
[image: cover]


CONTENTS

About the Book

About the Author

Also in the Big Idea series

Title Page

Introduction

On the Way to DNA: A History of Genetics

Crick & Watson

Afterword

Genetics: A Few Facts, Fantasies & Fizzles

Dates in the History of Science

Suggestions for Further Reading

Copyright


About the Book

At a moment of great discovery, one Big Idea can change the world …

The discovery by Francis Crick and James Watson of DNA – the very building blocks of life – has astounding implications for mankind’s future. Not only in the scientific possibilities of cloning, life expectancy and medical research, but also in our everyday lives – such as forensics and the genetic engineering of food. But with this discovery have come important ethical questions …

Crick, Watson & DNA is an engaging and accessible examination of these two scientists’ lives, radical work and legacy. Theirs was a frantic race against other scientists to understand the structure of DNA. Their Big Idea extends even beyond their monumental achievement to the moral implications that have arisen from it.

The Big Idea series is a fascinating look at the greatest advances in our scientific history, and at the men and women who made these fundamental breakthroughs.


About the Author

Paul Strathern was born in London and studied philosophy at Trinity College, Dublin. He was a lecturer at Kingston University where he taught philosophy and mathematics. He is a Somerset Maugham prize-winning novelist. He is also the author of the Philosophers in 90 Minutes series. He wrote Mendeleyev’s Dream which was shortlisted for the Aventis Science Book Prize, Dr. Strangelove’s Game: A History of Economic Genius, The Medici: Godfathers of the Renaissance, Napoleon in Egypt and most recently, The Artist, The Philosopher and The Warrior, which details the convergence of three of Renaissance Italy’s most brilliant minds: Leonardo Da Vinci, Niccolo Machiavelli and Cesare Borgia. He lives in London and has three grandchildren.
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INTRODUCTION

THE GREAT SCIENTIFIC advance of the first half of the 20th century was nuclear physics. Relativity and quantum theory began unlocking the secrets of the atom, discovering the ultimate matter of the universe. Nuclear physics became the cutting edge of human knowledge.

The mid-century discovery of the structure of DNA created an entirely new science. This was molecular biology, which began unlocking the secrets of life itself. Molecular biology now became the nuclear physics of the second half of the 20th century.

The discoveries being made in this field (and the possible discoveries yet to be made) are transforming our entire conception of life. Like children, we have discovered the ultimate building blocks of life, and we are also learning how they can be taken apart. Once again, science has outstripped morality. We are acquiring dangerous knowledge, without any clear idea of how we should use it. As yet, we are barely grappling with the moral problems posed by nuclear physics (which may yet destroy us). Molecular biology is showing us how to transform life into almost anything.

Such scary possibilities were barely glimpsed by those who sought to discover ‘the secret of life’. For them, this was one of the great scientific adventures. This adventure may have been pure in its aims, but those who took part in it were not immune from human frailty. All human life is here: ambition, supreme intelligence, folly, wishful thinking, incompetence, and sheer luck (both good and bad) – all had their part to play. The search for the secret of life proved no different from life itself. And the answer, when it was finally discovered, fell into the same category. The structure of DNA is fiendishly complex, astonishingly beautiful, and contains the seeds of tragedy.



ON THE WAY TO DNA: A HISTORY OF GENETICS

UNTIL LITTLE OVER a century ago, genetics was mostly old wives’ tales. People saw what happened, but had no idea how or why it happened.

References to genetics go back as far as biblical times. According to Genesis, Jacob had a method for making sure that his sheep and goats gave birth to spotted and speckled offspring. He did this by making them breed in front of sticks with strips of peeled bark which had a similar mottled effect.

More realistically, the Babylonians understood that for a date palm to be fruitful, pollen from the male palm had to be introduced to the pistils of the female palm.

The ancient Greek philosophers were the first to look at the world in a recognisably scientific fashion. As a result they produced theories about almost everything, and genetics was no exception. Aristotle’s observations led him to conclude that the male and female do not make equal contributions to their offspring. Their contributions are qualitatively different: the female gives ‘matter’, the male gives ‘motion’.

A prevalent belief in ancient times held that if a female had previously mated and had progeny, the characteristics of their father would appear in the woman’s subsequent progeny by any other male. This fairy story was even dignified with a pseudoscientific name by the ancient Greeks, who called it telegony (meaning ‘distant-begetting’).

A more interesting theory was pangenesis, which held that each organ and substance of the body secreted its own particles, which then combined to form the embryo.

Such beliefs recur in genetic theory through the centuries, in a manner curiously similar to the actual recurrence of genetic traits. (Pangenesis was to pop up for well over 2000 years, and was even accepted by Darwin.)

Biology, and with it genetics, crossed the threshold into science in the 17th century. This was almost entirely due to the microscope, which was invented by the Dutch lens-grinder and counterfeiter Zacharias Jansen in the early 1600s. Microscopes led to the discovery of the cell. (This term was first used by the British physicist Robert Hooke, but was in fact misapplied to the tiny spaces left by dead cells, which reminded him of prison cells.)

The discovery of sex cells (or germ cells) caused great excitement. Soon over-enthusiastic microscopists were convinced that they had observed ‘homunculi’ (tiny human forms) inside the cells, and it looked as if the problem of reproduction was solved. More importantly, the English botanist Nehemiah Grew speculated that plants and animals were ‘contrivances of the same wisdom’. He suggested that plants too have sexual organs and exhibit sexual behaviour. When the pioneer Swedish biologist Carl Linnaeus introduced his classification for species of plants and animals, the way was opened for more systematic research. The study of hybrids led to further speculation about the nature of genetic material.

For centuries it had been widely accepted that heredity was transmitted by ‘blood’. (Hence the origin of such commonplace expressions as ‘blue blood’, ‘blood line’, ‘mixed blood’ and so forth.) This was not only loose, but inadequate. How could the same parents produce differing offspring from the same ‘blood’? Also, what accounted for the appearance of characteristics not present in either parent, but seen in long-dead ancestors and distant relatives? For instance, in thoroughbred racehorse breeding, piebalds have been known to recur after a gap of dozens of generations. (This example reveals one of the great lost opportunities of genetics. All English thoroughbreds are descended from the 43 ‘Royal Mares’ imported by Charles II, and three oriental stallions imported a few years earlier. The breeding books trace each blood-line back to its origins, with notes on the characteristics of each progeny. Well over a century before genetics was born, any Newmarket trainer had at his fingertips sufficient material to found this science.)

By the mid-18th century the scientists had at last started speculating along lines that were obvious to any racehorse breeder. The idea of evolution began to circulate. One of the early developers of this idea was the 18th century philosopher-poet-scientist Erasmus Darwin (grandfather of the famous Charles). Erasmus Darwin was convinced that species were capable of change. Any creature with ‘lust, hunger and a desire for security’ would organically adapt to its surroundings. But how?

The French naturalist Jean Lamarck came up with the first coherent theory of evolution. Lamarck had been born in 1744, the son of a broke aristo. By the age of 37 he had become Botanist to the King. When the Revolution took place Louis XVI was executed, along with any blue-blood who could be found. But Lamarck quickly evolved a suitable social cover, and emerged as Professor of Zoology at Paris. In the light of such experience, it’s not surprising that Lamarck believed in the effect of environment on evolution.

According to Lamarck, ‘acquired characteristics are inherited’. In other words, a man who has learned how to become a skilful fencer will pass on this skill to his son. This sounds fairly plausible – especially when one considers the Bach family. A son often does exhibit certain characteristics acquired by his father. But not for Lamarck’s reason. The fencer son may have inherited his father’s athleticism and quick-wittedness, but not his actual skill. The fault in the ‘acquired characteristics’ theory is demonstrated by a more extreme example: even after generations of being blinded at birth to work in coal mines, pit ponies were still not born blind. Nevertheless, not long after Lamarck died the idea of evolution gradually became more widespread. (To this day, there is a statue of Lamarck in the Luxembourg Gardens in Paris, inscribed ‘the inventor of evolution’.)

The father of evolution received little recognition during his lifetime, but the father of genetics received none. Gregor Mendel was born in 1822 in Silesia, which was then part of the Austro-Hungarian Empire. His parents were peasants and he was forced to abandon university because he had no money. In order to continue his studies he entered the priesthood, where he taught himself science yet failed his simple teaching exams. Allegedly this was because of ‘examination amnesia’, though the fact that he scored lowest marks in biology speaks of some more profound resistance to systemised knowledge.

Despite this, it was in systemisation that Mendel showed his genius. Mendel ended up at a monastery just outside Bruno, in what is now the Czech Republic. Put to work in the monastery garden, he began a long and systematic series of experiments cross-breeding edible pea plants (pisum). Mendel studied seven different characters of the plants, such as flower colour, height, seed shapes and so forth. He found, for instance, that if tall plants were crossed with short plants, the result was tall plants. But when these first generation hybrids were crossed with each other, they produced 75% tall plants and 25% short plants.

Mendel concluded that each character was determined by two ‘factors’, one contributed by each parent plant. For instance, the character height was determined by a ‘tallness’ factor and a ‘shortness’ factor. The ‘tallness’ factor and the ‘shortness’ factor both remained in the plants. They did not blend, they retained their separate identities – but one was dominant. In this case the ‘tallness’ factor was dominant. This explained why when the plants were initially crossed, their hybrid offspring were all tall. But when the hybrids were crossed, the ‘tallness’ and ‘shortness’ factors split and reformed.

Each parent contributes one factor to each offspring, producing four possible combinations:
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This accounted for the 75% : 25% distribution of tall plants and short plants after the second crossing.

Mendel’s ‘factors’ are basically what we now call genes. It looked as if genes held the key to heredity. After conducting over 20,000 experiments Mendel came to further conclusions. Firstly, plants inherited an equal amount of ‘factors’ (or genes) from each parent. Also, separated pairs of genes always paired up again independently of one another. He further suggested that these genes were transmitted by germ cells.

Mendel had indicated why certain observable characteristics (such as piebaldness in horses) could skip generations, and also why children of the same parents do not exhibit the same characteristics (because the independent pairing of the separated genes produces a variety of combinations).

In 1866 Mendel finished a paper on his work called ‘Experiments with Plant Hybrids’ (Versuche über Pflanzenhybriden). This he published in the magazine of the local Natural Science Society at Bruno. The paper outlines Mendel’s experiments and the brilliant statistical deductions which led him to his revolutionary conclusions. These conclusions – now known as Mendel’s Laws – were to be the foundation of modern genetics.

But this lay years in the future. Not surprisingly, few leading scientists studied the pages of the Bruno Natural Science Society magazine. For the moment no one was interested in Mendel’s revolutionary findings; so he sent his paper to the top German botanist von Naegeli, at the University of Munich. Unfortunately Naegeli clung to the quaint belief in spontaneous generation. In his view, biological elements were created spontaneously by nature at cell level, and these elements then combined to produce pure species. The creation of species thus came about for no apparent reason, at the spontaneous whim of nature. According to this theory hybrids were mere freaks, and Mendel’s experimental evidence was therefore irrelevant.

Despite Mendel’s years of painstaking research, Naegeli told him that he needed to conduct yet more experiments if he was to convince anyone with his findings. Naegeli suggested that this time he should use hawkweed (Hieracium). Sadly hawkweed was an exceptional case, and Mendel’s results did not match his previous findings. Mendel became somewhat disillusioned, and around the same time was elected abbot of his monastery. There was little time for further experiments on his previous exhaustive scale, and he died without recognition in 1884.

Not until 1900 did Mendel’s work come to light. Only then, 34 years after the publication of his original paper, did he receive the universal acclaim he deserved. But such widespread renown can have its drawbacks. In 1936 Mendel’s findings were scrutinised by the British scientist Sir Ronald Fisher, pioneer of modern statistics, who found that Mendel had committed the unforgivable scientific sin. On a number of occasions Mendel had fudged his figures to make his statistics fit his thesis. Fortunately the science of genetics was by this stage well and truly launched, with no chance of being sunk by this pedagogic depth-charge. (Modern genetics is not alone here. Margaret Mead, the mother of modern anthropology, established herself as the world leader in her field when she published Coming of Age in Samoa in 1928. Not until many years later, by which time anthropology had built a firm structure on this foundation, was it discovered that many of Mead’s colourful and optimistic findings in this work were sheer fantasy. But anthropology, like genetics, was far too well-established to be sunk by mere facts.)

Mendel had conclusively disproved the ‘blood’ theory of heredity – which implied that the characteristics of parents are blended in their offspring. But as his work remained unknown, this theory continued to flourish. Even Charles Darwin believed that heredity was transmitted in this fashion. He also accepted telegony – having witnessed a case where a mare, who had previously mated with a zebra, gave birth to a foal with stripes after mating with an Arab stallion. And unlike Mead or Mendel, Darwin had a scrupulous regard for the facts. We can only assume that he was hoodwinked by a cunning zebra owner, or one of the horses had a striped ancestor.

Fortunately Darwin’s work in the related field of heredity was to prove more lasting. The publication of his The Origin of Species in 1859 introduced the idea of ‘the survival of the fittest’. Species evolved by natural selection. The entire history of life on earth appeared to be explained.

Despite this, the French Lamarckists continued to believe in the inheritance of acquired characteristics. According to them, the giraffe had grown its long neck as a result of generations continually stretching for high leaves. This theory was to be conclusively disproved in the 1890s by the heartless German biologist August Weismann, who must have been deeply impressed by nursery rhymes in his childhood. Evoking scenes from ‘Three Blind Mice’, he conducted experiments in which he amputated the tails of mice for several generations. Despite this grim practice, the mice’s tails neither disappeared nor became shorter. Weismann drew an important conclusion: hereditary inheritance is carried by germ cells (sex cells), and is not influenced by what happens to the organism.

That other persistent myth, the blood theory, was finally laid to rest by Darwin’s cousin Francis Galton. In another series of unfeeling but apparently vital experiments, Galton transfused blood from white rabbits into black rabbits. The rabbits may have felt as if they were turning green, but in fact the transfusions had no effect. When the black rabbits were well enough to resume their normal activities, it was found that none of their numerous progeny had white fur. Heredity was certainly not transmitted by blood.

Darwin may have explained what happened to hereditary characteristics, but how these were actually conveyed from generation to generation remained a mystery. Weismann and Galton had conclusively demonstrated that this happened at cell level. More importantly, Mendel had shown that the information was carried by ‘factors’ (genes) – but this information still languished in a back number of the Bruno Natural Science Society magazine.

Meanwhile advances had been made in a field which for the moment appeared to have little relevance to genetics. In 1869 the 25-year-old Swiss biochemist Friedrich Miescher was researching at Tübingen into the composition of white blood cells. For his source material he used bandages from the operating theatre of a local hospital – a rich source of pus, whose main ingredient is white blood cells. By adding hydrochloric acid solution, he was able to obtain pure nuclei. He then stripped these down still further by adding alkali, then acid. In the process he obtained a grey precipitate quite different from any previously known organic substance. He named this nuclein – since it was part of the nucleus. This we now know as DNA.

Ten years later the German pioneer of cell structure research, Walther Flemming, began using the newly discovered analine dyes to stain the nuclei of cells. He discovered that these dyes imparted colour to a band-like structure within the nucleus. This he named chromatin (from the Greek chroma, meaning colour). A couple of years later it was discovered that nuclein and chromatin reacted in precisely the same way: they appeared to contain the same substance. Chromatin consists of what we now call (after it) chromosomes, which in turn contain nuclein – or DNA. And DNA is what makes up the genes discovered by Mendel. All the disparate pieces were beginning to come together.

However, we can only see this in hindsight. At the time, these developments were disparate. Those involved didn’t know where their work was leading them – even if they did have immediate aims (such as discovering cell structure or understanding the patterns of heredity). Only when the connection between these developments was made would the further picture emerge.

As early as the 1870s the German biologist Oskar Hertwig had made an important discovery whilst studying sea urchins under the recently developed light microscope. During fertilization sperm penetrated the egg, and the nuclei of the sperm fused with the nuclei of the egg. The importance of chromatin (chromosomes) in this fertilization process quickly became apparent when the Belgian embryologist Edouard van Beneden began studying an intestinal threadworm found in horses, called Ascaris megalocephala. This big-headed parasite had only a few, large chromosomes, which made for easier observation. Beneden found that the sperm and the egg both contributed the same number of chromosomes in the fertilization process. He also discovered that there is a constant number of chromosomes per cell, which varies according to the species. (The threadworm, for instance, has just four chromosomes per cell, whereas the human cell contains 46.)

But if the nuclei of the sperm and the nuclei of the egg both contained an equal amount of chromosomes, and both contributed an equal amount of chromosomes, the amount of chromosomes should double during fertilization. Beneden noticed that this did not happen. Instead the chromosome number remained constant, maintaining the characteristic number for the species. This process, by which the number of chromosomes halves in the germ cells (formed by the egg and the sperm), Beneden called meiosis, from the Greek ‘to decrease’. Meiosis was eventually explained by Flemming, the original discoverer of chromatin. He noticed that instead of merging directly the chromosome groups split lengthways into identical halves. These scattered through the cell, and then merged with each other. Here, at cell level, was a process which bore an uncanny resemblance to the splitting of ‘factors’ described by Mendel.

During the early years of the 20th century the American experimenter Thomas Hunt Morgan became aware of this resemblance; but he was unconvinced by Mendel’s findings. Morgan, a great grandson of the man who had composed the US national anthem, undertook an exhaustive series of experiments breeding fruit flies (Drosophila). These flies have a life cycle of just 14 days, allowing for rapid statistical work. Despite encountering discrepancies with Mendel’s findings (which were nothing to do with Mendel’s occasional fudging), Morgan was eventually convinced that Mendel had been on the right track.

Extending Mendel’s work on ‘factors’ (genes), Morgan showed that Drosophila had four groups of linked genes. The fact that some genes frequently remained together from generation to generation suggested a linking mechanism. Morgan decided that they could only be joined together on chromosomes. As there were four groups of genes, he concluded that Drosophila had four chromosomes.

Further statistical work showed that the assortment of Drosophila characters did not follow Mendel’s laws. This could be accounted for by the splitting and recombining of chromosomes which Flemming had already observed. The splitting allowed some genes on the same chromosome to reassort, whereas others remained linked. This meant that genes at a greater distance from one another on the chomosome were more likely to reassort. And the higher the frequency of reassortment, the further apart the genes. Morgan realised that genes could be mapped.

In 1911 Morgan produced the first chromosome map, indicating the relative location of five sex-linked genes. Just over a decade later he had extended this map to include the relative positions of over 2000 genes on Drosophila’s four chromosomes. Things were moving fast.

They began to move even faster when one of Morgan’s students discovered a method of increasing the mutation rate of Drosophila. Hermann Müller discovered that when the flies were irradiated with X-rays, they produced mutations at 150 times their normal rate. They also produced mutations which didn’t occur in nature. Weird hybrids with deformed wings and misshapen sexual organs began to appear. This led Müller to conclude that X-rays caused a reaction between chemicals in the genes. Essentially, mutation seemed to be the result of a chemical reaction.

Müller’s joy at this vital discovery was tempered by a grim realization. Science was moving forward without control. The legend of Frankenstein producing monsters in his laboratory was coming true. X-rays could also be used to produce mutant human beings.

Genetics was becoming aware of its inherent dangers. Discoveries in this field were discoveries about the secrets of life itself. They revealed how it passed from generation to generation, and how it changed. What was known could also be used.

For the time being the possibility of isolating the gene remained remote. All that scientists could observe, even through the most powerful microscope, was the dim shadow of the chromosome. Where genes were concerned, science was still feeling forward into the dark. But Müller’s demonstration of how to increase mutation meant that the gene’s properties could now be extensively analysed. We might not have been able to see the gene, but we could find out what was there.

Müller’s X-ray experiments made him famous, and in 1932 he took up a post in Berlin. A year later, a dangerous human mutation (not, as far as we know, arising from X-ray irradiation) took over the political reins in Germany. Neither Hitler’s gene structure, nor his views on genetics, appealed to Müller and he left the country. Alas, Müller merely exchanged the frying pan for the fire. He now moved to Stalinist Russia.

By coincidence, Müller here encountered the second extra-scientific issue which 20th century genetics would be forced to confront. Communism was creating the world of the future; social engineering was seen as a science – and vice versa. But things are not as easy as this.

Ultimately, the direction science takes will always be a matter of human choice. (We found out how to leave the planet, rather than clean up the mess we’d made of it.) Science may follow human wishes, but it does not conform to them. In communist Russia, it was expected to do so – at least where genetics was concerned.

Soon after Müller arrived, top Russian geneticists began to ‘disappear’ because they did not subscribe to the prevailing theory. This was peddled by a crafty and ambitious charlatan called Trofim Lysenko, who claimed to believe in Lamarckism. The idea that the heredity of organisms (including human beings) could be influenced by their environment (such as society) had an obvious appeal to scientific thinkers of Stalin’s calibre. Acquired characteristics (such as communist beliefs) could be inherited, and a new type of human being altogether would emerge in the coming utopia.

Lysenko’s ideas were to render Russian biology a laughing stock for 30 years (1934–64). During this period serious scientists were expected to believe that wheat raised under suitable conditions could produce rye seed, and similar tall stories. (By corollary, domestic pussycats evicted to live in the wild would produce tigers – which must have made soviet citizens somewhat wary of stray cats.) Müller argued that such nonsense was utterly disproved by X-ray irradiation. Flies subjected to this also produced ‘natural’ mutations – proving that they were the result of inner chemical changes, which were nothing to do with insect society. Müller eventually returned to the United States, where he became an active campaigner against the abuse of science, as well as its own abuses.

Heredity was transferred by chemical reaction, but how did this work? When analysed, the gene-bearing chromosome was found to contain a number of different proteins and nucleic acids. Either one, or a combination of these, was evidently the carrier of genetic information. The proteins were the obvious choice, as they had a more diverse structure, and thus appeared capable of carrying more information.

This conjecture was disproved as a result of experiments carried out by two bacteriologists working on either side of the Atlantic. Back in the 1920s in London, Fred Griffiths had carried out experiments on pneumococci, the bacteria which causes pneumonia. Under the microscope, the surface of a colony of pneumococci cells appeared shiny and smooth when they were infectious, but when they were non-infectious the surface of the colony appeared rough. If the smooth infectious pneumocci were heated they were killed, becoming rough and non-infectious.

When Griffiths injected mice with either non-infectious rough cells or non-infectious heat-killed smooth cells, the mice naturally remained unaffected. But if he injected the mice with living rough cells and heated-killed smooth cells, the mice were infected. When he examined these mice, he found that they contained infectious smooth cells. These had evidently reconstituted from a mixture of the two injected cells. Something in the dead cells had caused this transformation in the living ones. A non-living constituent of the smooth cells was evidently capable of combining with an element of the rough cells. Further investigation showed that this change was permanent. It was inherited by the next generation of cells. Some non-living chemical had transferred and altered the living gene.

The American bacteriologist Oswald Avery, working at the Rockefeller Institute in New York, set about trying to isolate this ‘transforming principle’, as he called it. By 1944 he had shown that it was a nucleic acid. More specifically, it was deoxyribonucleic acid (known as DNA).

By this stage considerable progress had been made on the analysis of DNA, though without realizing its significance. In fact, just the opposite. This negative view of DNA was largely due to the Russian-born chemist P.A.T. Levene, who also worked at the Rockefeller Institute. Analysis had shown that DNA contained four bases: adenine, guanine, cytosine and thymine. These were arranged in varying order along a linking structure:
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It was thought that genetic information would probably be carried by differing the amounts of each base. But Levene’s state of the art analysis indicated that DNA always carried equal amounts of the four bases. He concluded that DNA was a substance of boring structure and little significance. Proteins in the chromosomes were the carriers of genetic information, just as most suspected.

This view should have been exploded by the findings of his colleague Avery, which identified DNA as the ‘transforming principle’. But Levene and Avery didn’t get on. Temperamentally they were the tortoise and the hare. Levene had a striking, somewhat unsettling appearance: beneath his shock of hair his eyes were masked by tinted glasses. A headstrong workaholic, he was to publish an astonishing 700 papers during his scientific life – and saw himself as the genius-in-residence of the Institute. Avery, on the other hand, was temperamentally retiring: the son of a mystically-inclined, English clergyman. He worked with painstaking exactitude, and didn’t believe in making a fuss over his findings. As a consequence, their importance was dismissed by the flamboyant Levene. To him, Avery’s diffidence suggested that he remained unsure of his findings.

However, further analysis by Levene revealed that the nucleic acids had a much more complex structure than had originally been thought. DNA had a ‘backbone’ consisting of sugar molecules (deoxyribose), linked by a bond (of phosphodiester). Attached to each sugar molecule was one of the four bases.
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Such a molecule was very large, and was evidently capable of carrying genetic information. Reluctantly, Avery’s findings had to be accepted. The tortoise had its part to play too.

At nearby Columbia University in New York, the Czech chemist Erwin Chargaff immediately embarked upon a further study of DNA. Using quantative analysis, he discovered that different species each appeared to have their own characteristic DNA. Using the latest purification techniques, he managed to isolate the four nitrogenous bases: adenine, thymine, guanine and cytosine. By the early 1950s he had found that contrary to previous thinking, these four bases were not in fact precisely equal. Representing the bases as A, T, C and G, he found that:

A + G = C + T

also that A=T and G = C

‘Chargaff’s Rules’, as these came to be known, would obviously be essential in future analysis of DNA.

But the fundamental question about DNA still remained. How did this ‘transforming principle’ actually transform? In other words, how was the genetic information carried, and how was it conveyed? This was the ‘secret’ contained in DNA: the secret of life itself, and how it passed on from one generation to the next. To understand this, it would be necessary to unlock the structure of DNA. This was the situation when Crick and Watson came on the scene.




End of sample




    To search for additional titles please go to 

    
    http://search.overdrive.com.   


OEBPS/page-template.xpgt
 

   

   
	 
    

     
	 
    

     
	 
	 
    

     
	 
    

     
	 
	 
    

     
         
             
             
             
             
             
        
    

  

   
     
  





OEBPS/images/f0095-01.jpg
1859
1871
1884

1899
1901

1903

1905

1927

1931
1937
1945
1953

1969
1971

2001

Darwin publishes Origin of Species
Mendeleyev publishes Periodic Table
International agreement establishes
Greenwich meridian

Freud publishes Interprtation of Dreams
Marconi reccives first radio
transmission across Atlantic

Curies awarded Nobel Prize for
discovery of radioactivity

Einstein publishes Special Theory of
Relativity

Bohr awarded Nobel Prize for
Quantum Theory

Heisenberg publishes Uncertainty
Principle

Godel destroys mathematics

Turing outlines limits of computer
Atomic bomb dropped on Hiroshima
Crick and Watson discover structure
of DNA

Apollo 11 lands on the Moon
Hawking proposes hypothesis of mini
black holes

Conelusive evidence of water on Mars
suggests possibility of carly primitive
life on the red planet, strongly
increasing the probability that other
life exists somewhere in the vastness of
the universe.





OEBPS/images/f0094-01.jpg
pre 500 BC
322180
2128c
475c

199 an.
529 aD

1492
1540

1628
1633

1687
1821

Pythagoras discovers his theorem
Death of Aristotle

Archimedes slain at Syracuse

Bumning of Library at Alexandria results
in vast loss of classical knowledge
Death of Galen, founder of
experimental physiology

Closing down of Plato’s Academy
marks start of Dark Ages

Columbus discovers America
Copernicus publishes The Revolition of
the Celestial Spheres

Harvey discovers circulation of the
blood

Galileo forced by Church to recant
heliocentric theory of solar system
Newton proposes law of gravitation
Faraday discovers principle of the
clectric motor

Death of Gauss ‘prince of
mathematicians’





OEBPS/images/f0084-01.jpg
-—0ld

New —>- i





OEBPS/images/f0083-01.jpg
Flat base pairs forming link
GC=5T— between helical chains

Entwined sugar - phosphate
chains forming double helix





OEBPS/images/f0062-01.jpg
Helical strands

Sugar
—— Phosphate link

New helical strands forming
on template of split strands





OEBPS/images/f0063-01.jpg
CRICK'S MODEL

Sugar ases
vy
-Sugar

Phosphate link—-

|~—Phosphate link

/ Bases
AT / Sugar
Hydrogen Link

Phosphate Link —»| G e Piicanhais Uik
i





OEBPS/images/f0033-01.jpg
sugar ——- beee'?

phosphate bond—»-





OEBPS/images/f0051-01.jpg





OEBPS/images/f0079-01.jpg
Twin helix





OEBPS/images/f0077-01.jpg
Diameter of
molecule

-

Complete
circuit rise

Angle of
ascending screw





OEBPS/images/f0078-01.jpg





OEBPS/images/MyCoverImage.jpg
RANDOM HOUSE @BOOKS

Crick, Watson And DNA

Paul Strathern






OEBPS/images/f0015-01.jpg
FIRST CROSSING SECOND CROSSING
il Short Tall Tal

TRTENCNT

Tall

¢

®

Tall

Tall

®

Tall

OOO®

Q @
DO
e/ \@/\@





OEBPS/images/f0031-01.jpg





OEBPS/images/pub.jpg
GRICK,
WATSON
&DNA

The Big Idea
PAUL STRATHERN

A
arrow book





