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‘Dawkins is a superb communicator. His books, The Selfish Gene, The Blind Watchmaker and his latest bestseller River Out of Eden, are some of the best books ever written on science. Dawkins writes beautifully and clearly, navigating you through subjects like genetics that you may have despaired of ever understanding. He wins literary prizes as well as scientific ones’


Megan Tresidder, Guardian


‘It deserves to sell even more copies than Hawking’s book, but I doubt if it will. There are, alas, no million-dollar prizes available for writers who show that there is no evidence that God exists’


John Gribbin, Sunday Times


‘Richard Dawkins writes with such passionate advocacy and has such a knack of using simple English for complicated ideas that most people think of him as a popularizer of science, rather than a practitioner – a writer rather than a thinker … There is another view of Richard Dawkins, one that sees him as leading a revolution in the way scientists think and thereby breaking new intellectual ground himself’


Matt Ridley, Times Literary Supplement


‘Darwinism has too often been portrayed as a grim and pessimistic creed. River Out of Eden shows there is little reason for this. Dawkins has lodged Darwinism on the high ground of imagination from where we can truly wonder at life’


Andrew Pomiankowski, New Scientist


‘This guy Dawkins writes about DNA like it was poetry. Yes, that’s what I thought too; poetry from a scientist? Totally illogical, Captain. But this guy, this guy … well, he makes it all make sense, even to arts grads. Tell you, if we’d had him at Perth Academy, we’d all be biochemists by now, all of us’


David Robinson, Scotsman


‘Dawkins has an enviable gift. He can write books that are fun to read, yet which present fundamental ideas clearly’


John Maynard Smith, Independent


‘Dawkins’s latest book, River Out of Eden, is a beautifully crafted, superbly written exposition and explanation of [Darwinism]. He presents the counter-arguments and, one by one, he dismantles them … Dawkins has gone to the heart of his subject and presented it with energy, insight and verve’


Lee Dembart, Los Angeles Times


‘Richard Dawkins treats the subject of evolution in his usual limpid style … [River out of Eden] abounds with metaphors that make things brilliantly clear. As someone in the metaphor business myself, I must admit that nobody can turn a metaphor better than Dawkins’


Christopher Wills, Nature


‘He knows how to make ideas thrilling and how to communicate his own wonder. If we are to have serious chatter about evolution, then it is as well we have a Dawkins to put the case’


Bryan Appleyard, Independent


‘[River Out of Eden] overflows with his characteristically pungent asides, lucid explanations and puckish thought-provocations, and it is, into the bargain, beautifully written and painless to read; there is barely a paragraph that could have been made easier to understand. Dr Dawkins’s vision is a liberating one. If this sophisticated little gem can’t cure the peculiar contemporary allergy to the theory of evolution, then God help us’


Peter Tallack, Sunday Telegraph
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And a river went out of Eden to water the garden


—Genesis 2:10
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Nature, it seems, is the popular name


For milliards and milliards and milliards


Of particles playing their infinite game


Of billiards and billiards and billiards.


—Piet Hein


Piet Hein captures the classically pristine world of physics. But when the ricochets of atomic billiards chance to put together an object that has a certain, seemingly innocent property, something momentous happens in the universe. That property is an ability to self-replicate; that is, the object is able to use the surrounding materials to make exact copies of itself, including replicas of such minor flaws in copying as may occasionally arise. What will follow from this singular occurrence, anywhere in the universe, is Darwinian selection and hence the baroque extravaganza that, on this planet, we call life. Never were so many facts explained by so few assumptions. Not only does the Darwinian theory command superabundant power to explain. Its economy in doing so has a sinewy elegance, a poetic beauty that outclasses even the most haunting of the world’s origin myths. One of my purposes in writing this book has been to accord due recognition to the inspirational quality of our modern understanding of Darwinian life. There is more poetry in Mitochondrial Eve than in her mythological namesake.


The feature of life that, in David Hume’s words, most “ravishes into admiration all men who have ever contemplated it”, is the complex detail with which its mechanisms—the mechanisms that Charles Darwin called “organs of extreme perfection and complication”—fulfill an apparent purpose. The other feature of earthly life that impresses us is its luxuriant diversity: as measured by estimates of species numbers, there are some tens of millions of different ways of making a living. Another of my purposes is to convince my readers that “ways of making a living” is synonymous with “ways of passing DNA-coded texts on to the future.” My “river” is a river of DNA, flowing and branching through geological time, and the metaphor of steep banks confining each species’ genetic games turns out to be a surprisingly powerful and helpful explanatory device.


In one way or another, all my books have been devoted to expounding and exploring the almost limitless power of the Darwinian principle—power unleashed whenever and wherever there is enough time for the consequences of primordial self-replication to unfold. River Out of Eden continues this mission and brings to an extraterrestrial climax the story of the repercussions that can ensue when the phenomenon of replicators is injected into the hitherto humble game of atomic billards.


During the writing of this book I have enjoyed support, encouragement, advice and constructive criticism in varying combinations from Michael Birkett, John Brockman, Steve Davies, Daniel Dennett, John Krebs, Sara Lippincott, Jerry Lyons, and especially my wife, Lalla Ward, who also did the drawings. Some paragraphs here and there are reworked from articles that have appeared elsewhere. The passages of chapter 1 on digital and analog codes are based on my article in The Spectator of June 11, 1994. Chapter 3’s account of Dan Nilsson and Susanne Pelger’s work on the evolution of the eye is partly taken from my “News and Views” article published in Nature on April 21, 1994. I acknowledge the editors of both these journals, who commissioned the articles concerned. Finally, I am grateful to John Brockman and Anthony Cheetham for the original invitation to join The Science Masters Series.


Oxford, 1994
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THE DIGITAL RIVER


All peoples have epic legends about their tribal ancestors, and these legends often formalize themselves into religious cults. People revere and even worship their ancestors—as well they might, for it is real ancestors, not supernatural gods, that hold the key to understanding life. Of all organisms born, the majority die before they come of age. Of the minority that survive and breed, an even smaller minority will have a descendant alive a thousand generations hence. This tiny minority of a minority, this progenitorial élite, is all that future generations will be able to call ancestral. Ancestors are rare, descendants are common.


All organisms that have ever lived—every animal and plant, all bacteria and all fungi, every creeping thing, and all readers of this book—can look back at their ancestors and make the following proud claim: Not a single one of our ancestors died in infancy. They all reached adulthood, and every single one was capable of finding at least one heterosexual partner and of successfully copulating.* Not a single one of our ancestors was felled by an enemy, or by a virus, or by a misjudged footstep on a cliff edge, before bringing at least one child into the world. Thousands of our ancestors’ contemporaries failed in all these respects, but not a single solitary one of our ancestors failed in any of them. These statements are blindingly obvious, yet from them much follows: much that is curious and unexpected, much that explains and much that astonishes. All these matters will be the subject of this book.


Since all organisms inherit all their genes from their ancestors, rather than from their ancestors’ unsuccessful contemporaries, all organisms tend to possess successful genes. They have what it takes to become ancestors—and that means to survive and reproduce. This is why organisms tend to inherit genes with a propensity to build a well-designed machine—a body that actively works as if it is striving to become an ancestor. That is why birds are so good at flying, fish so good at swimming, monkeys so good at climbing, viruses so good at spreading. That is why we love life and love sex and love children. It is because we all, without a single exception, inherit all our genes from an unbroken line of successful ancestors. The world becomes full of organisms that have what it takes to become ancestors. That, in a sentence, is Darwinism. Of course, Darwin said much more than that, and nowadays there is much more we can say, which is why this book doesn’t stop here.


There is a natural, and deeply pernicious, way to misunderstand the previous paragraph. It is tempting to think that when ancestors did successful things, the genes they passed on to their children were, as a result, upgraded relative to the genes they had received from their parents. Something about their success rubbed off on their genes, and that is why their descendants are so good at flying, swimming, courting. Wrong, utterly wrong! Genes do not improve in the using, they are just passed on, unchanged except for very rare random errors. It is not success that makes good genes. It is good genes that make success, and nothing an individual does during its lifetime has any effect whatever upon its genes. Those individuals born with good genes are the most likely to grow up to become successful ancestors; therefore good genes are more likely than bad to get passed on to the future. Each generation is a filter, a sieve: good genes tend to fall through the sieve into the next generation; bad genes tend to end up in bodies that die young or without reproducing. Bad genes may pass through the sieve for a generation or two, perhaps because they have the luck to share a body with good genes. But you need more than luck to navigate successfully through a thousand sieves in succession, one sieve under the other. After a thousand successive generations, the genes that have made it through are likely to be the good ones.


I said that the genes that survive down the generations will be the ones that have succeeded in making ancestors. This is true, but there is one apparent exception I must deal with before the thought of it causes confusion. Some individuals are irrevocably sterile, yet they are seemingly designed to assist the passage of their genes into future generations. Worker ants, bees, wasps and termites are sterile. They labor not to become ancestors but so that their fertile relatives, usually sisters and brothers, will become ancestors. There are two points to understand here. First, in any kind of animal, sisters and brothers have a high probability of sharing copies of the same genes. Second, it is the environment, not the genes, that determines whether an individual termite, say, becomes a reproducer or a sterile worker. All termites contain genes capable of turning them into sterile workers under some environmental conditions, reproducers under other conditions. The reproducers pass on copies of the very same genes that make the sterile workers help them to do so. The sterile workers toil under the influence of genes, copies of which are sitting in the bodies of reproducers. The worker copies of those genes are striving to assist their own reproductive copies through the transgenerational sieve. Termite workers can be male or female; but in ants, bees and wasps the workers are all female; otherwise the principle is the same. In a watered-down form, it also applies to several species of birds, mammals and other animals that exhibit a certain amount of caring for young by elder brothers or sisters. To summarize, genes can buy their way through the sieve, not only by assisting their own body to become an ancestor but by assisting the body of a relation to become an ancestor.


The river of my title is a river of DNA, and it flows through time, not space. It is a river of information, not a river of bones and tissues: a river of abstract instructions for building bodies, not a river of solid bodies themselves. The information passes through bodies and affects them, but it is not affected by them on its way through. The river is not only uninfluenced by the experiences and achievements of the successive bodies through which it flows. It is also uninfluenced by a potential source of contamination that, on the face of it, is much more powerful: sex.


In every one of your cells, half your mother’s genes rub shoulders with half your father’s genes. Your maternal genes and your paternal genes conspire with one another most intimately to make you the subtle and indivisible amalgam you are. But the genes themselves do not blend. Only their effects do. The genes themselves have a flintlike integrity. When the time comes to move on to the next generation, a gene either goes into the body of a given child or it does not. Paternal genes and maternal genes do not blend; they recombine independently. A given gene in you came either from your mother or your father. It also came from one, and only one, of your four grandparents; from one, and only one, of your eight great-grandparents; and so on back.


I have spoken of a river of genes, but we could equally well speak of a band of good companions marching through geological time. All the genes of one breeding population are, in the long run, companions of each other. In the short run, they sit in individual bodies and are temporarily more intimate companions of the other genes sharing that body. Genes survive down the ages only if they are good at building bodies that are good at living and reproducing in the particular way of life chosen by the species. But there is more to it than this. To be good at surviving, a gene must be good at working together with the other genes in the same species—the same river. To survive in the long run, a gene must be a good companion. It must do well in the company of, or against the background of, the other genes in the same river. Genes of another species are in a different river. They do not have to get on well together—not in the same sense, anyway—for they do not have to share the same bodies.


The feature that defines a species is that all members of any one species have the same river of genes flowing through them, and all the genes in a species have to be prepared to be good companions of one another. A new species comes into existence when an existing species divides into two. The river of genes forks in time. From a gene’s point of view, speciation, the origin of new species, is “the long goodbye.” After a brief period of partial separation, the two rivers go their separate ways forever, or until one or the other dries extinct into the sand. Secure within the banks of either river, the water is mixed and remixed by sexual recombination. But water never leaps its banks to contaminate the other river. After a species has divided, the two sets of genes are no longer companions. They no longer meet in the same bodies and they are no longer required to get on well together. There is no longer any intercourse between them—and intercourse here means, literally, sexual intercourse between their temporary vehicles, their bodies.


Why should two species divide? What initiates the long goodbye of their genes? What provokes a river to split and the two branches to drift apart, never to meet again? The details are controversial, but nobody doubts that the most important ingredient is accidental geographical separation. The river of genes flows in time, but the physical repartnering of genes takes place in solid bodies, and bodies occupy a location in space. A gray squirrel in North America would be capable of breeding with a gray squirrel in England, if they ever met. But they are unlikely to meet. The river of gray-squirrel genes in North America is effectively separated, by three thousand miles of ocean, from the river of gray-squirrel genes in England. The two bands of genes are no longer companions in fact, although they are still presumably capable of acting as good companions should the opportunity arise. They have said farewell, though it is not an irrevocable goodbye—yet. But given another few thousand years of separation, it is probable that the two rivers will have drifted so far apart that if individual squirrels meet, they will no longer be able to exchange genes. “Drift apart” here means apart not in space but in compatibility.


Something like this almost certainly lies behind the older separation between gray squirrels and red squirrels. They cannot interbreed. They overlap geographically in parts of Europe and, although they meet and probably confront one another over disputed nuts from time to time, they cannot mate to produce fertile offspring. Their genetic rivers have drifted too far apart, which is to say that their genes are no longer well suited to cooperate with one another in bodies. Many generations ago, ancestors of gray squirrels and ancestors of red squirrels were one and the same individuals. But they became geographically separated—perhaps by a mountain range, perhaps by water, eventually by the Atlantic Ocean. And their genetic ensembles grew apart. Geographical separation bred a lack of compatibility. Good companions became poor companions (or they would turn out to be poor companions if put to the test in a mating encounter). Poor companions became poorer still, until now they are not companions at all. Their goodbye is final. The two rivers are separate and destined to become more and more separate. The same story underlies the much earlier separation between, say, our ancestors and the ancestors of elephants. Or between ostrich ancestors (which were also our ancestors) and the ancestors of scorpions.


There are now perhaps thirty million branches to the river of DNA, for that is an estimate of the number of species on earth. It has also been estimated that the surviving species constitute about 1 percent of the species that have ever lived. It would follow that there have been some three billion branches to the river of DNA altogether. Today’s thirty million branch rivers are irrevocably separate. Many of them are destined to wither into nothing, for most species go extinct. If you follow the thirty million rivers (for brevity, I’ll refer to the branch rivers as rivers) back into the past, you will find that, one by one, they join up with other rivers. The river of human genes joins with the river of chimpanzee genes at about the same time as the river of gorilla genes does, some seven million years ago. A few million years farther back, our shared African ape river is joined by the stream of orangutan genes. Farther back still, we are joined by a river of gibbon genes—a river that splits downstream into a number of separate species of gibbon and siamang. As we push on backward in time, our genetic river unites with rivers destined, if followed forward again, to branch into the Old World monkeys, the New World monkeys, and the lemurs of Madagascar. Even farther back, our river unites with those leading to other major groups of mammals: rodents, cats, bats, elephants. After that, we meet the streams leading to various kinds of reptiles, birds, amphibians, fish, invertebrates.


Now here is an important respect in which we have to be cautious about the river metaphor. When we think of the divide leading to all the mammals—as opposed to, say, the stream leading to the gray squirrel—it is tempting to imagine something on a grand, Mississippi/Missouri scale. The mammal branch is, after all, destined to branch and branch and branch again, until it produces all the mammals—from pigmy shrew to elephant, from moles underground to monkeys atop the canopy. The mammal branch of the river is destined to feed so many thousands of important trunk waterways, how could it be other than a massive, rolling torrent? But this image is deeply wrong. When the ancestors of all the modern mammals broke away from those that are not mammals, the event was no more momentous than any other speciation. It would have gone unremarked by any naturalist who happened to be around at the time. The new branch of the river of genes would have been a trickle, inhabiting a species of little nocturnal creature no more different from its nonmammalian cousins than a red squirrel is from a gray. It is only with hindsight that we see the ancestral mammal as a mammal at all. In those days, it would have been just another species of mammal-like reptile, not markedly different from perhaps a dozen other small, snouty, insectivorous morsels of dinosaur food.


The same lack of drama would have attended the earlier splits between the ancestors of all the great groups of animals: the vertebrates, the mollusks, the crustaceans, the insects, the segmented worms, the flatworms, the jellyfish and so on. When the river that was to lead to the mollusks (and others) parted from the river that was to lead to the vertebrates (and others), the two populations of (probably wormlike) creatures would have been so alike that they could have mated with one another. The only reason they didn’t is that they had become accidentally separated by some geographical barrier, perhaps dry land separating previously united waters. Nobody could have guessed that one population was destined to spawn the mollusks and the other the vertebrates. The two rivers of DNA were streamlets barely parted, and the two groups of animals were all but indistinguishable.


Zoologists know all this, but they forget it sometimes when contemplating the really big animal groups, like mollusks and vertebrates. They are tempted to think of the divide between major groups as a momentous event. The reason zoologists may be so misled is that they have been brought up in the almost reverential belief that each of the great divisions of the animal kingdom is furnished with something deeply unique, often called by the German word Bauplan. Although this word just means “blueprint,” it has become a recognized technical term, and I shall inflect it as an English word, even though (as I am slightly shocked to discover) it is not yet in the current edition of the Oxford English Dictionary. (Since I enjoy the word less than some of my colleagues do, I admit to a tiny frisson of Schadenfreude at its absence; those two foreign words are in the Dictionary, so there is no systematic prejudice against importation.) In its technical sense, bauplan is often translated as “fundamental body plan.” The use of the word “fundamental” (or, equivalently, the self-conscious dropping into German to indicate profundity) is what causes the damage. It can lead zoologists to make serious errors.


One zoologist, for instance, has suggested that evolution in the Cambrian period (between about six hundred million and about five hundred million years ago) must have been a completely different kind of process from evolution in later times. His reasoning was that nowadays it is new species that are coming into existence, whereas in the Cambrian period major groups were appearing, such as the mollusks and the crustaceans. The fallacy is glaring! Even creatures as radically different from one another as mollusks and crustaceans were originally just geographically separated populations of the same species. For a while, they could have interbred if they had met, but they did not. After millions of years of separate evolution, they acquired the characteristics which we, with the hindsight of modern zoologists, now recognize as those of mollusks and crustaceans respectively. These characteristics are dignified with the grandiose title of “fundamental body plan” or “bauplan.” But the major bauplans of the animal kingdom diverged from common origins by gradual degrees.


Admittedly, there is a minor, if much publicized, disagreement over quite how gradual or “jumpy” evolution is. But nobody, and I mean nobody, thinks that evolution has ever been jumpy enough to invent a whole new bauplan in one step. The author I quoted was writing in 1958. Few zoologists would explicitly take his position today, but they sometimes do so implicity, speaking as though the major groups of animals arose spontaneously and perfectly formed like Athena from the head of Zeus, rather than by divergence of an ancestral population while in accidental geographical isolation.*


The study of molecular biology has, in any case, shown the great animal groups to be much closer to one another than we used to think. You can treat the genetic code as a dictionary in which sixty-four words in one language (the sixty-four possible triplets of a four-letter alphabet) are mapped onto twenty-one words in another language (twenty amino acids plus a punctuation mark). The odds of arriving at the same 64:21 mapping twice by chance are less than one in a million million million million million. Yet the genetic code is in fact literally identical in all animals, plants and bacteria that have ever been looked at. All earthly living things are certainly descended from a single ancestor. Nobody would dispute that, but some startlingly close resemblances between, for instance, insects and vertebrates are now showing up when people examine not just the code itself but detailed sequences of genetic information. There is a quite complicated genetic mechanism responsible for the segmented body plan of insects. An uncannily similar piece of genetic machinery has also been found in mammals. From a molecular point of view, all animals are pretty close relatives of one another and even of plants. You have to go to bacteria to find our distant cousins, and even then the genetic code itself is identical to ours. The reason it is possible to do such precise calculations on the genetic code but not on the anatomy of bauplans is that the genetic code is strictly digital, and digits are things you can count precisely. The river of genes is a digital river, and I must now explain what this engineering term means.


Engineers make an important distinction between digital and analog codes. Phonographs and tape recorders—and until recently most telephones—use analog codes. Compact disks, computers, and most modern telephone systems use digital codes. In an analog telephone system, continuously fluctuating waves of pressure in the air (sounds) are transduced into correspondingly fluctuating waves of voltage in a wire. A phonograph record works in a similar way: the wavy grooves cause a stylus to vibrate, and the movements of the stylus are transduced into corresponding fluctuations in voltage. At the other end of the line these voltage waves are reconverted, by a vibrating membrane in the telephone’s earpiece or the phonograph’s loudspeaker, back into the corresponding air-pressure waves, so that we can hear them. The code is a simple and direct one: electrical fluctuations in wire are proportional to pressure fluctuations in air. All possible voltages, within certain limits, may pass down the wire, and the differences between them matter.


In a digital telephone, only two possible voltages—or some other discrete number of possible voltages, such as 8 or 256—pass down the wire. The information lies not in the voltages themselves but in the patterning of the discrete levels. This is called Pulse Code Modulation. The actual voltage at any one time will seldom be exactly equal to any of the eight, say, nominal values, but the receiving apparatus will round it off to the nearest of the designated voltages, so that what emerges at the other end of the line is well-nigh perfect even if the transmission along the line is poor. All you have to do is set the discrete levels far enough apart so that random fluctuations can never be misinterpreted by the receiving instrument as the wrong level. This is the great virtue of digital codes, and it is why audio and video systems—and information technology generally—are increasingly going digital. Computers, of course, use digital codes for everything they do. For reasons of convenience, it is a binary code—that is, it has only two levels of voltage instead of 8 or 256.
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aTATGCAATGTGCTCTCTCACATGCTCTTTCCTTCTCTTAAAARAATATAATATGCATATTATATATTATATGCATAGACA
CACGTGTGTCTATACATATCCTATCTATACATATTGAGGATTAACAGGTGCTAGTAGAARATATTAACTTTCTTTGTATTA
ACAGGTGTTAGTAGAAATAGTAGTAGGTGCTAAGATAAAAGCCATAATTAAACCtCCEggtgaatgaacacaccatcatet
taccaaaaatagaatcaagcacgtgtcctagtcaaacctotggattcaactgteattggataaaacgcaaaggatagtgaa
aatgtcgatcttcactgagagtctaaccagcaaattcacagtgtggacatcaagtgacaaaaatcccaaatttttoaacaa
atatattgtatgggaaagaaaactttgaaaagaaacctgtatgttagaagagattttaaaaacatgacaaATGAAAAAAAA
TGGGCAAGACTAARACTTTTAARARAGELPGAGacagGgtetCactct@lcacccAGECTygagTECAGtggtgtgaccat
ggctcactgtgBectchaccteCtggetCaagtBGateCtaccAcctcAgtCttccAtgtaGotgGgactAcagetgegtge
caccacatctgFetcaTtttttTttcttTrttaagtaGagacGgggActtgCtatGtigeCoagBetagTetcaaactect
aagcacaagegAtCCtecegecPeggocCotgaaagtGCTEEGat EGCAGGCat gAgCCaccacAcccgGecARAAGTTGC
TTTTGAGGAGTTATTGCTGTGTGGATGTGTATAACCCPTTCTGTCATCTCTPCACAAAACT TTCTGTAAAACATARAAATC
ACCTGGACCTTCAGAGATGAGTTTGLt taPTTTt ttaTt tttTaaaAaat tGCTAATTTACAGAACATCGGAGAGCTGGGE
TCCTCCCAGCCCTCTTGGCCCTGTGGCCAATTTTTTCTTCAATAGCTCATAAAATCACATTATTTGAGTGCCCATattaag
gaggaaaaatgaacatatgactacCCCATGGACCCTGATTATCCATTGTCACCCTTCCCTCCAAACAGCCACCTCTCCCCT
GGGACAGCCCCATACTCCACTCAGACCTGPGCACTTTCTGGTATCCTTETCACCTGCTTTTCTTGCTCTCaacaccagggt
getcaatggecCgtecPggtaCtoTgctoTectoTeteCocettegettTectgoAAtctAtgeAgectBtgactaecatac
atgggctagtgAccccCaATGTCTCATTTPACAAACACCAAATTGGAAGACAGCAGGAGCTGCCCCATAATACCAGTCCCt
CAGAGTARACTAGTCCTAGACAGCCGACTCATGTTGGGGGCAGCCCACTCACAGTGGCTGACCCAACTCTGACTAGAGGCC
ACTTGaccttcTectgBgacCacagGoct@PgtCPotaTetgCtgctcaAtacctCoccTCgaaCatocAtggetaaaact
gagctcetgatACTTCtcccPaccc@ettCetgTggaPtcceCaccTCCGCgaaGgaca@ettcATCCEttcgctactea
ggccagaagetacaaatatccaaaatccgategettetoctecactacaccegaggecegecacccatttttgectgaatt
getgeageagectectaaccgatetetgottcacgtgggoaccteagttttttecagaacaacaaccagagagatetgete
acacccaatcagaccaggttactcoctctgotCTCATAGCATTTGGAGGARAACCCAGAGTGCTCGTGTGGCCGGCAGAGCC
GGCCCCCATCTCCTCTGACCTCCTCCCCACCTCTTGCCCTCAGCACCAGAGTGCTCGTGACGGCCAGCAGAGCCAGCCTCC
ATCTCCTCTGACCTCCCACCTCTCGCCCTCAGCACCCAGAGTGCTCGTGTTGGCCAGCARAGCCGGCCCCCATCTCCTCTG
ACTCCCACCTCTCGCCCTCTGCACCCAGAGTGCTCGTGACGGCCAGCAGMACCAGoac ccactectotyacctcACTGGTT
GTAGGAAGGAATCTACAGGTEGAAATARGGAGATCATTTCCTGAGGTPCCGAAGCTCATATPTACTCACCATTTGTTGTTT
ACTGCTAATATTGAGCATATCAGTAAMATACATARAACCCttEgccamtccaggaagtgaamatgacastttactgtttag
tttgcatttctogcttacamatggatacacgomttttcatgbgotgbtggctCTTATTCATTCAGAARACATACTAAGT
GCTGGCTCTTTTECAT@ICCTTTATCARGTTTGATCATGTCATETGCT@FFTICTT TCTGAT@TARACT CTCAAAGTTTGA
AGGGTATTGTCTPTTCCEGACACATACGTTGTARATAATTTTCEGGCTPACATTTTGACTFPTAMPRTCATCACGATGTTT
TTAATGAATAATETTAATET TTATGAATGCAAGTTARAATART TCTTEATTGTGGTTTCTGACATGPCATGCCAATARGGG
TCCCCTAAGGADRTCTCCPECAAGGGEAATCCAGAGAG@TTACAAAATCGS TACAGT TTCARTTTTTABATATGCATTTTA
CTTAATTGGGGCETCATTGGEATTACTGACCCTAT TTGARGCAAGT TFCTCAGTEAAT TCTET TCTCGRCCCTGCAATTGC
ARAACCGGGAGGCTAAGTATGGTAGATTGCAAACATAAGTGGCCACATAATACTCCCACCACTCCttgectecteteccag
gaggagatagcetccatctttecactecttaatetgggottggecagtgacttacactggecaatgggatattaacaagte
tgatgtgcacagaggetgtagaatgtgcactggggettggtetotettgotgecctggagaccagetgecccacgaaggaa
acagagccaacctgctgCTTCCTGGGGGGAGACAGTCCCTCAGTCCCTCTGTCTCTGCCAATCAGTTAACCTGCTGCTTCT
GGAGGAAGACAGTCCCTCAGTCCCTCTGTCTCTGCCAACCAGTTAACCTGCTGCTTCCTGGAGGAAGACAGTCCCTCAGTC
ACCAGTTAACCTGCTGCTTCATCGAGGAAGACACTCCCTCAGTCCCTCTGTCTCTACCAACCAGTEARCCTGCTGCTTCCT
GGAGGAAGACAGECCCTCTGTCCCECTGTCTCEGCCAACCAGTTAACCTG@CT TCCTAGAGGARGACAGTCCCTCTGTCCC
TCTGTCTCTGCCAACCAGEAACCTGCTGCTTCCTGGAGGARGACAGTCACPCTGTCTCEGCCamcCcagttgacegcagac
atgcaggtctgetcaggtamgacemgcacagtecctgccetgtgagccaamgeaaatggtccagooacagaatcgtgagea
aataagtgatgottaagtoactamgatttgggCAAAAGCPGAGCATTTATCCCAATCCCAATACTGTTTGTCCTTCTGTTT
ATCTGTCTGTCCETCTCT@CTCATETAAAAT@CCCCCACTACATCTAGTACAT TTT TARAGGATCAGGGATCTGCTCTTGG
ATTTATGTCAT@PTCCCACCTCGAGGCAGCTTEGTAAGCTECTGAGCACTICCCAATICCGG@FGACTTCAGGCGCTGGGA
GGCCTGTGCATCAGCT@CTGCTGTCIGEAGCT GAGTTCCIECACCCCTCTGCP@PCETCAGCRECTTCGCCCCTGGGCCTC
AGGAAATCAATGTCATGCTGACATCACTCTAGATCTAAAACTTGGGTTCTTGgaccaggtgeggtygetcacatetygtaat
cccageaatttgggaggecgaggegggtggateacaaggtcaggagatcaagacgatectggotaacacggtgaaacceeg
tctctactaaaaatacaaaaaaattagecgggtttggtggeaggtgectgtagecccagetacttgggaggetgaageagg
agaatggcgtgaacctgggaggtggagetggeagtgagecaagatcacgocactgeactacagactgggagagagagegag
actttctcaaaaaaaaaaaaaTCTTAGGTTCTTGGATGTTCGGGAAAGGGGGTTATTATCTAGAATCCTTGAAGCGCCCCC
AAGGGCATCTTCTCARAGTTGGA TCTGTGCATTTTCC TGAGACCARMGCTTTCCCACATTATACAGCTECTGAAAGGGTTG
CTTGACCCACAGATGTGAAGCTGAGGCTGAAGGAGACEGATGTG@ET TCTCCTCAGTTTCPCEGTGTG@CACCAGGTGGCA
GCAGAGGTCAGCAAGGCAAACCCGAGCCCAGGGATGCAGGGTGG@@GCAGGTACATCCTCRCTEGAGCEACAGCAGATTAA
CTCTGTTCTGTTECATTGTGGTTGTTTAGTTTGCGTEPTTTTTTCECCAACTTTGTGCTTCATCAGGAARAGCTTTGGATC
ACAATTCCCAGtgeotgaagaaaaggccamactctggamaaaatttgaatattttgagccaaatgtgaggaccacaacctgt
gagaacggaaamtaaatcctgggacccemgactcact@agecaaagggaaaagccaagetgggaactggettatgcaaace
tgctteccatctggttcctaaataagat@getattacacaaagaomaaaaagctacatccgtgectotagctecategeat
gcaaaatgtgtattcagtgaacgctgae@aaagacaglagaatgomaccatitgectotgatttaccomgacccattittt
ccacttcttccoctttococaataccegeacttttaccetttacttactgaggtocccagacaacctitgggaaaagocey
cggaccacagtttttcctgtggttotetgttottttcteaggtgtgtectaaccttgcaaatagatttettgaaatgattyg
agactcaccttggttgtgttctttgattAGTgectgtgacgcagetteaggaggtectgagaacgtgtgcacagtttagte
ggcagaaacttagggaaatgtaagaccaccatcagcacataggagttetgcattggtttggtotgcattggtttggtetgg
aaggaggaaaattcaaagtaatggggcttacaggtcatagatagattcaaagattitctgattgtcaattggttgaaagaa
ttattatctacagacctgctatcaatagaaaggagagtctgggttaagataagagactgtggagaccGTGCATAGTTGCTT
CCTGATCAGCTCTTTATTTGATTGAGAGTGAGGCAGGGAAGATTAGAGGGAAGCTTACAGTGGAATTCAGGGCTGAGGCTG
CTATTCTTTTGCTCCTTGTAACTTCCTACAGTGTTGTCAGCATCCACATACTTCTCTGTGGGGTTggtctcagagecaggt
taccttgtcttaggte tccaaacctcagtece
toagttgtasaattaa A DARWINIAN VIEW OF LIFE .jccgaacgagetsg
tattatacaacgtttagaagcagtgcctgacacgcaaaaggotctcaacaaatACTATCCTTTACTAATATCCTGTGTGTC
TGTATCAGAGCTGGTGGGGTGGAGGGACAGAAACAAGTGGGAGAAGGTaaagagatggacaaatgatetctaaagtetete
tggcactaacaCAATTCTTTATTATGTGTTTTGTCTGGCTCTTTATATTGATAGCTGTTCCAGAGGCAATCGCTATTAGTC
GGTTTTATTCTTATTTTTCTGTCTGATCTTACAGGGGAGCAAACTGTGGCAAAGTATGAACTTACTTCTCAGGAATTAACC
ATTATATTGGCAATCACTGTGATTATTTGAACTTCAGCGTCTGGACARATTTAGTCACATGAAATACAGAAGAGAGATTTC
TCATGGTTAAAACGAAGCtctetttatttgottotgotaattaaaaaatcagagetaaagatacttaaacactacagttaa
aatgccatggttgtetattggcttaacgaattetettatgaaatcaactctaaaatgetatccatcataaatcatgaaacy
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