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Introduction




  by Steve Jones


   


 


 


 


  Science, in the public mind, is detached from the people who practise it. Everyone knows about viruses, or the background radiation of the Big Bang, but almost nobody could

  name the individuals who discovered them. DNA is different and this book is the reason why. From its first sentence (‘I have never seen Francis Crick in a modest mood’) it combines the

  facts of science with the rattling – not to say raffish – tale of how they were unveiled. Rereading it, in my case after nearly thirty years, is to affirm the genius of those who did

  the job. It is also a reminder of how much science and scientists have changed in the decades since Watson and Crick 1953, the paper that began modern genetics.




  In that year science in Britain was still, in the worst sense, British. It was a vocation of the upper middle class, was largely male, and remained concentrated in the older provincial

  universities. Since then (and in spite of determined rearguard action) it has become much more open. For genetics, the meeting in 1951 of James Watson (then only twenty-three) and the

  thirty-five-year-old Francis Crick was the first step in the democratizing process. Although its excitement comes from the discovery of the structure of DNA, The Double Helix is as much an

  account of the sociology of science as of science itself. Sir Lawrence Bragg, a senior figure in the story, describes it in his foreword to the first edition as a drama of the highest order; but in

  rather a pained tone adds that ‘those who figure in the book must read it in a very forgiving spirit’. One can see what he meant.




  It is almost obligatory for great scientists to claim, with Newton, that their genius comes from standing on the shoulders of giants. Watson and Crick preferred to stand on their toes. The

  Double Helix is full of gleeful humour at the expense of those grander than themselves. Sometimes it goes beyond wit: there are whole paragraphs of bile aimed at targets whose identity was

  clear to those in the know. Watson’s discussion (somewhat redeemed by a curiously embarrassed postscript) of the role of Rosalind Franklin in the work (‘The thought could not be avoided

  that the best home for a feminist was in another person’s lab’) is particularly offensive to the modern reader.




  None of this detracts from the fact that – as another Nobel Prize-winning biologist of their generation, Peter Medawar, put it – Watson and Crick were not only clever, they had

  something to be clever about. It is worth placing DNA into context. Genetics is a science without a past. Before Mendel, less than a century and a half ago, there was nothing. Even after his work

  was rediscovered in 1901 geneticists were, like Mendel himself, interested only in sex. Genes were mapped in a robustly biological way; by making crosses among mice, flies or fungi and looking at

  the distribution of characters among their offspring. The nature of the inherited material was ignored.




  Brilliant though this work was, to an extent it missed the point. It inferred the workings of the genetical machine from what it made. Its roots were in theory rather than practice, in physics

  rather than chemistry. For a time, indeed, genetics itself was in danger of becoming almost a branch of mathematics. Much of modern statistics was developed during the analysis of breeding

  experiments. By the time of Watson and Crick one branch of the subject, population genetics, had retreated into such a posture of frozen elegance that it lost touch with the laboratory altogether.

  Soon, genetics found itself in a ghetto quite separate from that occupied by biochemistry, itself more concerned with unravelling the chemical webs that bind cells together than with asking where

  the information to make them might reside.




  DNA was first extracted from bandages soaked in pus. Because it was abundant in fish sperm the substance later became known as ‘spermine’. This hint of its importance was ignored

  because DNA seemed to be so unsophisticated. It had only four chemical subunits, repeated many times in a long string; unlike, say, proteins with twenty or so constituents and a vast diversity of

  size and shape. Proteins were the obvious candidates for the genetic material: DNA was ‘the stupid molecule’, so simple that it could play no major part in the body.




  The idea that something so straightforward could be the agent of inheritance had to wait until 1944. Then, it became possible to change the appearance of colonies of a certain bacterium by

  treating them with DNA extracted from other colonies with a different shape. The change, amazingly, was inherited. Information was being passed from one generation to the next through the medium of

  DNA. How, nobody understood.




  This book tells the story of how the structure of DNA – two matching chains of simple chemicals called ‘bases’, wrapped around each other in a double helix – was

  discovered. That gave the immediate prospect of inferring how genes replicated themselves and transmitted informa­tion from parents to offspring. As pointed out by Watson and Crick in the

  (perhaps) feigned modesty of the last sentence of their paper: ‘It has not escaped our notice that the specific pairing we have postulated immediately suggests a possible copying mechanism

  for the genetic material.’




  Since that famous phrase, the study of DNA has exploded. Not content with having sorted out the molecule’s structure, in another intellectual tour de force eight years later Crick

  (together with Sydney Brenner and others) deciphered the genetic language itself. By adding DNA bases one by one to short lengths of the chemical from a virus they showed that the message was based

  on a three-unit code read from one end to the other. One extra base, or two, introduced into the sequence disrupted the reading process beyond the insertion point; but three restored some kind of

  sense. Rather like Hebrew, the genetic message had no spaces between its words (although, unlike any spoken tongue, all the words were the same three-letter length). Adding one or two letters

  caused chaos further down the sentence. Adding three, though, merely inserted an extra word into a message that was already hundreds of words long.




  By 1966 the code for every amino acid and for the beginnings and ends of the phrases that instruct them to form proteins was resolved. Watson helped clarify how the inherited message was read.

  He studied an intermediary molecule, RNA. This moves the genetic information contained in the DNA around the cell. The work led to what he called the central dogma of molecular biology, that DNA

  makes RNA makes protein (although later Watson admitted that he had not then known what ‘dogma’ actually meant).




  Like most of its fellows, the central dogma soon became confused. In some viruses, RNA itself is the genetic material. What is more, the flow of information may be reversed. Instead of DNA

  passing on instructions to the cell through the medium of RNA, some viruses (such as that causing AIDS) persuade dividing cells to make DNA copies of the virus’s own RNA genome.




  The physicists who began work on the ‘stupid molecule’ were impressed by the clarity of its code. On further investigation, biology – rarely pure and never simple – took

  over; and the architecture of the genes now appears far more baroque than was reasonable to expect in 1953. Far from being a simple line of instructions, in many creatures DNA has a vastly

  convoluted structure. Its lack of refinement is, perhaps, not surprising: after all, genes evolved, and evolution is famous for doing a rough and ready job as it shapes its products to face our

  uncertain world.




  It was, though, a shock to the founders of molecular biology to find that the working genes of higher organisms make up only a small portion of their DNA. Often, genes themselves are interrupted

  by strings of bases that code for nothing. The whole sequence, discontinuous though it may be, is read off into RNA and – with a perversity alien to physics – edited to cut out

  redundant sections. Even worse, much of the DNA consists of repeats of the same sequence. A series of letters is followed by its mirror image, and then back to the original, thousands of times.

  Scattered among all this are the corpses of genes that expired long ago, and can be recognized as such only by their similarity to others that still function. The image of the genetic material has

  changed. No longer is DNA a simple set of instructions. Instead, it is a desert of rigidity and waste mitigated by decay.




  Searching for the RNA go-between, though, helps track down which genes are making proteins and how many there are. The number is surprisingly modest: just sixty thousand to make a human being.

  In red blood cells, sixty-six are active; in the liver or the kidneys, two or three thousand. In the brain, half the total are at work at any time.




  The nineteenth century had ignored Mendel because the machinery of inheritance seemed less mysterious than what it produced. What made an elephant rather than an eel from a fertilized egg that

  looked almost identical in each? What, for that matter, gave rise to eels or elephants in the first place? As schemes to list the order of DNA bases forge ahead – complete for some bacteria

  and yeasts, soon to be so for a certain worm; and well under way for the three thousand million bases of our own genetic material – these old questions are being asked again.




  Biology has now been united by the theory of evolution. The new genetics supports – indeed, proves – Darwin’s notion of shared descent. Life, it shows, exists in a hierarchy of

  kinship. DNA holds some surprising secrets. It reveals that the affinity between, say, men and bananas is far closer than that between two apparently indistinguishable bacteria. Mushrooms, in their

  turn, are a group as distinct and diverse as are animals and plants considered as a single entity that includes elephants, eels and elm trees.




  Darwin knocked mankind off his pinnacle. DNA grinds his face into the biological mud. Men and chimps share 99 per cent of their genes. Human inherited diseases are found in mice, cats and dogs.

  Genes controlling the fundamental processes of life, such as the division of cells, are similar even in creatures as distinct as ourselves and yeast. Such evolutionary conservatism means that

  surprising creatures can be recruited into human genetics. A Japanese fish, the fugu (more famous for poisoning those who eat it without proper preparation) lacks, for some reason, our own tracts

  of redundant DNA. It is used to map genes – whose order turns out to be close to those of humans – without having to trudge through a molecular desert on the way.




  In spite of their genetic affinity, men and fish – or even men and chimps – look quite different. How the DNA in a virtually formless egg is translated into an adult body remains

  almost a mystery. Some genes code for proteins that act as switches early in development, pushing an embryo into one path or another. They need not be complicated: that persuading a human embryo to

  develop as a man rather than a woman (with all that that entails) is only a couple of hundred bases long. Others with equally dramatic effects (causing a fly to develop an extra pair of wings, for

  example) are just as simple. The twin Victorian obsessions – with development from egg to organism and evolution from primaeval to primate – have returned. They will dominate the

  biology of the twenty-first century.




  Whatever fundamental advances may be made, genetics, like most sciences, is often pursued for simple motives of gain. So rapidly did it progress after 1953 that, for a time, its commercial

  prospects seemed boundless. There was a boom in biotechnology, promising – like Dr Johnson at the sale of Thrale’s brewery – not just a parcel of boilers and vats, but the

  potentiality of growing rich beyond the dreams of avarice. There were a few triumphs (persuading bacteria to make the protein used to treat the blood-clotting disease haemophilia; or sheep to

  secrete human growth hormone in their milk) but most of the companies produced nothing.




  Another piece of biological hubris has also been forced to face reality. Once, it seemed that inherited disease would be cured by replacing damaged DNA. That remains more promise than reality.

  There is, though, real hope that understanding genetic defects will make it easier to treat them. All the great killers of the western world – cancer, heart disease, diabetes – have an

  inherited component. To identify those at risk before symptoms begin is the first step to a cure. It may also persuade people to change their lives. Inherited variation in susceptibility to tobacco

  means that if everyone smoked, lung cancer would be a genetic disease. To know that cigarettes mean certain death will wonderfully concentrate the minds of those most in danger.




  Science does not exist in a social vacuum. Just as geneticists begin to realize how far it is between DNA and organism their subject is being hijacked. Society is, it seems, little more than the

  product of genes. Reports of inherited variation in personality, intelligence or aggressiveness have become banal. No doubt such variation exists. With half of all genes active in the brain it is

  not surprising that there are inherited influences on behaviour. Some claim that those born with genes for low IQ or short temper cannot be helped. Their agenda of fatalism suggests that society

  must learn to contain (rather than rehabilitate) its weakest members. Oddly enough, the fatalists usually insist on the best environment they can get when it comes to their own children.




  This logic has a fatal flaw. It trips up over the meaning of ‘for’, the most dangerous word in genetics. There are no genes for behaviour. No pattern of conduct is immune from the

  effects of the environment – or, for that matter, of DNA. It is meaningless to separate them. The fact that heart disease is influenced by genes does not stop it from being treated with

  drugs. In the same way, the best way to improve the nation’s IQ – inherited though much of its variability might be – would be to double teachers’ pay.




  So many inherited predispositions in both body and mind are emerging that those who study them face the situation of The Gondoliers (the Gilbert and Sullivan operetta in which a whole

  state is promoted to the aristocracy). When everything is seen to be at least in part controlled by genes, genetics may lose its allure: as the aristocrats who clean the boots sing, with some

  dismay, ‘when everyone is somebody, then no one’s anybody!’. In the same way, if all conceivable human attributes have some genetic component (as they probably do), the public

  will soon learn how little that need mean. Biology can then return to being a science rather than a social elixir.




  The amazing advances since the discovery of the double helix emphasize how hard it is for those in the arts to understand the immediacy of science. In biology it is still possible to talk to

  figures who would be, to a historian, the equivalents of Hitler or Napoleon. Crick and Watson – both still with us – fall (in the nicest possible way, of course) firmly into that

  category.




  Both have pursued distinguished careers in the forty years since their greatest find. Watson returned to the United States, first to Caltech, then to Harvard and the Cold Spring Harbor

  Laboratory, a focal point of research in molecular biology. For several years he headed the Human Genome Project, the programme to work out the complete human DNA sequence. In 1976, Crick moved

  from Cambridge to the Salk Institute in San Diego and to the study of consciousness, a subject still as resistant to understanding as was inheritance before Mendel. His autobiography What Mad

  Pursuit gives his own perspective on the events of 1953. Maurice Wilkins remained at King’s College London until his retirement. Rosalind Franklin died in 1958 and Sir Lawrence Bragg in

  1971. Many of the other characters described in these pages are still around. Most played an important part in the progress of modern biology, but none can claim a discovery as marvellous as that

  made by Watson and Crick.




  In the end, though, science is what matters; scientists not a bit. To read this volume is to know what it must have been to participate in what Watson calls, with refreshing honesty, ‘the

  most famous event in biology since Darwin’s book’. It is notoriously hard to identify turning points in science. Often, they are recognized only years after the idea itself. The

  structure of DNA was not like that: its importance was obvious as soon as the first primitive model of its shape was made. The double helix is the icon of the modern age and the story of its

  discovery as told in The Double Helix has not been surpassed in this century. Who knows whether it will be in the next?




  Steve Jones 1996









   


 


 


 


Foreword




  by Sir Lawrence Bragg


   


 


 


 


  This account of the events which led to the solution of the structure of DNA, the fundamental genetical material, is unique in several ways. I was much pleased when Watson

  asked me to write the foreword.




  There is in the first place its scientific interest. The discovery of the structure by Crick and Watson, with all its biological implications, has been one of the major scientific events of this

  century. The number of researches which it has inspired is amazing; it has caused an explosion in biochemistry which has transformed the science. I have been amongst those who have pressed the

  author to write his recollections while they are still fresh in his mind, knowing how important they would be as a contribution to the history of science. The result has exceeded expectation. The

  latter chapters, in which the birth of the new idea is described so vividly, are drama of the highest order; the tension mounts and mounts towards the final climax. I do not know of any other

  instance where one is able to share so intimately in the researcher’s struggles and doubts and final triumph.




  Then again, the story is a poignant example of a dilemma which may confront an investigator. He knows that a colleague has been working for years on a problem and has accumulated a mass of

  hard-won evidence, which has not yet been published because it is anticipated that success is just around the corner. He has seen this evidence and has good reason to believe that a method of

  attack which he can envisage, perhaps merely a new point of view, will lead straight to the solution. An offer of collaboration at such a stage might well be regarded as a trespass. Should he go

  ahead on his own? It is not easy to be sure whether the crucial new idea is really one’s own or has been unconsciously assimilated in talks with others. The realization of this difficulty has

  led to the establishment of a somewhat vague code amongst scientists which recognizes a claim in a line of research staked out by a colleague – up to a certain point. When competition comes

  from more than one quarter, there is no need to hold back. This dilemma comes out clearly in the DNA story. It is a source of deep satisfaction to all intimately concerned that, in the award of the

  Nobel Prize in 1962, due recognition was given to the long, patient investigation by Wilkins at King’s College (London) as well as to the brilliant and rapid final solution by Crick and

  Watson at Cambridge.




  Finally, there is the human interest of the story – the impression made by Europe and by England in particular upon a young man from the States. He writes with a Pepys-like frankness.

  Those who figure in the book must read it in a very forgiving spirit. One must remember that his book is not a history, but an autobiographical contribution to the history which will some day be

  written. As the author himself says, the book is a record of impressions rather than historical facts. The issues were often more complex, and the motives of those who had to deal with them were

  less tortuous, than he realized at the time. On the other hand, one must admit that his intuitive understanding of human frailty often strikes home.




  The author has shown the manuscript to some of us who were involved in the story, and we have suggested corrections of historical fact here and there, but personally I have felt reluctant to

  alter too much because the freshness and directness with which impressions have been recorded is an essential part of the interest of this book.




  W. L. B.









   


 


 


 


Preface


   


 


 


 


  Here I relate my version of how the structure of DNA was discovered. In doing so I have tried to catch the atmosphere of the early post-war years in England, where most of the

  important events occurred. As I hope this book will show, science seldom proceeds in the straightforward logical manner imagined by outsiders. Instead, its steps forward (and sometimes backward)

  are often very human events in which personalities and cultural traditions play major roles. To this end I have attempted to re-create my first impressions of the relevant events and personalities

  rather than present an assessment which takes into account the many facts I have learned since the structure was found. Although the latter approach might be more objective, it would fail to convey

  the spirit of an adventure characterized both by youthful arrogance and by the belief that the truth, once found, would be simple as well as pretty. Thus many of the comments may seem one-sided and

  unfair, but this is often the case in the incomplete and hurried way in which human beings frequently decide to like or dislike a new idea or acquaintance. In any event, this account represents the

  way I saw things then, in 1951–3: the ideas, the people, and myself.




  I am aware that the other participants in this story would tell parts of it in other ways, sometimes because their memory of what happened differs from mine and, perhaps in even more cases,

  because no two people ever see the same events in exactly the same light. In this sense, no one will ever be able to write a definitive history of how the structure was established. None the less,

  I feel the story should be told, partly because many of my scientific friends have expressed curiosity about how the double helix was found, and to them an incomplete version is better than none.

  But even more important, I believe, there remains general ignorance about how science is ‘done’. That is not to say that all science is done in the manner described here. This is far

  from the case, for styles of scientific research vary almost as much as human personalities. On the other hand, I do not believe that the way DNA came out constitutes an odd exception to a

  scientific world complicated by the contradictory pulls of ambition and the sense of fair play.




  The thought that I should write this book has been with me almost from the moment the double helix was found. Thus my memory of many of the significant events is much more complete than that of

  most other episodes in my life. I also have made extensive use of letters written at virtually weekly intervals to my parents. These were especially helpful in exactly dating a number of the

  incidents. Equally important have been the valuable comments by various friends who kindly read earlier versions and gave in some instances quite detailed accounts of incidents that I had referred

  to in less complete form. To be sure, there are cases where my recollections differ from theirs, and so this book must be regarded as my view of the matter.




  Some of the earlier chapters were written in the homes of Albert Szent-Györgyi, John A. Wheeler, and John Cairns, and I wish to thank them for quiet rooms with tables overlooking the ocean.

  The later chapters were written with the help of a Guggenheim Fellowship, which allowed me to return briefly to the other Cambridge and the kind hospitality of the Provost and Fellows of

  King’s College.




  As far as possible I have included photographs taken at the time the story occurred, and in particular I want to thank Herbert Gutfreund, Peter Pauling, Hugh Huxley and Gunther Stent for sending

  me some of their snapshots. For editorial assistance I’m much indebted to Libby Aldrich for the quick, perceptive remarks expected from our best Radcliffe students and to Joyce Lebowitz both

  for keeping me from completely misusing the English language and for innumerable comments about what a good book must do. Finally, I wish to express thanks for the immense help Thomas J. Wilson has

  given me from the time he saw the first draft. Without his wise, warm, and sensible advice, the appearance of this book, in what I hope is the right form, might never have occurred.




  Harvard University


  Cambridge, Massachusetts


  November 1967







   


 


 


 


  In the summer of 1955, I arranged to join some friends who were going into the Alps. Alfred Tissieres, then a Fellow at King’s, had said he would get me to the top of the

  Rothorn, and even though I panic at voids this did not seem to be the time to be a coward. So after getting in shape by letting a guide lead me up the Allinin, I took the two-hour postal bus trip

  to Zinal, hoping that the driver was not car-sick as he lurched the bus around the narrow road twisting above the falling rock slopes. Then I saw Alfred standing in front of the hotel, talking with

  a long-moustached Trinity don who had been in India during the war.




  Since Alfred was still out of training, we decided to spend the afternoon walking up to a small restaurant which lay at the base of the huge glacier falling down off the Obergabelhorn and over

  which we were to walk the next day. We were only a few minutes out of sight of the hotel when we saw a party coming down upon us, and I quickly recognized one of the climbers. He was Willy Seeds, a

  scientist who several years before had worked at King’s College, London, with Maurice Wilkins on the optical properties of DNA fibres. Willy soon spotted me, slowed down, and momentarily gave

  the impression that he might remove his rucksack and chat for a while. But all he said was, ‘How’s Honest Jim?’ and, quickly increasing his pace, was soon below me on the

  path.




  Later as I trudged upward, I thought again about our earlier meetings in London. Then DNA was still a mystery, up for grabs, and no one was sure who would get it and whether he would deserve it

  if it proved as exciting as we semi-secretly believed. But now the race was over, and as one of the winners, I knew the tale was not simple and certainly not as the newspapers reported. Chiefly it

  was a matter of five people: Maurice Wilkins, Rosalind Franklin, Linus Pauling, Francis Crick, and me. And as Francis was the dominant force in shaping my part, I will start the story with him.
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