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				Introduction

				ON AUGUST 16, 2011, my father, Mike Tabery, woke up and couldn’t get out of bed. Until then, he was an avid outdoorsman. He tied his own flies, casting for rainbow trout on the upper Delaware River each spring, and then in the fall took out the German wirehaired pointers that he raised from pups to track, point, and flush grouse and pheasant. Saturdays in the summer were spent astride his riding lawn mower on a one-acre plot of land in the Pocono Mountains of Pennsylvania, a can of Pabst Blue Ribbon in his hand. Now sixty-four and recently retired, he anticipated a relaxing future doing the things he loved.

				That Tuesday in August, however, my dad’s legs wouldn’t listen to what his brain was telling them to do. After he took an ambulance to the hospital and spent hours in an emergency room confused about what could possibly explain a sudden onset of paralysis, the diagnosis shook our family: stage 4 non-small-cell lung cancer. Non-small-cell lung cancer is the most common form of that disease, accounting for more than 80 percent of the cases. Beyond his lungs, there were tumors in my father’s brain, an arm, ribs, pelvis, and spine. The tumors on his vertebrae quietly grew until they compressed his spinal cord, cutting off nerve signals to the lower portion of his body.

				Lung cancer often strikes with merciless surprise. It is one of the most common cancers in the United States and in the world. Well over 200,000 Americans are diagnosed with it every year; that translates into a new diagnosis roughly every two to three minutes. Almost one-quarter of all cancer deaths in the United States start as a tumor in a lung.

				Lung cancer is so deadly because the disease typically doesn’t reveal itself until after it has spread to other parts of the body. Lungs have few pain receptors, so a person with a tumor in one or both of their lungs doesn’t sense the growth, and they can’t reach in and feel a lump. Eventually, a cancerous cell sloughs off and travels via lymph or blood to another part of the body. When it binds to healthy tissue in one of those new spots, another tumor can begin to grow, and symptoms such as tingling in the toes, memory loss, or pain around the ribs and back appear. It’s at this point that the person seeks medical attention, but now that the cancer has metastasized, treatment options are limited.

				My father was soon transferred from the emergency department to an oncology floor. There, the team of health-care providers laid out a coordinated plan for combating the advanced disease. He received radiation on the tumor sites and surgeries to stabilize several bones made dangerously fragile by the cancer; painful biopsies allowed physicians to examine the cancerous tissue itself. He was often in an operating room or an MRI machine and had physical therapy sessions designed to keep his muscles limber in the hope of regaining mobility.

				The metastatic cancer turned my mother’s world upside down as well. The hospital where Dad received care was about an hour away from their rural home, so each day she made the long, often lonely commute to be with him during those chaotic early weeks. Entries on her calendar for “babysit granddaughter” and “lunch with Dan and Darryl” got crossed out and replaced with “spinal radiation” and “MRI-brain.”

				After what felt like an eternity of bad news, our family received some hope when the results of a test revealed that the cancerous cells in my dad’s body had a molecular marker on their surface making them an ideal candidate for a drug that could target those cells and disrupt their growth. Erlotinib (brand name Tarceva) is a textbook example of what is often called “personalized medicine” or “precision medicine.” (The relationship between personalized medicine and precision medicine is actually a point of contention, and just how this came to be the case will become clear later. For now, we can just treat them as synonyms.) The personalized medicine motto is “the right treatment, for the right patient, at the right time.” The goal is to tailor health care to the individual characteristics of patients, in contrast to traditional one-size-fits-all medicine. On the traditional model, the criticism goes, all of us are treated as if we were identical humans. Personalized medicine, instead, aims to take the differences between us into account when designing precise plans for medical care. Erlotinib, for example, was initially approved by the U.S. Food and Drug Administration (FDA) in 2004 to treat any patient with non-small-cell lung cancer. But it soon became clear that the drug didn’t work well for everyone. A study published just months before my dad’s diagnosis showed that erlotinib was most effective for people with his specific genetic mutation. Just weeks after he took his first dose, my mother phoned with tears of joy in her voice to tell me that Dad’s tumors were shrinking.

				Champions of precision medicine have hailed its move away from the traditional model of health care as “a novel paradigm,” “revolutionary,” and “a new era” in medicine. The precision approach has gained its greatest traction in the treatment of cancers. It also has been deployed to combat rare conditions like sickle-cell disease. The ultimate vision, though, is for this revolution to spread across all aspects of health care. Efforts are under way to apply the model to psychiatry, dentistry, gynecology, dermatology, physical therapy, ophthalmology, public health, and spine surgery, to name just a few fields. At this point, there are very few health sciences where evidence of this precision approach can’t be found.

				The success of drugs like erlotinib has generated inspiring claims about the future of health care driven by this approach. “Miracle cure,” “magic bullet,” “biomedical game changer,” “breakthrough drug”—these are just some of the phrases that orbit precision medicine. Enthusiasts foresee a fundamental transformation of the medical landscape. As health-care costs continue to skyrocket, precision medicine proponents envision a more affordable alternative, one that tailors interventions for patients from the beginning of treatment rather than sending them off on a trial-and-error odyssey, thereby decreasing waste while increasing quality of care. Moreover, the promise is that precision medicine research will ensure these cures and breakthroughs extend to all communities, thereby combating unjust racial and socioeconomic health disparities. With such scientific potential, such widespread applicability, such cost-effectiveness, and such aspirational inclusivity, it’s hard not to get excited about a future guided by this medical revolution.

				A closer look at lung cancer generally, however, and my father’s experience with it specifically, paints a far gloomier picture than what the personalized medicine advocates would have you believe. Many of the claims surrounding personalized and precision medicine, as we’ll see, are wild and dangerous exaggerations. The promises are genuinely fueling a fundamental transformation in medicine, but it’s a revolution that should make all of us profoundly concerned about what the future holds for our health and our health care.

				

				· · ·

				The months following my dad’s diagnosis were disorienting for our family. The plan was to transition him from the hospital to home by way of a stopover in a rehabilitation facility where he’d get help regaining his mobility, but he injured his knee in rehab and had to return to the hospital for surgery. Then back to rehab. Days afterward, a routine chest X-ray revealed blood clots in his lungs that could have proven deadly, so he underwent a surgery during which a filter was placed in one of his leg veins. When he returned to the rehabilitation center for the third time, he acquired a staph infection that spread across his body and defied standard antibiotics. An emergency consult with an infectious disease expert followed.

				By that point, the bills for the care he’d received since August started arriving. We soon were calling Dad the “million-dollar man,” and it wasn’t an exaggeration. Surgeries, radiation, ambulance rides to the emergency room, treatments in the emergency room, MRI scans, blood tests, X-rays, days in the hospital, weeks in rehab—the cost was impressive. The real eyepopper, though, was the erlotinib: a one-month supply was billed at more than $5,000.

				Personalized medicine enthusiasts promote it based in part on the idea that it will lead to dramatic cost savings for the health-care industry and for patients and their families. But that vision is severely compromised by the fact that personalized medicines themselves are exorbitantly expensive. Erlotinib is actually on the affordable end of the spectrum, where you can also find drugs with list prices in the $50,000-per-month range. Precision medicine drugs, in fact, are among the most expensive pharmaceuticals in existence, with some priced in the millions of dollars for onetime treatments. There is a straightforward biological reason for this. Personalized medicine works by carving up patient populations into smaller and smaller groups based on their specific molecular-genetic profiles. For example, a population like “patients with lung cancer” is divided into “patients with lung cancer who have the epidermal growth factor receptor mutation” (like my dad) versus “patients with lung cancer who do not have the epidermal growth factor receptor mutation.” There are about a dozen such biological distinctions made now with non-small-cell lung cancer. That creates smaller markets for the pharmaceutical companies that research, develop, and manufacture the drugs—companies that are, first and foremost, in the business of making a profit. To offset the relatively small number of consumers who are eligible for their new drugs, pharmaceutical companies drastically hike up the prices. Personalized medicine purports to both individualize care and drive down health-care costs, but the more it succeeds at individualization, the higher the prices.

				In a recent study that tracked non-small-cell lung cancer patients between 2000 and 2011, as precision medicines like erlotinib entered the medical marketplace and started replacing standard chemotherapies designed for broad use, researchers found that patient spending on their health care increased. Spending on inpatient treatments went down because less time was spent in the hospital, but average costs went up because of the expensive treatments. Higher out-of-pocket expenses for drugs like erlotinib, another investigation revealed, translated into decreased rates of survival because some patients couldn’t consistently afford the pricey pills. In fact, oncologists have begun warning their patients of a new side effect of cancer care in the age of precision medicine—financial toxicity. People newly diagnosed with cancer are at increased risk of using up their life’s savings, losing their home, and going bankrupt.

				Our family was fortunate. My father’s medical care was covered by my mother’s employer-based health insurance. Out-of-pocket expenses added up to tens of thousands of dollars, but my parents were fairly secure financially, and they had an established network of friends and family who could offer nonfinancial aid. In November, my father came home. He still couldn’t walk or even stand, but he could wiggle his toes. We welcomed that progress. My mother took on the Herculean task of being his primary caregiver—coordinating physician appointments, managing two dozen prescriptions, helping him to continue physical therapy, making meals, tending wounds. Friends kindly built a wheelchair-accessible ramp so that Dad could enter and leave the house. A co-worker let them borrow a wheelchair-accessible van for the scheduled trips to and from the hospital. Others helped transform the living room of my parents’ home so that it was still cozy enough for friends and family to spend time chatting on the couch or catching a Phillies game on television but also clinical enough so that Dad could get the care he needed there. An elaborate lift system was constructed to hoist and move all 250 pounds of him from the bed to his La-Z-Boy, where he continued tying colorful, meticulous flies in anticipation of the day when he could wade back out into the chilly spring waters of the Delaware.

				Dad had another thing going for him: race. Physicians have long known that Black and white patients move through the process of being treated for lung cancer differently, with sometimes deadly consequences. The best chance for surviving lung cancer has always been catching it early and surgically removing the tumor before it metastasizes. Those surgeries, though, are performed less often on Black patients than on white, and that in turn means lower survival rates for Black patients. A 2019 study revealed that white patients with lung cancer were almost twice as likely as Black patients to get access to the diagnostic tests necessary to see whether a drug like erlotinib was a good match for them. Patients from richer neighborhoods were also more likely to be tested than patients from poorer neighborhoods, regardless of race. The arrival of drugs like erlotinib, unfortunately, hasn’t combated the racial and socioeconomic health disparities associated with lung cancer; it has just created a new node of inequities in the health-care process.

				A period of joy and stability set in after my dad returned home. Our whole family—Mom, Dad, my wife and I, my brother and his family—spent Thanksgiving and then Christmas together. Aunts and uncles, nieces, in-laws, neighbors, co-workers, and friends all visited regularly. My parents were rarely alone in their house throughout the first half of 2012. In June, we spent Father’s Day together, and Dad turned the tables by surprising everyone in the family with matching T-shirts advertising “Tabery’s Bait & Tackle,” a reference to some fictitious fishing shop that sold make-believe lures and bobbers.

				In July, however, my parents went to the hospital for a regular checkup, and a scan revealed that the tumors had begun growing again. The cancerous cells had developed a resistance to the drug. Erlotinib and drugs like it just put cancer on pause, and when it comes back, it comes back with a vengeance. My dad’s body deteriorated rapidly before he could be shifted to a new course of treatment. He never regained the ability to stand on his own, let alone walk or cast a fly on the Delaware. On September 23, thirteen months after he woke up paralyzed, my father died.

				

				· · ·

				Advocates of personalized medicine forecast a future in health care revolutionized by the arrival of miracle cures and magic bullets. In reality, personalized medicine’s flagship domain of cancer care reveals a landscape where genuine cures are still few and far between. For patients like my dad with advanced cancers, the actual benefit typically means just months added to the end of life.

				Champions of personalized and precision medicine go wrong in thinking that the best way to improve the health of patients and populations, to cut the rising costs of health care, and to narrow health inequities is to orient health care around the genetic differences between us because, as we’ll soon see, “the right treatment, for the right patient, at the right time” has always been about prioritizing DNA to decide what’s “right.” In contrast, decades of scientific research have pointed to a much more reliable route to meeting those goals: making the physical, chemical, biological, and social environments in which we live safer and healthier. It’s easy to take for granted how important it is to have access to a nutritious diet, how dangerous it is to come into sustained contact with pesticides, how hazardous it is to expose children to lead, and how essential it is to lay a baby to sleep on her back. But those realizations were all once points of contention which were settled by public health research that attended to the impact of the environment on our health.

				Lung cancer is a prime example. We now know it is caused primarily by exposure to substances such as tobacco smoke, asbestos, and radon and that the synergy between them can be particularly dangerous. We’ll never know for certain what caused my dad’s lung cancer, but all three of those risk factors figured into his life at one point or another. Radon is measured in picocuries per liter, and the U.S. Environmental Protection Agency (EPA) encourages homeowners to keep their indoor radon levels below 2; anything above 4 is real cause for concern. In the Columbus, Ohio, neighborhood where my father grew up in the 1950s, average indoor radon levels are more than 8. He was also exposed to a steady stream of cherry Cavendish tobacco smoke from my grandfather’s pipe in those childhood years. When he grew older, secondhand smoke became firsthand smoke. By the time my dad was diagnosed with lung cancer, he hadn’t touched a tobacco product in three decades, but he smoked cigars and cigarettes heavily in his twenties. Most patients with non-small-cell lung cancer aren’t active smokers or never smokers; they’re former smokers like him. In the late 1970s and early 1980s, just as I was born, my dad was between jobs and brought in money for our family as a construction laborer, where he very likely came into contact with asbestos products. Soon after, when my dad found steady employment working at the county jail, we moved to the small town of Saylorsburg, Pennsylvania, where indoor radon levels dangerously average above 15 picocuries per liter. The region sits adjacent to the Reading Prong, a uranium-rich vein of metamorphic rock that generates some of the highest radon levels in America.

				Benjamin Franklin famously advised, “An ounce of prevention is worth a pound of cure.” He was warning Philadelphians about fire prevention, but the wisdom applies just as well to health concerns. For most diseases, taking steps to prevent the development of illness is both more effective and more cost-efficient than trying to cure the disease after it arrives. There is still no cure for metastatic lung cancer, despite the steady arrival of expensive pharmaceuticals like erlotinib introduced to treat patients after they are diagnosed. The good news, though, is that rates of lung cancer in the United States have been going down steadily since the 1990s due to public health efforts aimed at making our environments more lung-friendly with radon remediation systems, asbestos abatement programs, and antismoking campaigns. Proponents of personalized and precision medicine hail its departure from traditional, one-size-fits-all medicine. But most harmful things in our environments—among them, automobile exhaust, factory smog, landfill runoff, tobacco smoke, industrial waste, contaminated drinking water, heavy metals, highly processed foods, work-related stress, economic insecurity, and infectious diseases—really are bad for everyone. That’s why the health and economic impact of addressing them is so great: everyone benefits, not just the folks with the right genes, the right color skin, or the right bank account balance.

				Communities of color and those living in poverty are particularly susceptible to the harm of unhealthy environments. They tend to be the ones who are closest to the factories, landfills, and highways. They are less likely to have reliable access to healthy foods, green spaces, and walkable neighborhoods. Health disparities, it is abundantly clear, are caused by differences in our environments, not differences in our genes. Black patients with lung cancer aren’t dying at higher rates than white patients because their DNA makes them particularly susceptible to the deadly disease; they’re dying at higher rates because they live in a world that places Black people in environments where the air is less safe to breathe and then treats Black people with lung cancer differently than white people with lung cancer.

				The concerns I’ve raised here about personalized medicine—that much of the talk of “magic bullets” and “biomedical game changers” is more hype than reality, that precision medicine risks increasing rather than decreasing the costs of health care, that focusing on genes distracts from the actual causes of health disparities, that attending to the determinants of health in our physical and social environments offers a far more effective means of improving the health of patients and populations—aren’t novel observations. In fact, these concerns about a tyranny of the gene were raised almost immediately after pharmaceutical executives coined and then started marketing “personalized medicine” as a new approach to health care in the late 1990s.

				And yet, despite those warnings, the major players in American health research are embarking on a massive swerve down a path toward personalized medicine. Consider the prescription drug landscape. In 2000, you could count on one hand the number of pharmaceutical compounds that were designed for patients with certain molecular-genetic markers; in 2018, two out of every five new molecular drugs that the FDA approved were developed with the principles of personalized medicine. This transition is the result of a pharmaceutical industry that is shifting more and more of its research and development resources away from drugs that are designed to work for everybody and instead toward drugs that are designed to work for those patients who have the right biological makeup.

				Hospitals are also driving this trend. The president and CEO of Geisinger—an enormous health system spread out over Pennsylvania and New Jersey that serves roughly three million patients—said in 2018 that he wanted to make obtaining the DNA of every Geisinger patient standard clinical care. To kick-start that effort, Geisinger launched its MyCode Community Health Initiative in collaboration with Regeneron Pharmaceuticals. The Geisinger patients are encouraged to sign up and provide their genetic information in exchange for the possibility that their doctors could learn something useful about their health. In reality, only about 5 percent of those who participate receive anything of clinical value. The genetic data, though, is handed to the drug company, which uses it to guide the development of new drugs and diagnostics from which both Regeneron and Geisinger profit. More such collaborations between hospitals and pharmaceutical companies have emerged—at Intermountain Healthcare in Utah, at the CU Anschutz Medical Campus in Colorado, at UCLA Health in California, and at Mount Sinai Health System in New York.

				The federal government is encouraging this genetic swerve as well. In 2015, the National Institutes of Health (NIH) embarked on a historic endeavor, the All of Us Research Program, which aims to enroll a million or more Americans over the coming years and track their health for at least a decade. The primary design and purpose are to obtain DNA from the participants, thereby producing a vast data set that will permit studying how genetic differences between people translate into differences in health and treatment outcomes. Folks living in the Hill District of Pittsburgh and the Harlem neighborhood of Manhattan, both targeted because of their diverse populations, have already provided researchers with samples of their blood, from which their DNA has been extracted.

				How did we get here? Why is biomedical research in America lurching toward placing the gene at the center of medicine even though there are now and have been for some time obvious reasons why we should be skeptical of the extent to which this genomic reorientation can actually deliver on its lofty promises? My aim here is to answer those questions by telling the story of where this zeal for personalized medicine came from; revealing who promoted it along the way and why they did so; assessing how it became so popular so quickly; considering who stands to benefit from it and who does not; identifying which alternate approaches to improving health it crowded out; and making clear what lies ahead if we stay on this path.

				My thesis is that there have been and remain powerful financial, political, technological, and scientific forces that are driving this embrace of personalized medicine and promoting the idea of medicine as something genetic while simultaneously impeding the study of environmental determinants of wellness and disease. Genes have become far easier to study than environments. Probing DNA has benefited from technological developments that have eluded environmental health research, and medical genetic research has been subject to less partisan politicization than environmental health research. The result of all this is a biomedical research industry that is now prioritizing the study of genetic causes of health and illness not because those causes play a particularly large role in health outcomes but because those causes are faster, cheaper, more profitable, and more politically palatable than the environmental alternative. The products of this research industry will lay the foundation for the future of health and health care: which health-promoting policies get prioritized by your federal, state, and local governments; what health interventions being conceived today will be offered to you tomorrow; how your physician diagnoses, treats, and advises you; where we as a society place responsibility for being healthy and sick. We all have a stake in what this future holds.

				

				· · ·

				The seeds of this genetic swerve were planted decades ago, in the mid- to late twentieth century; the movement, though, really took off after the completion of the Human Genome Project in 2003. Scientifically, the full sequence of the human genome laid the foundation for subsequent efforts to explore how differences between people’s DNA coincided with differences in who got sick and who stayed healthy. There was also something profoundly symbolic about the Human Genome Project. It was characterized as providing humanity with the “book of life” and the “holy grail of biology.” It allowed you to hold the full sequence of the human genome in your hand on a DVD, but the product of the effort was never meant to be an idle string of letters on a screen. As Francis Collins, director of the Human Genome Project, put it upon announcing the successful completion, the achievement “should not be viewed as an end in itself. Rather, it marks the start of an exciting new era—the era of the genome in medicine and health.”

				We must look first to the years preceding the Human Genome Project to see how figures, events, and ideas shaped what transpired in the twenty-first century—how a collection of dead songbirds helped inspire a book that changed the way we think about the environment, how a young man who barely escaped being sent to Auschwitz forever altered the way pharmaceutical companies research and develop their products, how the sudden death of President Franklin Delano Roosevelt reconfigured the way scientific research was conducted, how a brilliant innovation in sensor technology suddenly made accessing massive amounts of genetic data feasible, how the study of an Indigenous community in Arizona fueled the search for genetic causes of health disparities. That will set the scene for the story of what followed, the Human Genome Project, and the viral spread of “personalized medicine” as its supporters came into conflict with those determined to study the environment and its impact on public health.

				Telling the story of the competing efforts to transform health care provides a lens through which we can see how the wider genetic swerve has unfolded. It lays bare the stark differences between the science of nature and the science of nurture. It makes clear the alternate visions for what the future of medicine is supposed to look like, one where it is tailored to DNA and one where it is oriented around safe environments. It reveals how social forces like private industry, technological developments, media narratives, and political pressures got behind and then amplified the promises of DNA-based personalized medicine. In short, this story lets us see how we reached the current situation where drug companies, hospitals, and the federal government are all reorienting health and health care around our genes, even though the value of the path ahead is more than slightly questionable.

				

				· · ·

				Just how much time erlotinib added to the end of my father’s life is as impossible to specify as what particular thing triggered his lung cancer. Still, there is every reason to believe that he lived longer because of the drug. I will always cherish that period with my dad. Not since I left home for college did our family spend so much time together. We grew closer, bonded by the exhausting and frightening experience of watching death steadily approach him. I still smile when I pull on my faded Tabery’s Bait & Tackle T-shirt. Erlotinib, however, didn’t cure him. For a very high price, the drug slowed his terminal disease down for a short period of time, and even that limited benefit is not available to everyone.

				My son, Michael, never got to meet his namesake. He and his siblings were born years after their grandfather died. My hope is that they will grow up in a world that prioritizes making the places where they live, learn, play, and mature a safer space for all because it’s the right thing to do, rather than in a world that prioritizes developing expensive treatments for the few because it’s the lucrative thing to do. We can’t turn toward that more equitable path, though, until we understand how we wound up on this one.

			

		

	
		
		
			1

			A Tale of Two Revolutions

			
			OLGA OWENS HUCKINS and her husband, Stuart, had cultivated a two-acre oasis about thirty-five miles southeast of Boston on the Powder Point peninsula of Duxbury, Massachusetts. They’d left a large portion of it to wilderness, where reeds grew thick in freshwater ponds and mature cedars and oaks abounded. Just off the coast of Duxbury Bay, their refuge was a perfect spot for migrating birds to feed, rest, and nest. Olga and Stuart were bird lovers and welcomed birders onto their property to seek out the night herons and spotted sandpipers, the American goldfinches and Carolina wrens.

			But on a summer day in 1957, Olga looked out at her beloved bird sanctuary in horror. The ground was filled with the corpses of birds, their beaks open but silent and their tiny claws scrunched up to their chests in anguish. Days earlier, a crop duster hired by the State of Massachusetts to spray a pesticide aimed at exterminating mosquitoes had crisscrossed the Huckinses’ sanctuary. The chemical, DDT (dichlorodiphenyltrichloroethane), killed indiscriminately. The couple found seven songbirds dead almost immediately. The next day three more lay lifeless around their birdbath. The day after that they watched a robin drop off a branch. The bees and grasshoppers were also killed off. Ironically, it seemed as if only the mosquitoes survived.

			When, in January 1958, Olga read in The Boston Herald assurances from a representative of the State of Massachusetts spraying program that the pesticide they were continuing to release was safe and effective, she wrote a letter to the paper describing the devastation to her property and the wildlife that lived on it, as well as the deep betrayal she felt. “They were birds that lived close to us, trusted us, and built their nests in our trees year after year.” No one, she said, could witness the impact of that pesticide and deem it harmless to all but mosquitoes. Olga also sent a copy of her letter to a friend who had worked for the U.S. Fish and Wildlife Service. Was there anyone who could help halt the spraying of DDT?

			That friend was Rachel Carson. By 1958, Carson was well aware of the threat posed by DDT. In fact, in 1945, when she was working for the Fish and Wildlife Service, she’d reached out to Reader’s Digest to see if it would be interested in a story about the DDT testing that the service was conducting. DDT was hailed as a miracle of modern science, used widely by the American military during World War II, sprayed across islands in the Pacific to kill malaria-carrying mosquitoes, and doused on soldiers in Europe to kill typhus-carrying lice. After the war, DDT came to represent the Cold War mentality of humans triumphing over nature. In contrast to previous synthetic pesticides that tended to work only on certain pests, DDT promised to eradicate all sorts of vermin; what’s more, the chemical compound was cheap and stayed in soil and on plants for extended periods, so it continued to repel insects long after the initial administration. When fire ants invaded farms across the South, the chemicals industry and the U.S. Department of Agriculture teamed up to respond with a campaign of widespread DDT spraying. Throughout the 1950s, crop dusters across the United States coated farms and marshes with a film of DDT, all in the name of boosting crop yield and exterminating pestilence.

			In 1945, the Reader’s Digest editors weren’t interested in an essay from some unknown employee of the Fish and Wildlife Service. But by 1958 Carson had left the service and turned to working as a full-time writer, counting a trio of best-selling books about the wonders and ecology of oceans to her credit. She continued tracking the agricultural use and environmental impact of DDT, however, collecting technical reports and scientific publications on the topic. Carson began communicating with toxicologists, wildlife biologists, and chemists; she also joined forces with citizens like Huckins who were sounding the alarm about what pesticides were doing to their local communities. The research that Carson reviewed indicated that DDT accumulated in organisms that encountered it, and then grew more and more concentrated as it rose up the food chain. Entire populations of birds, fish, and small mammals were being wiped out by the pesticide. At the same time, insects repeatedly exposed to the chemical ended up gradually developing resistance, necessitating even more spraying.

			In May 1958, just months after Huckins’s letter reached her, Carson signed a book contract. Four years later, Silent Spring appeared. In it, Carson warned that pesticides like DDT were becoming deadlier and deadlier and ecosystems were being decimated and thrown out of balance. Carson didn’t call for the complete ban of all synthetic pesticides, recognizing their value. But she did warn against the indiscriminate use of them given the dearth of information about the wider ecological and health impacts of sustained exposure to chemicals never before seen on Earth. The New Yorker serialized three chapters from Carson’s book throughout June 1962, helping make Silent Spring an immediate sensation when it arrived in bookstores that September. Carson thanked Huckins for her 1958 letter in the acknowledgments, and the book’s famed title was a nod to her as well, a reference to her songbirds’ sad silence.

			The chemicals industry, sensing a genuine threat, pounced. Because readers were given a peek into Silent Spring through The New Yorker excerpts, the chemical companies had prepared an all-out assault on Carson’s book by the time it reached bookstores. Representatives from Monsanto Chemical Company and Dow Chemical Company accused Carson of being anti-science, anti-technology, and anti-progress. They warned of a planet overrun by insects and human populations threatened with starvation, epidemics, and misery. Carson’s critics, almost entirely men, questioned her scientific credentials and routinely used gendered language to discredit her concerns. Her overtly “emotional” and “sentimental” diagnoses, they chided, were little more than “high-pitched” feminine hysteria and not at all conducive to the cold, hard fact-finding of proper science. Carson was limited in responding to her critics because she was battling breast cancer. She died in April 1964, less than two years after Silent Spring was published.

			Carson’s book and the widespread public interest in humanity’s impact on the environment lived on. That attention and back-to-back ecological disasters in 1969 galvanized the modern American environmental movement. First was the Santa Barbara oil spill, when nearly 100,000 barrels of oil polluted the pristine Santa Barbara Channel off California and killed thousands of seabirds, dolphins, and sea lions. Just months later, a railcar passing through Cleveland threw a spark into the Cuyahoga River that landed on an oil slick, igniting the river in flames. Both of those events drew sustained national media attention, and it put pressure on politicians to act. Congressman Pete McCloskey of California and Senator Gaylord Nelson from Wisconsin helped organize the first Earth Day on April 22, 1970, and later that year President Richard Nixon ordered the creation of the Environmental Protection Agency. Congress, over the next three years, followed with the Clean Air Act, the Clean Water Act, and the Endangered Species Act. In 1972, the EPA banned the use of DDT in the United States.

			Rachel Carson is remembered by history for launching the environmental movement, warning of the dangers to come if Earth isn’t protected from human activity. But Silent Spring also warned of the threats that humans posed to themselves. Pesticides like DDT, Carson explained, were in rivers and groundwater, in soil and plants, in the bodies of fish and domesticated animals, and therefore were “now stored in the bodies of the vast majority of human beings, regardless of age. They occur in the mother’s milk, and they probably occur in the tissues of the unborn child.” Once inside the body, those chemicals disrupted the immune system, altered metabolism, attacked the nervous system, and initiated cancerous cell growth. For millennia, public health was about sanitation and protecting communities from infectious diseases. Public health success stories involved keeping deadly microbes out of the human body, be it by separating sewage from drinking water or by quarantining the sick from the healthy. After Silent Spring, it became clear that public health needed to include protection from products that humans were producing to control nature.
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					Rachel Carson, interviewed in April 1963 on CBS Reports, warned of the dangers children faced from harmful chemicals.

				
			
			The banning of DDT by no means solved the nation’s environmental health problems. Chemical companies continued to produce new herbicides, fungicides, and insecticides. The exhaust from leaded gasoline pervaded the air that humans breathed. Toxic waste buried in the 1940s and 1950s was leaching up into playgrounds in the 1970s. Asbestos and lead paint surrounded people in the homes where they lived. These substances were associated with a range of alarming health outcomes, including miscarriages, birth defects, neurodevelopmental delays, respiratory disorders, and blood cancers.[*]

			Research in the 1980s and 1990s made clear that the burdens of exposure to these harmful environments were distributed neither randomly nor equally. In 1982, Black Americans living in Warren County, North Carolina, protested when the state announced its intention to dump soil contaminated with toxic polychlorinated biphenyls in their community, one of the very few primarily Black counties in the state at the time. The water table in that rural region sat just ten feet belowground, so the residents reasonably feared that their supply of drinking water would be poisoned by carcinogenic runoff. Citizens, religious leaders, local politicians, and members of the NAACP fought back. Some lay down in the road, nonviolently preventing the trucks carrying the tainted soil from proceeding. Others linked arms and chanted, “They ain’t gonna stop us now!” Marchers carried signs with “PCB” crossed out. Officers in riot helmets scooped up hundreds of protesters and carried them to a bus where they were transported to jail, and the state dumped the hazardous waste in Warren County just the same. But the massive civil disobedience drew national attention to a glaring prejudice. Subsequent research revealed that low-income communities of color with little in the way of political power were routinely prioritized for hosting industrial plants, oil refineries, factories, and landfills; the placement of those sources of pollution in the communities made the environments less healthy for the citizens and also less financially valuable, which in turn made the communities more likely to be candidates for hosting future toxic materials. The toxic feedback loop became recognized as a particularly harmful form of injustice, resulting from “environmental racism.”
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					Black protesters, hundreds of whom were arrested, attempting to prevent the dumping, in 1982, of soil contaminated with polychlorinated biphenyls in their community in Warren County, North Carolina, sounding the alarm about what would soon be recognized as environmental racism.

				
			
			Around the same time, pediatricians started warning of the undue burden of toxic exposure felt by America’s children. The EPA’s system for testing and regulating safe levels of pesticides and other harmful chemicals was based on what the average person encountered and could tolerate. But pediatricians cautioned that exposure to even trace amounts of these substances could have vastly different impacts on the health of infants and young children, compared with adults, affecting their immune and endocrine systems, the development of their reproductive organs, and their neurocognitive function. Unfortunately, there was very little data on how sustained exposure to things like pesticides, noxious air, unclean water, and hazardous waste impacted children as they grew.

			In 2000, politicians in Washington, D.C., decided it was time to gather that data. Congress passed the Children’s Health Act, which called for a nationwide study of America’s children that investigated the environmental impacts on their health. The study, by congressional mandate, had to be large and diverse enough to address racial health disparities; it had to last long enough that the children could be monitored until they were adults; and it had to be complex enough to consider all manner of environmental features—chemical, biological, physical, and psychosocial. On October 17, 2000, President Bill Clinton signed the Children’s Health Act into law, officially calling for the National Children’s Study.

			

			· · ·

			In 1957, the same year that Olga Huckins discovered her dead songbirds in Massachusetts, a very different health revolution began taking shape on the other side of the United States when Arno Motulsky made the case for a new science of “genetically conditioned drug reactions.” Motulsky, a medical geneticist at the University of Washington in Seattle, had taken a very circuitous route to reach that position. He fled Nazi Germany with his Jewish family in 1939 and made it to the Miami coast aboard the St. Louis with nine hundred other Jewish refugees before the U.S. government denied the asylum seekers access to the country and forced the ship to return to Europe. Motulsky and his family entered Belgium shortly before the Germans invaded it. He was separated from his parents and siblings and spent the next year in camps across France, barely avoiding being sent to Auschwitz. He finally managed to escape Europe through Spain and Portugal to reach his father living in Chicago, where the rest of the family joined them several years later. Motulsky served in World War II and the Korean War, eventually earning his medical degree and learning genetics at Yale. In 1953, he began working at the University of Washington and, in 1957, set up the Division of Medical Genetics there, one of the first in the country.

			
				
					[image: ]
					AP Photo

				

				
					Arno Motulsky (with arrow pointing at him) on the deck of the MS St. Louis.

				
			
			That same year Motulsky published a paper in the prestigious Journal of the American Medical Association. In it, he pointed to a growing number of cases revealing peculiar “drug idiosyncrasies.” Motulsky’s prime example was derived from research conducted at Illinois’s Stateville Penitentiary a decade earlier. Beginning in the 1940s, Alf Alving, a nephrologist with the University of Chicago, infected prisoners with malaria and then administered different synthetic antimalarial drugs to them to see what was most effective, part of a larger war effort aimed at protecting U.S. soldiers fighting overseas. Such research would never be approved today, but it was hailed at the time. In 1945, Life magazine published an essay about Alving’s research with photographs of prisoners being bitten by mosquitoes and then suffering in bed with fevers and chills; the opening sentence praised the experiments where “men who have been imprisoned as enemies of society are now helping science fight another enemy of society.”

			The most promising antimalarial to come out of Alving’s studies was primaquine. It was to be taken daily over the course of fourteen days and had relatively few side effects for the vast majority of people who took it. There was an exception, though. About one in ten Black men who took the drug developed hemolytic anemia, a dangerous condition during which red blood cells break down faster than the body can create new ones, leading to fever, weakness, dizziness, increased heart rate, confusion, and chest pain. Starting in the 1950s, Alving wanted to figure out why primaquine was unsafe for certain people and whether there was a safe dose that everyone could tolerate. In the first experiment, he and his team gave thirty milligrams of primaquine to 110 Black inmates; 5 of them developed anemia so severe that the scientists had to end the study prematurely for fear of killing the men. That was just the beginning of the ordeal for those 5 prisoners. Once they recovered, which took about two to three weeks, they were then put on a fourteen-day regimen of fifteen milligrams of primaquine to evaluate the impact of the halved dosage; 4 developed anemia, but it was milder. Once those same 5 men recovered yet again, they were started on a fourteen-day regimen of thirty milligrams of pamaquine, another antimalarial under development. All 5 became so anemic that this study too had to be prematurely halted. Based on the series of experiments, Alving and his colleagues concluded that fifteen milligrams was a safe dose for everyone (even those individuals with “primaquine sensitivity”), and the military subsequently began treating soldiers in the Korean War accordingly. In a follow-up study, Alving set out to determine why the small percentage of Black prisoners developed hemolytic anemia. The primaquine-sensitive prisoners, he found, had lower levels of glucose-6-phosphate dehydrogenase (G6PD), an enzyme that facilitated the proper functioning of red blood cells. Primaquine sensitivity thus became understood at the molecular level as G6PD deficiency.

			Motulsky knew that other reports were emerging of some patients experiencing an unusual reaction to succinylcholine chloride. This drug was commonly used as an effective general anesthetic that lasted for just a couple minutes, but a small number of patients remained unconscious for hours, potentially requiring mechanical ventilation to keep them alive. Like primaquine sensitivity, differences at the genetic level were also discovered that could account for patients with this pseudocholinesterase deficiency. Motulsky, reflecting on these cases, called for greater collaboration between geneticists and pharmacologists, both of whom would benefit from the interaction: the geneticists would gain information about how people with different biochemical profiles responded differently to different drug exposures (the drug idiosyncrasies), and the pharmacologists would learn about the underlying molecular mechanisms that gave rise to these seemingly rare but potentially dangerous adverse reactions to their drugs.

			Motulsky’s 1957 paper is now commonly identified as marking the birth of pharmacogenetics—a term he did not use—the marriage of genetics and pharmacology, and he in turn is often called the father of pharmacogenetics. Friedrich Vogel, a prominent human geneticist from Germany, coined the term two years later, but it was really the Toronto-based pharmacologist Werner Kalow’s 1962 book, Pharmacogenetics, that popularized the term and its associated idea. Kalow’s treatise and his own research on the genetics of pseudocholinesterase deficiency didn’t receive nearly the same amount of attention as Carson’s Silent Spring, published that same year, but reporters and others were genuinely taken with the science. When Kalow presented elements of his book to the New York Academy of Medicine the same year it was published, The New York Times published both an editorial and an article about the event; a “reasonably simple chemical test,” one journalist reported, could prevent the deaths of patients who might have an adverse reaction to commonly administered drugs.
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					Prisoner participants in the Stateville Penitentiary malaria studies.

				
			
			Drug companies were less sanguine. Motulsky recalled telling a pharmaceutical executive he had found “a new way to find out about drug reactions. And he kissed me off: ‘Drug reactions?’ ” There simply weren’t that many cases of drug idiosyncrasies documented yet. Kalow counted only a handful in his book, and only a few more emerged into the 1970s. There were also financial forces at play. Starting in the mid-twentieth century, pharmaceutical companies invested heavily in the development of drugs based on a one-pill-fits-all business model. A company could either identify a very common ailment and develop a drug that everyone who had that ailment would take—the more common the ailment, the greater the sales potential—or wait for someone else to develop such a drug and then tweak the formula slightly to make it easier to take or produce fewer side effects. Many drugs that now line the shelves of your local pharmacy were developed during this period. Smith, Kline & French developed Tagamet for peptic ulcers, which was quickly followed by Glaxo’s Zantac; for allergies, Parke-Davis developed Benadryl, on the heels of which came Hoechst Marion Roussel’s Allegra and Schering-Plough’s Claritin; Sanofi’s blood thinner Plavix followed up on WARF’s Warfarin.

			Into the 1990s, however, dismissing Motulsky’s advice became increasingly untenable for the pharmaceutical industry. Cytochrome P450 encompasses a whole family of enzymes (more than a thousand) that participate in the body’s natural detoxification. These enzymes, found mostly in liver cells, target foreign substances in the body and tag them with extra oxygen atoms, which makes it easier to flush the substances from the body. The enzymes evolved to protect organisms from hostile chemical invaders, whether that be a toxin ingested in a poisonous berry by one of your ancient ancestors or a tablet of Allegra taken for a runny nose and watery eyes. They are both foreign substances to be tagged and removed. This makes understanding cytochrome P450 dynamics crucial if we want to add foreign substances to our bodies in the form of pharmaceuticals.

			Many factors can impact how the detoxification process plays out inside us. Dietary factors include grapefruit juice, which inhibits P450 activity, thereby slowing down detoxification, and cruciferous vegetables like broccoli, which do the opposite. There are also naturally occurring differences between us that are mediated by our underlying biological makeup. In 1953, the same year that Alving’s team was tracking down the molecular basis of primaquine sensitivity, James Watson and Francis Crick discovered the double-helical structure of deoxyribonucleic acid (DNA). The collection of all the nuclear DNA in an organism, its genome, is made up of millions or, in the case of humans, billions of nucleic acid base pairs of adenine (A), thymine (T), cytosine (C), and guanine (G). A gene is a segment of that DNA—a stretch of As, Ts, Cs, and Gs—which a cell transcribes into ribonucleic acid and then translates into a molecular product that contributes to the building and maintenance of the organism; a detoxifying enzyme is just one example of what that product can be. By the 1990s it was clear that there were dozens of cytochrome P450 genes that coded for an enormous number of P450 enzymes, and subtle differences in the nucleic acid sequences could have big effects on drug metabolism; someone with an A at one location where somebody else had a C—what geneticists call a “single nucleotide polymorphism,” or a SNP (pronounced “snip”)—could mean completely different cytochrome P450 profiles and, thus, completely different detoxification rates. These genetic differences in drug metabolism are spread out across different regions of the human genome (as opposed to being confined to a single gene), and so the terminology shifted to “pharmacogenomics.”

			Drugs for depression, high blood pressure, seizures, and blood clots, to name just a few ailments, were all found to be impacted by this naturally occurring genetic variation, and many of these were the blockbuster drugs upon which the pharmaceutical companies had built their businesses. Data was also emerging that indicated adverse drug reactions to blockbuster drugs were taking a huge toll. One study estimated that in 1994 alone more than 2 million hospitalized patients had serious adverse drug reactions and more than 100,000 had fatal ones.

			It really wasn’t until the 1990s, when “pharmacogenomics” became a common term, that the science behind it became essential to a health-care industry more and more invested in treating patients’ ailments with pharmaceutical compounds. Incorporating pharmacogenomics into drug development and drug prescription seemed enormously promising. Pharmaceutical companies could design clinical trials that took genetic differences into consideration, which would then determine who got which drug; patients would be less likely to experience a dangerous or even deadly adverse drug reaction; and hospitals and insurance companies wouldn’t have to absorb the costs of all the trial and error involved in identifying which drugs worked for which patients.

			The pharmaceutical industry adapted accordingly. Some of the largest drug companies in the world formed a rare alliance. Pfizer and AstraZeneca, among others, along with a handful of academic institutions, pooled $45 million and formed The SNP Consortium, whose goal was to collectively identify 300,000 SNPs in the human genome that were associated with diseases and, thus, potential targets for pharmaceutical intervention. It was an enormous collaboration in pharmacogenomics.

			Geneticists also began forming smaller start-ups to offer boutique genomic services to the drug giants. Gualberto Ruaño, in trim double-breasted suits and with a distinguished accent, was among the savviest. A child prodigy, he left Puerto Rico and spent the late 1980s and early 1990s split between the rarefied halls of Yale, in New Haven, Connecticut, where he earned his PhD, and the Connecticut State Police’s Forensic Science Laboratory in Meriden, where he helped solve crimes. The two environments, seemingly worlds apart, shared an interest in incorporating insights from genetics. In the academic laboratories at New Haven, Ruaño studied molecular genetics, examining small segments of DNA in humans and chimpanzees that could shed light on the species’ genomic similarities and differences; in the forensic offices at Meriden, he examined segments of DNA obtained from samples gathered at crime scenes and alleged perpetrators that could establish whether the samples came from the same source. After adding a medical degree from Yale to his credentials, Ruaño could see firsthand in his patients the dangers of adverse drug reactions. He soon decided to form a company that could bring the benefits of genomics into medicine. A lover of art history, Ruaño combined “genomics” with “Renaissance” and founded Genaissance Pharmaceuticals in 1997 to provide pharmacogenomic services to drug companies. Its Mednostics Program, for example, would help companies design clinical studies that took the genetic differences among research participants into consideration. Its Lazarus Program would work with companies to resurrect drugs that had failed regulatory hurdles in the past due to adverse drug reactions, using the power of genomics to distinguish those who would not suffer adverse reactions.

			Ruaño needed wealthy investors who could supply Genaissance with the millions of dollars necessary to get the company up and running. That meant he required a business plan and a phrase that distilled the plan down to just a couple of words—words that someone with no background at all in genomics could understand, appreciate, and remember. “Pioneering Pharmacogenomics” sounded too academic. “It’s a slogan,” he recalled years later. “It’s about messaging.” So he opted instead for “Pioneering Personalized Medicine,” and in so doing Ruaño introduced to the public a new way of characterizing the role of DNA in health care—genomics personalized medicine.

			Ruaño and other pharmaceutical executives spread the word about the power of pharmacogenomics throughout the late 1990s, speaking with investors, reporters, and other scientists. They introduced to a wide audience a set of three marketing phrases that the pharmaceutical executives had been developing among themselves to sell pharmacogenomics: (1) pharmacogenomics was about delivering “the right drug, to the right patient, at the right time”; (2) pharmacogenomics worked in contrast to an outdated one-pill-fits-all pharmacology; and, most important, (3) pharmacogenomics “personalized medicine.” Just as reporters showed great interest in Kalow’s case for pharmacogenetics in 1962, science journalists and editors flocked to the buzz surrounding pharmacogenomics in the late 1990s. Between 1997 and 1999, a series of articles with titles like “Personal Pills” and “Just for You” appeared in newspapers and magazines, drawing largely on interviews with industry executives like Ruaño to explain to the public what was so exciting about the fusion of genomics and pharmacology. The stage was set, at the turn of the century, for a revolution in health care. All that was needed was the conclusion of the Human Genome Project.

			

			· · ·

			It was past lunchtime, and the audience of teachers, students, and science enthusiasts were getting tired. They crowded into the chairs and along the aisles of the five-hundred-seat auditorium at the Smithsonian Museum of Natural History to celebrate the April 2003 completion of the Human Genome Project. Watson and Crick opened the ceremony to loud applause. But the subsequent three hours brought a lineup of federal scientists, academics, and policy advocates who overwhelmed the mostly public audience with talks full of technical jargon and dense biochemistry. Attendees slouched low in their seats, chins in hands, while those about the periphery leaned against the walls with arms folded.

			Francis Collins was tasked with wrapping up. “You all must be feeling a little shell-shocked at this point,” he commiserated with a grin. Any other scientist would have thanked the crowd for coming and bade them farewell, but Collins pulled out his guitar. Years ago, Collins explained as he casually slid bluegrass-style finger picks onto the digits of his right hand, anonymous volunteers donated their DNA to the Human Genome Project. Now that the human genome was sequenced and available to anyone who wanted to view it online, Collins asked the crowd to imagine one of those volunteers sitting down at home in front of their computer screen, staring at the string of genetic letters, and wondering, “Is that me?” He started strumming his guitar to the tune of Del Shannon’s 1961 hit “Runaway,” and then he sang,

			
			
				As I walk along the bases, in all three billion places, upon my PC screen,

				Am I built for strong endurance, or loss of health insurance? Am I a mere machine?

				I’m a’walking through the genes, don’t know what all this means. No one else knows that it’s me, behind that G and T.

				And I wonder, w-w-w-w-wonder. Why, why-why-why-why-why I’ve got an A, you’ve got a C there. What does that say? Amazing DNA. D-D-D-D-DNA.

				So I’m glad to know I’ve got some, of what Crick and Watson, found and brought them fame.

				Use your own imagination, despite variation, we’re really much the same.
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					Francis Collins (left) with James Watson (right) at Smithsonian “Celebration of the Genome” kickoff event, April 13, 2003, a private event that took place two days before the public celebration.

				
			
			By the final chorus, the whole audience was singing “D-D-D-D-DNA” and clapping in time. When Collins sang his last note, the crowd jumped to their feet for a standing ovation.

			Collins grew up in the 1950s on what he called a “dirt farm” in the Shenandoah Valley of Virginia. Homeschooled by his mother until he entered high school two years early, he was encouraged to follow his own interests in his own fashion, which suited the inquisitive child. When he wasn’t milking a cow or building a set for his family’s local theater, Collins masterfully strummed his guitar with local bluegrass musicians. And when he wasn’t doing that, he explored the natural world around him. He found the biological side of that environment, however, too chaotic and messy. The “overwhelming complexity of life,” he sensed, lacked the sort of logic and predictability that his “budding reductionistic mind” favored, and so Collins gravitated instead toward the mathematical order of physics and chemistry.

			The aspiring scientist went to Yale (after Motulsky but before Ruaño) to earn a PhD in physical chemistry. While there, though, he took a course in biochemistry in which he first encountered DNA. The genetic code, where nucleic acids bonded by the fundamental principles of chemistry and where a single mutation could generate a debilitating disease, astounded the graduate student. “Biology has mathematical elegance after all,” he recalled. “Life makes sense.” That reimagination of what the life sciences presented, it turned out, overlapped with him raising a young daughter, and the experience of fatherhood was profound. It shook him out of his solitary comfort crunching calculations that plotted the behavior of subatomic particles and inclined him toward a career that would allow him to interact regularly with people and have an impact on their lives. PhD in hand, rather than pursuing a career in chemistry, he decided to enter medical school and study the double-helical molecule that sparked his interest in biology.

			Collins’s pivot from protons to genes coincided with another major shift in his life. He was raised without religion and embraced a world without a deity. That gave way when he started meeting patients who faced death with a sense of peace and grace that both puzzled and inspired him. He began seeking cosmic order, where ethical behavior rested on moral laws just as reliably as the actions of nucleic acids rested on chemical laws, and where a divine mandate demanded altruistic consideration of others. Collins found in Christianity an evangelical worldview that was oriented around saving humankind—one that was in harmony with his growing professional ambitions. Insights from medical genetics, he thought, could allow him also to “contribute something to humanity” by combating the diseases that took a toll on his patients.

			Collins, after completing his medical residency, joined the faculty at the University of Michigan. The lanky geneticist, standing well over six feet tall, with a no-frills combover of auburn hair and a matching chevron mustache, made a series of genetic discoveries there in the late 1980s and early 1990s that propelled him to fame. At the time, the Human Genome Project was just being conceived, so there was no reference map that geneticists could examine to hunt for genes. Instead, they had to slowly and laboriously assemble and then read through chunks of DNA, looking for tiny differences that separated patients with a disease from the general population. Teams from across the globe raced to home in on which chromosome, then which segment of that chromosome, and finally which precise point in the sequence of DNA a disease-causing gene resided. A geneticist joined the company of scientific elite with just one discovery. Collins made three in five years, pinpointing the genes responsible for cystic fibrosis, neurofibromatosis, and Huntington’s disease, all debilitating and even deadly rare diseases. Such discoveries, for the born-again Christian, were like “moments of worship.”

			Around the time that Collins and his team were isolating the Huntington’s disease gene, a shake-up unfolded at the NIH, which hosted the Human Genome Project. Watson, its director, ran into conflicts with the NIH administration and abruptly resigned just as the project was taking shape. Collins was a natural choice to take the reins. His stellar scientific credentials, abundantly clear by 1992, were part of the equation, but the NIH, in coordination with the Department of Energy, had launched the Human Genome Project as a massive, federally administered scientific endeavor, and the leader of that effort had to be someone who could solicit ongoing financial support from Congress, draw favorable media coverage, and excite taxpaying citizens. Collins fit the bill. He was fiercely competitive but rounded off the edges with a folksy charisma. He happily played his guitar in front of large audiences. He infused his scientific talk with religious inspiration. He rode a Honda Nighthawk 750 motorcycle to the lab and frequently posed on it for photographers.

			But was the Human Genome Project the right move for Collins? He was, after
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