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preface

Human life today has been enormously impacted by advances in the science of genetics and related work on the physiology of human reproduction. This book is intended for the average citizen who wants to learn more about the basic science and the critical issues it has raised. The reader we kept in mind as we wrote is a reasonably well-educated person who has probably forgotten the bits of genetics he or she may have studied in school. The book presents the basic concepts of genetics and develops some background for understanding current controversies over genetic manipulation of food and even of humans themselves.

We moderns tend to be very shortsighted. We tend to think that interest in genetics, and knowledge of it, are very recent phenomena, and that problems relating to heredity and reproduction have only arisen in the last few decades, with the development of molecular genetics. One purpose of this book is to dispel that belief. We have reached far back into human history, to ancient myths and writings, to traces of art left by our long-forgotten ancestors, which provide some insight into what they were thinking and feeling. In fact, of course, concerns about heredity and reproduction go back to the beginnings of our species. Reproduction is the prime concern of every species, even if its members lack the consciousness to be aware of it. We cannot know what our habiline or erectus ancestors may have thought millions of years ago as they started to become aware of themselves and of the problems of existence; but at some remote time hominids had to realize that they depended upon the continuous birth of new people, and they must have begun to wonder how reproduction occurs and to be concerned about the birth of healthy babies who looked the way human babies are supposed to look. As we show, concerns about heredity and attempts to control it developed strongly when domestication of plants and animals began.

We devote some words to insights revealed by art and literature. We do not consider these matters trivial. They are integral to human knowledge, and we have tried to include them wherever it seemed appropriate. We have thus tried to write a book that will appeal broadly to people who want to understand science within the wider context of human culture. Interspersed among the arts and history, and as an adjunct to the straightforward presentation of science, we have also tried to present a realistic conception of how modern science is done. It is still one of the most exciting of human activities, and its story deserves to be told. At the same time, people must understand its logic and its boundaries, so science can be seen in proper perspective as a cultural phenomenon.

We have tried to present a balanced view of the controversies engendered by modern genetics. In fact, we have not always agreed with one another in writing this book, and we have achieved some of this balance in trying to work out a text that we could all accept. If biases remain, they are the biases of a liberal humanism which are, we think, justified by biology. We are not cheerleaders for science, because we recognize the inherent dangers in almost every scientific innovation; but neither are we Luddites. When recombinant-DNA technology was invented, many respected scientists warned of possible disasters. In retrospect, it was important for scientists to foresee the dangers and guard against them; but when reasonable controls were developed, mandated by the fears of disaster, it became clear that humanity might well receive the benefits of the technology without its dangers. It seems most reasonable now to continue with new developments in the same vein. However, every technology engenders serious social and ethical questions, which rational and informed people must debate. We have tried to at least bring these questions to the reader’s attention and to present some of the major viewpoints that have already been expressed.

We also believe in humanity as a species and in the essential biological equality of all peoples. In an era when people worldwide are being harrassed for having the wrong color of skin or speaking in the wrong language, when neo-Nazis seek to spread their venom in Iowa and Idaho, it is important for scientists to recognize the “moral un-neutrality of science,” as the scientist and novelist C. P. Snow once put it, and to relate clearly what biology says. As we read it, it shows enormous genetic variance within and between groups, but all falling within a common range that points to no innate inferiority or superiority of any group. We at least want to speak a moral truth to readers who may be confused about these matters.

Burton S. Guttman, Anthony J. F. Griffiths
David T. Suzuki, Tara Cullis

July, 2002



chapter one


genetics: past, present, and future

“Why does Jimmy have red hair like his mommy when his daddy has brown hair?”

“Why don’t people have baby puppies?”

“Can a horse marry a cow and have babies?”

“Why is Mary so tall when her parents are so short?”

A child’s questions, so free of preconceptions, often penetrate to the very heart of life’s most profound mysteries. In fact, such innocent questions have occupied philosophers and scientists since antiquity. The answers to those questions have become embedded in our myths, superstitions, and the conventional wisdom called common sense.

We all take for granted that living organisms perpetuate their species – that generation after generation, cows always have calves, carrot seeds grow into carrot plants, and women give birth to baby humans. For the authors of the Bible, such faithful reproduction of each species was sufficiently impressive to merit mention as a divine injunction in the book of Genesis (1:11, 21):

And God said, “Let the earth bring forth vegetation, plants yielding seed, and fruit trees bearing fruit in which is their seed, each according to its own kind, upon the earth.”

So God created the great sea monsters and every living creature that moves, with which the waters swarm, according to their kinds and every winged bird according to its kind.

Yet the individuals within a species vary tremendously in form and appearance. Just look at the diversity among people on a city street. As people reproduce, they create children who not only look human, but look very much like their parents. We carry within us not simply an injunction to reproduce “after our kind,” but to reproduce specific features of height, weight, skin color, eyes, hair, and so on. People always took this fact for granted while searching for an explanation, an explanation that for a long time eluded them. And so they fell back on explanations rooted in myths and superstition.

The spectrum of human variation is so broad that one might suppose a woman could occasionally give birth to something that does not look human. Indeed, occasional babies with severe abnormalities are born, but they are so rare that popular imagination has often turned them into fantastic mythological creatures. Humans almost always faithfully beget ordinary humans, yet with such great variation that almost every newborn child is unique. How can there be both rigid constancy and boundless difference? Only our insights into the basis of heredity have resolved this apparent biological paradox. The discipline that studies heredity and searches for the principles governing inheritance is called genetics.

The modern science of genetics began in 1900, when the fundamental laws determining the transmission of hereditary traits from one generation to the next were discovered. These laws, which apply to all plants and animals as well as many microorganisms, demonstrate the fundamental similarities among life forms. Furthermore, these insights give people enormous power to manipulate living organisms. Practical geneticists have successfully bred high-yielding strains of domestic animals, plants, and antibiotic-producing fungi, and exotic varieties of flowers and goldfish. As we have come to understand the molecular basis of life, our ability to engineer the biological makeup of organisms has passed from science fiction to actual science. News stories almost daily herald the age of genetic engineering.

Applying hereditary principles to humans, we have come to understand the basis for many inherited diseases as well as physical and behavioral traits. These insights penetrate to the very essence of human nature; and just as our basic knowledge in endocrinology, physiology, and embryology has been applied to understanding people, so will our understanding of genetics. Yet the same knowledge has already raised profound moral and ethical issues. In what situations, for instance, will prospective parents consider an abortion – a severe physical or mental defect, a cleft lip, or even an unfavoured gender? When does a developing embryo become human? (Or is this a meaningful question?) In the light of the stupendous power of the first atomic bomb, Aldous Huxley recognized the far greater potential of human engineering in his 1947 foreword to Brave New World:

The release of atomic energy marks a great revolution in human history but not the final and most searching revolution… The really revolutionary revolution is to be achieved not in the external world, but in the souls and flesh of human beings.

That portentous forecast is now being realized. As we enter a new era, we would do well to reflect on the historical and social context surrounding this new technology.


the search for order and meaning


The microbial geneticist François Jacob observed that “It is a requirement of the human brain to put order in the universe.” Every infant begins to perceive the world without any framework with which to make sense of its experiences. But quickly, through language, the child learns to fit its observations into society’s scheme of things, whether the child is a Stone Age Yanomami of the Brazil–Venezuela border, a teenager in a wealthy white family in Dallas, or a black child in Harlem in New York City. Without such a framework, life would be meaningless, and as humans evolved language and increased their ability to conceptualize, they always tried to create order in their world.

Primitive humans, perceiving the mysterious world around them, tried to connect themselves to their society and to the universe by devising imaginative explanations for how they came to exist, how they are related to the animals and plants around them, how children are produced, and why they resemble or differ from their parents. Rather than take their existence and characteristics for granted, they always sought some explanation, however far-fetched, for these riddles. The unknown is unpredictable and full of terrors; primitive people sought to combat these terrors, to replace the sensation of chaos with one of order. Because the sensation of meaning comes from interrelating bits of information, preliterate humans totalize, as Claude Lévi-Strauss puts it, by coordinating all facets of their experience into a unified body of knowledge. They devise complex, ingenious classification schemes that explain everything in their world by interrelating them as much as possible through analogies and perceived similarities. As people observed nature carefully and puzzled over its mechanisms, the explanations they devised for natural phenomena became embodied in all-encompassing frameworks of elaborate myths, legends, and religious ideas, which provided answers to questions they could not have answered in any other way. These combinations of observed fact and often inspired imagination were the forerunners of science. They were hypotheses and theories which in their time were accepted as truth, either literal or figurative. They were also the forerunners of literature and art.

We tend to think of myths as rather silly old stories about the adventures and misadventures of gods, warriors, and demons, invented by primitive people to explain a world they could not understand in our modern, scientific sense. But it is a mistake to dismiss these stories as trivial and old-fashioned, with no more important meaning for humanity. Scholars such as Joseph Campbell and Claude Lévi-Strauss have shown that common themes in myths from many diverse cultures speak to us about the universal concerns of all people and about ways of thought that all humans share. As we move increasingly toward a unified world – a global village, as it has been called – it is important to see how much basic human nature we all share. The systematic study of mythology reveals important points about the human psyche, about universal human motivations, fears, and thought patterns. Though we cannot explore all these matters here, as students of human biology we must factor them into our overall conception of how humans function.

Furthermore, Mark Schorer has proposed a broader idea of mythology: “a large controlling image that gives philosophic meaning to the facts of ordinary life; that is, that has organizing value for experience… All real convictions involve a mythology.”1 In this sense, all of science is one kind of mythology. Those of us who are engaged in scientific work believe strongly in the value of our enterprise; we believe it is generally good to acquire greater knowledge and a deeper understanding of the natural world, and the knowledge we have gained informs our lives and colors our view of the world. We believe the natural world consists of real entities, entities linked to one another through a complex causal structure whose details we seek to understand. Furthermore, the pursuit of scientific knowledge of the world gives meaning to our daily lives. These convictions are neither true nor false. They are not contentions about the world that we try to prove but are, rather, guidelines for conducting our work or value judgements about what activities are useful and satisfying.

Schorer’s words emphasize mythology as a schema that helps us understand the particular events of life. Science deals with the general, the universal. The law of gravitation says that objects fall toward one another in accordance with their masses and the distance between them, and experiments show that objects fall toward the Earth with an acceleration of 9.8 meters per second per second. So if a flower pot falls from a window we can predict when it will reach the sidewalk and what force it will exert. But science says nothing more about individual events; it does not explain why a flower pot fell out of a window just as you passed by and struck you on the head. Yet people ask questions about these events: “Why me?”“Of all the gin joints in all the towns in all the world she walks into mine,” laments Rick in Casablanca, and we all tend to look for meanings in simple events. Science does not supply meanings. So – unless we are content to simply ascribe events to chance and look no deeper – we are inclined to look elsewhere, generally into some other kind of mythology.

Today our knowledge is fragmented into isolated compartments of science, art, business, ritual, religion, and mythology. Instead of one totalized, unified system, we have many independent systems which few minds are capable of interrelating. It is not surprising, then, that the sensation of meaninglessness constantly threatens to return.


the modern image of science


Genetics is one important aspect of modern biology, and to understand it, we need to put science in general into context. Science is a human activity and a major feature of all human cultures. Gathering and organizing knowledge is perhaps the most characteristic trait of humans, and one of our goals in this book is to show more clearly just how science is done and what a powerful and exciting activity it can be. But it is also important to see that human culture entails other activities that are not – and never can be – science.

Although science is fundamentally about understanding how the natural world operates, it has developed with the ideal that knowledge should benefit humanity, and science has been heavily weighted toward controlling nature to improve human life. By the time the first books of the Old Testament were being written, human historical experience of nature was codified, in the words of Genesis again, into two injunctions with far-reaching implications for civilization:

Be fruitful and multiply, and fill the earth and subdue it; and have dominion over the fish of the sea and over the birds of the air and over every living thing that moves upon the earth. (Gen. 1:28)

Clearly, the original seeds of the population explosion are contained in the first command. In the second, the role of humans in the Judeo-Christian tradition is established: we are to be masters over nature.

As we shall see in Chapter 2, human interest in genetics can be traced to the beginnings of agriculture in Neolithic times around 9000–7000 BC, when people began to domesticate plants and animals. They soon realized that they could improve their crops and herds through selective breeding. Recognizing that plants and animals could be improved so dramatically, thoughtful people began to consider how humans could improve themselves as well. In ancient Greece, Plutarch records that Lycurgus, the founder of Sparta, set up boards to determine which couples were likely to reproduce offspring embodying Spartan ideals. Babies judged to fall below standard were left to die at the foot of Mt Taegetus. Even in intellectual, aesthetic Athens, Socrates remarks that if it is important to breed hunting dogs and birds with care, then surely the state should be just as careful in the breeding of its maidens and men. Although these ideas never reached practice on a large scale, their continuing debate through the millennia attest to human aspirations to perfection, and we shall address them again in Chapter 15.

The road to perfecting humans and nature clearly required knowledge. In the dictum that “knowledge is power,” the seventeenth-century English philosopher Francis Bacon expressed the realization that scientific knowledge, when harnessed through technology, could be a powerful force for human progress. Progress, to Bacon, was measured by the degree to which the biblical injunction to dominate nature was met. Although Bacon’s influence is probably overemphasized in modern accounts, his emphasis on the experimental method and his ideal of progress had considerable influence on scientists of the Royal Society (founded in 1662). Baconian ideas became an important inspiration for the Scientific Revolution and an important part of the philosophical orientation of science.

Today the most explosive force in society is the technological application of science. People have reacted to modern science in two essentially opposite ways, according to their temperament: either to embrace science completely in an almost religious way or to reject it out of fear. In Rodgers and Hammerstein’s play The King and I, the King of Siam – who is trying to modernize his country – approves of many ideas as being “scientific” and reproves Anna, the English governess, for ideas that are “not scientific.” Advertisers try to sell their products by using our tendency to think of anything “scientific” as excellent and admirable. And there are scientists and cheerleaders for science who uphold this attitude, called scientism, and who believe that science can and should be all-pervasive, providing the answers to everything. They would try to develop equations for emotion or beauty, to produce art with intelligent computers, to explain the beauty of a sunset simply as the result of neural circuitry. They might advocate that we control eccentricity and nonconformity with drugs, electrodes, and selective breeding.

This is foolishness. Human activities are not solely directed toward answering questions and gaining knowledge. We can represent the various facets of human activity thus:

[image: image]

The wedge labeled “science” is one area of human activity among many. Many critics of science cry loudly that we must recognize what the limitations to science are; however, the drawing shows that each activity has boundaries but no limits. Consider, for a moment, how science compares with the domain of the arts and humanities. Neither one, we think, has limitations. We see no limits to our ability to describe, understand, and find regularities in the universe – the concern of science. We see no limits to the ability of creative humans to find new forms of art or music or literature and new things to do with these forms. The two areas are closely related. The arts may be nourished by contributions from science, such as new technologies and new views of the world, and much of science is a kind of art, done with strong aesthetic ideals in mind. The two are sometimes virtually one, as in the exploration of human form by da Vinci or of the nature of space and light by Cezanne and the Impressionist painters. But fundamentally they are two different human activities, done for different purposes. Neither could supplant the other. Both art and science can enrich daily human activity – the simple business of living – but neither one could supplant it. Even if we fully understood precisely what happens in our nervous systems when we watch a sunset or listen to music or experience love, and no matter how well those experiences are imitated or supplemented by artists and writers, we would still want to go on watching sunsets and listening to music and being in love.

In the wedge labeled “morality” or “ethics,” people ask a particularly difficult kind of question – not “What do people do and why?” but “What should people do?” The contacts between this wedge and that of science are complex; exploring them will be a major focus of this book. We will try to show how questions of morality must govern the activities of science and how the knowledge gained through science impacts on the moral questions and even creates new moral problems. We cannot give answers to these problems here, but we can at least sort them out a little and try to show where the difficulties and the interesting questions lie.

Thus we reject scientism. We try to see science in its proper place as one human endeavor among many. What, then, of the opposite reaction to science: to fear it and reject it? Science and technology have changed the world radically. People born over sixty years ago came into a society that knew nothing of jet planes, DDT, plastics, television, nuclear bombs, transistors, lasers, computers, satellites, birth-control pills, heart transplants, polio vaccines, or prenatal diagnosis. This flood of information and technology has been overwhelming, and people may feel that we have no more ability to cope with this force than would Neanderthal men given guns. In a sense the Baconian ideal has brought us full circle to a world as terrifying and chaotic as it was at the dawn of human consciousness. Science seems to be taking over and transforming all of human life, yet somehow robbing life of its richness and still failing to provide answers to important moral questions. Faced with such a situation in the past, people have turned to gods, to priests, to oracles who promised to provide answers. Today, however, the people we turn to for explanations and control of the vagaries of nature are no longer gods, but scientists – fallible, mortal beings. Thus it is ironic – but understandable – that in a world in which science is a dominating force so many people have reacted against it by turning to a variety of superstitions and quasi-religions. In a world informed by physics and mineralogy, they believe in astrology and the mystical powers of crystals. In a world informed by physiology and molecular biology, they believe in a host of supposed healing practices from iridology to reflexology.

Ironically, the very science that Bacon envisioned as the means to the full flowering of God’s works became the greatest threat to organized religion. Copernicus, Kepler, and Galileo paved the way for Newton while demolishing the church’s position that the earth is the center of the universe. Geologists pushed the planet’s age further and further beyond Bishop James Usher’s date for the Creation (23 October 4004 BC) and Charles Darwin’s theory of evolution undermined the biblical story of creation. The church, armed with its inspired writings, chose to fight for its version of truth against the experimental and observational evidence of scientists. When religion lost in this arena, its moral authority seemed to decay as well, leaving a moral vacuum within which scientists continue to apply their knowledge to control and subdue nature. Tragically, organized religion had entered an arena for which it was never intended, just as science was never designed to provide answers to important questions of ethics.

A common criticism of science is that it is done in a cultural void, with no concern for its social repercussions. One typical criticism runs like this:

Modern science has been singularly devoid of any serious concern with fundamental questions – for example, those involving the relations between ends and means. Its overriding instrumentalism has been expressed in its desire to control and dominate nature, almost as an end unto itself.2

This criticism has often been legitimate, at least when directed at individuals who have sought to pursue their research programs quite single-mindedly. We shall have occasion in this book to look at such cases and consider their implications, but to put this criticism in perspective we need to distinguish types of scientists and places where research is done. It is estimated that ninety-five percent of all scientists who have ever lived are still actively carrying out research and publishing. Relatively few scientists are now academics, employed by colleges, universities, and institutes dedicated to basic research; yet this is where the bulk of research is done that produces the great fundamental advances in our knowledge of the world. Over half of all scientists and engineers now work full time or carry out research for the military, and most of the remainder work for private industry – including, now, industries devoted to genetic engineering. Thus power and profit have become primary motivations underlying the application of science, leaving the well-being of the general public and the long-term interests of society and the environment as incidental priorities.

With few exceptions, basic science as a whole has a track record of keeping the cultural context in view. Bacon’s own ideal of science emphasized that it must always be done with compassion, with the improvement of human society in mind. And modern science certainly passed a watershed in social awareness with the development of atomic weapons during the Second World War; as J. Robert Oppenheimer put it, “The physicists have known sin.” As we shall see, when recombinant-DNA methods were invented – the principal methods that underlie modern genetic research – the scientific community itself was quick to recognize the social implications and potential dangers and to police itself, even if some individuals did not agree to the necessity.


the prospects of modern genetics


In this socio-historical context, we can see why there is such a fascination with genetics and why its social implications are so great. The molecular basis of inheritance and its genetic code have been deciphered; synthetic genes have been created, viruses reproduced in test tubes, identical twins of frogs and sheep created from mature organisms, human eggs fertilized in test tubes, babies inspected inside women’s wombs, many hereditary defects cured, and rat–mouse chimeras created.

People are intrigued and fascinated by all this work because we seem to be approaching not only a complete understanding of life itself, but also the potential to alter its properties, to direct evolution. Although even Neolithic farmers directed the evolution of plants and animals by selective breeding, science now offers the possibilities of making novel organisms to serve human needs: plants that synthesize their own fertilizer from the air, bacteria that make human proteins, others that degrade pollutants or make protein from oil, or viruses that carry human genes. As in all fields of science, our knowledge can be used for the benefit or the detriment of humanity. The ability to correct hereditary disease provides a matching ability to induce disease, while the ability to detect and prevent birth defects poses questions: what is to be considered defective, and who decides? The grotesque application of genetic concepts in the race-purification programs of Nazi Germany still commands support in racist and fascist groups throughout the world. And when we manipulate the genetic makeup of organisms, the properties of the creatures produced will not always be predictable.

The dangers inherent in this technology are movingly highlighted for many thoughtful people today by Mary Shelley’s classic novel Frankenstein, or the Modern Prometheus, which, as Theodore Roszak observes, stands as an allegory for modern science:

Where did the doctor’s great project go wrong? Not in his intentions, which were beneficent, but in the dangerous haste and egotistic myopia with which he pursued his goal. It is both a beautiful and a terrible aspect of our humanity, this capacity to be carried away by an idea. For all the best reasons, Victor Frankenstein wished to create a new and improved human type. What he knew was the secret of his creature’s physical assemblage; he knew how to manipulate the material parts of nature to achieve an astonishing result. What he did not know was the secret of personality in nature. Yet he raced ahead, eager to play God, without knowing God’s most divine mystery. So he created something that was soulless. And when that monstrous thing appealed to him for the one gift that might redeem it from monstrosity, Frankenstein discovered to his horror that, for all his genius, it was not within him to provide that gift. Nothing in his science could comprehend it. The gift was love. The doctor knew everything there was to know about this creature – except how to love it as a person.3

Dr. Faustus, Dr. Frankenstein, Dr. Moreau, Dr. Jekyll, Dr. Cyclops, Dr. Caligari, Dr. Strangelove – the scientist who does not face up to the warning in this persistent folklore of mad doctors is the worst enemy of science. In these images of our popular culture resides a legitimate public fear of the scientist’s stripped-down, depersonalized conception of knowledge – a fear that scientists, well-intentioned and decent men and women all, will go on being titans who create monsters.

Science cannot be carried out in isolation from society; its priorities and questions are molded by, and in turn affect, the culture of which it is a part. We believe that only through an educated citizenry will profit and power be tempered by the concerns of the public. Our purpose in this book is to set the study of heredity in a social and historical context so its current position and implications for the future of humanity will be better understood.

Now let us turn to the first glimmerings of human consciousness to see how early people attempted to answer their questions about origins, reproduction, and offspring.



chapter two


from myth to modern science

The context of genetics stretches far back into the human past, for the science did not suddenly spring from nowhere at the turn of the twentieth century. Humans probably wondered about inheritance from the dawn of consciousness. Indeed, civilization was made possible largely because people realized that animals and plants could be selectively bred.

For a long time, primitive people survived as our primate ancestors and relatives had done, by hunting and by gathering whatever food they could find. But the most consistent feature of human evolution has been the development of a massive and complex brain that can recognize order in nature. This brain allows us to remember, to learn from others, to avoid repeating past mistakes, and to improve on an advantageous discovery. It was only about ten thousand years ago that some Neolithic people – probably women, who tended the camps while their men were off hunting – discovered the basic idea of domesticating and cultivating plants. At many sites, such as Jericho in the Jordan valley and the annually flooded plains of Egypt, humans realized that seeds planted in soil with sufficient water would grow into useful plants. With such a reliable source of food, they would no longer have to be constantly moving, gathering, and hunting. And so people changed from nomads to settled cultivators.

The settlers selected and nurtured better plants, at first unconsciously. Scavenging edible gourds and fruits from afar, they scattered the seeds, which sprouted into plants that could be domesticated. Wild animals such as dogs, goats, cattle, and sheep were attracted to the crops and quickly discovered scraps and leftovers. Some were captured and kept in pens to provide a dependable supply of meat, hide, and muscle power. As the settlers cleared more land, they left fruit and nut trees standing to become the first orchards. Homo sapiens had become a farmer.

People probably attempted sporadic experiments in agriculture time and again around the globe, with many ending in failure. Agriculture finally developed in two broad areas: southern Asia from Mesopotamia to China between about 9000 and 7000 BC, and America from Mexico to Peru around 5000–2000 BC. The New World contribution should not be underestimated, for about sixty percent of the plants currently grown in agriculture were unknown in Europe before the voyages of Columbus. The list of livestock and domestic plants used today represents only a small part of those that have ever been tried.

Ancient humans realized, moreover, that plants and animals reproduce “each according to its kind,” so seeds from plants with bigger fruits tend to produce plants bearing bigger fruits, and the offspring of sheep with finer fur will have similar wool. Once people understood the principle of like begetting like, they could harness nature for human benefit.

The effects of agriculture are staggering. This intellectual breakthrough revolutionized human evolution, for now the explosive force of cultural evolution, not biological evolution, became the shaping power in human history. The domestication of plants and animals provided a community with stability, since people no longer depended on foraging and hunting. With a burgeoning population and the cultivation of large fields, villagers could concentrate their skills on special functions to supply the increasingly diverse needs of the community. They needed defenses against the depredations of nomads; they needed implements to cultivate, water, harvest, and store crops, and to scavenge raw materials for building from increasingly greater distances. The division of labor released more time for the reflection, imagination, and invention that spur the development of culture. This leisure opened up entirely new avenues for experimentation and change: pottery, weaving, smelting, and the wheel, each accelerating human control over the environment and human destiny. Civilization, then, became possible when nomadic hunters and foragers were transformed into farmers who could apply simple rules of plant and animal breeding.


primitive interest in heredity


Looking into the past for early evidence of interest in heredity, we find that even Paleolithic humans had grasped the basics of reproduction. Depictions of mating and reproducing animals and humans on the walls of caverns, for example, performed a dual role. They encouraged the reproduction of humans and of hunted species through sympathetic magic, while educating the young in the appearance, life cycles, and habits of their own race and of the animals on which their survival would depend. These depictions suggest that the ancients had already started to understand some genetic principles when they carved, painted, and wrote their legends and mythologies. When they developed the myth cycles that have come down to us, people already knew they could increase desired characteristics of animals and plants by carefully choosing parent stocks. So these myths provide us with important clues to the history of genetics, since they reflect this understanding and record new developments as they were introduced.

One constant rule in mythology is that whatever happens among the gods above reflects events on earth… Myth, then, is a dramatic shorthand record of such matters as invasions, migrations, dynastic changes, admission of foreign cults, and social reform. When bread was first introduced into Greece – where only beans, poppy seeds, acorn and asphodel-roots had hitherto been known – the myth of Demeter and Triptolemus sanctified its use; the same event in Wales produced a myth of The Old White One, a sow-goddess who went around the country with gifts of grain, bees, and her own young; for agriculture, pig breeding and bee-keeping were taught to the aborigines by the same wave of neolithic invaders. Other myths sanctified the invention of wine.1

The ubiquity and depth of interest in reproduction and inheritance in the past can be seen in the theories held by major cultures and civilizations, especially in their teachings about the domestication of plants and animals. After the emergence of agriculture and principles of breeding, people began to turn their new insights toward human reproduction. Elaborate myths grappled with such questions as how children are made and how the sex of a child is determined. We can look briefly at some of the early answers.


mythology and the domestication of plants and animals


Through their numerous drawings, carvings, and myths, early societies recorded the emergence of each useful crop and animal, as well as the societal impacts of these events. As they domesticated a crop or an animal that proved valuable to them, such societies often created a god representing or protecting it. By worshipping and propitiating the god with sacrifices, the people could control the whims of nature through that god while expressing their gratitude and their dependence on the plant or animal. The gods and goddesses created as protectors of each animal or plant symbolize their importance for the civilizations that produced them.

Nowhere are examples more abundant than in ancient Egypt. There, the domestication of cereals and grapevines proved so important to the well-being of the people that the great god Ousir (Greek name, Osiris) was given credit for their development. The Egyptians told stories of how he came to earth just to teach them to make ploughs, till the earth, plant seeds, and reap the harvest, and to introduce them to the delights of bread, wine, and beer. The handsome Osiris was a particularly pleasant god, gentle and full of songs, who wended his mythological way from Egypt around the world, spreading seeds and civilization as he went like a prehistoric Johnny Appleseed. His sister Isis, who was also his wife, was credited with teaching the women of Egypt to grind the corn that their husbands and sons grew, and to spin the flax and weave it into cloth. Women were probably history’s first cultivators, who gradually domesticated edible plants and small animals, such as goats and sheep, while their husbands were preoccupied with the more primitive – and less productive, less reliable – ways of providing food and clothing. By the time of the Isis–Osiris myths, conventional domestic patterns had begun, and the intricacy of the myths indicate how completely Egyptian culture had developed the use of plants.

A number of animals, especially cattle, play important roles in the Isis–Osiris myths. It is hard to judge where cattle were first domesticated. The earliest cave pictures suggest that domestic cattle originally derived from three ancestral species: the aurochs (Bos primogenius) and longifrons (Bos longifrons) of Europe, and the zebu (Bos indicus) of India and Africa. Neolithic art from the Atlas mountains depicts domesticated cattle being led meekly about with ropes. The Egyptians had domesticated cattle before the Isis–Osiris myths were formulated, since Isis was associated with the cow – her sacred animal – and became identified with the cow-goddess Hathor.

Cattle domestication must have been long and difficult, since the original wild cattle were large and fierce. Individual animals were probably captured and penned up inside strong fences. Inbreeding of these artificially selected animals exaggerated certain characteristics with each generation until strains different from the original stock gradually emerged. Perhaps selection of some for religious sacrifices hastened the domestication; sacrificing the largest, fiercest, most imposing animals to the gods left the smaller, quieter individuals to reproduce, thereby gradually removing wild characteristics from the herds. People may have first domesticated cattle rather unwittingly and then later realized the advantages of having quiet cows that could be milked and herded easily, leading to further deliberate domestication.

The relatively docile, productive animal that resulted was so valuable to ancient societies that both male and female of the species were connected with the gods. The myths often dictated actions by the priests which stimulated further observations of breeding patterns. Wherever a domesticated animal (be it bull, cow, cat, or dog) became sacred to a god, the ancient Egyptians had to learn new lessons in genetics in order to select and breed suitably marked animals – to keep animal deities installed in the temples. For example, Ptah, a god of Memphis, was thought to have inseminated a virgin heifer and had himself been born again from her as a black bull, Hapi (or Apis, in Greek). Hapi, Ptah’s incarnation, was kept in the temple of Ptah at Memphis. When the bull died, the priests had to replace him, and not just any bull would do. Hapi had to be black with a white triangle on his forehead and white markings on his back, right flank, and tongue, representing a vulture, crescent moon, and scarab, respectively. And the hairs of his tail had to be double. To ensure that they had a suitable bull to replace a dying Hapi, the priests bred promising bulls and cows to maintain a herd of white-marked black animals. Each experiment carried out in the temple yards taught the priests more principles of selection and breeding, so knowledge of reproduction and inheritance began to increase rapidly. Thus, domestication led to veneration, which in turn led to active experimentation.

The mythologies of other civilizations also record developments in plant cultivation and animal breeding. The relationship between sex and reproduction was well understood in western Asia before the time of classical Greece. The Babylonians and Assyrians knew in 5000 BC that there are male and female date palms, and artificial pollination has been carried out since at least the time of King Hammurabi in 1790–1750 BC. In many reliefs from King Ashurbanipal’s time (870 BC), priests wearing masks and wings to represent winged spirits use pine cones dipped into golden handbags of pollen from male trees to fertilize the flowers of the female plant. Obviously they recognized that the male and female forms were separate plants which require fertilization. This artificial pollination led to the development and proliferation of numerous new varieties of cultivated dates, now more than five thousand named varieties.

Meanwhile the ancient Chinese used their knowledge of genetics to breed surpassingly beautiful roses five thousand years ago. Roses became so popular that the Emperor Han had to destroy many of the gardens to allow room for more practical food production. The two main Chinese varieties, Rosa chinensis and Rosa odorata, were not introduced into Western stocks until the eighteenth and nineteenth centuries; but frescoes in Knossos show that roses (Rosa gallica) were cultivated in Crete by 1600 BC and two species (Rosa gallica and Rosa damascena) featured in Egyptian paintings and textiles a thousand years later. Mutant roses were selected and bred in antiquity as they are today; King Midas, for example, had gardens of sixty-petalled blooms.

Agricultural deities are the oldest of the Greek and Roman gods, and many were replaced by less peaceful deities as the civilizations became more warlike after domestication had become commonplace. The Greek god Pan survived; half man and half goat, the protector of shepherds and flocks, he was credited with making the ewes and goats fertile and prolific breeders, and earned a roguish reputation himself. He was revered for bringing agricultural civilization to Greece; he was reputed to have taught humankind the art of bee-keeping and the cultivation of the all-important olive trees and grapes.

An imaginative genetics, widespread in Greek mythology, reflects the state of understanding of reproduction the society had reached. The Greeks knew that each species breeds true – that is, produces only offspring like itself – and also recognized that each animal shows a combination of characteristics inherited from its mother and father. However, like people of many more modern societies, the early Greeks did not understand the barriers to interspecies breeding and often credited unfamiliar animals (such as the giraffe) as the offspring of parents of different species (such as the leopard and the ostrich). The genealogies of the gods reflect this belief. To explain the goat–man chimera Pan, they told how the Arcadian god Hermes approached Penelope in the form of a male goat and mated with her. Similarly, Pasiphaë, wife of Minos, was thought to have mated with a bull and so to have born the famed Minotaur, the half-man, half-bull terror of the Labyrinth at Knossos.

Like goats and cattle, the myths tell us, horses had been bred for domestic use in early Greek times. When Homer composed the Iliad about 900 BC, animal breeding was of considerable importance, as the description of a certain breed of horses owned by Aeneas of Troy shows:

They are bred from the same stock that all-seeing Zeus gave Tros in return for his boy Ganymedes; and they were the best horses in the world. Later Prince Anchises stole the breed by putting mares to them without Laomedon’s consent. The mares foaled in his stables, and of the six horses that he got from them, he kept four for himself and reared them at the manger, but he gave these two to Aeneas for use in battle. If we could capture them, we should cover ourselves with glory.2

And in Roman times, about 100 BC, Virgil understood the principles of breeding practices for horses and cattle and gave this advice:

When the lusty youth of thy flock endures, let loose the males, put thy herds early to breeding, and generation after generation keep up the succession of thy flock.3

The great importance of horses is indicated by the remarkable ancient carvings in the chalk hillsides of England.

The myths of these diverse ancient peoples show clearly how vital a role the gradual understanding of plant and animal reproduction played in the rise of civilization and the origin of the great myth cycles. The myths emerge as poetic, imaginative renderings of ancient knowledge, creatively combining primitive science and historic legends to make all knowledge coherent, and also providing psychological stability between the known and the unknown for the primitive peoples. As these civilizations became more sophisticated, thinkers such as Aristotle began to differentiate between imagination and fact, and science began gradually to separate off from superstition. The first attempts to explain human heredity were far from scientific, but they reveal a deep conviction that its laws are ultimately comprehensible, and a passionate and lasting curiosity in the attempts to decipher these laws.


heredity in human society


The striking resemblance between children and their parents is a commonplace observation. Ancient people undoubtedly recognized that people could resemble each other if they shared a remote ancestor, and placed great emphasis on kinship. Underlying the concept of kinship, which provided cohesion in developing societies, the recognition that “blood is thicker than water” carried an implicit assumption about heredity within families. Ancient stories emphasize again and again that ancestry is a vital factor in determining one’s characteristics; the long catalogues of “begats” in the Old Testament identify families and support men’s claims to honor by relating them to revered ancestors. Environment was considered of secondary importance; strangers who could show blood ties were considered to have more in common than people who lived side by side. Few rituals were more honored by North American peoples than the ceremony in which unrelated friends symbolically proclaimed themselves “blood brothers” by mingling their blood in small self-inflicted wounds.

Kinship has always given society both a spatial organization and a temporal stability by organizing individuals into groups of relations, or families:

The basic unit of ancient Hebrew society was the household (beth)… A number of related households constituted a clan (mishpachah); a number of related clans constituted a tribe (shebet); the twelve tribes constituted the nation (am). All of these were regarded as extensions of the family and the whole people was united by a sense of kinship.4

People derive a sense of order from knowing their place in such a structure. In recognizing the inheritance of physical, mental, and behavioral characteristics, people found a link between past, present, and future. Such a link gave vital continuity to existence, a sense of identity beyond the ephemeral present, and it provided our only link to earthly immortality.

Moreover, knowledge of heredity justified early structures, including social classes, that were necessary for societal stability. People assumed that capabilities and traits of character, as well as physical characteristics, were inherited, so it made sense for children of rulers to inherit their fathers’ positions and for members of other classes to remain in their place. Children of the wise appeared to inherit their parents’ intelligence; the offspring of craftsmen expressed talents for their fathers’ trades. Servants were thought to bear children fitted for the same work as their parents (an idea still debated today). Priesthood was hereditary among the Jews of the tribe of Levi, like shamanism in the clans of the Siberian peoples; soothsaying ran in families among the ancient Greeks, and wealth and power were almost everywhere passed on from heir to heir. In India, the concept of caste turned the primacy of heredity into a rigid political system; in the Middle East and North America, slavery was a hereditary condition; and around the world the divine right of kings, chiefs, emperors, and tsars to hold dominion over their subjects was passed on to each generation through the act of intercourse. People felt that society was following the model of nature when its roles were filled without interruption by successive generations.

The birth of a child with a disease for which there is no hope of recovery has always represented an enormous physical, emotional, and economic drain on a family. The Vedas (c. 2500 BC) and Sutras (500–200 BC) of the ancient Hindus, for example, reveal an awareness that some illnesses can be inherited. They advise a young man about to choose a wife to check her family history, sometimes for up to ten generations, in order, according to the Astangasamgraha, “to make sure that she has no illness which could be inherited and that her family is free of such illnesses.” This advice shows the knowledge that an inherited defect may skip a generation, so a healthy woman might still carry a hidden trait that could manifest itself in her children or grandchildren. These writings were not agreed on which diseases were inherited, which is not surprising, since communicable diseases and environmentally induced problems could both run in families. Nevertheless, the Manu Code of Law suggests rejecting families with histories of leprosy and epilepsy (as well as dyspepsia, consumption, and even hemorrhoids). But tendencies to good character and admirable deeds were also thought inheritable: the writings exhort the youth choosing a mate to ally himself to a family of good reputation.
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