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1 The Numerator

I was born in 1964. While I continue to make peace with social networking, I still think of myself as too old to be an organic part of the exhibitionism on YouTube, Facebook, Twitter, and MySpace. At best I am a poseur. I play in an occasional rock band with some other forty-somethings, and while we have a MySpace page,1 none of us is terribly adept at using it. We have no idea, for example, how to program a “bot” to troll cyberspace and accumulate “friends” like so many chocolate Easter eggs; we have outsourced that kind of stuff to younger friends and to our children. We tend to be less mercenary than younger bands; we friend people we know and musicians we admire, never mind that in many cases they’re dead (these days the definition of friendship doesn’t even require that both parties be capable of drawing breath). In my band we will post pictures or movies of ourselves, but almost always with ambivalence, as we find them to be dorky, pretentious, or otherwise embarrassing. Like any collection of forty-five-year-olds still writing songs and performing them in dingy college-town bars on Friday nights for a dozen of their most patient, loyal, and sleepy friends, we are narcissists and stultifyingly vain, to be sure, but hey, at least we’re discriminating.

As much as I want to hide my potbelly (probably a sign of insulin resistance and determined by genes acting in concert with ice cream), I agreed to make my genome—the DNA sequence that I inherited from my parents and that is uniquely mine just as yours is uniquely yours*—an open book. And if you want to study my phenotype—my health records, my ongoing struggles with depression and infatuation with selective serotonin reuptake inhibitors, or my dubious diet, for example—then go ahead, knock yourself out. It’s all out there—with more to come—on the Internet. For doing this, I and the other participants in the Harvard-sponsored Personal Genome Project2 have been lauded for our “bravery” by friends and colleagues, derided for our elitism and egotism by some social and genome scientists, and largely ignored by the medical establishment.

Are we—were we—really so brave? One of my favorite people who thinks about these things, Stanford law professor Hank Greely, said not long ago, “People believe in the magic of genes, and buy into the idea that they are the deepest secrets of our being. But maybe my credit card records come closer to being a deep secret of my being.”3

As of mid-2010, few “whole” human genomes† had been sequenced—certainly no more than a few hundred. But in the next couple of years—or months—there will be thousands more, at least some of which will be widely shared with researchers or anyone who’s interested. And the “genome-lite” version—having a half million or two million DNA markers analyzed for a few hundred bucks by private companies rather than a full sequence—is already a cheap commodity entrenched in the marketplace, much to the chagrin of many doctors and geneticists, and to the befuddlement of regulatory agencies.

What will this real-time experiment in science and radical openness mean? DNA sequencing may soon be cheap enough and reliable enough to make personal genomics as pervasive as cell phones, iPods, and LASIK surgery (assuming that, like those things, DNA sequences are actually useful).

But cheap sequencing and widespread sharing of genomic data will also bring with them “unintended consequences,” card-carrying bioethicists’ second favorite phrase behind “slippery slope.” Nightmare scenarios include identity theft and loss of insurance.

On the other hand, even the leftiest and most passionate civil liberties advocates would have to concede that genetic discrimination is relatively rare: the two most notorious cases occurred several years ago. In one, Burlington Northern Santa Fe Railway was found to be surreptitiously testing its workers for a genetic variant thought to predispose to carpal tunnel syndrome (it doesn’t—the company couldn’t even figure out how to discriminate right); the railroad settled with thirty-six workers for $2.2 million in 2002.4 In the other high-profile case, the Lawrence Berkeley National Laboratory was accused of having tested several of its employees for syphilis, sickle-cell anemia, and pregnancy without their consent. The lab settled in 1999, again for the magic sum of $2.2 million.5 One presumes that in both cases the employers would have used positive test results (pregnancy?!) to justify denying the employees’ insurance, raising their out-of-pocket costs for health benefits, or perhaps even firing them.

Again, two cases do not an epidemic make. But, as a former mentor of mine used to say, “Absence of evidence is not evidence of absence.” Despite the lack of litigation, it may be that the temptation for employers to go all actuarial on their current and future employees is still too great. In 2005, for example, a higher-up at Walmart floated the idea of discouraging less healthy people from applying to work at the company, as a way of holding down health-care costs. In her memo, the vice president noted that Walmart workers tend to develop obesity-related—and partly genetic—diseases such as diabetes and heart disease at a higher rate than the national population (at the time, less than 45 percent of Walmart’s employees had company health insurance).6 More disturbing, in 2007 an exposé in the Los Angeles Times revealed that the U.S. military regularly practiced genetic discrimination. On a number of occasions servicemen and women with genetic conditions have found themselves kicked to the curb, with the armed forces arguing that in such cases they bear no responsibility for soldiers’ health and disability benefits: you may have lost a limb in Fallujah, but your retinitis pigmentosa is preexisting, so, you know, sorry. Military doctors were said to discourage their patients from getting genetic tests.7

As I worked through drafts of this book, the world kept changing. The military has since revised its draconian policies on preexisting conditions.8 And in May 2008, the Genetic Information Nondiscrimination Act (GINA) passed both houses of Congress and was signed by President George W. Bush.9 Twelve years in the making, it was the end of a long and tortuous road for patient activists and a rare kumbaya moment in Washington in the post-9/11 Bush era.

But GINA was not and will not be a panacea: it is limited to employment and health insurance. It says nothing about life, disability, or long-term care insurance, all of which are likely to be of greater interest to insurance companies and to Alzheimer’s patients and their families. Thus, if an insurer wants to deny you coverage or charge you exorbitant fees because you carry two copies of the APOE allele* that raises your risk of developing Alzheimer’s fifteen-fold,10 GINA can do nothing to influence those insurers.11

And its power over employers will be tested. Recently Pamela Fink of Fairfield, Connecticut, found out that she carried a mutation in BRCA2, one of the two most powerful hereditary breast cancer susceptibility genes. Despite years of glowing reviews from her employer, MXenergy, after she shared her results with her bosses, she was demoted and eventually fired.12

And I was gonna put my entire DNA sequence on the Web?

In August 1996 I sat among a crowd of hundreds of other graduate students at Case Western Reserve University. As with most graduations, there was a palpable euphoria in the air. It was a rare cloudless summer day in Cleveland, an aging industrial city in northeast Ohio arguably most famous for a serpentine river that once caught fire. I made giddy small talk with the guy behind me in line as we waited our turn to make a brief procession across the stage, each of us feeling uncomfortable and a bit fraudulent in our caps and baggy gowns, anxious to shake hands with a dean we’d never met and take our elaborately adorned pieces of paper to be framed.

I wasn’t going to win any prizes for originality or brilliance, but to my mother’s and my own surprise, I had stuck it out and gotten my doctoral degree in genetics. I had spent the previous five years studying a rare birth defect called Hirschsprung’s disease, named for the nineteenth-century Danish physician who first described it. It is also sometimes referred to by the even more unwieldy name “congenital aganglionic megacolon.”13 Our gastrointestinal tract has its own primitive brain: the enteric nervous system.14 Given that the adult intestinal tract is twenty-five feet long, it’s not surprising that it requires some local neuronal signals to keep things moving along. Hirschsprung’s disease occurs when, during early embryonic development, those neurons fail to take up residence in some part of the gut. Usually the few inches closest to the rectum are affected—this makes sense since those are the cells that will have traveled the farthest as the embryo grows.

The Hirschsprung’s patient has great difficulty moving his bowels past the part without nerve cells—everything stalls. The bit just before the aganglionic segment swells, sometimes to the size of a football. Any competent pediatric surgery resident can look at an X-ray of a newborn Hirschsprung baby’s distended gut and make a reasonable guess at the diagnosis, which is confirmed by biopsy.15

Unlike most strongly genetic diseases, Hirschsprung’s disease is highly treatable. Typically, once the diagnosis is made, a baby will have a colostomy procedure. He will then go home for six months to allow his intestines to grow. He will then return to the hospital, where the surgeon will perform a series of biopsies to locate exactly where in the gut the nerves stop. The surgeon will then resect the aganglionic part of the bowel. Six weeks later the surgeon will reverse the colostomy (some surgeons will dispense with the colostomy and try to repair the gut in a single surgery). Although most Hirschsprung’s babies will grow up to lead normal lives, they are forever susceptible to severe constipation and potentially life-threatening infections of the bowel.16

Hirschsprung’s is a stand-in for other complex diseases; that is, ones caused by some mixture of genes and the environment. I was part of one of two teams that found a major clue leading to the identification of the most important susceptibility gene.17

At some point during my first postdoctoral year, laboratory science began to lose its luster. I looked at those around me and saw the lives they were leading: the grant applications, the boring meetings, the parade of mind-numbing seminars, and the neurotic graduate students who required some mysterious combination of hand-holding, babysitting, thoughtful mentoring, and tough love. It was not nearly as much fun as it used to be.

And I was Hirschsprunged out. I took some measure of satisfaction in knowing that I was helping to elucidate the biology of the disease and that my work might play some small part in creating better diagnostics or therapies. But somehow it wasn’t enough. As tragic diseases go, I suspect even most Hirschsprung’s families would admit that their plight is not in the same league as those with a loved one suffering from Lou Gehrig’s or late-stage lung cancer or Tay-Sachs. Instead, here was a genetic disease that was actually treatable or, as personal genomics partisans like to say, “actionable.” At the time I wondered if anyone really cared about what we were doing. Genetic research has been—and continues to be—criticized for throwing lots of resources at rare diseases, and I suppose I worried that I was part of the problem. The genetic aspects of the disease I studied were fascinating, but we were a small, insular community studying a small, mostly treatable disease affecting one in five thousand kids.18

Meanwhile, molecular genetics was changing at a pace that, more and more, left me dizzy and exhausted. The seminars I attended may as well have been in Esperanto. I was falling behind. Science had revealed to me with much clarity that I was now a full-grown, thirty-three-year-old dinosaur. Staying in the game would mean assimilating massive amounts of biochemistry, deep and broad computational skills, or both. Genetics was becoming genomics, a digital science, and one ought to have had more of a quantitative clue than I did. I had a choice: I could change or die.

I decided to die.

I left laboratory genetics. I worked as a market researcher, feckless financial manager (I know those words seem redundant these days), biotech consultant, and science editor. Over the next seven years I rarely thought about Hirschsprung’s disease. Once in a while I might stumble upon a paper by my advisor’s group or other people I knew describing some novel finding that, if I really followed the paper trail, I might be able to trace back to my own work ten to fifteen years earlier.

But in 2005, Hirschsprung’s reappeared in my life in a sudden, unlikely, and disturbing way, like a drunken ex turning up at one’s wedding. Wielding a knife. On December 14, the eve of my mother’s birthday, my nephew Jesse was born with a dilated colon. Three days later he was diagnosed with Hirschsprung’s disease.

What did it mean? my family wondered aloud. I knew the question was both clinical and existential, though I could supply neither type of answer. What was going to happen to my brother’s new son and my parents’ last grandchild? I hadn’t a clue. I immediately became the Expert, though I remembered little. I was as flummoxed as my family was, but out of love, hubris, and a desire to be a hero, I did not betray my ignorance. I took my thesis off the shelf for the first time in years. I sent emails and made phone calls to people who still “did” Hirschsprung’s. I reread articles about pediatric surgery techniques, the details of which I’d once known cold.

As my heartbroken and sleep-deprived brother and sister-in-law watched their new baby go in and out of the hospital again and again, I was overtaken by a sort of numbness, a paralysis. How strange—how impossible!—that the rare disease I’d devoted eight years to understanding was suddenly no longer an intellectual abstraction, a genetic problem to be solved in a lab or on a computer. Someone in my family was to have five surgeries over the first year of his life, with still more to come. Someone—or someones—in my family had to change colostomy bags and purchase boatloads of strange dietary supplements and be on constant guard for signs of infection. I thought of my previous incarnation and the Hirschsprung families who would occasionally call the lab. I remembered their need to tell me their stories. I remembered feeling awkward at not being able to empathize. My two-plus years of training as a genetic counselor had failed me. I knew more about Bayesian risk estimates than I did about what to actually say to the grief-stricken mother of a sick newborn. I was mostly useless. But how could I possibly empathize? I was not one of them.

Now I wondered about Jesse. What if he carried one of the mutations I had identified ten years earlier?19 What if my brother did? What if I did? And what did it mean?

God, I decided, was fucking with us.

I called my brother on the phone one day. He was tired and loopy after another night on the foldout chair in the hospital. “How’s it going?” I said. An absurd question and a pretty feeble conversation starter.

“Why,” my brother wanted to know, “couldn’t you have done your graduate work on the gene for large penises?”

I tell the Hirschsprung’s story not to elicit sympathy, though my brother and his wife surely deserve it in spades, as do all the parents who’ve ever had to watch their babies tethered to tubes in the PICU, terrified and uncertain about what the coming days might bring. Nor do I tell it because it strikes me as so metaphysically improbable, though, despite knowing better, I remain convinced that it is. I tell it because it points up the fact that all human genomics is personal—that is to say, it is finally about us. Mothers and fathers can negotiate almost anything: marriage, money, careers, sex, cooking, laundry, the Netflix queue, who gives the dog a bath. What they can’t negotiate are their own genomes (although with techniques such as preimplantation genetic diagnosis, a few are beginning to negotiate the genomes of their children). Occasional strange cases notwithstanding, every parent gives his or her biological child 50 percent of that child’s DNA. And every one of us, regardless of zip code, membership in an executive health program, or religious affiliation, carries at least a handful of harmful mutations that may or may not manifest in us or in our children, should they inherit them as part of that 50 percent. Yes, Jesse’s Hirschsprung’s disease was an unlikely event—on the order of one in five thousand. But unless we get hit by a bus or succumb to an infectious disease, eventually almost all of us are the numerator, the “one in” something—cancer, heart disease, diabetes, Alzheimer’s. Genes are rarely the final arbiter of these late-onset chronic conditions, our understanding of them remains woefully inadequate, and they probably don’t constitute the secrets of our being, but there’s no denying the importance heredity plays in them.

One of the promises of personal genomics is that it will tell us exactly what we are at risk of becoming the numerator for. One of the dangers is that it might also tell our insurers the same thing while not being actionable. It will provoke suspicions and perhaps ulcers and force us to think about our destinies in terms of probabilities, as though we are watching the tote board at a Las Vegas sports book a few minutes before kickoff. How will I die? It might also tell us something about various “positive” traits—intelligence, memory, musical aptitude, athletic ability—and how we measure up … or down. What will we do when our entire genomes are no longer abstractions, but palpable bits of information we carry in our pockets?

A growing number of people are opting to find out. With some trepidation, I became one of them.


* Unless you’re an identical twin.

† Despite our best efforts, a “whole” human genome in 2010 is actually only about 93 percent; the other 7 percent has resisted our best efforts to sequence it.

* An allele is a version of a gene. For every gene, we inherit one allele from our mothers and one from our fathers; those alleles may or may not be the same. If they’re the same, we are said to be homozygous for that allele. If they are different, we are said to be heterozygous.







2 “His Own Drum”

Like a character on Lost, John Halamka has arrived from the future.

Wearing all black and brandishing his BlackBerry, he looks the part. And he lives it. As chief information officer at Harvard Medical School and CareGroup Healthcare System, he is responsible for the information needs of three thousand doctors and the health records of two million patients. He is conversant in twelve computer languages. He is a self-taught mycologist: if you find yourself in the ER after having ingested a wild mushroom, it is likely to be Halamka who gets called to figure out which of the twenty-five hundred North American mushroom species you ate and what to do about it.1

He is also apt to be mistaken for a shoplifter at Home Depot.

After the Food and Drug Administration approved the technology in 2004, Halamka had a bean-sized Radio Frequency Identification chip implanted in his right triceps. The RFID contains his medical record identifiers.

In part his interest was personal: An avid mountain and ice climber, Halamka was concerned that if he fell off a cliff and lost consciousness, his would-be rescuers would not be able to identify him. Now by scanning his arm they could. The downside is that the same ISO-standard 134.2 KHz RFID scanner at the mall may occasionally confuse him with a roll of duct tape or a garden hose.2

Visit Halamka in his feng shui corner office on Harvard Medical School’s Longwood campus and chances are you’ll find him serenely clacking away at his computer, his desktop as clean as the day it left the office-furniture showroom. His lunch is all vegan, probably eaten with chopsticks and great dexterity. Send him an email and you’ll likely get a response within minutes, just like the hundreds of others who’ve emailed him that day, including the ER docs wondering whether the mushroom little Billy swallowed is going to be lethal, hallucinogenic, or merely vomit-inducing. Listen to Halamka talk in his calm, measured cadences and it’s not hard to imagine his flat Iowa accent booming out from your local public radio station.

When I visited, his office inside the Center for Educational Technology was emblematic of the rest of the medical school these days: an incongruous mix of Boston Brahmin stateliness and sleek hi-tech utility. Outside his door, banks of computers lined long tables in an otherwise open area, like a bullpen in a brokerage firm, only without the manic buying and selling, just the basal hum of conversation and the HVAC. Clad in his usual onyx ensemble (“At 3 AM halfway around the world, you do not have to think about color matching”3), hands folded on his lap, Halamka emphasized that his participation in the RFID trial was about more than just preparing for some hypothetical mountaineering accident. He saw it as both part of his job description and a moral obligation. Having the chip implanted allowed him to answer questions that might someday be relevant to his patients: Does an RFID hurt? (No, but there is some discomfort upon implantation.) Would it lead to infection? (Not so far.) Would it place any limitations on his activities? (Other than getting rung up for $27.99 at big-box retailers, no.)

There was the stalker, however. “This guy thought that RFID tagging was the mark of the beast. He basically devoted his life to blogging about me.” Rather than antagonize his “fan,” Halamka began a dialogue with him. “He said his name was Bob, he lived in Kansas City, he was disabled, and that following me was going to be his daily activity.” After a while Bob went away.4 Even the mark of the beast can get tedious.

Did the stalking episode dampen Halamka’s appetite for early adoption? Hardly. Stalking him is now an utterly trivial exercise on par with checking the weather forecast: He has an application on his BlackBerry that tracks him via GPS and produces Google maps of his whereabouts. Anyone with a username and password can locate him anywhere on the planet.

“I think somebody has to do these experiments,” he said of the Personal Genome Project. “We need to get a dataset and figure out what all the implications of this stuff could be.”5

Halamka was probably destined to become Subject Number Two: like him, the PGP was another Harvard-based bit of self-experimentation and potential compromises in personal privacy. That’s not to equate the two. For all of their potential applications, in the early 2000s RFIDs and GPS devices were really nothing more than LoJack for human beings—fancy dog tags. But if Harvard geneticist George Church had his way, the Personal Genome Project would raise the stakes by making public thousands of identifiable human DNA sequences. Church came to Halamka’s attention several years ago after Church posted his own medical records online.6


We would like to invite you to participate in a research study. You have been asked to participate because you are a healthy individual with sufficient training in human genetics and human subjects research to be able to give informed consent for a public and open-ended study.

The main scientific goal of this study is to explore ways to connect human genotype and phenotype information, i.e., human genome sequence, medical records, and nonmedical physical traits… . The ethical and human goals include educating participants and the general public about the risks and potential alternative pathways that genetics can take… . We also hope to discover what consumers, clinicians, and researchers might want and not want and why.7



Researchers have long been interested in the relationship between genome and—in the trendy parlance—phenome, that is, how what’s encoded in our DNA interacts with the environment to give rise to traits ranging from height to athletic prowess to behavior to assorted health conditions, be they cancers or various forms of male-pattern baldness.8 Datasets have gotten larger and the DNA sequencing industry has become a multibillion-dollar behemoth.9

The Personal Genome Project’s initial goal was to recapitulate the Human Genome Project; the HGP was the effort by both government and private-sector scientists to decode the entire complement of human DNA. The PGP would sequence the DNA of ten individuals, that is, ten persons’ entire collection of 6 billion base pairs,* a task that by 2009 would take any properly equipped and extremely well-funded molecular genetics lab no more than a few weeks and a few hundred thousand dollars.10 But statistically speaking, ten people is not that much different from one person or even zero people, which is to say, it’s not much at all. Most if not all of the insights from those ten genomes would have to be replicated in a much larger sample, an undertaking that would not commence in earnest for a while yet. But in the early days when George Church discussed the PGP with me, he often began sentences with the phrase “When we get to a million.”11 Even though many of us rolled our eyes at that (and even its less ambitious interim successor, “When we get to a hundred thousand”), the premise was fundamentally correct: the real promise of genomics resides in large numbers. Only by studying thousands of people (and corralling a collection of supercharged computers and really smart people) can we begin to detect the subtle and meaningful DNA variants that affect complex and common traits like heart disease, arthritis, and diabetes. Those traits have been among us for millennia, but the technology capable of identifying their molecular underpinnings did not reach fruition until twenty-odd years ago. (Whether what we find will be at all helpful is another question entirely.)

Church, the PGP’s Grand Pooh-Bah, is a tall man in his early fifties often hunched over the tiny netbook he carries with him everywhere. With his thick beard and backswept hair he reminds one of a healthier, pre-Appomattox Robert E. Lee crossed with a younger incarnation of the Band’s keyboardist Garth Hudson, and perhaps a touch of Gandalf: a gnostic, gentle giant. He smiles and laughs easily. He is at peace with what he admits to be an idiosyncratic view of the world. When students and postdocs ask if they should share some juicy piece of data with other labs, his answer is almost invariably yes. His voice is a mellifluous baritone with a trace of twang; he has the air of a southern gentleman who’s amused and beguiled by most of what he sees. His bright green eyes do not betray madness exactly, but the mischievous twinkle is undeniable.

According to his official online PGP profile, he’s six feet four, 245 pounds. He takes statins (hyperlipidemia; his personal Web page cites a heart attack in 1994). He is narcoleptic. He has had squamous cell carcinoma. He takes vitamins.12

Every morning George walks the 0.8 miles from his house in Brookline to his office and lab in the unimaginatively named New Research Building in the Longwood Medical Area, a sleek glass edifice that could work as a setting for a science fiction movie. It is clean and new. Security is tight: two guards sit at the entrance. They greet visitors and monitor the goings-on via sixteen digital cameras. The restrooms are “smart”: enter and the lights turn on. Upstairs they are identified by the male and female karyotypes: XY and XX chromosomes, respectively. George’s office is spacious but not ostentatious. It’s moderately bright: surrounded by glass on two sides, but nestled among tall buildings and parking garages. Children’s Hospital is visible at the end of the access street two blocks away. Immediately below the window is a small green space that was recently invaded by a phalanx of geese (“More geese poop!” said George13). A welder’s sparks tumbled from above—yet another parking garage was going up next door.

The culture of the Church lab is reminiscent of the best labs I worked in. It is characterized by an utter lack of pretentiousness. People wear jeans, T-shirts, and sandals or flip-flops along with their lab coats, goggles, and latex gloves. Elaborate drawings of molecular biology experiments appear on wipe boards next to cartoons of superheroes and deep-sea divers, and cutouts of rock stars. There is conversation, but mostly it is quiet. Everyone has his or her experiments to do. The British-born geneticist and Nobel laureate Oliver Smithies,14 famous for discovering a bunch of things, including how to knock out single genes in mice in order to see what traits those genes control, continued—and for all I know, continues—to go to his lab at the University of North Carolina every day well into his eighties. When I asked him why, he likened the lab to a monastery and told me that good scientists more or less take a vow of poverty in order to do science: they must renounce most of the rest of their lives.15 My sense is that George would never regard it as a solemn vow. Science is fun, so why not do it?

When George was born, his biological father, Henry Stewart McDonald III, was working as a clown. At various times he was a race car driver, actor, model, auto mechanic, aircraft pilot, movie producer, writer, TV commentator, and champion water-skier.16 After a public address announcer introduced him as “Barefoot McDonald” because of his disdain for wearing shoes, the name stuck. The resistance to footwear, however, was not an act: A 1971 Sports Illustrated profile described his infamous ejection from a Las Vegas casino under protest. “Whaddaya mean, bare feet? You’ve got broads in here wearing dresses without any backs. Some of the dresses don’t even have any fronts.”17 In 1992, at the age of sixty-seven, McDonald was inducted into the Water Ski Hall of Fame.18 Indeed, there is an adorable picture of seven-month-old George sitting on a tiny chair that has been fastened to a tabletop and is being pulled through the water by his father. “My mother was beside herself with terror,” George recalled. “My father was convinced I was enjoying it.”19

When George was two, McDonald left his mother, Virginia Anne Strong, who went on to marry twice more. George’s wife Ting Wu attributed much of her husband’s success to his mother’s influence. “An amazing woman,” she said of Strong. “She was brilliant—a lawyer, a psychologist, and an artist. And like George she was extremely flexible and optimistic. I don’t think I ever heard her say a negative thing. I think George grew up knowing he could weather anything.”20

George lived in Tampa and Clearwater, Florida, until he was a teenager. His second stepfather, a doctor and Phillips Academy Andover alum, suggested George might like the prestigious boarding school. George excelled at Andover, both in academics and on the varsity track and wrestling teams. He applied to and was accepted at Harvard and Duke, went to Duke, and finished an undergraduate degree in zoology and chemistry in two years. He received a predoctoral fellowship from the National Science Foundation and dove into graduate work in microbiology.

Within a year he had flunked out.

To hear George tell it, microbiology was the wrong home for someone with a passion for biochemistry. And when he switched to biochemistry, he found that his new department was not terribly interested in him, either: the orphan narrative, it seemed, had followed him to the academy. And then there was the course work. George often read his assigned textbooks cover to cover by the first or second week of class. After that, there wasn’t much point in showing up; after all, he could be using that time to do actual hands-on research rather than simply read abstract accounts of what had already been done. He refused to take “baby science courses” just to fulfill curricular requirements. Recalling this, he gave a sheepish laugh and shrugged. “I guess I should’ve told them I wasn’t going to attend classes.”21

His academic problems did not prevent him from beginning to get his name on papers, including a first-author publication in Proceedings of the National Academy of Sciences at the age of twenty-two.22 After Duke wished him luck elsewhere, he reapplied to Harvard, stated in his application he wanted to work with renowned molecular biologist Walter Gilbert on a new approach to decoding DNA, and was accepted. In an interview, Gilbert maintained that Harvard’s admissions policy at the time did not consider incoming students’ preferences for faculty, let alone require them. He was willing to believe, however, that George flunked out of Duke. “He always marched to his own drum.”23 George began his doctoral studies at Harvard in the fall of 1977, just a few months after Gilbert and graduate student Allan Maxam published a paper on how to sequence DNA,24 for which Gilbert would go on to share in the 1980 Nobel Prize.25

It was at Harvard that George met his future wife and Harvard colleague Ting Wu, also then a graduate student in genetics. The two were in a class together on the structure of chromatin, the essential but still somewhat mysterious molecular scaffolding found in chromosomes, an irony not lost on her. “Chromatin is one of the aspects of inheritance not entirely coded for by DNA.”26

Her first impressions? “I remember noticing that this guy knew everything. Someone mentioned that an interesting article had just come out but couldn’t remember what journal or who the authors were. George always knew: ‘It’s in PNAS, volume such and such, page so and so.’ But when he said those things it would never come off in a know-it-all kind of way. He was just a nice guy. And even when I first I met him he was fascinated by sequencing.”27

“When I got to Wally’s lab in ‘77 I was already thinking about it,” George said. “It just wasn’t rational thought.”28

The first quasi-complete sequence assembled by the public Human Genome Project (HGP) in 2003* was actually a composite of several anonymous people who were recruited via ads in the Buffalo News in 1997.29 One sample known as “RP11” appears to have been overrepresented (George told me that reporters have since gone to Buffalo to try to learn the identity of RP1130). In parallel to the publicly funded HGP, Craig Venter used his own DNA as part of a private sequencing effort led by the company he once ran, Celera,31 and subsequently by his own research institute. Venter’s entire sequence was published in 200732 and represented the first complete human reference genome from a single individual.* In any case, depending upon when one marks the start date, obtaining that first composite sequence took something like thirteen years and $3 billion in public funds plus the hundreds of millions spent by Celera and its stockholders.

Until 2006 or so, few gave the idea of personal genomics much consideration, rational or otherwise. Yes, sequencing had already gotten much cheaper by the early 2000s, but until about 2005 a human genome was still going to cost you tens of millions of dollars.

Since his arrival in Harvard Yard in the late 1970s, Church has spent his time there (and at various companies he’s helped found) looking for ways to make sequencing cheaper and easier. In 2003, Genome Technology magazine suggested he would make “a good candidate for a lifetime achievement award in genome sequencing.”33 He and later his small army of students and postdocs found clever chemical shortcuts and cost-savers. Over the last few years, much of his lab’s attention has been on polymerase colonies, or “polonies,” a method that uses enzymes to amplify billions of short DNA fragments and stitch those together into a form that can be sequenced.34 Polony technology has since been licensed to several companies. As we’ll see, Church has teamed up with an engineering firm to make and sell a polony sequencer (“the Polonator”) for significantly less than other companies in the sequencing business.35 Among DNA sequencers, it was and is a thing of beauty: even the beta testers who couldn’t get it to work admired its aesthetic qualities. The Polonator has a robotic arm inside humming along and dispensing chemicals, and a platform that holds the slide upon which sits the DNA. An expensive camera takes pictures of the samples. The whole apparatus sits inside a slightly Daliesque warped blue cube about the size of a small clothes dryer.

For the last few years sequencing costs have been in free fall, thanks in no small part to George’s work. In 2007 he told me he expected that soon his lab would be able to use the Polonator to sequence the entire human exome, that is, the protein-coding 1 percent of the human genome, for as little as a thousand dollars. In reality this was still more than two years away, but I came to learn that this type of error is a chronic occupational hazard for an incurable optimist such as George.

The implications of an affordable exome and/or genome left him both excited and unsettled. And he wasn’t the only one. He forged ahead with the PGP, but was forced to use private money. He believed the National Institutes of Health (NIH) was balking at paying for the project (despite having approved it and every other aspect of his $10 million genome technology grant) because he refused to do it under the standard ethical paradigm set forth by the agency, that is, one in which subjects give informed consent and in return are promised, more or less, privacy and confidentiality.36 “I just feel uncomfortable signing up people under the supposition of anonymity if that’s not something that can be assured.”37

Why couldn’t it be assured? On his website, George offered a laundry list of real-life scenarios where presumptively anonymous subjects were reidentified without their consent.38 Some of these became infamous stories. In the 1990s, for example, then-MIT grad student Latanya Sweeney used publicly available voter records and a public, anonymized database of state employees to identify the medical records of Massachusetts governor William Weld. She was also able to identify the five African-American women living in the predominantly gay enclave of Provincetown, Massachusetts, purely on the basis of public data.39 Another example: a few years ago, a fifteen-year-old boy used a combination of a commercial DNA test of his Y chromosome, genealogical records, and Internet searches to locate his “anonymous” sperm donor father.40

In George’s eyes, these types of privacy-hacker stories would only become more common as genomic data proliferated. DNA is the ultimate digital identifier, after all—a social security number is only nine digits, while a genome is three billion. Not that anywhere near that number would even be necessary to hack one’s identity: a paper in Science suggested that as few as eight genetic markers could be considered a risk for reidentifying humans.41 Twenty-five such markers would likely be fully identifying, akin to the thirteen forensic DNA markers typically typed from crime scene samples.* And in 2008, researchers from the Translational Genomics Research Institute and University of California at Los Angeles were able to identify individual DNA samples from a complex mixture of samples from as many as two hundred people, even if a particular individual’s sample accounted for only one-tenth of 1 percent of the total DNA mixture.42 In response the NIH immediately backpedaled on its promise to facilitate widespread sharing of human DNA samples among the studies it funded.43 George saw this coming. Given the technical realities, he said, to promise privacy and confidentiality would be disingenuous at best.44

And there’s another reason not to do it, he said: it makes for bad, or at least limited, science. Ensuring anonymity, assuming it can be done at all, means restricting the use of any phenotypic information that could be used to reidentify a subject. But it is exactly those sorts of unique bits of data on human traits—hair color, eye color, facial features, cognitive measures—that George saw as necessary to fully leverage whole genomes and really begin to understand the human gestalt. “Some people look at a person’s face and think they can tell everything about his past, present and future,” he said. “That’s not true, of course. But when you ask who you are, a huge fraction is what your face is. So take the face plus the genome, plus metabolites, plus proteomics, and then you’re starting to get something that is without parallel in current practice.”45 Giving broad access can have practical benefits, too. One of George’s favorite stories—recounted on his website, naturally46—is from 2004. He was preparing to give a lecture in Seattle at the University of Washington Medical School when a hematologist in the audience raised his hand and said, “You really ought to get your cholesterol checked.” He had looked at George’s personal medical records Web page and seen that his total cholesterol was 288 mg/dL (the normal level is less than 200). The 288 measurement was more than a year old and George had not been back to his doctor to see if the statin he was taking was having the desired effect. It turned out it was not. His doctor doubled the dose and George went back to a strict vegan diet. In six weeks his cholesterol had fallen to 156 mg/dL. What struck George was that this interaction with a total stranger had had a tangible positive effect on his health. “That total-stranger expert will eventually be replaced by software,” he predicted.47

For that to happen and for it to be of practical value will require both genetic data and health records. George’s Harvard colleague, pediatrician, and champion of electronic health records Isaac “Zak” Kohane told me essentially the same thing as every other genome scientist I spoke to. “Without the phenotype, the genome is just not that useful.”48 But even ambitious genome sequencing efforts such as the internationally sponsored “1000 Genomes Project” were not prepared to collect detailed trait data on their subjects, preferring instead to use “old” DNA samples from “anonymized” subjects who had consented years ago.49 Collecting trait data is hard, it’s time-consuming, it’s expensive, and yes, it makes the subjects that much easier to identify.

For the last problem, George’s solution was “open consent.” Why not, he asked, recruit subjects willing to forgo guarantees of privacy and confidentiality—that is to say, people like him? This is why he became Subject Number One in the PGP.50

Of the first two prominent public genomes, Craig Venter has been open about his sequence, even though it told him that he is at increased risk for Alzheimer’s and macular degeneration.51 James Watson’s DNA now resides in a public DNA database.52 Watson’s son Rufus has schizophrenia.53 When I asked Watson if he consulted with his family members before making his genome public, he shook his head and smiled. “They might have said no.”54 Indeed, one sometimes wonders what might ultimately be found in Watson’s DNA. The same week in which he publicly implied that Africans were less intelligent than whites and lost his job because of it,55 he suggested that crystallographer and onetime rival the late Rosalind Franklin had been partially autistic.56 One wants to kick him under the table or pull him aside and say, “Dude. Stop.” When I asked George about Watson being one of the first complete and public genomes, he gave a less than ringing endorsement. “I don’t think it was an ideal choice. If you’re gonna put all your eggs in one basket, he doesn’t seem like the obvious first basket.”57

In 2005, the Harvard Medical School Institutional Review Board approved the Personal Genome Project, but only after lengthy discussion.* Initially, according to rabbi and IRB member Terry Bard, a longtime lecturer on pastoral counseling in psychiatry at Harvard, the Harvard IRB was not even sure the PGP was in its bailiwick. “Everyone, including me,” said Bard, “was scratching their heads and saying, ‘Why is this here?’ A number of members were not convinced—and maybe remain unconvinced—that, as presented, this was actually a research study. Did it meet the basic scientific criteria for research?” George appeared before the IRB twice to convince members that it was indeed research and to seek IRB guidance as to what to include in the protocol and the consent form.58

Initially, George was asked to limit the initial subject total to one: himself. Bard shepherded him through the consent process. Since George was putting both his genotype and phenotype on the Web and therefore making it available for public scrutiny, Bard said the IRB wanted to gauge the initial experience first. “We wanted to know how it would play in Peoria, so to speak,” said Bard. “Dr. Church made monthly reports back to us on how his decision was being received and what kinds of interactions he had had.”59

Bard is a short man who, when I met with him in his softly lit office at Beth Israel Deaconess Medical Center, wore a white hospital coat. As a perpetually confused Jew, I was anxious to avail myself of his other skill set. So at the end of our hour-long conversation, I asked him what the halachic view of the PGP might be—how would it be perceived through the lens of Jewish law? He said he’d never really thought about it. “Are you exposing yourself or others to irrevocable harm that can be avoided? If that’s the case, then in the Jewish tradition that’s not permissible. But on the other hand, you know the joke from Rabbi Akiva: ‘All is foreseen and free will is given.’ I don’t have an answer. You’re never gonna find anything that two Jews agree upon except that some third person should give to charity.”60

Eventually the IRB agreed to consent to admit two more people but still wanted to proceed with extreme caution. Each of the first ten participants would have to have a master’s degree in genetics or equivalent. Presumably those people could be expected to understand the risks of open consent. Or to put it more bluntly, as one bioethicist familiar with the PGP said to me, “If we have highly educated ‘altruists’ willing to take a hit and potentially go through life without insurance, then we should explore the unintended consequences with them because at least they could afford it.”61

In May 2006 the National Human Genome Research Institute asked for a “single coherent document” that would put forward a scholarly presentation of the PGP and address the attendant ethical, legal, and social issues (“ELSI”).62 George assembled a virtual collection of seventeen bioethics and legal experts (including, I should say, one of my colleagues at Duke, Bob Cook-Deegan, and me). With Dutch doctoral candidate Jeantine Lunshof and Harvard Law student Dan Vorhaus (both have since graduated), George drafted a white paper that tried to make the two cases I articulated above, namely 1) promising genomic privacy is dangerous and unrealistic, and 2) the only way to fully exploit genomic data is by integrating it with other biological and phenotypic data, some of which are intrinsically identifying (faces, for example).

By way of comparison, the white paper discussed—and took a couple of shots at—the consent used in a large-scale global genotyping project of a few years ago, the HapMap, which amounted to a survey of genotypes from four different populations and is widely acknowledged as a very useful resource to researchers who troll through the whole genome in order to find disease genes.63 The HapMap consent included this passage, which was singled out by George and company:


Because the database will be public, people who do identity testing, such as for paternity testing or law enforcement, may also use the samples, the database, and the HapMap, to do general research. However, it will be very hard for anyone to learn anything about you personally from any of this research because none of the samples, the database, or the HapMap will include your name or any other information that could identify you or your family.64 [Emphasis in original]



George’s original form, on the other hand, said the following:


You should also be aware of the ways in which knowledge of your genotype and phenotype might be used. For example, anyone with sufficient knowledge could take your genome and/or posted medical information and use them to (1) infer paternity or other features of your genealogy, (2) claim statistical evidence that could affect your employment or insurance, (3) claim your relatedness to infamous villains, (4) make synthetic DNA and plant it at a crime scene, (5) reveal the possibility of a disease or unknown propensity for a disease.65



It read like a list of potential plotlines for the Lifetime Movie Network (which, in 2007, ran a recurring feature titled “'Can You Handle The Truth’ Thursday”). The first two scenarios struck me as the most worrisome. Genetic discrimination was an obvious possibility for which we think we have the beginnings of a legal solution. Nonpaternity has been going on since Adam and Eve; we just haven’t had a way to confirm it until recently. If you give the same single-gene genetic test to parents (or even one parent) and their/his/her children, and the results don’t jibe, there are three possibilities: 1) a new mutation in the child, 2) laboratory error, or 3) nonpaternity. Of the three, assuming one is dealing with a reputable lab, the last is by far the most likely: 10 percent of the time, on average, the nominal father is not the biological father.66 When I was a genetic-counselor-in-training, we were told never to disclose nonpaternity to anyone but the mother—it was none of our business, it was not why families came to us, and really, who wants to deal with the headaches and heartaches living inside other people’s closets. But just as the teenage boy found his biological father in a few short steps, personal genomics has already made it that much simpler for children to find out whether the titular dad sitting at the dinner table shares half—or none—of their genomes. In conducting research for this book, I heard stories of personal genomics companies awkwardly having to negotiate the discovery of nonpaternity.

Public outing of people’s genomes is something Boston University’s genetic legal scholars Winnie Roche and George Annas have thought about for decades. In the 1980s they agitated for something that goes well beyond the Genetic Information Nondiscrimination Act, which collected dust in Congress for twelve years before becoming law in 2008. They would like to see a statute explicitly guaranteeing genetic privacy.67 But if there was no sense of urgency to pass GINA, which as I’ve noted is designed to prevent discrimination only in employment and in health (but not life) insurance, then what is the case for a more far-reaching law?

“Let me just give you a stupid example,” said Annas, a short man with glasses and a thick beard who’s known for his acid pen. “Let’s say you have this technology to do ten genomes a week [cheaply]. That’d become a major part of physicals for political candidates. It would get nasty! Each candidate would want to pull out the genomes of the other candidates and disclose every possible predisposition they have. ‘He’s got a pedophilia gene!’ ‘He’s gonna get Alzheimer’s!’ ‘Oh yeah, well, he’s probably got Alzheimer’s already!’ [But] you could certainly draft a criminal statute that says you can’t do that.”68 In the wake of the bitter 2008 presidential election, Annas and Boston University neurologist Robert Green wrote a cautionary piece in the New England Journal of Medicine citing the possibility of misleading results, false positives, and “genetic McCarthyism” that could result if the electorate started demanding genome scans from presidential candidates.69

While George Church included these sorts of caveats in his consent form, it’s unlikely he’s ever lost a moment’s sleep over them. His own behavior has been nothing if not consistent with an unflagging belief in openness. His website offers the best examples of this. To the uninitiated much of it is fairly dry biomedical science stuff: his lab, his funded projects, his publications, his scientific advisory roles.70 But its many tentacles include pages devoted to him that are not all that different from what a particularly guileless and nerdy college student might post on Facebook or MySpace. His main personal page, for example, features rotating pictures of himself at various ages, describes his upbringing, lists his hobbies (waterskiing [like father like son], aerobatics, turtle breeding, etc.) and charts his development as a scientific thinker from childhood on (“First independent chemistry experiments, Spring 1972. Organic synthesis of cyclohexanone as well as qualitative analysis & IR spectroscopy of various organic compounds”). But it also lets his demographic information all hang out: it includes links to a map of his Brookline neighborhood with an arrow pointing to his house, his signature, his diet and health records, his mother’s maiden name, and, until a few years ago, his Social Security number.71 Even his wife Ting, an otherwise unabashed supporter of her husband, recalled a moment of shock at the latter. “You have your Social Security number open to the public?” she said to him. George told her that it didn’t matter—if someone wanted it badly enough, they could get it anyway. “Well,” she said, “you don’t have to make it that easy.” Down it came.72

George’s high-profile and sometimes slightly off-the-reservation Web presence, his articles touting the PGP in the media, his rosy predictions about personal genomics on a large scale made to anyone who will listen, and especially his public embrace of the open-source ethos, all served as fodder for those who would characterize him, the way someone did to me with what sounded a lot like suspicion and contempt, as “that guy who wants to put everyone’s DNA up on the Internet.”

But George has always denied being a dogmatist. The motivation behind his recruitment of a seventeen-strong ethics contingent, he told me, was not to enlist them as a rubber stamp. Rather, he said he did it because he really didn’t know exactly what the right thing to do was with respect to subjects’ data. (An aside: with all due respect to my social science colleagues, assembling seventeen bioethicists hardly seems like a recipe for consensus.) “We want to stay nimble,” George told me not long after we met for the first time. “We are listening and learning.”73

I asked him how the PGP would handle the discovery of bad news lurking in a subject’s genome. What if someone turned out to be at high risk for some catastrophic condition like Huntington’s or Lou Gehrig’s disease? George said that that person would have the option of not knowing.*

“Then you’re confident you can keep the data private,” I said.

“We’re not actually confident,” he said. “But we are going to try as hard or harder than previous human genetics studies. We’re pretty good at computational security and we will try, but we’re not promising that. It could become public immediately.”74

At a genomics meeting I met Margret Hoehe, a raven-haired and outspoken M.D.-Ph.D. who is a group leader at the Max Planck Institute for Molecular Genetics in Berlin. She recalled getting roundly mocked by colleagues for having the audacity to suggest we begin to sequence humans for medical purposes. This was in 1990. Now in her fifties, she seemed to be no more aligned with the German genetics community—one, admittedly, still wrestling with the colossal eugenic shadow cast by World War II—than she was in her youth. In 2009, the German government passed one of the stricter laws regulating genetic testing in history: all tests must be ordered by a physician, no anonymous paternity testing, no paternity tests during pregnancy except in cases of rape, etc.75 Wholegenome sequencing of healthy Germans seemed an unlikely prospect. “I’m always twenty years too early,” Hoehe said, laughing. She still had big plans for experiments she wanted to carry out, but was not optimistic that she could get sufficient buy-in to land the funding. She described herself as having the soul of an American but having the misfortune of being born German. Without question, she said, the most extraordinary period in her scientific career was her two years in the Church lab in the early 1990s. She stirred her drink and smiled at the memory.

“He’s the only one who ever believed in my crazy ideas.”76


* Six billion base pairs = three billion paired nucleotides—the A’s, G’s, T’s, and C’s of the DNA alphabet—on one double helix times two sets of chromosomes, one from Mom and one from Dad.

* A draft version was first unveiled in 2000.

* Jim Watson received his genome sequence on a hard drive in an elaborate ceremony at Baylor College of Medicine on May 31, 2007, while Venter’s was published in the journal PLoS Biology in September 2007. But Venter, Watson’s once and future rival since the early days of the Human Genome Project, made sure to deposit his own sequence in GenBank, the public DNA database, before Watson deposited his. At the Baylor event, Watson recalled the race to sequence the human genome and said of Venter, “He was clearly so bad we couldn’t let him win.” A paper describing Watson’s sequence was published in Nature in 2008.

* Forensic DNA markers as used by the FBI tend to be highly variable (“polymorphic”); that is, they are present in many different versions in the human genome and therefore carry more information than standard markers used in genetic studies, which typically come in just one of two “flavors.”

* The Institutional Review Board is the ethical review board charged with approving, monitoring, and reviewing biomedical research on humans. Every hospital and academic medical center has one or more IRBs; I serve on Duke’s.

* Jim Watson, for example, indicated that he did not want to know which version (“allele”) of the APOE gene he carries, certain flavors of which could put him at risk for Alzheimer’s or heart disease; Craig Venter, on the other hand, is known to carry one high-risk version of APOE.







3 “Why Should We Make Them Go Out on the Dance Floor?”

“Why in God’s name would you want to do that?” a geneticist friend asked when I told him I wanted to be a PGP subject and make my genome public. The better question, it seemed to me, was why wouldn’t I?

At the risk of sounding Pollyannaish, I thought the PGP might actually help make a difference. True believers like Church, Halamka, and some of the other PGP subjects often said that personal genomics represented an opportunity to change health care. Physicians, they said, spend months and hundreds of thousands of dollars trying to find the right statin, the right blood thinner, or the right antidepressant for their patients, to say nothing of the right dose. Trial and error was still the MO. Genomics, they said, had the power to streamline that process: if we knew which genomic variants people carried and the way those influenced drug metabolism, we could prescribe medicines in a more rational way—this is the cornerstone of the burgeoning field of pharmacogenomics.1 If we knew the contents of folks’ genomes, we could avoid giving them the wrong drugs and in doing so save some lives (one study estimated that a hundred thousand people per year suffer fatal adverse drug reactions in hospitals2). Further afield, we could potentially use genomic medicine to avoid food allergies, curtail dangerous exercise regimens, and tell people how much sleep is too much … or not enough. Prior to the massive Obama healthcare overhaul, everyone I spoke to agreed that fundamental changes to health care were essential—in the United States we were spending more than 15 percent of gross domestic product on it and clearly getting ripped off. But should the necessary changes be more about quotidian details like reimbursement and incentives rather than newfangled technologies like supercheap DNA sequencing? Could the PGP help figure out what sorts of useful things one might do with 20,000+ genes appended to people’s health records?

I had more selfish hopes, too. I imagined the PGP would be an opportunity to walk in my former research subjects’ shoes, albeit with a twist. Scientists who do human subjects research spend so much time writing grants, crafting consent forms, collecting samples, experimenting on and analyzing those samples, and then looking for more, that most of us don’t have a clue as to how it feels on the other end of the phlebotomist’s needle, the graduate student’s personal questions, or the stethoscope. A few years ago I completed a yearlong exercise study, which was fun, got me in shape, and even helped me to drop a few pounds. It came with a few hundred bucks and ten months’ membership at a fitness club—a pretty good deal for doing something that I should have been doing anyway. As he biopsied my thigh muscle or pumped me full of glucose, the principal investigator, an amiable cardiologist, patiently answered all of my questions. But at the end of the day, he was not my doctor, he was a researcher—his team needed my data infinitely more than it needed what I needed, which was for my cholesterol numbers to improve. I was, finally, just another data point.

The uglier side of this equation can be found in bioethicist Carl Elliott’s brilliant and terrifying 2008 New Yorker article, “Guinea Pigging.”3 In it Elliott described a somewhat freaky underclass of people who eke out a living as research subjects in clinical drug trials. There were the subjects who had their recreational time cut short at the investigators’ whims, those in a Philadelphia-based study who were forbidden to leave their medical research facility on 9/11 (“No one’s going home! Everything’s fine!”), and most tragically, those in recklessly supervised psychiatric studies who took their own lives.

In part as a hedge against these sorts of outcomes, the initial PGP cohort of ten would be populated by people with biomedical backgrounds who actually read and understood the consent form and presumably knew what questions to ask of the principal investigator, who was himself a subject. The yawning chasm between scientist and subject would not be so wide. Or so we hoped.

And of course the PGP would also afford me the chance to have a look at my own genome. After all those years of graduate school and all those thousands of DNA samples I’d aliquotted into tiny polypropylene tubes, I might understand something about myself at the molecular level. Did I carry one or more Hirschsprung’s mutations as my nephew must? Were there some drugs I metabolized better than others? Was I at high risk for the same heart attacks that felled my paternal grandfather at age fifty and maternal grandmother at age sixty? Was I in the throes of a standard-issue midlife crisis or might there be a genetic basis to the anxiety and depression that had made me a regular on a therapist’s couch and at the drive-through pharmacy? Wouldn’t it be cool to know?

Accordingly, I sent my slightly alarmed but always practical wife an improvised email questionnaire. After mocking my formality, Ann responded in earnest (my questions in italics, her answers below them):


Hi:

Over the next few days, I’d like for you to think about these questions and respond in writing. I’m happy to discuss. Thanks—love you.

1) What are your overall feelings about the prospect of me getting my genome sequenced mainly for research purposes?

Overall I’m fine with it. I will feel better about it all if I know ahead of time what to expect (in terms of travel and medical interventions) so I can plan.

2) What if my sequence revealed that I’m at high risk for some devastating illness in the future?

Well, that would suck. Can’t make policy based on the worst-case scenario. I’m the optimistic type so we’ll just hope for the best.

3) What if that same information also suggested that one or both of our daughters are
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