like Darwin, Lamarck theorized that “transmutation of species”, as he called the evolution of one species into another, occurred slowly, over many eons. Unlike modern evolutionary synthesis, with its emphasis on a genetic roll of the dice, the Lamarckian worldview depicts the natural world as a dynamic, symbiotic partnership, and evolutionary change as a joint solution, restoring balance and harmony when an organism is out of alignment with its environment.

Although Lamarck’s views were initially greeted with enthusiasm, eventually they were roundly rejected, and he died a pauper, his body buried in a lime-pit grave. “Lamarckian” entered the scientific lexicon as a disparaging term for any idea suggesting that environmental factors could alter genetic coding or that an organism of any variety somehow had the intelligence to affect the body’s central blueprint.

It took more than a century for Lamarck’s work to be re-examined, when a British embryologist and Cambridge University lecturer named Conrad Waddington, while attempting to work out how the neural tubes of amphibians were constructed, became convinced that the answer lay in the fledgling discipline of genetics. This was a heretical thought in the 1930s, because genes were not fully understood and certainly not considered a hereditary blueprint for anything other than basic physical characteristics.

To pursue his rogue theory, Waddington travelled to the American West Coast. At the California School of Technology the great American geneticist, Thomas Hunt Morgan, had created a laboratory entirely devoted to Drosophila melanogaster, the common fruit fly, which would prove to be, under Morgan’s work, the model organism of study for generations to come. Once settled at the California lab Waddington began to painstakingly analyse how tiny mutations affect the development of the Drosophila’s hind wing by exposing the embryonic flies to ether.

Although Waddington originally supposed his inquiry would prove the primacy of genetic coding, eventually he discovered that abnormal conditions at early stages of a fruit fly’s life would cause it to develop a strange set of hind wings. After numerous generations of flies had been exposed to ether Waddington discovered something else remarkable. The altered hind-wing development, a purely environmentally induced change, continued to be reproduced in eight generations of offspring, even when they were not exposed to the volatile liquid.6

Waddington went on to coin the term “epigenetic landscape” to suggest that the environment helps to complete genetic expression. He used the term “epigenetic”, which means “above the gene”, because this influence appeared to occur outside the gene itself. He also worked out his theory of genetic assimilation, which proposed that an animal’s response to its environment, particularly to stressors, not only affected its development, but also became part of its inheritance; the resulting acquired characteristics created changes that were assimilated into the species, producing major changes for many succeeding generations.7 Waddington was the first to demonstrate that Lamarck, and not Darwin, had been right in one regard: the development of a living thing appeared to be dependent upon the nature of its connection with things outside itself, and it was this connection, and not simply the genetic code, that was passed down to subsequent generations.

The most fundamental proof we have of our own distinction lies in the fact that our body is unique from all others. Our concept of self also stems from the belief that our body is created through an exclusive and entirely self-sufficient process within its own boundaries; personality, physical characteristics, indeed the sum total of what defines us is crafted from the unique blueprint of DNA contained inside. Although we allow for the effect of emotional stress on our personal psychic development and of diet on certain aspects of our health, we assume that the raw clay of ourselves takes permanent shape and then sets and hardens largely from a process that moves outward from the genes through our cells to our organs. The course of our lives, good or bad, is not thought to alter either our own genetic blueprint or the one we pass on to our children, other than through random mutations occurring over hundreds of generations.

Ever since the natural philosopher (and Newton’s arch-enemy) Robert Hooke peered through a primitive microscope in 1660 and discovered what appeared to be self-contained units in pieces of cork, biologists have considered the cell to be the engine room of the human body. Indeed the word “cell” actually means “small room” in Latin, for Hooke decided that his cork cells resembled a monastic cell, with its mitochondria – the actual engine – and the nucleus, the headquarters of operation. Nevertheless, it required three centuries of scientists staring inside this tiny subsection of a cell to discover what came to be regarded as the body’s central engineer.

After Watson and Crick unravelled DNA, the genetic coding within the cellular nucleus, DNA was looked upon as the architect, builder, and overlord of the body, drafting a lifelong blueprint and then using it to spearhead and oversee all the body’s dynamic activities. This was all supposedly managed through a straightforward, mechanistic process of selectively turning on and off certain genes, the steps on the spiral ladder of the double helix. These nucleotides, or genetic instructions, make copies of themselves as messenger ribonucleic acid (RNA) molecules, which choose from an alphabet of amino acids the genetic “words” that create one of the body’s approximately 150,000 specific proteins to carry out its myriad functions.

From the outset Watson and Crick laid down a set of rules they termed the “central dogma” of microbiology, as if to underscore its acceptance as an article of faith. The first commandment was that cellular informational commands flowed in a single direction, from DNA to messenger RNA to the selected combination of amino acids to the assemblage of proteins. Any proposals with the faintest suggestion that this process was reversible – that outside agents could affect the proteins that make up living organisms, and that these proteins could affect RNA and ultimately DNA – were discredited as Lamarckian fantasy.8 Nevertheless, the central dogma fell short when it attempted to explain exactly how this long chain of genetic instructions “knows” when to orchestrate a particular process and what exactly provides the signal. Until recently scientists maintained that gene activity is a hermetic process, occurring independently of the environment.

As Jirtle and Waterland’s study decisively demonstrated, genes, far from being the central controller, exist much as subatomic particles do, purely as a potential,9 to be activated or not by signals outside our body. Research now suggests that information actually flows from the other direction: from outside in. An environmental signal of some sort alerts the body that a particular protein product is needed, and it is the outside environmental signal that activates particular genetic expression. The intricate array of environmental influences to which we are exposed throughout our lives actually determines the final expression of every gene in our body. Genes get turned on, turned off, or modified by our life circumstances and environment: what we eat, who we surround ourselves with, and how we lead our lives.

Imagine a giant manufacturing plant with a central office and large numbers of energy centres used to power the rest of the plant, so large and sophisticated that they are host to thousands of simultaneous chemical and electrical processes. Then imagine that there are 40 trillion of these extraordinary manufacturing plants sitting cheek by jowl, trading resources back and forth, and you begin to comprehend the dynamic life of every one of the 100 trillion cells in your body.

Each cell is a body unto itself, capable, in the space of ten micrometres, of carrying out all the varied activities – respiration, consumption, replication, excretion – that your body engages in as a totality. Nevertheless, no matter how adept at multitasking, acutely observant of change, and rapidly adaptable, not one single cell in your body is capable of any function without receiving a signal from outside itself. In fact, as scientists are now beginning to understand, the switch that turns genes on or off lies outside your body.

The cytoplasm, the blob of jelly that makes up every cell in your body, is encased in a semipermeable cell membrane, a triple layer of fat-like molecules containing a variety of protein molecules that act as little revolving doors for other molecules to enter or exit the cell. Whether or not a molecule gets through the cell membrane depends entirely on these gatekeeper proteins, which are called receptors because they function like antennae, picking external signals from other molecules and in turn signalling to effector proteins to modify the cell’s behaviour.

The membrane contains hundreds of thousands of these protein-receptor switches, which possess the ability to regulate a cell’s function by switching a certain gene on or off. But, as Jirtle discovered, what prompts the turn of the switch is an environmental signal – from the air, water, and food we consume, the toxins we’re exposed to, or even the people we surround ourselves with. This in turn affects the methylation of the DNA double helix, which is exquisitely sensitive to the environment, particularly in the early stages of life. During this process the methyl group, a quartet of atoms, attaches to a specific gene and sends it a message to silence it, reduce its expression, or in some way alter its function.

Science used to regard this configuration, often termed the “epigenome”, as merely responsible for cell differentiation, ensuring that even though every cell carries identical DNA, certain cells turn into a nose and others into an arm. But as the agouti mice study demonstrated, the epigenome also has the potential to function as an interface between outside and inside the body, as the gene’s interpreter of environmental signals. The B vitamins in Jirtle and Waterland’s study acted as methyl donors, causing methyl groups to attach more frequently to the agouti gene of baby mice in utero, turning off its expression as a trigger of rogue golden colouring and eventual disease. This signalling occurs not within but on top of the gene and does not alter the genetic sequencing or interfere in any way with the letters of the four-unit genetic code. This means that an important controller of a gene and whether or not it is activated is the host of influences outside the body.

Stripped down to its basics, one cell of any person or animal is indistinguishable from any other. Take the membrane off one of my 40 trillion cells and you can successfully implant it into your body.10 A cell has no individuality unless it interacts with its environment. Outside influences will determine a cell’s expression and how it reacts within its world, whether it will conform or be an outlaw to its fellows. As the biologist Bruce Lipton notes in his groundbreaking book The Biology of Belief, the real brain of a cell is its membrane.11

Rather than the nucleus, external influences filtering through the cellular membrane control the cell, and consequently the behaviour and health of the entire organism. Epigenetic changes and the ultimate expression or silencing of a gene occur as a result of environmental stressors. Diet, the quality of air and water, the emotional climate within your family, the state of your relationships, your sense of fulfilment in life – the sum total of how you live your life and also how your ancestors lived theirs – have the most effect on the expression of your genes. Every factor in our lives conspires to create the physical person we become.

Discoveries in epigenetics represent the ultimate apostasy to Watson and Crick’s central dogma that genes determine how we respond to our environment. As Jirtle and Waterland’s experiment showed, the reverse occurs: our environment determines how our genes will respond. The environment outside our bodies determines the environment within. We are constructed by a delicate interplay of substances, inside and outside our physical borders. A Bond exists between the blueprint within our cells and everything we connect with in our world throughout our lives. Like subatomic particles, our physical body is not a discrete entity, but the end product of a relationship.

Jirtle and Waterland’s mouse study set off a riot of research. Five years after its publication the number of papers published on epigenetics grew fortyfold, particularly those concerning inheritable diseases. At the forefront of this research was a team at McGill University in Montreal led by Moshe Szyf, an Israeliborn professor of pharmacology and therapeutics. Szyf’s lab owns five patents on DNA products and has one patent pending, all for DNA formulations that he hopes will change the course of medical history. He believes that he may find the cure for cancer within the human epigenome by manipulating the methylation process so that the on-switch for cancerous genes gets turned off permanently.

Szyf has discovered that a major hallmark of cancer is an aberration in methylation patterns, so that genes needed for rapid cell growth, invasion, and metastasis aren’t kept in check.12 Although other researchers think cancer arises from too much methylation around a gene, Szyf believes the problem has to do with both too much and too little; too much methylation in breast cancer, for instance, silences genes necessary to regulate cell growth, and too little tends to activate genes involved in rapid metastasis. Szyf’s patents cover products that will regulate the methylation process in individuals with cancer, a process he’s been able to demonstrate in human cancer cell lines in the lab.13

Szyf’s work defies current thinking about epigenetics. Many scientists exploring this new field had first assumed that epigenetic changes operated a bit like the butterfly effect in chaos theory, with its sensitive dependence on initial conditions; small changes occurring early on in your environment when you are a baby will produce large changes in genetic expression, but then remain constant throughout life. Szyf’s work in the laboratory decisively demonstrates otherwise.

In a series of studies on animals he showed that numerous kinds of stress responses deliberately programmed into a variety of animals by one set of conditions early in life could be deprogrammed out of the organism by changing the conditions later in life. In one study Szyf was able to reverse abnormalities in baby rats caused by unhealthy mothering by handing the rat pups to foster mothers who treated them normally. Epigenetic conditions now appear to be fluid – wholly reversible in adulthood.14

A disease like breast cancer may also have its genesis in the Bond between our inner and outer worlds, and not exclusively within our genes. Of all forms of cancer, a family history of breast cancer is usually assumed to be one of the most clearly marked genetic indications that a woman is likely to develop the disease. Recently some doctors have counselled healthy women with a certain gene to undergo a single or double mastectomy to prevent the development of breast cancer.

Several epidemiologists at the University of Rochester Medical Center in Rochester, New York, questioned this practice after examining data from one of the most controversial studies of women in American history, the Women’s Health Initiative (WHI), sponsored by the National Institutes of Health. Among the largest studies to follow women for several decades, the WHI was expected to confirm the safety and benefits of hormone replacement therapy (HRT), as well as other treatments and practices. Five years into the study of hormone replacement, the Data and Safety Monitoring Board of the WHI shocked the world by calling an abrupt halt to the use of HRT when it became apparent that the 16,000 participants who were taking hormones had an increased risk of developing breast cancer, ovarian cancer, stroke, and heart disease.15

For the Rochester scientists, the WHI represented a goldmine of data for comparing hereditary and environmentally induced cancer. When they combed through the details of the women taking part in the study who had developed breast cancer, they naturally assumed that they would find a higher incidence of cancer among those who had a family history of the disease. However, the evidence showed a similar incidence of cancer among those taking HRT, whether or not they had breast cancer in their genetic history. The particulars of a woman’s genetic make-up or a family history of cancer appeared to have nothing to do with it.16 In this case the environmental stressor – artificial hormones taken regularly – was the major trigger.

Another kind of Bond with the same capacity to affect genetic expression is the quality of our social relationships. Moshe Szyf examined and compared the brains of suicide victims deliberately chosen for having had an abusive or neglectful childhood with those of patients who had died from ordinary causes. Although the genetic sequence was identical in both sets of brains, fascinating differences appeared in the epigenetic markings of the genes within the brains of those who had committed suicide.17 Szyf could not categorically conclude that the abuse in childhood definitely caused both the epigenetic markers and ultimately the suicidal depression, but the circumstantial evidence was compelling.18 His findings were echoed in recent work at the Center for Addiction and Mental Health in Toronto on patients with schizophrenia and bipolar disorder. These patients were found to have alterations in the outer casing of neural DNA, again strongly suggesting an environmental cause of the mental illness, and not inherited genetic history.19

The Bond we make between our inner and outer worlds is so powerful that it can also have a positive effect, compensating for a bad genetic hand. Li-Huei Tsai, a neuroscientist and director of the Picower Institute for Learning and Memory at the Massachusetts Institute of Technology, investigates the neural architecture that is involved in memory in the hope that her work will lead to a way to prevent brain degeneration. In 1997 Tsai began to explore whether epigenetic changes could improve memory, particularly in a mammal with genetically induced brain damage.

Tsai and her team selectively bred a group of mice with a certain genetic expression called p25, which causes neural degeneration and eventually a condition akin to Alzheimer’s disease. Animals with this genetic configuration have profoundly impaired learning and memory. In very short order, after brain atrophy and progressive loss of neurons, these mice quickly become demented. Impressed by studies showing that an enriched environment can improve learning capability, Tsai decided to test whether this would apply to an animal that had already suffered brain degeneration.

In the first test, every time the mice went into a specific chamber of their cage to carry out a particular task they received a mild electric shock. In the second test the mice had to locate a platform they’d seen before, but that now lay submerged in murky water. As the mice could no longer see the platform, they had to rely entirely on their memory of its whereabouts.

Ordinarily the fear conditioning of the electric-shock test produces a long-term memory of the event; once a child burns his hand on the stove, he tends to remember in future to steer clear of a gas flame. Tsai’s group of mice failed both tests; their brains had atrophied to the point where they could not learn from an unpleasant experience or retrieve from memory where an object might be located.

For the next series of tests Tsai placed her population of mice in an action-packed environment, containing an exercise treadmill, toys of different shapes and textures that were changed every day, and a new group of mice. After the experimental mice had spent time in their new environment, the researchers ran them through both tasks again. This time the mice demonstrated an ability to remember the electric shock chamber and the submerged platform. When Tsai and her colleagues later studied the brains of the test animals, they discovered that the environmental stimulation had modified epigenetic chemical tags and methyl groups called histone acetylation, which ultimately turned off the expression of their genetically modified Alzheimer gene.20

The mice experiments show that, even with something as complex as genetically induced memory impairment, genes are not destiny. In this case the Bond between the animals and their stimulating environment overrode the animals’ genetic handicaps.

Larry Feig and his research team at the Sackler School of Biomedical Sciences at Tufts University carried out a similar experiment with a group of mice with a silenced Ras-GRF-2 gene, which also affects memory and learning. But this time the team focused on the offspring that were bred during the two-month window when the mother mice lived in their “theme park” and enjoyed normal learning ability. According to genetic theory, the offspring should also have inherited the silenced Ras-GRF-2 gene, particularly as they were raised in a normal laboratory environment rather than the stimulating theme park.

Astonishingly the offspring of these mice showed evidence of normal memory and learning ability – even though they themselves had had no additional stimulation and should have inherited the turned-off gene. The environmental conditions of their mother overrode their genetic destiny.21

Like the agouti mouse study, Feig’s work suggests that the Bond between a living thing and its world, and not simply the genetic code, is ultimately what gets passed on to subsequent generations. A mother’s positive diet and positive environment represent a far more potent inheritance for her children than “good genes”.

The reverse happens as well: we can also inherit the effects of our parents’ negative environment. Lars Olov Bygren, a specialist in preventive health at the Karolinska Institute in Stockholm, examined nearly 100 individuals born in the Overkalix parish of Norrbotten, the tiny northernmost county of Sweden. Bygren knew that the isolated, sparsely populated area had suffered unpredictable harvests in the nineteenth century; in 1800 and 1821, for instance, the crops had failed and its inhabitants had starved, but in 1802 and 1822 the harvest had been so abundant that the Norrbotten people who’d gone hungry a year or two earlier gluttonously feasted on food for months. Bygren wondered about the long-term effects of these boom-and-bust food cycles on the offspring of the Norrbotten inhabitants. After scouring historical and agricultural records he was able to determine that those men and women who had turned gluttonous for a single winter produced children and grandchildren who had lived shorter lives.22

Bygren tested these conclusions by teaming up with the British geneticist Marcus Pembrey of University College London, to carry out a large epidemiological study in the county of Avon in Great Britain. Within the total study population of more than 14,000 the researchers found 166 men who had started smoking before age 11, which is just before the time boys enter puberty and begin to produce sperm. When Pembrey and Bygren examined the records of the children in the study, they found that at age nine the sons of the early smokers had significantly higher body-mass indices than the sons of fathers who were not early smokers.23 The Avon group also discovered that mothers who pile on too many pounds during pregnancy predispose their offspring to future heart risks.24 Just one environmental stressor at this key point in life can have a major impact on the future health of offspring.

One of the greatest of environmental switches may be the quality of our Bond with a social group. Psychologists at Northwestern University have examined the effect of social grouping on a genetically inherited predisposition to depression. True clinical depression, like most illness these days, is considered largely the fault of a bad toss of the dice. The entire edifice of standard treatment for depression rests upon the theory that depression results from a chemical imbalance within the brain, considered to be largely hereditary.

The main genetic component for recurrent depression has to do with the serotonin transporter gene, which comes in two distinct varieties, the short allele and the long allele. The short allele, as its name suggests, represents the short straw. This variation carries the major “on” switch for depression; anyone with this gene who experiences a series of major life stresses is considered a prime candidate for major depression.

The Northwestern team is part of a new field called cultural neuroscience, which examines mental health across nations and individual social groups. One of the greatest distinctions in any culture is how someone thinks of himself in relation to other members of his society, and whether he views himself as mainly “individualistic” (a lone wolf) or “collectivistic” (a small cog in a greater whole).25 The team examined health in relation to the cultural values of a cross-section of countries on most of the world’s continents, focusing on the degree to which each population places greater emphasis on the individual or the group.

In a nutshell, they found that Westerners define themselves by their individuality and Easterners define themselves by the extent of their acceptance within a group. “People from highly individualistic cultures like the United States and Western Europe are more likely to value uniqueness over harmony, expression over agreement, and to define themselves as unique or different from the group,” said Joan Chiao, the team leader.

In collectivistic societies, such as those of East Asia, on the other hand, higher value is placed on social harmony than on individuality. The culture encourages behaviours and practices that endorse interdependence and group cohesion.

Chiao’s team made an unexpected discovery: the more tightly knit the population, the higher percentage of the people who carried the gene for depression. East Asia in particular has a hugely disproportionate number of carriers of the short allele; at least 80 per cent of the population are genetically susceptible to depression. According to the current genetic theory of depression, correspondingly high levels of depression should exist among these populations. Instead Chiao found the opposite: among these highly susceptible populations, the actual prevalence of depression was significantly lower than in Western Europe or America.

The expectation of social support in these highly collectivist cultures seemed to buffer people from any environmental stressors that should have triggered depression.26 Even genetically inherited depression could be controlled by a social switch.

In the mid-1980s John Cairns, a British-born geneticist at Harvard’s School of Public Health, carried out an experiment that would set off one of the largest arguments in modern biology. The plan of the experiment was simple enough: to place some bacteria in a tight spot. Cairns selected bacteria with a genetic defect rendering them unable to digest lactose, the sugar present in milk, and then introduced them into a batch of Petri dishes containing cultures whose only food source was lactose. Without any digestible food, the bacteria faced death by slow starvation.

According to orthodox science and the neo-Darwinist view of natural selection, the bacteria would not be able to colonize; without a food source to drive metabolic processes, they could not carry out normal reproduction. Nevertheless, in every Petri dish Cairns found a goodly number of thriving colonies.

When Cairns tested for genetic changes in his colonies, he found that a single type of gene had changed: those preventing lactose metabolism. Identical changes in just those genes had occurred within every new colony in every Petri dish. Cairns had confirmed that none of the original bacteria contained a lactose-digesting mutation prior to the experiment. Through some unknown mechanism the bacteria had activated eleventh-hour mutations in direct response to an extreme environmental crisis, and these mutations had saved their lives. The bacteria had defied the central dogma: they had evolved purposefully, not randomly, in order to restore balance and harmony with their environment. Somehow the extreme environmental conditions had caused changes in genes, enabling the bacteria to digest the only food available to them.

In 1988 Cairns published his findings in the prestigious journal Nature under the droll title “The Origin of Mutants”, a flippant nod to Darwin.27 He proposed that cells within organisms have the ability to orchestrate their own “directed mutation”, rapidly adapting to a changing environment. Although Cairns, the discoverer of the structure and replication of the E. coli genome, had great standing among his peers, the Lamarckian assertion that the environment changed genes sparked a decade-long protest in the medical literature. The American journal Science dismissed his work as tantamount to “heresy”.28

As other researchers looked closer they discovered that, under environmental stress, a special enzyme in a bacterium cell is activated, initiating a fevered copying process of cell DNA with a deliberate array of random mistakes, a mechanism now referred to as somatic hypermutation. If any one of these mutated genes is able to assemble a protein with the key to overcoming the environmental problem, the unthinkable occurs: the bacterium jettisons the original problem gene from its DNA and replaces it with the new gene.29 This is the likely process by which bacteria continuously manage to outwit antibiotics. Although Darwin described mutation as a random accident during the reproductive process, Cairns and other scientists after him have shown that the environment is constantly changing an organism, not simply through epigenetics but directly by changing genes.

Scientists have refined Cairns’s early ideas after discovering that information between genes, the rest of the body, and the environment flows in a dynamic and interactive manner. “The traditional mechanistic view held that the structure of biological molecules determines the actions of cells in some kind of linear fashion,” says James Shapiro, a professor in the Department of Biochemistry and Molecular Biology at the University of Chicago. Genes change, says Shapiro, not from accidents, but through “natural genetic engineering”, or “adaptive evolution”, as the process is now called, a constant dynamic process of adaptation between an organism and its environment.30 “Today we know that biological molecules change their structures as they interact with other molecules and these structural changes contain information about the external environment and conditions within the cells.”31

All of the recent research on adaptive mutation and epigenetics casts a long shadow on the idea that illness is simply a case of having “good” or “bad” genes. Not only are the on–off switches for genetic expression controlled by environmental triggers, but diseases of many varieties – cancer, inherited defects, dementia, suicide, schizophrenia, depression and other mental illnesses – all appear to be set off by influences outside our bodies. Diet, a strong social network and community ties, purposeful work, mental stimulation, and an environment free of toxins and pollution may be far more important than the genes you are born with in determining the person you become and how healthy you are.

The implications of Jirtle and Waterland’s mouse study extend beyond health and illness. With one small study they effectively demolished the central edifice of molecular biology, the mechanistic assumptions about the central workings of living things, including the primacy of genetic information. Genes can no longer be considered the only driving force of nature if an outside influence can completely derail the programming. Studies such as Bygren’s and Pembrey’s also showed that new traits can show up in a single generation – for better or worse – depending upon the nature of the relationship between the parent and his environment. The Bond between a living thing and its world, the relationships we have with each other and our environment, are the greater hereditary force. This information turns the orthodox concept of evolution on its head; rather than random accident, it is a cooperative process, a finely tuned and constant striving for harmony between a living thing and its world.

Epigenetics and adaptive evolution also display something remarkable about how we take physical form. The relationship between a living thing and its environment is a two-way, ongoing conversation. Although much of that conversation is set down early in our lives, it is dynamic, fluid, even reversible – a relationship for life. We are a balance of internal and external influences, early and late programming, constantly transformed by the influence of every moment.

These new discoveries beg the unsettling question: Where exactly do “you” end and the rest of the universe begin? If you internalize and change with every interaction you have with the universe – every bit of food you eat, every person you meet, every place you’ve visited – what exactly does it mean to be you? How can you be considered autonomous?

What we regard as self is only a physical manifestation of our experience, the summation of our Bond with the universe. Our interaction with our world is a conversation, not a monologue; just as the observer changes what he observes, that which is observed changes the observer. And as we now realize, these influences are not limited to those of our immediate environment or even to the Earth itself but extend to the farthest reaches of the cosmos.
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