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Dass ich erkenne, was die Welt
Im Innersten zusammenhält


I’ll learn what holds the world together
There, at its inmost core.

— GOETHE, Faust

PROLOGUE

On the morning of June 26, 2000, a short, elderly man walked up the  pedestrian lane along the east side of the White House grounds and  joined a couple of dozen people already gathered outside the guest  entrance, under the shade of the willow oak trees that line the lane. It  was the beginning of a sultry Washington day, one of the rare ones in  that mild summer, and the man’s shirt was already damp from perspiration. “That I should live to see this day is beyond belief,” he said, to no  one in particular. “I was there in the beginning, you know. I was there  before DNA.”

Norton Zinder, professor emeritus at Rockefeller University, had  been a molecular biologist since before 1953, when James Watson and  Francis Crick made the essential discovery that the shape of the deoxyribonucleic acid molecule, or DNA, enabled life to happen. He had made  some important contributions back then, too, and much later, in the late  1980s, he had helped Watson organize a government science program  called the Human Genome Project. Its goal was to reveal the innermost  secret of life: the entire code, spelled out in the language of DNA, for the  construction and maintenance of a human being. Like the others waiting  in the shade, he had been invited to attend the president’s announcement  that the human genome had at last been deciphered.

Zinder’s gratitude for having lived until this June day was not  entirely rhetorical. He had recently suffered a stroke. While he was  recovering, he had tried to mediate a globally watched conflict that had  very nearly turned the Human Genome Project into the uttermost  embarrassment in science and was well beyond his ability to resolve. But  the attempt had wrenched sleep from him, and for several weeks he had  felt as if he were living on Valium. He was afraid another stroke would  kill him before he could see the end of what he had helped begin.

Zinder talked for a while—he was a voluble man, and the stroke had  perhaps made him a little more so—about the significance of this day,  and recounted his memories of his life in science, which fell out of him in  a semi-organized rush, like folders spilling out of a file cabinet. Meanwhile, other guests continued to arrive. Most were scientists. They were  all dressed up for the occasion, and from their solemn excitement when  they greeted each other, one sensed that they were not accustomed to seeing their colleagues decked out in such finery. At about 9:30, James  Watson himself appeared. A line to go through security had formed  along the fence, and he was standing in it by himself: a tall, hollowchested figure in a white suit and a floppy tennis hat. He was staring into  the leaves of the willow oaks, his mouth hanging open slightly. Someone  asked him how he felt on such a momentous occasion. “It’s a happy day,”  he answered. But he did not look happy. He looked like a man going  through the motions of being happy.

In line behind Watson was a much shorter man, dressed in an expensive dark suit and a light blue shirt with a white collar. It was the kind of  business-class shirt that a scientist would never wear, even to an event at  the White House. His name was Tony White. He was the CEO of PE  Corporation, and he had just flown in on his private jet. He did not look  any happier than Watson. Other than that, there couldn’t be more contrast between the two men. Watson’s face was long, bleached, and spotted, and he seemed to be composed mostly of limbs. White was round  and compact, like a cannonball. His face was red, his collar was tight,  and he was peering around nervously, as if he’d been invited to a party  hosted by an enemy. Somebody asked him too how he felt on the occasion. “I don’t know how you go from blatantly trashing each other to  being all lovey-dovey overnight,” he said. “I’ve had nothing to do with  this.” He pulled out a cell phone. “Where is everybody?” he grumbled  into it. “Maybe there was some other way of getting down here that I   wasn’t informed about.” He snapped the phone shut and shoved it back  into his pocket.

Watson and White had arrived at the White House from different  worlds, and they remained oblivious to each other. They existed on either  side of a wall that has traditionally divided science into two camps: the  basic research conducted in university labs and nonprofit institutions  like Watson’s Cold Spring Harbor Laboratory on Long Island; and the  applied science of pharmaceutical companies, biotechs, and other corporations aimed at developing a marketable product, often using the results  of academic research as a jumping-off point. There is of course some traffic back and forth, and people on both sides of the wall believe they are  serving the public good. But the two camps obey different codes of conduct and reward excellence in different ways. The currency of academic  excellence is recognition—publications, honors, and the esteem of colleagues, with the highest accolade being the Nobel Prize. The currency  of success in commercial science is currency—lots of it, in some cases.  Watson and White epitomized these separate worlds. The only reason  the two men were in line together on that June morning was that  another scientist, who was at that moment inside with the president, had  tried to excel on both sides of the wall simultaneously, which violated  everybody’s rules. His name was J. Craig Venter. Whether or not he had  succeeded was an open question. But he had certainly succeeded in pissing a lot of people off, Watson and White among them.

A science policy administrator, Kathy Hudson, arrived carrying a  fresh copy of Time magazine. She passed it around and people leafed  through it, laughing and admiring the pictures in the lead story. On the  cover of the magazine, two scientists stood shoulder to shoulder, one a  little behind the other. Both men were dressed in white lab coats. (Journalistic protocol demands that lab coats be worn by scientists during photo  shoots; otherwise we might not be able to tell them from other people.)  The scientist on the right was Francis Collins, chief of the government’s  Human Genome Project, who was also inside with the president. The  photo showed a man in his late forties with a large square face, thick  brown hair, a neat mustache, and a dogged set to his mouth. The scientist  on the left was J. Craig Venter. He was bald, with upturned eyebrows and  an oval face tapering down to a mouth that flickered up at the corners, as if  he were trying to suppress a grin. His face was dramatically bifurcated by  the photographer’s lighting, the right side aglare and the left in shadow.   

Two years earlier, in May 1998, Venter had announced that with  backing from PE Corporation (then known as Perkin Elmer), he was  going to form a private company to unravel the human genetic code and  would complete the project in three years instead of the seven more years  estimated to be needed by the publicly financed Human Genome  Project. By making the human code available to the world so soon, he  hoped to greatly accelerate the pace of biomedical research and thereby  save the lives of thousands of people who would otherwise die of cancer  and other diseases. He also hoped to become famous, well loved, and very  rich. It was a big gamble on all counts. Nothing like the particular  scheme he was proposing had been attempted before. If it were broken  down into its various technical components, most of them had never  been attempted before, either. All of these untested elements would have  to work seamlessly together or the whole enterprise would fail. If it did  work, it would be a scientific achievement of huge importance. But even  then, few people really understood how it would make Venter’s proposed  company any money. Those who knew Venter were not surprised that he  was going to try anyway. “Craig likes to do high dives into empty pools,”  one colleague said of him. “He tries to time it so the water is there by the  time he hits the bottom.”

A couple of weeks after Venter’s spectacular announcement in 1998, I  asked him to let me observe the progress of his undertaking as it  unfolded. If the proposed enterprise did manage to succeed in beating  the government’s Human Genome Project to the finish line, I told him,  it might make a compelling book. I didn’t mention that there was at  least as good a story to be told if it crashed and burned. At the time of his  announcement, Venter was president of a nonprofit research group in  Rockville, Maryland, called The Institute for Genomic Research (TIGR),  which he had founded in 1992 and which was dedicated to pure science.  The company he was organizing to carry out the new project would not  be. Simply by announcing his intentions, in fact, he had thrown down a  gauntlet to perhaps the greatest concerted undertaking in the history of  academic science, an endeavor that was universally regarded to be true  and good. Some people said he had made a deal with the devil. Others  thought of him as the devil himself.

Venter responded to my proposal in a way that I would learn was   typical: he invited me to go sailing. He owned a yacht named Sorcerer,  and asked if I’d like to join him and some friends for a weekend race off  the coast of Nantucket. He told me to meet him at the Montgomery  County Airpark in Gaithersburg, where a chartered plane would fly us  up to the island. I was waiting for him when a beefy blue SUV drove up,  bearing the license plate TIGR 2. Venter tumbled out and beamed at  me—a brow-lifting, eye-brightening grin that did look just a trifle  satanic. There wasn’t any malevolence in the expression, but the irrepressible delight in his smile, and the way it sharply lifted his eyebrows  and the lines about his eyes, gave his face a netherworldly impishness, as  if our meeting there on the tarmac, the plane noisily revving up, were a  prelude to some disobedient romp of mischief. He was bald as the  devil, too. Bald men often seem acutely embarrassed above the brow.  In contrast, Venter’s freckled pate seemed a completion rather than an  absence, as if his scalp had purposely emptied its follicles to reduce friction with the elements through which he moved, like the shaved head  of a swimmer.

“Hey!” he said, with a rising inflection, more the way a surfer might  greet a buddy on the beach than the way a distinguished scientist greets  a writer. “Hop in! On the flight up, I can tell you how we’re going to  change the paradigm of medicine.”

Venter did not look like a typical scientist, either. He was wearing a  light green linen shirt, blue jeans that looked fresh out of the launderette’s cellophane, and brilliant white tennis shoes that flashed like  beacons with each step. He is five-foot-eleven, but he seemed taller, perhaps because of that uplifted eagerness in his face. Scientists do not all  wear tweed jackets, cardigans, or thick glasses, of course, but most of the  ones I have met share a downward orientation somewhere in their body  language—a stoop, a slouch, or something less tangible, an indefinable  holding back. It comes from spending a lot of time crawling around in  mental caves. Modern life science—and genomics, Venter’s field, was so  modern that most people, including other scientists, had never heard of  it—is driven forward by reductionism: a strategy of discovery based on  the belief that the more you can divide natural phenomena into their  constituent parts, and those parts into subparts and so forth, the more  you can learn about how nature really works. Looking at a person will not  tell you as much about what makes him tick as if you examine his heart  and brain and other organs—or, better yet, the specific cell types in those   organs, or, farther down in the cave, the interaction of proteins in those  cells or the intimate varying structure of the proteins themselves.

A good scientist never forgets that the purpose of studying ever more  reduced parts of an organism is to understand the organism as a whole.  But to push knowledge forward, you move downward into the biological  hierarchy as if deeper and deeper into a system of tunnels, looking for  tiny gems, nuggets of new information, buried in the rock. The farther  down into a problem the scientist has gone, the harder it is to back out  and explain to the people on the surface what he or she has been doing.  When scientists are out of the cave and away from work, the urge to get  back in again pulls on some vulnerable part of their physical aspect—  their posture, for instance, or their gaze or the set of their mouth.

Craig Venter had spent time mining the mental cave, too, chipping  away under the beam of a tiny flashlight on a minuscule portion of the  vast, pitch-black tunnel system where the genetic secrets of the human  brain are hidden. But he was impatient with the pace of life in the cave,  and a decade earlier he had found a faster way to find genes. His new  method had paid off handsomely, in its contributions both to basic scientific research and to his wallet. It also made him a lot of enemies. His  announcement in May 1998 had made new enemies and galvanized the  old ones into unified opposition. It was the exceptional hubris of the plan  that riled them. Venter wasn’t just trying to capture more than his share  of gems from the cave. He was going after the cave itself.

“We’re going to be on the forefront of everything,” he told me on the  plane. “We’re going to need to build the fastest computer in the world,  with data production orders of magnitude bigger than anything else.  We’re thinking on a different scale. Just doing the human genome and  stopping there is way short of what can be accomplished.”

He took out his wallet and pulled out a plastic card. The words U . S .  DEPARTMENT OF GENETIC IDENTITY were written across the top of  the card in an imposing font. Embossed below the photo of a young man  was one of those holographic information-bearing chips you sometimes  see on credit cards. The chip, Venter explained, contained the man’s  complete genetic code. Based on that information, he said, the individual would know that if he smoked he had a 37 percent chance of developing lung cancer before he was sixty. So he wouldn’t smoke. He would  know that he was among the third of the population for whom aspirin  helps to prevent heart disease. This would be crucial knowledge, because   the chip also told the bearer that he carried a defective form of a gene  called APOE, which put him at a much higher risk of heart attack and  stroke. He would orchestrate his diet and lifestyle to minimize his risk.  Should he wish to inquire, the chip would also tell him his chances of  going mad or committing suicide. It would tell him what time of day he  was most likely to be productive, what kind of cologne would best accent  his natural body scents, and, perhaps, whether his new girlfriend would  be a good match for a long-term relationship.

“It’s just a mock-up I use in lectures,” Venter told me, slipping the  card back in his wallet. “But this is where we’re headed. As people start  to get genotyped, they’ll be able to take control of their lives. Our database will allow them to know their future.”

On Nantucket, we found Sorcerer near the end of the marina’s long  main pier. Claire Fraser, Venter’s wife and his scientific colleague at  TIGR, was already aboard, along with some of their other guests. Venter  introduced me to Peter Barrett, a businessman in his early forties who  was moving from Perkin Elmer to become the chief business officer for  Venter’s new company. The yacht was a sleek, dark blue eighty-two-foot  sloop originally built for the owner of Lands’ End, the clothing mail-order house, and had cost Venter more than a million dollars. He had  bought it a few years earlier, soon after a previous discovery had made  him rich virtually overnight. While in fact he was not much wealthier  than many other academic scientists who were surprised to encounter  venture capitalists eager to shower them with money in return for the  commercial rights to their discoveries, Venter did not behave with his  money the way an academic is supposed to behave. He spent it lavishly  on things he enjoyed, like fast cars, big parties, and big houses, and most  of all on Sorcerer. In addition to its original price tag, the yacht cost him  another $300,000 a year to maintain, including salaries for a full-time  two-person crew. Claire, his wife, liked sailing, too, but she had a little  perspective. “We’d be rich,” she told me, “if it weren’t for that boat.”

The next morning was dazzlingly brilliant, as if the yacht owners  had pooled their resources and hired the sun to show off their boats in the  best possible light. The twenty-five entries paraded out of the harbor,  hulls gleaming. Start times for the racing yachts were staggered over an  hour, loosely determined by how much emphasis their designers had put  on “racing” and how much on “yacht.” The summer before, Sorcerer had  surprised a dozen larger boats to win the transatlantic Atlantic Challenge   Cup, a victory that had not been unnoticed by the Nantucket race committee. We started thirty-five minutes behind the first boat out and  immediately raised the spinnaker. It bore the image of a sorcerer wearing  a tall pointed hat, a full white beard, and a Cheshire cat smile. The spinnakers of the boats out before us were arrayed like colorful splotches on  the horizon. “I wonder how they feel, watching this wizard crawling up  their stern,” Venter said.

The course was a simple run to a mark seven miles to the northeast,  then back again beating upwind. Sorcerer was fast, and by the time we  rounded the mark we had made up half the distance between us and the  leading boat. But Sorcerer’s heavy hull and rigging design were a burden  when tacking into the wind. Though we passed one boat after another,  we couldn’t quite catch the leader, who crossed the finish line ten seconds  in front of us. As the gun sounded, I looked at Venter. He was as competitive as anyone I’d ever met, and I thought he might be disappointed  with our second-place finish. But the thrill of the moment had stretched  his face back in a mask of spent, hysterical delight, like a child at the end  of a roller-coaster ride.

On that day in August, Venter was already three months into a race  with far greater consequences. It would be a far closer finish than he ever  imagined. But even if he had better calculated the capabilities of his  opponents—and the intensity of their determination to destroy him—  Venter would still have gone sailing that day without a second thought.  It was just too much fun to miss. That was another thing that bothered  his enemies. Even in the worst times in the coming two years, there was a  part of him that was having more fun than they were, and they knew it.

PART ONE

CHAPTER 1

MAY 1998: “YOU CAN DO MOUSE”

On May 8 of that year, three months before the Nantucket race, Nicholas  Wade, a veteran science writer for the New York Times, entered the lobby  of the St. Regis hotel on Fifth Avenue. The day before, he had received a  call from a public relations representative of the Perkin Elmer Corporation in suburban Connecticut, offering him an exclusive story on an  exciting development. Wade was leery. Public relations people often  overestimate the media interest in their company’s announcements. In  the brash, upstart world of biotechnology, moreover, Perkin Elmer was  an unglamorous player—a maker of instruments, not news. But the PR  rep mentioned that Craig Venter was a player in the new enterprise.  Wade knew that Venter would not be involved in anything unglamorous. He agreed to meet with Perkin Elmer’s executives over breakfast.

Wade crossed the lobby and squeezed into an elevator just as its  doors began to close. A slightly built, mild-mannered Englishman in his  fifties, the Times reporter attracted little attention from the dark-suited  businessmen already in the elevator. In the Perkin Elmer suite on the  fourteenth floor, he was introduced to CEO Tony White and two other  company executives. One was Peter Barrett. The other was Michael  Hunkapiller, head of Perkin Elmer’s Applied Biosystems division, near  San Francisco. Wade knew him by reputation. Largely unknown outside   the biotech world, Hunkapiller was a legend within it. In the late 1980s,  he had co-invented a machine that could automatically sequence  DNA—that is, read out the order of a short stretch of chemical letters in  the genetic code. Since then his technical genius and business acumen  had made him the linchpin of an ongoing effort to develop better, faster  instruments for sequencing DNA and speeding up other biotechnical  processes.

A lavish breakfast buffet had been set up on a sideboard. Craig Venter was not in the room, but his voice greeted Wade from a speakerphone  sitting on a coffee table. “Hey, Nick,” he said, in a disarmingly mild  tone. “Thanks for coming in so early. There’s something we wanted you  to be the first to know. Are you sitting down?”

Wade took a chair and opened his notebook. First Venter talked,  then Hunkapiller, then Venter again at greater length. Tony White  offered an occasional comment, in a broad southern drawl. No one  touched the breakfast. Wade sat erect, furiously taking notes. He left an  hour and a half later, certain that he had the lead story for the coveted  front page of the Sunday edition of the Times.

“Genome” is not a pretty word. Even when you say it in a normal tone of  voice, you sound like you’re mumbling. It has so recently come into  common usage that until 1997, almost a decade after the Human  Genome Project began, Microsoft Word’s spell-checker assumed that  anyone writing about the enterprise had made a typo and corrected it to  “the Human Gnome Project.” In 1999, bioethicist Arthur Caplan of the  University of Pennsylvania was invited to address a meeting of state legislators who were puzzled over the issue of human cloning. Caplan asked  the lawmakers if they knew where their genome was located. Roughly  one third answered that it was in the brain, and another third thought it  was in the gonads. The others weren’t sure.

In fact, two copies of your genome—one contributed by each of your  parents—are spooled on the twenty-three chromosomes inside the  nucleus of every one of your cells—brain, gonad, bone, skin, guts,  muscle, mucus, and every other kind of cell, except for red blood. The  spool is fantastically compact. Each copy is a double-stranded molecule  of DNA only 79 billionths of an inch wide, but which, stretched out,  would run almost six feet in length. Upon this attenuated thread—   imagine a clothesline running the length of the United States, then back  again—lie the chemical instructions that have informed the development of your body and brain from the moment you were conceived. The  individual units of instruction are called genes. They are composed of  strings of the four chemical bases of DNA: adenine, thymine, guanine,  and cytosine—abbreviated A, T, G, and C by scientists. The cell’s  machinery forms the letters into a series of three-letter words that combined give the recipe for the construction of a specific protein: an enzyme  that helps you digest a tuna sandwich, an antibody molecule marshaled  to fight off an infection, a receptor protein in your brain that helps you  read and understand this paragraph. There are a lot of extra letters in the  genome, sloppily referred to as “junk DNA,” which do not spell out protein recipes but may serve some other purpose, perhaps vital, perhaps  not. The whole human genome contains about 3 billion letters, and is  often compared to the text of a book. If you decided to read the book  aloud and recited one letter every second, it would take you eleven years  to get to the end.

Even if someone had eleven years to spare for such a project, a simple  recitation of the DNA letters would give no hint whatsoever of the way  the whole genome works to create and operate a human life. Instead of  thinking of the genome as a book, imagine it as a piano keyboard. Each  piano key represents one gene. If you press down on a key, you hear a  single note: the protein that the gene expresses. If you press the key  again, you will hear the same note again, monotonously, every time the  key is played. But with a piano keyboard, you can do much more than  play lots of individual notes. You can combine the notes to make music.  Just so, our various cell types play upon the long, thin keyboard of the  genome: they combine notes, playing some genes together as chords,  tripping several together in a phrase, gathering bundles of notes to create  the complex and wonderful effects that find expression in our biological  being. Just as a pianist doesn’t play all the piano keys in every piece, only  some of the genes get played in the cell types of each organ. Sonata in the  Key of Kidney. The Heart Fantasia. Variations on the Theme of Brain.

Beautiful music, all of it. But think what can happen to a piano  sonata if an important key on the piano sticks, or sounds the wrong note  when struck. Such a flaw will ruin every passage in which that key is  played. In some cases, it will destroy the music entirely. In the United  States, one child out of every four thousand is born with cystic fibrosis,   which is caused by a defective gene on chromosome 7. Children with this  particular stuck key have abnormally thick mucus in their lungs, leaving  them vulnerable to repeated infections that erode the lungs’ tissues and  eventually the ability to breathe. Most will die before their thirtieth  birthday. In another gene, nothing more than a substitution of a T for an  A causes sickle-cell anemia. Huntington’s disease, a slow, inescapable  meltdown of the brain, occurs because a gene near the top of chromosome 4 contains a series of repeated stutters on the letters CAG, playing  them over and over like a scratched recording. The patient goes mad and  inevitably dies.

Single-gene alterations account for some three thousand to four  thousand other inherited diseases. Hard as these defects are to track  down, they are by far the easiest targets for gene hunters. Most diseases,  including such common killers as cancer and heart disease, stem from  disruptions in the interaction among several genes and between genes  and the environment. To find their causes, you have to first know what all  the keys on the piano are. You have to know the whole genome. This  knowledge will not lead directly to a cure for cancer and other killers,  but by 1998 even the scientists who had originally opposed the Human  Genome Project as ill conceived and not cost-effective were utterly convinced that its fruit would be well worth the $3 billion investment of  taxpayer money. The major pharmaceutical companies were betting that  it would lead to new drugs worth a whole lot more.

After leaving the St. Regis, Nicholas Wade tried to reach Francis Collins,  the head of the government’s genome project, whose official title was  director of the National Human Genome Research Institute (NHGRI),  one of the National Institutes of Health. Collins, more or less against his  will, was on a plane headed from Newark to Dulles Airport, where he  would catch a flight to Los Angeles. He had originally been scheduled  to fly straight from Newark to LA, where he was due to give a lecture  the next morning. But the evening before, he had gotten a phone call.  The mere sound of Venter’s voice on the line gave Collins a shiver of  apprehension.

“Francis, I think you need to know about something we’re about to  announce,” Venter said. “We have to meet with you right away.”

“Who is ‘we’?” Collins asked.

“I can’t tell you that,” Venter replied. “I don’t mean to sound coy. I’m  just not authorized to talk about it yet.”

The two men had known each other for over a decade. When they were  first introduced, Craig Venter was an obscure forty-year-old researcher in  the National Institute for Neurological Diseases and Stroke, also part of  the NIH. He had not attended college until after service in Vietnam, and  thus had begun his career in academic science relatively late. Francis  Collins was several years younger but well on his way to becoming perhaps the most famous gene hunter in the world. Soon he would claim a  share of the credit for the discovery of five disease-related genes, including  two of the most important ones yet found, those responsible for cystic  fibrosis and Huntington’s disease. In 1994, his success took him to one of  the most prominent scientific posts in the country. At the age of forty-three, he was enticed by the secretary of health and human services to  leave his large, heavily funded laboratory at the University of Michigan  and come to Bethesda, Maryland, to assume leadership of the Human  Genome Project, then in its fourth year. The job change meant a cut in  pay and much less time for research, but Collins would be in charge of a  $200 million annual budget earmarked for an historic enterprise. The  decision was a no-brainer. “There is only one human genome program,”  Collins said when he took the post. “It will only happen once, and this is  that moment in history. The chance to stand at the helm of that project  and put my own personal stamp on it is more than I could imagine.”

Now, four years later, Collins still saw himself as the captain of a  great ship moving steadily toward its destination. It would be easy to  imagine him at the helm, eyes trained on the horizon off the bow. A gangly six-foot-four, he had a long, broad face with features that competed  for attention—nose and ears commandingly prominent, an ample but  neat mustache, and sharp blue eyes magnified slightly by oversize  glasses. He was in the habit of combing his hair forward, which gave him  a kind of folksy, unpolished look. While outwardly easygoing—he often  rode a motorcycle to work and occasionally played electric guitar with  other scientists in a middle-aged rock band—there was a deliberate resoluteness in the line of his mouth and in the way he drove home a point  with his chin up high.

The Human Genome Project was a command requiring a great deal  of confidence and political will. To keep the money flowing into the  program from Congress, Collins needed to constantly reassure lawmakers   about the virtue of an enterprise whose costs were huge and whose payoff  was distant and abstract—a perilous combination, especially in a Republican Congress. But overseeing how the money was spent required an  even firmer grip on the helm. Big Science attracts big egos, and those  leading the laboratories funded by NHGRI were some of the biggest  around, all competing for the largest possible slice of Collins’s considerable pie.

The managerial challenge had been woefully obvious at a contentious meeting of the leading project scientists in Bethesda the preceding December. The pilot sequencing projects were almost over, the  full-scale attack on the human code was about to begin, and it was time  to take a hard look at what the final phase of this fifteen-year project was  going to cost. Since the project’s inception, the price of the sequencing of  the human genome had been estimated at around $1.5 billion, or about  fifty cents for each of the DNA letters in the 3-billion-letter sequence.  But would it cost more? Could it be done for less? Collins had called the  meeting to decide the question communally. Unfortunately, the various  genome centers were all competing with one another for the millions his  institute was about to distribute to finance the sequencing—a situation  made worse by the presence of some outside scientists who were likely to  be sitting on the grant-review panel deciding on who got how much.  Before long, an inverted bidding war broke out, as one scientist after  another lowballed his cost estimates to show how he could sequence a  base pair cheaper than the previous speaker. The numbers were extremely  speculative, since DNA sequencing on a large scale had yet to be tried  and the technology to do it was still evolving. The tone began to get  nasty. Cries of “You’re cooking your books!” and “You’re lying!”  bounded off the walls. The cost of human code hit rock bottom near the  lunch break, when one scientist from a small genome center in Texas  confidently declared that he could sequence DNA at the rate of eleven  cents per base pair. Over the break, however, people began to realize that  they were goading one another in a dangerous direction. If the Human  Genome Project’s work could be done so cheaply, what justification  would they have for maintaining, much less increasing, the program’s  budget from Congress? The debate resumed, but now the price of a base  pair began to rise. People voiced their concern about the new technologies: How can we be sure they are going to work? Do we really want to  run the risk of cutting back on quality to save money, when the code of   human life is at stake? Thirty cents per base pair was more realistic. No,  better make that forty. Maynard Olson of the University of Washington,  a passionate advocate of high-quality standards, declared that no  sequence of human code should be called “finished” unless it contained  no more than a single incorrect base pair in a string of half a million.  That level of accuracy might take more time, and if amortized properly  the cost might be as much as twenty dollars a base pair. The price would  go down as technology advanced, but in the meantime, Olson declared,  any sequence that did not cross that threshold should not be counted as  done at all. “People will forgive you for being slow,” he warned, “but  they won’t forgive you for being sloppy.” But none of the other genome  center leaders, and especially those running large operations that had  invested most heavily in automated equipment, could possibly come so  close to perfection. At the end of the day, the scientists soberly agreed  that the current estimate for the cost of sequencing a base pair should  be . . . fifty cents, where the bidding had started. The meeting then  adjourned.

Presiding over such a scene as this (“the low point of the Human  Genome Project,” according to one of the participants), Francis Collins  could only struggle to keep order and hide any panic he might be feeling  behind his inextinguishable smile. For the most part, the problem lay  not with him or his squabbling generals but in the philosophy of the  Human Genome Project itself. One of its major arguments was that only  the best and brightest in biomedical research should be in charge of  something so essential to the understanding of human life and human  disease. The way to ensure excellence was through NIH’s competitive  grant-based funding system, the mechanism driving the most spectacular discovery machine in the history of the world. But sequencing DNA  is not discovery-driven science. Developing the tools and insights to capture the human code certainly takes great intelligence, even genius, but  it is not experimental research in the traditional sense, where hypotheses  compete to explain how nature works, leading ever nearer to the truth. It  is more like a massive construction project, closer to building the pyramids than to finding a cure for cancer. But what was under construction  was the biological essence of a human being. What single entity could be  trusted with such a precious charge? The undertaking had to be collective. Given the decentralization built into the design of the project, the  progress that had been made by the end of 1997 was respectable. But   more than one scientist left that December meeting shaking his head,  convinced there was no way the program would deliver a completed  genome by the project deadline of 2005, much less anytime sooner.

In contrast to the politicking and infighting was the majesty of the  enterprise itself. In Collins’s words and under his leadership, the Human  Genome Project had taken on an almost messianic quality, a noble, historic undertaking whose importance was “bigger than splitting the  atom” and “dwarfed going to the moon.” He referred to the genome in  his public lectures as “the Book of Life.” A part of such rhetoric was expediency, of course: if your program is dependent on taxpayers’ money, lots  of it, you must define your mission in the loftiest possible terms. But  Collins believed devoutly in his own propaganda. He was a medical  geneticist by training, and he was convinced that in time knowing the  code would relieve untold suffering. He was also a man of faith, a born-again Christian. For Francis Collins, the human genetic code was part of  the unimaginably immense knowledge of the Creator. Uncovering its  sequence would provide a tiny, magnificent glimpse into the nature of  God’s mind. There were people within the genome community, Craig  Venter among them, who had begun to rail at the slow pace of the  Human Genome Project, but in Collins’s view such an obligation should  not be rushed. When you are uncovering the text of the Book of Life,  your efforts must “stand the test of time.”

Since the two men met in the late 1980s, Venter’s career had taken a  very different path. He, too, had made a mark for himself in the laboratory, first at NIH, where he had perfected a process that greatly accelerated the discovery of human genes. But rather than earn the respect of  the exalted elite of molecular biology, the commercial success of Venter’s  method and his brazen public statements had provoked and appalled  them, and the more exalted they were, the more appalled they tended to  be. Then in 1995, three years after he left government science to found  The Institute for Genomic Research, he announced another stunning  achievement: the first revelation of the entire genetic code of a living  organism, the bacterium Haemophilus influenzae. After this important but  commercially unrewarding research, many academics forgave Venter his  former transgressions, and TIGR was one of six genome centers receiving  support for human sequencing from NIH. But Francis Collins did not  trust him. After Venter’s mysterious phone call, the government genome  leader was preparing himself to be greatly and painfully appalled.

Reluctantly, Collins agreed to change his Los Angeles flight to  accommodate a meeting in a private room of the Dulles Red Carpet  Club, the business-class lounge of United Airlines. He called some of his  staff at NHGRI and asked them to attend, and when he arrived they  were already there, looking apprehensive. Venter walked in with two  other scientists a few minutes later. One of them was no surprise: Mark  Adams, a molecular biologist in his early forties, had been a mainstay in  Venter’s labs for ten years, the two working so closely together that  people joked that they were joined at the hip. The other scientist was  Michael Hunkapiller—“Craig’s  mystery guest,” as Collins later phrased  it, with an emphasis on “mystery” that managed to sound jaunty and disapproving at the same time. It was well known that Hunkapiller’s  Applied Biosystems had a potentially groundbreaking sequencing  machine in development. As soon as Collins saw him come into the  room, he understood what all this was about. Venter quickly dispelled  any doubt.

“Francis, we want to give you a heads-up on an announcement we’re  about to make, so you don’t get blindsided in the newspapers,” Venter  began. His tone was quiet, almost deferential, but his words were not.  “We don’t think people want to wait another seven years for you to finish  the genome. Perkin Elmer and I have teamed up to form a new company.  Our goal is to do it ourselves, using a couple hundred of Mike’s new  sequencing machines. We are going to make the genome free and available to everyone, same as you. The main difference is, we estimate we’ll  be done in 2001, four years ahead of your schedule.”

Venter then described how this extraordinary feat was to be accomplished. The strategy being used by the government to conquer the  immensity of the human genome was to break it down into manageable  chunks, then puzzle out the letters in each chunk using DNA-decoding  technology already on the market. Venter’s enterprise would have two  key advantages: the arsenal of Hunkapiller’s new, much faster decoding  machines, and a blitzkrieg sequencing strategy called “whole-genome  shotgun.” Essentially, the technique would blast the genome into tens of  millions of tiny pieces and, after the DNA letters in each piece were  spelled out on the machines, reassemble them all in the correct order  using enormously powerful computers and algorithms.

While Venter talked, Collins sat rigidly, his face betraying none of  the emotions roiling his thoughts. The initial shock, like being kicked   hard from behind, lasted only a moment. Taking its place was a sort of  galled incredulity, like that of a pregnant woman informed that someone  else plans to carry her baby and deliver it to term in three months instead  of nine. The notion was both offensive and preposterous. Even if the new  machines could be built in time and worked as well as anticipated—and  the history of automated DNA-decoding technology was riddled with  revolutionary breakthroughs that proved to be flops—the whole-genome  shotgun technique was grossly inadequate to the monumental task at  hand. Venter had used the method to decipher tiny bacterial genomes,  but the best experts in the field of computational biology had already  shown that the human genome was far too large and complicated to be  accurately assembled in such a quick-and-dirty fashion. Yet Collins was  deeply apprehensive, too. When the congressmen who controlled NIH’s  budget read about Venter’s enterprise in the newspaper, they would not  understand that the technique was unworkable.

“Craig, you were at the meeting in Bermuda when Phil Green  showed why whole-genome shotgun won’t work,” Collins said. “Given  the size and structure of the human genome, it’s logically impossible.”

“We don’t know if it’s going to work until we try it, and neither do  you,” Venter replied. “Who knows, we could fall on our ass. That’s one  reason why we strongly support the continuation of the public genome  program. We want to coordinate our efforts with yours and collaborate in  any way possible. There is plenty of work to go around for everybody.  The mouse genome, for instance, is just as important for research and  biomedicine as the human, and having them both would be infinitely  better than having just one or the other.”

Francis Collins had never seen Craig Venter in a modest mood. But  what Venter said next left him at a loss for words. “So while we do the  human genome,” Venter continued, in an offhand, casual sort of way,  “you can do mouse.”

On the following Sunday morning, Eric Lander picked up the New York   Times lying on his front porch in Cambridge, Massachusetts. Lander was  the director of the Genome Center at MIT’s Whitehead Institute and a  prominent player in the Human Genome Project. A former Rhodes  Scholar and Princeton valedictorian, at forty-two Lander was well into  his third career. Previously he had been an economics professor at the   Harvard Business School, and before that a highly respected mathematician. He had learned molecular biology more or less in his spare time,  but well enough to win a MacArthur award before he was thirty.

Lander had returned just the night before from a weeklong trip to  Israel, where he had taught a seminar on genomics. Groggy from jet lag,  he put the newspaper on the kitchen table and made some coffee. Then  he saw the headline. “Scientist’s Plan: Map All DNA Within 3 Years,” it  read. The lead noted that if Venter’s enterprise was successful, it “would  outstrip and to some extent make redundant the Government’s $3 billion program to sequence the human genome by 2005.”

Lander was surprised by the development but not really shocked.  “There you go again, Craig,” he said to himself. As he read on, it was the  slant on the news, not the news itself, that roused him angrily from his  drowsiness. According to Nicholas Wade’s article, the Human Genome  Project was halfway through its fifteen-year course, but only 3 percent of  the genome was sequenced. It sounded as if the project was way behind  its own schedule, which in Lander’s opinion was grossly unfair, since a  huge amount of the project’s funds had been used for the preliminary  work needed before the actual sequencing could commence. A few paragraphs later, the reporter hinted that if Venter’s collaboration with  Perkin Elmer worked, Congress might consider closing down the government program altogether. “Right,” Lander thought. “And when  Craig issues a press release saying he’s cured cancer, we should shut down  the National Cancer Institute.”

Most disturbing of all was the response attributed to Francis Collins.  Though the HGP leader was not quoted directly in the article, Wade  implied that both Collins and Harold Varmus, the director of NIH, were  considering abandoning the human genome to Venter and switching the  public program’s focus to the mouse genome and those of other mammals. Lander did not believe it; Collins and Varmus would never capitulate so easily. He thought of the 170 scientists and technicians who  worked in his lab waking up and reading the same news. With his family  still asleep, he got dressed in a hurry and left for the Whitehead Institute, hoping to reassure anyone who wandered in reeling from the shock.

A few hours later, in Berkeley, California, a bearded, cherubic geneticist  named Gerry Rubin padded down his drive in the hills overlooking San   Francisco and picked up his own copy of the New York Times.  Rubin was a  half step removed from the human genome community. Although  Collins’s National Human Genome Research Institute funded his  research at Berkeley, he worked not on human genes but on the DNA of  the fruit fly  Drosophila melanogaster, the same little insect that dances  around your bananas on a summer afternoon. The fruit fly had been a  mainstay in genetics for a hundred years, and over that time drosophilists  like Rubin had contributed more to the understanding of the fundamental nature of inheritance than anyone working on human genes. The reason is simple: DNA works basically the same in all organisms, and fruit  flies are a lot easier to study than human beings. If you disable the function of a fruit fly gene and insert a functioning human counterpart in its  place, the fly will likely run just as well as if you’d taken a tire off a Mercedes and put it on a Ford. But unlike humans, flies mature and breed  within a week of their birth, which makes it easy to follow patterns of  inheritance through successive generations. They also don’t complain  when you need large quantities of their DNA and you grind them up in a  blender to get it.

The drosophilists formed a relaxed, far less competitive community  than that of their colleagues who buzzed around the fatter fruit of the  human genome. Like Eric Lander, Rubin noted the slighting of the public human genome program in Wade’s article, and he was sure it was  going to cause trouble. But he knew Craig Venter, and could not help  admiring what he was attempting to do. Rubin had taken time off from  his regular research to head the Drosophila Genome Project, an international effort to sequence the fruit fly’s genetic code, and he was well  aware of how complex a task tackling an entire genome was. His project  was about a fifth completed and was scheduled to take another three  years. The human code was thirty times larger than that of the fly, and  Venter was promising to complete it in the same time frame. If anyone  could pull off such a technical triumph, he thought, it would probably  be Venter. Imagine what he could do with Drosophila!

Back in Cambridge, Robert Millman, a patent attorney, read Wade’s  story the following afternoon. He was sitting with his long legs up on  the desk in his office at Millennium Pharmaceuticals, a biotech firm that  Eric Lander had co-founded, located just a few blocks from the Whitehead Institute. Millman’s job was to file gene patents and in other ways  secure intellectual property rights for the company. Whatever you are  imagining a patent attorney to look like sitting at his desk, throw the  picture away. Millman was a tall, gaunt man in his mid-thirties with a  scraggly red beard and long red hair tied back in a ponytail, his eyes  deeply set and very bright. He looked less like a lawyer than a Viking  seer, except that Viking seers do not wear loose-fitting black bowling  shirts with “Hoss” inscribed over the pocket and “Ace High Plumbing  (Home of the Royal Flush)” embroidered across the back. That day, Millman was complementing the bowling shirt with a pair of bright yellow  pants, lime-green-and-blue striped socks, and crimson Hush Puppies.

Whatever you think a patent attorney’s office looks like, throw that  image away, too. Millman had crammed his tiny windowless space full of  “cool stuff.” Crowding the bookshelves was a tiny butter churn, a miniature lard boiler, a perforated funnel, and a collection of other inventions  from the late nineteenth century, when patent applicants were required  to submit a scale model to the Patent Office. From Millman’s ceiling  hung a couple of ghoulish puppets with long pointed ears and pointed  teeth. One had a bag over his shoulder and was grinning slyly, like a  thief. The other was dangling beneath a hang glider. Millman liked to  hang glide, too.

In his extraordinarily long-fingered hands was a collection of news  articles relevant to the biotech industry. Millennium Pharmaceuticals’  librarian delivered them to his office every day at noon. Wade’s article  was on the top. Millman read the story through, noting the concerns  expressed in it by some scientists and ethicists over the notion that a  single private company might gain possession of the entire code of  human life. He took some notes for a memo to his boss on how the  announcement might affect Millennium’s business strategy. Then he  flipped to the next article in the stack. Before he started reading, a  thought flashed through his head. Wouldn’t it be amazing to patent the  entire human genome?

Cool.

The Wall Street Journal and other major dailies published their own stories that day on Venter’s announcement. In Tucson, M’Liz Robinson, a  recent MBA from the University of Arizona, circled a copy of the Journal ’s article with a red magic marker and placed it squarely in the middle  of her husband’s desk, where he couldn’t miss it. Eugene Myers was a  mathematician at the university. Working with a little-known medical  geneticist named James Weber, Myers two years earlier had proposed  that in theory the human genome could be assembled by the whole-genome shotgun technique. When Weber first aired the theory at a  meeting of the HGP, it had been very badly received. A few weeks later,  he and Myers submitted a paper for publication in Genome Research. The  journal accepted the paper, but published it with a damning rebuttal  written by computational biologist Phil Green of the University of  Washington, a highly influential member of the HGP community.  Green pointed out a long list of flaws and shaky assumptions in the  Weber-Myers approach. In short, their paper was toast as soon as it came  into print. This was all old history by now. But Myers had never really  gotten over his bitterness about the way the theory had been treated.

The Wall Street Journal article made no mention of whole-genome  shotgun, but Myers’s wife could read between the lines that Craig Venter  was going to attempt to put the theory, or something like it, into practice. When her husband came home from work, he went into his office,  put on his headphones for some background music, and got directly to  work. He noticed the newspaper with the article circled in red but  pushed it aside along with everything else on his desk. Two days later his  computer chimed with an incoming e-mail. A colleague in Texas was  sending congratulations: Craig Venter was going to use the Weber-Myers technique to try to assemble the human code. This time the message got through. Myers scrambled through the papers on his  desk, looking for the Wall Street Journal article. He, too, could read  between the lines. He started to think. His old resentment over the  way his proposal had been treated welled up again. But this time there  was a mind-arousing edge to his brooding. It got to be late. His wife said  good night, but Myers did not answer. He stayed at his desk, thinking,  scratching formulas on a pad, tapping keys on the computer until after  one. When he woke up the next morning, he called a colleague, Granger  Sutton, who worked for Venter at The Institute for Genomic Research.  “Hey, Granger,” he said. “I hear you guys are going to try to shotgun the  human genome. Can I play, too?”

CHAPTER 2

THE SECRET OF LIFE

Ego is a common propellant in science. Its importance is implicit in the  tenet of modern scientific method that a field advances when experiments refute accepted theories, not confirm them. The more important a  discovery you make, the more ego you will need to combat the battle-tested egos of the people whose ideas were once grand and new but now  are old and threatened. The big questions tend to encourage ego growth.  Around a very great question—the identity of the first human ancestor,  let’s say, or what causes AIDS—so much ego gathers and gums up the  works that progress might actually be impeded. But when so much is at  stake—lives, fortunes, essential truths about the laws of nature—it is  probably better to err on the side of arrogance than humility.

A good illustration of where too much humility will get you is the  case of Gregor Mendel, the nineteenth-century Austrian monk who is  widely considered the father of genetics. Mendel had no awareness of the  honor that would be bestowed upon him. He died sixteen years before  anyone understood what he had discovered. Born in the tiny village of  Heinzendorf in 1822, Mendel was the son of a tenant farmer. He spent  much of his adolescence in bed with a mysterious illness that today might  be diagnosed as acute anxiety. He was good at mathematics, but after one  entire year languishing under the covers watching any hope of attending   university drain away, he took the advice of a teacher and signed on to  become a friar. It was the only other route available for the son of a destitute peasant in search of an education.

The Augustinian monastery in the Moravian city of Brünn (now  Brno, in the Czech Republic) was an ideal haven for a young man with an  interest in natural science and little forward momentum in life. But  Mendel was expected to perform outside its walls, too, and there he continued to disappoint, twice failing the examination to become a high  school teacher. The second time he was so undone by the stress of the  exam that he left most of the questions blank. Back to the monastery he  went, where the abbot wisely nourished his interests in plant breeding  and mathematics, and otherwise expected little in return other than the  hope that Brother Gregor’s fondness for God would not be completely  overshadowed by his apparent fondness for good food. He was thirty-one  years old, stout, amiable, and seemingly bound for insignificance.

Mendel developed a deep curiosity about the breeding of plants,  especially the common pea species Pisum sativum. The abbot supplied  him with an ample garden to grow his peas, which the celibate monk  took to calling “my children.” Mendel observed that in some features,  pea plants came in two distinct varieties. Some had tall stems, for  instance, and others short. Some had yellow seeds, and others green ones;  some had smooth pods, and on others the pods were constricted. One  might see the same variation in human beings and other species, too, of  course: people can have either blue eyes or brown, some are right-handed  and others left-handed, and so forth. Mendel, like a lot of other people,  wondered why this was so. Unlike others, he devised an experiment to  find out. Eight years and 30,000 pea plants later, he found the answer.

He began his experiment by producing lineages of peas that “bred  true” in particular traits: if a pea plant had yellow seeds, for instance,  then plants grown from that seed would also have yellow seeds, and so  did the plants of the next generation, and so on. Once he was sure that  his plants would breed true, he began to crossbreed the types—a tall  plant with a short one, for instance, or a plant with yellow seeds with a  green-seeded one. The prevailing wisdom at the time was that the characteristics of the parent plants were “blended” in their offspring: a tall  and a short pea plant would produce a medium-size one, for instance; a  yellow-seeded one and a green-seeded one would produce one with yellowish green seeds. But this is not what Mendel observed. In each trait,   the daughter plant resembled one of the parents exactly, while the contribution of the other parent seemed to have vanished. For instance, all of  the crossbreeds between yellow-seeded and green-seeded ones had yellow  seeds. When Mendel crossed these hybrids with each other, however, he  found that the missing trait reappeared in roughly one quarter of the second generation of plants: three yellow seeds to every green one.

The reappearance of the missing trait led Mendel to an insight that  should have been galvanic. He reasoned that each parent plant was  imparting to its offspring a discrete “factor”—some physical instruction,  so to speak, to tell the plant what color seeds to have, or whether to grow  tall or short. Each plant carried two of these messages for each character  trait, but transmitted only one. When they combined in the new plant,  one parent’s version was always dominant over the other. If one parent  contributed the trait for yellow seeds, for instance, then it didn’t matter  what the other bestowed on its offspring—the resulting plant would  grow up with yellow seeds. Only when both parents happened to  bequeath the “recessive” version of the trait would that trait be expressed  in the next generation. Three to one.

Mendel had enough ego to know that his experiments proved something very important. Where his confidence failed him was in broadcasting this discovery to the world beyond the monastery’s walls. By 1865,  he felt he had accumulated enough evidence to present his theory to the  Brünn Society for the Study of Natural Science. Forty people attended  the first of two lectures, eager to learn about Brother Gregor’s hybridization experiments and their implication for agriculture. But the lecture  was a disaster—or worse, a non-event. Enraptured by the mathematical  logic of his results, Mendel flooded his audience with statistics, numbers  and ratios, chances and probabilities. He did not begin by declaring “I  have found the secret to heredity.” He began instead by observing that  “the striking regularity with which the same hybrid forms always reappeared whenever fertilization took place between the same species  induced further experiments to be undertaken, the object of which was  to follow up the developments of the hybrids in their progeny.” His audience was full of dinner and wine, and eyelids began to droop, heads to  nod. A couple of hours later, after a tremor of polite applause, the worthies of Brünn gathered their coats and filed out, without a clue that they  had just had a glimpse into the logic of creation such as no one had ever  been given before.

Mendel was disappointed, but he pushed on nevertheless, publishing  his results in the society’s journal. He sent copies of his “Experiments in  Plant Hybridization” to some of the leading scientists of Europe, including Charles Darwin. He suspected that his theory was of great importance to the understanding of evolution, and he eagerly awaited Darwin’s  response. It never came. Perhaps if Mendel had put more punch in his  title, or talked about the relevance of his experiment in the first few paragraphs instead of how much labor it took to plant all those peas, he  would have aroused more curiosity. But the only scientist who responded  at all was the botanist Karl-Wilhelm Nägeli in Munich, and he missed  the point of what the monk was trying to say. If he’d understood  Mendel’s argument, he would have realized that some of his own experimental hybridizations confirmed it beautifully. Instead, Nägeli needled  Mendel to replicate his work using the hawkweed plant. Unbeknownst  to either man, hawkweed happens to follow an aberrant pattern of inheritance. The experiments failed utterly. Mendel gave up, spending his last  years as the abbot of the monastery, involved not in science but in an  increasingly nasty feud with the authorities over tax policies on monasteries. The copy of his paper sent with such hope to Darwin is still in the  Darwin library. In those days, a published manuscript’s pages had to be  slit apart with a letter opener before they could be read. Darwin never  even cut the pages.

They might have been worth the read. Darwin accepted the received  wisdom that inheritance was a blending of the contribution from the  parents—that’s why people look somewhat like their mother, somewhat  like their father. But he was uncomfortable with the notion, because it  did not sit well with his theory of natural selection, which he had the ego  to know was right. The theory of evolution by natural selection argued  that those individual organisms innately well-adapted to their environment would be more likely to pass their advantages on to the next generation than those who were less “fit.” But if the qualities of each parent  were blended together in each successive generation, how could any new  advantageous trait take hold in a population through time? The individual with that superior trait would necessarily mate with someone without it, diluting its expression by half in their offspring, then half again in  their grandchildren, and so on until it faded away completely.

Darwin was stumped for an answer to this contradiction in his theory.  If he had slit open the pages of the treatise sent to him by the humble   Austrian monk, he might have found a resolution to the dilemma. An  organism isn’t the result of the blending of its parents’ essences at all, but  the composite result of lots and lots of individual traits inherited from  one parent or the other. Mendel called them “factors.” We call them  genes.

In 1899, no one had heard of Gregor Mendel. A year later, he  exploded into a transatlantic phenomenon. In the span of two months in  the spring of 1900, three scientists working in three different countries  grasped the implications of his paper and cited it in their own. One of  their papers caught the attention of English scientist William Bateson,  who quickly had Mendel’s article translated into English. He ferociously  championed the dead monk as the forgotten father of a new science that  Bateson called “genetics.” He coined the word in 1905, from a Greek  word meaning “origin” or “fertile.” The word “gene,” for the atomlike  particle of inheritance implied by Mendel’s experiments, came into use a  few years later. For the next half century, nobody had any idea what a  gene was made of, what it looked like, how it worked, or even if it  existed for sure. But given the simplicity of the early geneticists’ tools—  milk bottles full of fruit flies, low-power microscopes, and some prescient guesswork—what they were able to accomplish was astonishing.

Prescience had a particularly good year in 1902. In The Lancet,  an  English physician, Archibald Garrod, put forth the notion, years ahead of  his time, that genes were essentially instructions for making enzymes—  the proteins that carry out all of the body’s functions. Garrod had been  working on a rare, not very serious medical condition called alkaptonuria. One of its symptoms, harmless but horrifying, is that an  afflicted person’s urine turns black on exposure to air. He knew that the  reason for the black urine was an excessive buildup of the chemical  homogentisate, and reasoned that some enzyme meant to break down  homogentisate wasn’t doing its job. Garrod noticed that the majority of  his patients with the disorder had parents who were first or second  cousins. Garrod knew his Mendel. Could the condition be a recessive  trait, like short-stemmed pea plants, inherited only when neither parent  contributed the normal, dominant ability to break the enzyme down? If  so, then perhaps the function of each of Mendel’s “inherited factors” was  to make a specific enzyme. Though no one much
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