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INTRODUCTION
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Everything Is About to Change

Remember the seventh grade?

Can you recall the faces of your fellow students? Can you summon the names of the teachers, the secretary, and the principal? Can you hear the way the bell sounded? How about the smell of the cafeteria on sloppy joe day? The ache of your first crush? The panic of finding yourself in the bathroom at the same time as the school bully?

Maybe it’s all strikingly clear. Or maybe, over time, your middle school years have been lost in the fog of so many other childhood memories.

Either way, you’re carrying it all with you.

For a long time now, we’ve understood that we shoulder our experiences in the knapsack of our psyche. Even things you cannot consciously recall are somewhere in there, swimming around in your subliminal mind, ready to emerge unexpectedly for good or ill.

But it’s all much deeper than that, because your body is in a constant state of transformation and regeneration and your experiences, no matter how seemingly inconsequential, from bullies to crushes to sloppy joes, have all left an indelible mark within you.

And more importantly, within your genome.

Of course, this isn’t how most of us have been taught to think about the three-billion-letter equation that makes up our genetic inheritance. Ever since Gregor Mendel’s mid-nineteenth-centuryfn1 investigations into the inherited traits of pea plants were used to set the foundations for our understanding of genetics, we’ve been taught that who we are is a resolutely predictable matter of the genes we’ve inherited from previous generations. A little from Mom. A little from Dad. Whip it up, and there’s you.

That calcified view of genetic inheritance is what students in middle school classrooms are still studying to this day when they map out pedigree charts in an effort to make sense of their fellow students’ eye color, curly hair, tongue rolling, or hairy fingers. And the lesson, delivered as though on stone tablets from Mendel himself, is that we don’t have much of a choice in the matter of what we get or what we give, because our genetic legacy was completely fixed when our parents conceived us.

But that’s all wrong.

Because right now, whether you are seated at your desk sipping a coffee, slumped into a recliner at home, riding a stationary bike at the gym, or orbiting the planet on the International Space Station, your DNA is being constantly modified. Like thousands upon thousands of little light switches, some are turning on while others are turning off, all in response to what you’re doing, what you’re seeing, and what you’re feeling.

This process is mediated and orchestrated by how you live, where you live, the stresses you face, and the things you consume.

And all of those things can be changed. Which, in very certain terms, means you can change. Genetically.fn2

This is not to say that our lives are not also shaped by our genes. They most certainly are. In fact, what we’re learning is that our genetic inheritance—every last nucleotide “letter” that makes up our genome—is instrumental and influential in ways that even the most fanciful science-fiction writer could not have imagined just a few short years ago.

Day by day, we’re gaining the tools and knowledge we need to embark on a new genetic journey—to take hold of a timeworn chart, lay it out across the table of our lives, and mark upon it a new course for ourselves, our children, and everyone down the line. Discovery by discovery, we’re coming to better understand the relationship between what our genes do to us and what we do to our genes. And this idea—this flexible inheritance—is changing everything.

Food and exercise. Psychology and relationships. Medication. Litigation. Education. Our laws. Our rights. Long-held dogmas and deeply felt beliefs.

Everything.

Even death itself. Until now, most of us have been under the assumption that our life experiences end when our lives end. That’s wrong, too. We are the culmination of our life experience as well as the life experiences of our parents and ancestors. Because our genes don’t easily forget.

War, peace, feast, famine, diaspora, disease—if our ancestors went through it and survived, we’ve inherited it. And once we’ve got it, we’re that much more likely to pass it on to the next generation in one way or another.

That might mean cancer. It might mean Alzheimer’s disease. It might mean obesity. But it might also mean longevity. It might mean grace under fire. And it might just mean happiness itself.

For better or for worse, we are now learning that it is possible to accept and reject our inheritance.

This is a guidebook for that journey.

In this book, I’m going to talk about the tools I use as a physician and scientist to apply the latest advances in the field of human genetics to my daily practice. I’ll introduce you to some of my patients. I’ll dig through the clinical landscape for examples of research that is important to our lives, and I’ll tell you about some of the research I’m involved in. I’ll talk about history. I’ll talk about art. I’ll talk about superheroes, sports stars, and sex workers. And I’ll make connections that will change the way you look at the world and even the way you look at yourself.

I’ll encourage you to walk along the tightrope that demarcates the border between the known and unknown. Sure, it’s wobbly up there, but it’s worth it. For one thing, the view is unforgettable.

Yes, the way I see the world is unconventional. By using genetic diseases as a template to understand our basic biology, I’ve made groundbreaking discoveries in seemingly unrelated fields. This approach has served me well and has led to my discovery of a new and novel antibiotic named Siderocillin that specifically targets superbug infections as well as to the granting of nineteen patents worldwide for new biotechnological innovations aimed at improving our health.

I have also had the good fortune to collaborate with some of the best doctors and researchers on the planet, and I’ve been privy to some of the rarest and most complex genetic cases anyone has ever seen. Over the years, my career has brought me into the lives of hundreds of people who have entrusted me with the most important thing in their world—their children.

In short: I take this stuff seriously.

That doesn’t mean this is going to be a grim experience. Yes, some of the things we’re going to talk about will be heartbreaking. Some of these concepts may challenge many of our core beliefs. Still other ideas may be downright frightening.

But if you open yourself up to this amazing new world, it can reorient you. It might make you think about the way you live. It might just make you reconsider how, genetically speaking, you got to this very moment in your life.

I assure you: By the end of this book, your entire genome and the life it has helped shape for you will never look or feel the same again.

So, if you’re ready to see genetics in a very different way, I’d like to be your guide on this journey through diverse places in our shared past, across a confounding collection of moments in our present, and into a future rife with promise and pitfalls.

In doing so, I’m going to invite you into my world and show you how I view our genetic inheritance. To start, I’m going to tell you how I think, because once you know how geneticists think you’ll be better prepared for the world we’re rocketing into.

And let me tell you—it is one immensely exciting place. You’ve opened this book at the onset of a tremendous time of discovery. Where did we come from? Where are we going? What did we get? What will we give? All of these questions are up for grabs.

This is our immediate and inexorable future.

This is our Inheritance.



CHAPTER 1
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How Geneticists Think

For a while there, it seemed like all of New York’s restaurateurs were chasing their customers’ diets into a rabbit hole of vegetarian, gluten-free, thrice-certified-organic labyrinth of healthiness. Menus came with asterisks and footnotes. Servers became experts in appellations of origins, flavor pairings, and fair trade certifications as well as a muddled medley of various fats and all those confounding omegas that are good for this and bad for that.

But Jeff1 didn’t budge. Well-trained and perfectly aware of the ever-changing palates of his city’s restaurant class, the young chef wasn’t against healthy eating—he just didn’t figure that good-for-you menus were supposed to be his top priority. So while everyone else was experimenting with freekeh and chia seeds, Jeff was cooking up big, mouthwatering, and enchantingly delicious helpings of meat, potatoes, cheese, and a whole bunch of other artery-clogging morsels seemingly made in heaven.

Your mother probably told you to practice what you preach. Jeff’s mom always told him to eat what he cooked. And he did. Boy, did he ever.

But when his blood work began to show signs of higher levels of low-density lipoprotein cholesterol—the type associated with an increased risk of heart disease, often simply known as LDL—it was time to make a change. When Jeff’s doctor learned the young chef also had a significant family history of cardiovascular disease, he was adamant that change should happen fast. Without a substantial modification to Jeff’s diet, including a hefty daily increase of fruits and vegetables, the doctor reasoned, the only recourse to reduce his risk of a future heart attack would be medication.

That wasn’t a hard verdict for the doctor to render—it was the same guidance he’d been trained to give every patient he’d ever seen with Jeff’s family background and LDL presentation.

Jeff resisted at first. After all, having been given the nickname “The Steak” by others in the restaurant industry to describe his prodigious cooking and eating habits, switching to more fruits and vegetables would, he thought, hurt his reputation. Eventually, prompted by a beautiful young fiancée who wanted to grow old with him, he relented. Using his culinary training and flair for reductions, he decided to commence this new chapter of his life by first introducing fruits and vegetables into his daily repertoire, which necessitated hiding certain ones he didn’t particularly enjoy eating on their own. Like parents on a health kick who conceal zucchini in their kids’ breakfast muffins, Jeff started using a lot more fruits and vegetables in his glazes and reductions to go along with his black and blue porterhouse steaks. Soon enough, more than just theoretically understanding the idea of dietary balance that his doctor had preached, Jeff was living it. Smaller portions of red meat. Much bigger helpings of fruits and veggies. Sensible breakfasts and lunches.

After three long years of “eating right,” and with ever-lowering cholesterol levels, Jeff figured he’d beaten back his medical problems. He was proud of himself for getting his health under control through diet—which for most people is no small accomplishment.

After strictly sticking to his new diet he figured he should feel great, but the truth was, he felt worse. Instead of increased vitality, he started to feel bloated, nauseated, and tired. An investigation into his symptoms first revealed some mild liver function test abnormalities, which quickly proceeded to an abdominal ultrasound, then to an MRI, and eventually a liver biopsy—which revealed cancer.

That was a surprise to everyone—especially his doctor—because Jeff wasn’t infected with hepatitis B or C (which can cause liver cancer). He wasn’t an alcoholic. He hadn’t been exposed to any toxic chemicals. He hadn’t done anything typically associated with liver cancer in such a young and relatively healthy person. All he’d done was change his diet, just like the doctor ordered. Jeff couldn’t believe what was happening.

FOR MOST people, fructose is what gives fruit that extra sweet zing. But if you, like Jeff, suffer from a rare genetic condition called hereditary fructose intolerance, or HFI, you cannot fully break down fructose from your diet.fn1 This causes a buildup of toxic metabolites within the body—especially within the liver—because you can’t produce enough of an enzyme called fructose-bisphosphate aldolase B. And that means that for people like Jeff, an apple a day isn’t healthy, it’s deadly.

Thankfully, Jeff’s cancer was identified early and it was treatable. A change in diet—the right one this time, away from fructose—means he will be tantalizing Gotham’s palates for a long time to come.

Not everyone who has HFI is so fortunate, though. Many people with this condition spend their lives complaining of the same nausea and bloating Jeff experienced whenever he ate a lot of fruit and vegetables, but they never really know why. Most of the time no one takes them seriously—not even their doctors.

Not until it’s too late.

Several people with HFI develop a natural strong—and therefore protective—dislike for fructose at some point in their lives and learn to avoid foods containing this sugar, even though they don’t know exactly why. As I explained to Jeff when we met a short time after he finally learned of his genetic condition: When people with HFI don’t listen to what their body is trying to tell them—or worse, when they’re given explicit medical advice to the contrary—they may eventually suffer seizures, coma, and an early death from organ failure or cancer.

But luckily, things are changing. And fast.

It wasn’t so long ago that no one—not even the richest person in the world—could get a peek into their genome. The science simply wasn’t there. Today, though, the cost of exome or whole genome sequencing, an invaluable genetic snapshot of the millions of nucleotide “letters” that make up our DNA, is less than the cost of a high-quality wide-screen TV.2 And it’s getting cheaper by the day. A veritable flood of never-before-seen genetic data has arrived.

What’s hidden in all of those letters? Well, for starters, information that Jeff and his doctor could have used to make more accurate decisions about how to deal with HFI and his high cholesterol—information we all can use to make individualized decisions about what to eat and what to avoid. With that knowledge—a personally monogrammed gift from every relative who ever existed before you—you’ll be empowered to make educated decisions about what you eat and, as we’ll explore later, how you choose to live.

None of this is to suggest that Jeff’s first doctor did anything wrong—at least not in the traditional way of medical thinking. You see, from the time of Hippocrates, physicians have based their diagnoses on how their previous patients looked when they were sick. In more recent years, we’ve expanded this concept to include sophisticated studies that help physicians understand what remedies work best for the greatest number of people, right down to painstaking statistical percentiles.

And, indeed, that’s fine. For most of the people. Most of the time.fn2

But Jeff wasn’t like most people. Not even some of the time. And neither are you. None of us are.

It’s been more than a decade since the first human genome was sequenced. Today, people around the world have had all or part of their genome exposed in this way, and it has become clear that no one—and I mean absolutely no one—is “average.” In fact, in one research project I was recently involved with, people identified as “healthy” for the purposes of creating a genetic baseline always had some type of variationfn3 in their genetic sequence that was out of place against what we’ve previously considered. Often, these variations can be “medically actionable,” meaning we already know what it is and have some idea of what can be done about it.

Now, not everyone’s genetic variances are likely to be as profoundly impactful on their lives as Jeff’s was to his. But that doesn’t mean we should simply ignore those differences—particularly not now that we have the tools to see them, evaluate them, and, increasingly, intervene in very personalized ways.

Yet not every physician has the tools and training to take those steps on behalf of their patients. Through no fault of their own, many health-care practitioners, and therefore their patients, are being left behind as scientific discoveries change the way we think about treating illness.

Compounding the challenge we doctors face, it’s no longer enough to understand genetics. Today, physicians must also contend with epigenetics—the study of how genetic traits can change and be changed within a single generation and even be passed down to the next as well.

An example of this is called imprinting, whereby it seems that which parent, your mother or father, you inherited a certain gene from can be more important than the actual gene itself. Prader-Willi and Angelman syndromes are illustrations of this type of inheritance. On the surface they appear to be completely separate conditions, which in fact they are. However, if you dig a little deeper genetically, you’ll discover that depending on which parent you’ve inherited imprinted genes from, you can end up with one condition or the other.

In a world in which the simplistic binary laws of genetic inheritance written by Gregor Mendel in the mid-1800s have long been treated as dogma, many physicians feel unprepared as the fast-emerging world of twenty-first-century genetics whizzes by like a bullet train speeding past a horse-drawn carriage.

Medicine will catch up eventually. It always does. But until that happens (and, frankly, even after it happens), wouldn’t you like to be armed with as much information as possible?

Good. That’s why I’m going to do for you what I did for Jeff when I first met him. I’m going to give you an examination.

I’VE ALWAYS found the best way to learn something is by just getting in there and doing it.

So let’s roll up our sleeves and get started.

No, really—I’d actually like you to roll up your sleeve. Don’t worry—I’m not going to poke you with a needle to extract your blood. That’s not what I’m after. My patients often think that’s the first place I’ll go, but they’re wrong. I just want to take a good look at your arm. I’d like to feel the texture of your skin and watch you flex your elbow. And I’d like to run my fingers along your wrist and stare deep into the crevices of your palm.

With that and nothing else—no blood, no saliva, no hair sample—your first genetic examination has begun. And I already know quite a bit about you.

People sometimes figure that when physicians are interested in your genes, the first thing to examine would be your DNA. While some cytogeneticists, people who study how your genome is physically packaged, do use microscopes to take a peek at a person’s DNA, that’s generally only to make sure all the volumes of chromosomes in your genome are there in their entirety and in the right number and order.

Chromosomes are small—a few millionths of a meter across—but we can see them under the right circumstances. It’s even possible to see if you have a small part of one of your chromosomes missing, duplicated, or even inverted. But individual genes—the teeny-tiny, super-specific sequences of DNA that help to make you who you are? That’s tougher. Even under extreme magnification, DNA appears as a twisted piece of string—maybe a bit like the curled ribbon on a beautifully wrapped birthday present.

There are ways to unwrap that gift and take a look at all those little bits and pieces inside. That generally involves a process that includes heating strands of DNA to make them separate, using an enzyme to make them duplicate and terminate at a certain place, and adding chemicals to make them visible. What materializes is a picture of you that has the potential to be more revealing than any photograph, X-ray, or MRI could ever be. And that’s important, because processes that get us that deep into your DNA have a vital place in medicine.

That’s not what I’m interested in right now, however. Because if you know what to look for—a small horizontal crease on the earlobe or a certain curve of the eyebrow—you can quickly make a medical diagnosis by connecting a physical characteristic to a specific genetic or congenital condition.

Which is why, right now, I’m just looking at you.

If you’d like to see yourself as I see you, go grab a mirror or walk over to the bathroom and take a look at your beautiful face. We all know our faces pretty well, or at least we think we do, so let’s start there.

Is your face symmetrical? Are your eyes the same color? Are they deep set? Do you have thin or full lips? Is your forehead broad? Are your temples narrow? Is your nose prominent? Do you have a very small chin?

Now look closely at the space between your eyes. Can you fit an imaginary eye between your actual eyes? If you can, you may have an anatomical feature called orbital hypertelorism.

Remain calm. Sometimes in the process of identifying a certain condition or physical characteristic—and certainly whenever we give something an “ism”—doctors set off alarm bells in their patients. But if your eyes are a bit hyperteloric, there’s no need to worry. In fact, if your eyes happen to be a bit farther apart than most, you’re in pretty company. Jackie Kennedy Onassis and Michelle Pfeiffer are among the famous people whose hyperteloric eyes set them apart from the pack.

When we are looking at faces, eyes that are ever so slightly more widely spaced are one of the things we often subconsciously think of as attractive. Social psychologists have shown that both men and women tend to rate the faces of other people as more pleasing when those people’s eyes are a bit farther apart.3 In fact, modeling agencies purposefully seek out this trait when looking for new talent, and they have for decades.4

Why do we equate beauty with mild hypertelorism? Well, a good explanation comes in the form of a nineteenth-century Frenchman named Louis Vuitton Malletier.

YOU LIKELY know Louis Vuitton as the maker of some of the world’s most expensive and beautiful handbags as well as the founder of a fashion empire that today has become one of the world’s most valuable luxury brands. When young Louis first arrived in Paris, in 1837, he had far more modest ambitions. At the age of 16 he found work as a luggage packer for rich Parisian travelers while apprenticing for a local merchant who was known for making sturdy travel trunks—the well-stickered sort that you may recall seeing in a grandparent’s attic.5

You might think that today’s baggage handlers are rough with your luggage, but by historical comparison they treat your suitcases with kid gloves. In the days of ship travel, when inexpensive new suitcases couldn’t be bought at any local department store, luggage had to be able to take a really good beating. Before Louis’ trunks, most were not waterproof, and they had to be made with a rounded top to promote water runoff. That made them tough to stack and even less durable. One of Louis’ clever innovations was to use waxed canvas instead of leather. This not only made the trunks waterproof but easily allowed for the switch to a flat-top design, which kept the clothing and goods packed inside dry—not a small feat given the shipping conditions of the time.

But Louis had a problem: How would he make sure people not familiar with the challenges and costs associated with his trunk design knew whether the luggage they were purchasing was of quality construction? While that wasn’t a big issue in Paris, where word of mouth was the only marketing a good luggage maker needed, growing the business outside of La Ville Lumière was a markedly tougher job.

Compounding that dilemma was a challenge that has never gone away for Louis and his progeny—knockoffs. When rival luggage makers began copying his boxy designs, sans the quality, his son Georges came up with the illustrious interlocking LV logo, one of the first brand emblems to be trademarked in France.

With that, he reasoned, buyers could know at a glance whether they were getting the real deal. The logo was shorthand for quality.

But when it comes to biological quality, people aren’t born with obvious logos. And so, over the course of millions of years of evolution, we’ve developed other, crude ways to size someone up—ways that tell us at a glance the three important things we need to know: kinship, health, and parental suitability.

BEYOND FACIAL similarities denoting blood relations—“you know, he looks so much like his dad”—we usually give very little thought to where our faces come from. Yet the story of the formation of our facial features is a fascinating tale—a complex embryological ballet—and any small developmental misstep is forever etched in our faces for all to see. Starting around the fourth week of our embryological lives, the external part of our face begins to develop from five swellings (imagine that these are like pieces of clay that will be shaped into what will become our future face) that will eventually merge, mold, fuse, and be fashioned into a continuous surface. When these areas don’t fuse smoothly and attach, an open space remains that results in a cleft.

Some clefts are more serious than others. Sometimes a cleft results in nothing more than a small divot visible on the tip of the chin. (The actors Ben Affleck, Cary Grant, and Jessica Simpson are just a few of the people who have a cleft or “dimpled” chin.) This can also happen on the nose. (Think Steven Spielberg and Gérard Depardieu.) Other times, though, a cleft can leave a large gap in the skin exposing muscle, tissue, and bone and providing an entry point for infections.

Because they are so multifaceted, our faces serve as our most important biological trademark. Just like the Louis Vuitton logo, our faces speak volumes about our genes and the genetic workmanship that went into our fetal development. For this reason, our species learned to pay attention to these clues before we even knew what they really meant, because they also provided the fastest way of assessing, ranking, and relating to the people around us. Far more than just a superficial perspective, the reason we give so much importance to how our faces look is that, whether we like it or not, they can divulge our developmental and genetic history. Your face can also tell us a lot about your brain.

Facial formation can signal whether or not your brain developed under normal conditions. In the genetic game of sizing people up, millimeters matter. That could help explain why, across many cultures and generations, we’ve developed a special attraction to eyes that are ever so subtly farther apart than most people’s. The spacing between our eyes is a feature of more than 400 genetic conditions.

Holoprosencephaly, for instance, is a condition in which the two hemispheres of the brain don’t form properly. Besides being more likely to have seizures and intellectual disability, people with holoprosencephaly are also likely to have orbital hypotelorism—eyes that are very closely spaced. Hypotelorism has also been associated with Fanconi anemia, another fairly common genetic condition in people of Ashkenazi Jewish or black South African descent.6 This condition often causes progressive bone marrow failure and an increased risk for malignancies.

Hyper- and hypotelorism are just two road signs along a developmental highway that brings together our genetic inheritance and our physical environment, but there are other indicators to look for as well.

Let’s go find some of those things.

Take another look in the mirror. Are the outer corners of your eyes lower than the inner corners? Are they higher? We call the separation between the upper and lower eyelids the palpebral fissure. If the outer corners of your eyes are higher than the inner, we describe that as upslanting palpebral fissures. In many people of Asian ancestry this is completely normal and a defining feature, but in individuals of other ancestries, substantially upslanting palpebral fissures may be one of the specific signs or indications of a genetic condition such as Trisomy 21 or Down syndrome.

When the outer corners of the eyes are lower than the inner, the term for this is downslanting palpebral fissures, which again may mean nothing on its own. But it could also be an indicator of Marfan syndrome, a genetic connective tissue disorder, as it was in the case of the late actor Vincent Schiavelli, who played Fredrickson in the film One Flew Over the Cuckoo’s Nest and Mr. Vargas in Fast Times at Ridgemont High. For casting agents, Schiavelli was “the man with the sad eyes.” For those who know the clues, though, those eyes were a marker that pointed, along with flat feet, a small lower jaw, and several other physical signs, to a genetic condition that when left untreated can result in heart conditions and shortened lifespans.

Another, less debilitating condition in which the same principle of discovery applies is heterochromia iridum, an anatomical feature in which a person’s irises don’t match in color. It’s often the result of an uneven migration of melanocytes, the cells that produce melanin. You might immediately think of David Bowie, since much has been made of the strikingly different appearance of his eyes. If you look closely, though, you’ll see that Bowie’s eyes aren’t different colors but rather that one of his pupils is fully dilated—the result, it turns out, of a high school fight over a girl.

Mila Kunis, Kate Bosworth, Demi Moore, and Dan Aykroyd are a few of the people who are true members of the heterochromia club. Even though you’re probably familiar with some or all of those people, you might not have noticed it before, since heterochromia is often subtle.

You probably know some people with heterochromia and never even realized it. Ordinarily, we don’t spend a lot of time looking deep into the eyes of our friends and acquaintances. Nonetheless, there’s probably someone in your life whose eyes are burned into your psyche.

Aside from our most significant others, though, we often only remember people’s eyes if they are strikingly and brilliantly blue, like a perfectly cut aquamarine gemstone—a pretty consequence of a complete failure of pigmentation cells to go where they are supposed to go during fetal development.

And if those blue eyes are accompanied by a white forelock, I think immediately of Waardenburg syndrome. If you have a streak of hair without pigment, heterochromatic eyes, a wide nasal bridge, and hearing problems, then chances are good that you have this condition.

There are a few different types of Waardenburg syndrome, but the most common is Type 1. This variety of Waardenburg syndrome is caused by changes in a gene called PAX3, which plays a critical role in the way cells migrate as they make their way out of the fetal spinal cord.

Studying the way the gene works in people with Waardenburg syndrome may provide insights that can be used to understand other, much more common conditions as well. PAX3 is also thought to be involved in melanomas, the deadliest type of skin cancer—an example of how the hidden inner workings of our bodies become apparent through rare genetic conditions.7

Now let’s move onto eyelashes. While some of us take them for granted, there’s actually a whole industry to make us better endowed in this department. If you’re looking for fuller lashes, you could consider getting extensions or even try using an eyelash-enhancing drug by the trade name Latisse.

But before you do any of those things, I’d like you to get a good look at your eyelashes and see if you can count more than one row. If you find a few extra eyelashes or an entire row, you have a condition called distichiasis. You’re also in pretty famous company, Elizabeth Taylor is only one example of someone who shares your condition. Interestingly, it’s thought that having an extra row of eyelashes is part of a syndrome called lymphedema-distichiasis syndrome, LD for short, which is associated with mutations in a gene called FOXC2.

The lymphedema in the disease name refers to what happens when there’s less than normal fluid drainage, as when you’ve been sitting on a long flight and your shoes no longer fit. In this condition it’s especially pronounced in the legs.

Not everyone with an extra row of eyelashes is symptomatic for swelling, though, and it’s not exactly clear why. You or someone you love may have an extra row of eyelashes and never noticed it until now.

You never know what you’ll find when you start looking at people in this way. Which is exactly what happened to me last year while sitting at the dinner table with my wife. I always thought that it was mascara that was giving her a very full-looking set of upper eyelashes. But I was wrong. My wife has distichiasis.

Although she doesn’t have any of the other associated symptoms of LD, I couldn’t believe that it took me more than five years of marriage to notice. Which puts a whole new genetic spin on the idea of finding new qualities in our spouse, even after many years. I just never thought that I could actually miss an extra row of eyelashes.

This proves that our faces can be vast and unexplored genetic landscapes. You just need to know how to look.

By now you might have identified at least one feature on your face that may be connected to a genetic condition. But chances are good that you don’t, in fact, have that condition. The truth is that everyone is “abnormal” in some way, so it’s rare to be able to link a single physical characteristic with a correlating condition. When such characteristics are analyzed piece by piece and combined—the spacing and slant of your eyes, the shape of your nose, the number of rows of eyelashes—a tremendous amount of information can be gained about people. And it’s this gestalt that can lead us to a genetic diagnosis—one we can reach without ever having to take an in-depth look into your genome. True, the confirmation of a clinical suspicion is often done through direct genetic testing, but combing through a person’s entire genome without a specific target is like sifting through every grain of sand on a beach looking for a grain that is just slightly different from the others. A daunting and onerous computational task, to be sure.

So, in short, it helps to know what you’re looking for.

RECENTLY, I was at a dinner party with some of my wife’s friends whom I hadn’t met before. And I just couldn’t stop staring at the hostess.

Susan had eyes that were slightly spread apart (hyperteloric)—just enough to be noticeable. Her nose was just a bit flatter across the bridge than most people’s. She had a rather distinct, wide peak to her vermillion border (doctor shoptalk to describe the shape of her upper lip). She was also a little on the short side.

And as her hair danced along her shoulders, I was fixated on the prospect of getting a glimpse of her neck. While pretending to admire a rare French poster on the wall for François Truffaut’s 1959 film The 400 Blows and craning my neck as inconspicuously as possible, I tried to sneak a peek.

It didn’t take long for my wife to notice my blatant gawking, and she pulled me aside in a quiet hallway.

“Come on! Are you looking again?” she asked. “If you don’t stop staring at Susan people are going to get the wrong idea.”

“I can’t help it. Remember the other day with your eyelashes?” I said. “Sometimes I just can’t turn it off. Seriously, though, I think Susan has Noonan syndrome.”

My wife rolled her eyes, knowing full well where this was going. I would be awful company for the rest of the night, ruminating on the various diagnostic possibilities presented by our host’s physical appearance.

Here’s the thing: Once you learn how to look, manners easily go out the window, and it becomes almost impossible not to. You might have heard that many doctors believe they have an ethical duty to stop and render aid to those in immediate need—at the scene of an accident before paramedics arrive, for instance. What then of those physicians who have been trained to see the possibility of serious, even life-threatening conditions, where others might not see anything unusual at all?

As I continued to study Susan’s features, I had a significant ethical dilemma on my hands. The host and other guests were certainly not my patients, and they surely hadn’t invited me to diagnose any possible genetic or congenital conditions they might have. This was a woman I’d only just met. How would I broach the subject? Or stop myself from blurting out that her distinctive appearance—her eyes, her nose, her lips, and possibly a trademark stretch of skin connecting her neck and shoulders, called a webbed neck—made it quite likely that she had a genetic condition. Besides having implications for any future children, Noonan syndrome is also associated with potential heart disease, learning disabilities, impaired blood clotting, and other troubling symptoms.

Noonan syndrome is just one of many so-called “hidden conditions,” since the associated traits aren’t all that unusual. As with the extra row of eyelashes, it’s not uncommon for people to be unaware that they have it until they start looking for it. It wasn’t as though I could simply walk up to her and say, “Thank you for inviting us for dinner. The tempeh was delicious. By the way, did you know that you have a potentially deadly autosomal dominant disorder?”

Instead, I decided to just ask if there were wedding pictures around. I thought this might help clarify for me if she really had Noonan syndrome, which is generally inherited from an affected parent. After the second photo album and umpteenth picture of the bride with her mother, it was clear that they shared many of the same physical characteristics.

“Yup,” I thought. “Noonan it is.”

“Wow,” I said, going in for what I hoped would be a soft broaching of the subject. “You really look like your mother.”

“Yes, I get that often,” was her first response. “Actually, your wife told me a little bit about what you do …”

At that exact moment I really wasn’t sure in which direction the conversation was headed. Mercifully, Susan came to my rescue.

“My mother and I have this genetic condition, it’s called Noonan syndrome, have you heard of it?”

As it turns out, Susan was well aware of her condition, though few others were. And friends at the party, who had known her much longer than I, marveled at how I’d been able to diagnose her condition based on slight physical differences they’d hardly noticed.

The truth is, though, that it doesn’t take a physician to do this sort of thing. Everybody does it. You did it the last time you saw someone with Down syndrome. You might not have thought about it as your eyes surveyed the hallmark attributes—upslanting palpebral fissures, short arms and fingers (called brachydactyly), low-set ears, a flat nasal bridge—but you were conducting a rapid genetic diagnosis. Having seen enough cases of Down syndrome over your lifetime you unknowingly ran through a mental checklist of features to arrive at a medical conclusion.8

We can do this with thousands of conditions. The better we get at it, the tougher it is to stop doing it. It can be annoying (as understandably it sometimes is to my wife), and it might wreck a dinner party, but it’s also important—because sometimes a person’s appearance is the only way to determine that they have a genetic or congenital disorder. Sometimes, believe it or not, as you’ll see in a moment, we just don’t have any other reliable test.

GO BACK again and take a look at the area between your nose and upper lip. Those two vertical lines demarcate your philtrum, and this happens to be the site where, during early development, several pieces of tissue migrated and met, like great continental shelves crashing together to form a mountain range.

Do you remember what I said about our faces being a lot like a Louis Vuitton logo—a sign of our genetic quality and developmental history? Now, if you’re having trouble seeing the lines of your philtrum and the area is somewhat smooth, and if your eyes are a bit small or spread apart, and if you’ve got an upturned nose, too, then your mother may have been drinking while she was pregnant with you, creating a perfect storm of exposure called fetal alcohol spectrum disorder, or FASD. We tend to hear these words together and cringe, because FASD is commonly thought to be a devastating cluster of disorders. It can be. But it can also be mildly expressed, sometimes with just a few physical facial clues and little else as a result. In spite of all the amazing breakthroughs in medicine and genetics that we’ve experienced over the past decade, there’s still no definitive test for it other than the same visual inspection that you just performed on yourself.9

That brings us back to your hand. Now that you have an idea of how specific traits and the combinations of those traits can provide information about someone’s genetic makeup, you can look at your hand the way I would. Take a look at the lines on your palms. How many major creases do you have? I have a big curved one running opposite my thumb, and then two creases running horizontally below my fingers.

Do you have a single crease running along your palm, below your fingers? This can be associated with FASD and Trisomy 21, but rest assured because around 10 percent of the population has at least one hand with one abnormality and no other indicators of genetic disease.

What about your fingers? Are your fingers excessively long? If so, you might have arachnodactyly,fn4 a condition of long fingers that can be associated with Marfan syndrome and other genetic disorders.

And as long as we’re looking at your fingers, do they taper toward your nails? Are your nail beds deep set? Now have a good look at your pinkies. Are they straight, or do they curve inward toward the rest of your fingers? If they do have a distinctive curve, you might have something called clinodactyly, which can be associated with more than 60 syndromes, or be isolated and completely benign.

Don’t forget your thumbs. Are they wide? Do they look like your big toes? If so, that’s called brachydactyly type D, and if you’ve got it, you’re in an inheritance club that includes the actor Megan Fox, although you wouldn’t know it based on Motorola’s 2010 Super Bowl advertisement in which she starred, because the directors used a thumb double.10 It can also be a symptom of Hirschsprung’s disease, a condition that can affect the way your intestines work.

You may want a little privacy for this next examination. If you’re reading this book at home or somewhere else where you don’t feel self-conscious, slip off your shoes and socks and gently pull apart your second and third toes. If you find that there’s an extra little flap of skin there, then you likely carry a variation in the long arm of your chromosome 2 that is associated with a condition called syndactyly type 1.11

We all start out, during the first stages of our development, with hands that have the appearance of baseball gloves. But as we develop we lose the webbing between our fingers as our genes help instruct the skin cells between our fingers and toes to die off.

Sometimes, though, the cells refuse to go. On our hands and feet, that’s usually not the end of the world; surgery can generally fix the rare cases of syndactyly that are debilitating—and lots of people have started to get creative with extra skin between their toes, using tattoos and piercings to call hipster-like attention to a little bit of extra epidermal terrain that most people don’t have.

If you have a child with this condition who isn’t yet old enough for body art, you could always tell them it might just make them a better swimmer. That’s the case for ducks, of course. Ducks use their webbed feet to balance and paddle along when in the water and to thrust themselves, jet-like, when they’re below the surface looking for food.

How do ducks keep their feet webbed? The tissue between their digits survives thanks to the expression of a protein called Gremlin, which behaves a little like a cellular crises counselor, convincing the cells between a duck’s toes not to kill themselves, as they would in most other species of birds and people alike. Without Gremlin, it seems, ducks would have feet like chickens. And that wouldn’t do them much good in the water.

Now, can you bend your thumb to touch your wrist? Can you bend your pinkie back beyond 90 degrees? If so, you might have one of a very common and underdiagnosed group of conditions called Ehlers-Danlos syndrome. And you may need to start taking a medication called an angiotensin II receptor blocker, which is currently under clinical investigation, to keep your aorta from dissecting (or shredding). That sounds dramatic, but yes, it’s true: From a simple evaluation of your hands, you can tell if you’re at increased risk of cardiovascular complications.
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