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  ‘Emily Anthes gets the balance just right... There are brilliant stories of the entrepreneurs who want to bring glowing fish and remote controlled cockroaches to market,

  contrasted with the potentially lifesaving work of pharmed animals modified to produce medicine in their milk. We got GM crops horribly wrong – and Anthes shows us the approach we should take

  to avoid making the same mistakes with modified animals. Always enjoyable, a page turner of a popular science book with a surprise awaiting around every corner.’




   




  Brian Clegg, author of Inflight Science and The Universe Inside You




  ‘Emily Anthes’ creatures are far stranger (and, at times, scarier) than Frankenstein’s monster. She compellingly balances the pluses and minuses of

  science’s increasing ability to alter the animals we share the planet with. A fascinating read.’




   




  Alex Boese, author of Elephants on Acid and Electrified Sheep




  ‘Frankenstein’s Cat is a report from the frontiers of the scientific campaign to re-engineer animals to fulfil human desires. At the same time Anthes,

  whose love of animals shines through on every page, takes her readers on a rich and challenging quest of self-discovery: what rights do the animal objects of our creativity possess, and what

  obligations to them and to ourselves must we accept as we reshape (again!) the living world? A great read... Funny and deep.’




   




  Thomas Levenson, author of Newton and the Counterfeiter




  ‘With wit, high intelligence, and a lively writing style, Emily Anthes portrays the new world of biotechnology – in which we control the bodies and brains of other

  animals – and the moral and philosophical issues so raised.’




   




  Alan Lightman, author of Einstein’s Dreams




  ‘Frankenstein’s Cat is smart, lucid, and full of surprises. There is hardly a page that doesn’t contain something new or unexpected.’




   




  Anne Fadiman, author of The Spirit Catches You and You Fall Down




  ‘Animals are fascinating if reluctant soldiers in the biotech revolution, writes [Emily] Anthes... in this witty and thought-provoking book.’




   




  Publishers Weekly




  ‘An elegant tour of the wild and fraught sideshow of animal biotechnology... Learned, entertaining, and illuminating.’




   


  

  Kirkus Reviews




  ‘Medicine-producing goats, a glowing beagle, and remote-controlled rats seem like science fiction, but not only are they scientifically possible, they’re already

  here... Anthes not only explores what is being done but also asks why and if it should be done. Along the way, the book reveals much about humans and our connections to animals and the world we all

  inhabit.’
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  FRANKENSTEIN’S CAT




  





  Introduction




  [image: ] In China, the world’s manufacturing power house, a new industry is taking shape: the mass production of

  mutant mice. Peek into the 45,000 mouse cages at Shanghai’s Fudan University and you’ll see a growing collection of misfits. By randomly disabling the rodents’ genes, the

  scientists here are churning out hundreds of odd animals, assembly-line style. They have created mice studded with skin tumours and mice that grow tusks. There’s a mouse with male-pattern

  baldness, hair everywhere save for a lonely bare spot on its head. Some of the mice have strange behavioural quirks – they endlessly bury marbles, for instance, or make only left turns. One

  strain ages at warp speed. Another can’t feel pain.




  While some of the rodents have obvious abnormalities, others reveal their secrets over time. One variety appears normal on the outside, with thick white fur and healthy pink ears and noses. But

  the animals are klutzes. They are clumsy and spectacularly uncoordinated. They fail miserably when researchers put them through their paces at a special rodent boot camp. In one test, the mice are

  tasked with standing on top of a rotating rod for as long as they can manage, the rodent equivalent of a log-rolling challenge. It’s not an easy undertaking, but normal

  mice eventually find their footing. The mutant mice never do. They also have trouble balancing on a narrow wooden beam and keeping their grip when suspended, upside down, from a wire screen. And

  they have strange gaits – taking abnormally wide steps and holding their tails at odd angles, curved up towards the ceiling, instead of letting them simply drag along the floor behind them,

  as mice usually do.




  Even stranger, perhaps, are the Lonely Hearts Club mice. The males of this strain look like regular rodents, but the females consistently refuse to mate with them. The poor guys, lacking some

  certain je ne sais quoi, simply have no sex appeal, and they are rejected time and time again.




  These mice are just a small sample of the more than 500 different kinds of mutants the Fudan team has created. Ultimately, the researchers hope to create 100,000 strains of modified

  mice, each eccentric in its own way. It would be enough to fill a carnival sideshow thousands of times over.




  As long as we’re dreaming up animal sideshows, we needn’t stop with peculiar mice. Science has given us a whole new toolbox for tinkering with life, and we have

  the power to modify animals in profound new ways. We are editing their genetic codes, rebuilding their broken bodies, and supplementing their natural senses. Tabloids and broadsheets alike

  frequently herald the birth of strange new creatures: Bionic beetles! Glowing cats! Spider goats! Roborats! The breakthroughs are simultaneously astounding and puzzling. What are

  these creatures exactly? What do they look like? Who’s creating them, and why? And are these animals really so novel?




  Indeed, we have a long history of refashioning animal bodies. Take the varied members of the species Canis lupus familiaris – the modern dog – which are

  products of millennia of life with humans and bear little resemblance to their ancestors, grey wolves. Exactly how this dog domestication began is a subject of intense debate. Some scientists

  suggest that we deliberately set out to acquire canine companions, adopting wild wolf pups. Others hypothesize that hungry wolves, attracted to the bones, meat scraps and other rubbish produced by

  early humans, approached our camps on their own terms, and that our tolerance of the least threatening interlopers gave rise to future generations of human-friendly canines. Either way, as wolves

  became part of human society, moving from cold ground to warm hearth, they lost many of the traits they needed to survive in the wild. Their bodies and heads shrank, their faces and jaws grew more

  compact, and their teeth decreased in size.




  As our relationship with canines developed, we began to breed them more carefully, moulding dogs that excelled at specific tasks. We created the bulky, barrel-chested mastiff to guard our homes,

  and the dachshund, a wiggly salami of a dog, to shimmy into badger burrows. The diversity among modern dogs is so astounding that the thirty thousand dogs that strut their canine stuff at Crufts,

  the largest dog show in the world, don’t even look like members of the same species. One year, the ‘Best in Show’ contenders included King, a hound with a deer’s build, all

  legs and lean muscle, and Ricky, a tiny black-and-white fluff ball who could stand easily underneath King’s smooth brown belly. They shared the ring with Donny – a standard poodle whose

  shaved grey haunches were set off by a thick white mane – and Cruella, an Old English sheepdog whose long, shaggy hair obscured all but the black dot that presumably served as her nose.

  Today, thanks to us, dogs are the most physically diverse species on Earth.




  We’ve reshaped other species, too, turning scrawny chickens into plump broiler birds and bristly-haired wild sheep into producers of soft wool. The list goes on and on.

  We learned to breed animals that suited our every need, creating hunters, herders, guardians, food sources and companions. Over the course of generations, the members of many species diverged from

  their wild ancestors and took their place in a human world.




  But selective breeding was a blunt instrument, one that required us to transform animals using educated guesswork, breeding desirable hounds together, over and over again, until a puppy we liked

  squirmed into the world. It took thousands of years to turn wolves into dogs. Now we can create novel organisms in years, months, even days.




  Today, the tools of molecular biology allow us to target one specific gene, to instantly turn it on or off, to silence or amplify its effects. For instance, the researchers at Fudan University

  are creating their stunning array of strange mice simply by knocking out a single gene at a time. To do so, they’re relying on a special genetic tool called a transposon or a ‘jumping

  gene’, a segment of DNA capable of hopping around the genome. When the scientists inject a transposon into a mouse embryo, this foreign piece of DNA inserts itself into a random place in the

  rodent’s genome, disabling whatever gene it finds there. But the real beauty of the system is that when this mouse grows up and mates, the transposon jumps to a different location in the

  genome of its pups, sabotaging a new gene. With each mating, researchers have no idea where the transposon will end up, what gene it will disrupt, or what the ultimate effects will be. It’s

  like throwing darts at a genetic dartboard. Blindfolded. Only when the pups are born, and start exhibiting various abnormalities, do the scientists learn what part of the genome has gone haywire.

  The approach is allowing the researchers to create cages upon cages of novel mutants, simply by playing matchmaker between their amorous rodents. In some cases, the scientists

  are making furry freaks faster than they can figure out what’s wrong with them.




  We can also recombine genes in ways that nature never would – just consider a very curious cat skulking about New Orleans. With downy orange fur and a soft pink nose, the feline looks like

  your average tabby. But flick on a black light, and the cat becomes Mr. Green Genes, his nose turning from soft pink to electric lime, due to a bit of jellyfish DNA tucked into each of his cells.

  The insides of his ears and the whites of his eyes glow brightly, his face emerging from the dark like a modern-day Cheshire cat. (His son, Kermit, also glows green.)




  Meanwhile, nearly two thousand miles away, a barn in Logan, Utah, is home to a strange herd of goats. Thanks to a pair of genes borrowed from a spider, each female goat produces milk

  that’s chockfull of silk proteins. When the milk is processed in the lab, scientists can extract the spider proteins and spin them into silk.




  Genetics isn’t the only field providing us with the power to re engineer other species. Advances in electronics and computing make it possible to merge animal bodies with machines, to use

  tiny electro des to hijack a rat’s brain and guide the rodent, like a remote-controlled toy, through a complicated obstacle course. Breakthroughs in materials science and veterinary surgery

  are helping us build bionic limbs for injured animals, and we can train monkeys to control robotic arms with their thoughts. Today, our grandest science fiction fantasies are becoming reality.




  Some of us may find our growing control over living, breathing beings to be unsettling. After all, biotechnology is the stuff of dystopian nightmares, and many an apocalyptic

  scenario has been constructed around crazy chimaeras or world-conquering cyborgs. Ethicists and activists worry about whether we should be altering other species when we

  can’t possibly get their consent. Some say that manipulating the planet’s wild things – whether we’re inserting genes or electrodes – is profoundly unnatural, causes

  animal suffering and turns other life-forms into commodities. Critics worry that our effort to remake the world’s fauna is the worst example of human hubris, the expression of an arrogant

  desire to play God.




  It’s true that remaking other species according to our own wants and needs doesn’t necessarily put animal welfare first. Selective breeding hasn’t always turned out well for

  animals – we’ve saddled dog breeds with all sorts of hereditary diseases and created turkeys with such gigantic breasts that they can barely walk. And of course, biotechnology gives us

  new ways to do damage. The Fudan University scientists have created mouse embryos with defects so severe that they die in the womb. Some of their mutant mice are prone to tumours, or kidney

  disease, or neurological problems. One strain, unable to absorb nutrients from food, essentially starves to death.




  In fact, a whole industry has sprung up to sell diseased lab animals to scientists, with numerous biotech companies hawking their unique creations. In October 2011, many of these companies

  converged on St. Pete Beach, Florida, for an international meeting of scientists who work with genetically modified organisms. Representatives from various biotech firms held court from booths

  ringing a hotel ballroom, advertising animals that had been engineered to suffer from all sorts of medical afflictions. One company was selling pigs with cystic fibrosis and cancer; a brochure from

  another outlined eleven available strains of rodents, from the NSE-p25 mouse, designed to display Alzheimer’s-like symptoms, to the 11BHSD2 mouse, which has a tendency to drop dead of heart

  failure. (And just in case nothing there caught your fancy, one company’s poster promised, ‘You design the experiment, we’ll design the mice’.) These companies aren’t

  making sickly animals purely to be cruel, of course; studying these creatures yields valuable insight into human disease. That’s good news for us, but little consolation

  for a tumour-riddled rodent.




  If there is peril here, there is also great promise. Biotechnology could do more for animals than it’s given credit for. Sure, we can make animals sick, but we can also choose to deploy

  our species-shaping powers to help other species survive and thrive, to create healthier, happier, fitter critters, and some scientists are doing just that. With the sophisticated techniques at our

  fingertips, we may even be able to undo some of the damage we’ve done to other species, alleviating genetic disorders in dogs, for instance, or bringing wild animal populations back from the

  brink of extinction. Some forward-thinking philosophers are dreaming of more extreme interventions, such as boosting the brainpower of apes, and using genetic modification and electronic

  enhancement to help animals transcend the limits of their own bodies.




  Right now all the options are open. Though biotechnology’s strange new creatures are being created in the world’s labs, they don’t tend to stay there very long, and there are

  already cutting-edge animals living in fields, homes and nature reserves around the world. Before long, we may all be able to shop for animals the same way that scientists in Florida shopped for

  carefully engineered mice. Imagine a future in which we can each pick out the perfect animal from a catalogue of endless options, like something out of a Philip K. Dick novel. We could create an

  animal for everyone. Avid nighttime reader? How about your own Mr Green Genes so you can stay up late, reading by the light of the cat? For the twelve-year-old who has everything, skip the toy cars

  and planes at Christmas and wrap up a remote-controlled rodent. Equestrians could order up a foal with the same genes as the winner of last year’s Epsom Derby, while sprinters could get

  themselves a Golden retriever whose artificial carbon-fibre legs would allow it to run as fast as a greyhound. The tools of biotechnology are becoming increasingly accessible to the public; future generations of animal lovers may be able to design their own creatures without access to any fancy lab equipment or the least bit of advanced university

  training.




  In the pages that follow, we’ll go on a journey from petri dish to pet store, seeking out the revolutionary breeds of beasts that are taking their places in the world.

  We’ll venture from the rocky shores of California to the foothills of the Scottish moors, from the canine clones that live in Korean labs to the pets that sleep in our homes. We’ll

  delve into genes and brains, into work that seems frivolous and projects that are anything but. We’ll meet an engineer who is turning beetles into stunt planes and a biologist who believes

  cloning just might save endangered species. And, of course, we’ll come to know the animals themselves – from Jonathan, a sad sack of a seal with hundreds of online friends, to Artemis,

  a potentially lifesaving goat whose descendants could one day take over Brazil.




  Along the way, we’ll puzzle through some larger questions. We’ll probe how our contemporary scientific techniques are different from what’s come before and whether they

  represent a fundamental change in our relationship with other species. We’ll consider the relationship we have with animals and the one we’d like to have.




  Most of us care deeply about some form of animal life, whether it’s the cat or dog curled up on the sofa – 48 percent of Britons share their homes with pets of one species or another

  – the chickens laying our eggs, or some exotic predator fighting to survive as its habitat disappears. Now that we can sculpt life into an endless parade of forms, what we choose to create

  reveals what it is we want from other species – and what we want for them. But even if you feel no special affection for the creatures with whom we share this planet, our reinvention

  of animals matters for us, too. It provides a peek into our own future, at the ways we may start to enhance and alter ourselves. Most of all, our grand experiments reveal how

  entangled the lives of human and nonhuman animals have become, how intertwined our fates are. Enterprising scientists, entrepreneurs and philosophers are dreaming up all sorts of projects that

  could alter the course of our collective future.




  So what does biotechnology really mean for the world’s wild things? And what do our brave new beasts say about us? Our search for answers begins with a tank of glowing fish.




  





  1. Go Fish




  [image: ] To an aspiring animal owner, Petco presents an embarrassment of riches. Here, in the basement of one of the

  chain’s New York City shops – where the air carries the sharp tang of hay and the dull musk of rodent dander – is a squeaking, squealing, almost endless menagerie of potential

  pets. There are the spindly-legged lizards scuttling across their sand-filled tanks; the preening cockatiels, a spray of golden feathers atop their heads; and, of course, the cages of pink-nosed

  white mice training for a wheel-running marathon. There are chinchillas and canaries, dwarf hamsters, tree frogs, bearded dragons, red-footed tortoises, red-bellied parrots and African fat-tailed

  geckoes.




  But one of these animals is not like the others. The discerning pet owner in search of something new and different merely has to head to the aquatic display and keep walking past the speckled

  koi and fantail bettas, the crowds of goldfish and minnows. And there they are, cruising around a small tank hidden beneath the stairs: inch-long candy-coloured fish in shades of cherry, lime and

  tangerine. Technically, they are zebrafish (Danio rerio), which are native to South Asian lakes and rivers and usually covered with black and white stripes. But these

  swimmers are adulterated with a smidgen of something extra. The Starfire Red fish contain a dash of DNA from the sea anemone; the Electric Green, Sunburst Orange, Cosmic Blue and Galactic Purple

  strains all have a nip of sea coral. These borrowed genes turn the zebrafish fluorescent, so under black or blue lights they glow. These are GloFish, some of the world’s first genetically

  engineered pets.




  Though we’ve meddled with many species through selective breeding, these fish mark the beginning of a new era, one in which we have the power to directly manipulate the biological codes of

  our animal friends. Our new molecular techniques change the game. They allow us to modify species quickly, rather than over the course of generations; doctor a single gene instead of worrying about

  the whole animal; and create beings that would never exist in nature, mixing and matching DNA from multiple species into one great living mash-up. We have long desired creature companions tailored

  to our exact specifications. Science is finally making that precision possible.




  Though our ancestors knew enough about heredity to breed better working animals, our ability to tinker with genes directly is relatively new. After all, it wasn’t until

  1944 that scientists identified DNA as the molecule of biological inheritance, and 1953 that Watson and Crick deduced DNA’s double helical structure. Further experiments through the

  ’50s and ’60s revealed how genes work inside a cell. For all its seeming mystery, DNA has a straightforward job: It tells the body to make proteins. A strand of DNA is composed of

  individual units called nucleotides, strung together like pearls on a necklace. There are four distinct types of nucleotides, each containing a different chemical base. Technically, the bases are

  called adenine, thymine, guanine and cytosine, but they usually go by their initials: A, T, C and G. What we call a ‘gene’ is merely a long sequence of these As,

  Ts, Cs and Gs. The order in which these letters appear tells the body which proteins to make – and where and when to make them. Change some of the letters and you can alter protein

  manufacturing and the ultimate characteristics of an organism.




  Once we cracked the genetic code, it wasn’t long before we figured out how to manipulate it. In the 1970s, scientists set out to determine whether it was possible to transfer genes from

  one species into another. They isolated small stretches of DNA from Staphylococcus – the bacteria that cause staph infections – and the African clawed frog. Then they inserted

  these bits of biological code into E. coli. The staph and frog genes were fully functional in their new cellular homes, making E. coli the world’s first genetically

  engineered organism. Mice were up next, and in the early 1980s, two labs reported that they’d created rodents carrying genes from viruses and rabbits. Animals such as these mice, which

  contain a foreign piece of DNA in their genomes, are known as transgenic, and the added genetic sequence is called a transgene.




  Encouraged and inspired by these successes, scientists started moving DNA all around the animal kingdom, swapping genes among all sorts of swimming, slithering and scurrying creatures.

  Researchers embarking on these experiments had multiple goals in mind. For starters, they simply wanted to see what was possible. How far could they push these genetic exchanges? What could they

  do with these bits and pieces of DNA?




  There was also immense potential for basic research; taking a gene from one animal and putting it into another could help researchers learn more about how it worked and the role it played in

  development or disease. Finally, there were promising commercial applications, an opportunity to engineer animals whose bodies produced highly desired proteins or creatures with economically

  valuable traits. (In one early project, for instance, researchers set out to make a leaner, faster-growing pig.)




  Along the way, geneticists developed some neat tricks, including figuring out how to engineer animals that glowed. They knew that some species, such as the crystal

  jellyfish, had evolved this talent on their own. One moment, the jellyfish is an unremarkable transparent blob; the next it’s a neon-green orb floating in a dark sea. The secret to this light

  show is a compound called green fluorescent protein (GFP), naturally produced by the jellyfish, which takes in blue light and reemits it in a kiwi-coloured hue. Hit the jelly with a beam of blue

  light, and a ring of green dots will suddenly appear around its bell-shaped body, not unlike a string of Christmas lights wrapped around a tree.




  When scientists discovered GFP, they began to wonder what would happen if they took this jellyfish gene and popped it into another animal. Researchers isolated and copied the jellyfish’s

  GFP gene in the lab in the 1990s, and then the real fun began. When they transferred the gene into roundworms, rats and rabbits, these animals also started producing the protein, and if you blasted

  them with blue light, they also gave off a green glow. For that reason alone, GFP became a valuable tool for geneticists. Researchers testing a new method of genetic modification can practice with

  GFP, splicing the gene into an organism’s genome. If the animal lights up, it’s obvious that the procedure worked. GFP can also be coupled with another gene, allowing scientists to

  determine whether the gene in question is active. (A green glow means the paired gene is on.)




  Scientists discovered other potential uses, too. Zhiyuan Gong, a biologist at the National University of Singapore, wanted to use GFP to turn fish into living pollution detectors, swimming

  canaries in underwater coal mines. He hoped to create transgenic fish that would blink on and off in the presence of toxins, turning bright green when they were swimming in contaminated water. The

  first step was simply to make fish that glowed. His team accomplished that feat in 1999 with the help of a common genetic procedure called microinjection. Using a tiny needle,

  he squirted the GFP gene directly into some zebrafish embryos. In some of the embryos, this foreign bit of biological code managed to sneak into the genome, and the fish gave off that telltale

  green light. In subsequent research, the biologists also made strains in red – thanks to a fluorescent protein from a relative of the sea anemone – and yellow, and experimented with

  adding these proteins in combination. One of their published papers showcases a neon rainbow of fish that would do Crayola proud.1




  To Richard Crockett, the co-founder of the company that sells GloFish, such creatures have more than mere scientific value – they have an obvious aesthetic beauty. Crockett vividly

  remembers learning about GFP in a biology class. He was captivated by an image of brain cells glowing green and red, thanks to the addition of the genes for GFP and a red fluorescent protein.

  Crockett was a premed student, but he was also an entrepreneur. In 1998, at the age of twenty-one, he and a childhood friend, Alan Blake, launched an online education company. By 2000, the company

  had become a casualty of the dot-com crash. As the two young men cast about for new business ideas, Crockett thought back to the luminescent brain cells and put a proposal to Blake: What if they

  brought the beauty of fluorescence genes to the public by selling glowing, genetically modified fish?




  At first, Blake, who had no background in science, thought his friend was joking. But when he discovered that Gong and other scientists were already fiddling with fish, he

  realized that the idea wasn’t far-fetched at all. Blake and Crockett wouldn’t even need to invent a new organism – they’d just need to take the shimmering schools of

  transgenic fish out of the lab and into our home tanks.




  The pair founded Yorktown Technologies to do just that, and Blake took the lead during the firm’s early years, setting up shop in Austin, Texas. He licensed the rights to produce the fish

  from Gong’s lab and hired two commercial fish farms to breed the pets. (Since the animals pass their fluorescence genes on to their offspring, all Blake needed to create an entire line of

  neon pets was a few starter adults.) He and his partner dubbed them GloFish, though the animals aren’t technically glow-in-the-dark – at least, not in the same way that a set of solar

  system stickers in a child’s bedroom might be. Those stickers, and most other glow-in-the-dark toys, work through a scientific property known as phosphorescence. They absorb and store light,

  reemitting it gradually over time, as a soft glow that’s visible when you turn out all the lights. GloFish, on the other hand, are fluorescent, which means that they absorb light from the

  environment and beam it back out into the world immediately. The fish appear to glow in a dark room if they’re under a blue or black light, but they can’t store light for later –

  turn the artificial light off, and the fish stop shining.




  Blake was optimistic about their prospects. As he explains, ‘The ornamental fish industry is about new and different and exciting varieties of fish.’ And if new, different, and

  exciting is what you’re after, what more could you ask for than an animal engineered to glow electric red, orange, green, blue or purple thanks to a dab of foreign DNA? Pets are products,

  after all, subject to the same market place forces as toys or clothes. Whether it’s a puppy or a pair of heels, we’re constantly searching for the next big thing. Consider the recent

  enthusiasm for ‘teacup pigs’ – tiny swine cute enough to make you swear off pork chops forever – and adopted by the likes of Jordan.




  Harold Herzog, a psychologist at Western Carolina University who specializes in human-animal interactions, has studied the way our taste in animals changes over time. When

  Herzog consulted the registry of the American Kennel Club, he found that dog breed choices fade in and out of fashion the same way that baby names do. One minute, everyone is buying Irish setters,

  naming their daughters Lisa, and listening to ‘Tiger Feet’ – welcome to 1974! – and then it’s on to the next great trend. Herzog discovered that between 1946 and 2003,

  eight breeds – Afghan hounds, chows, Dalmatians, Dobermanns, Great Danes, Old English sheepdogs, rottweilers and Irish setters – went through particularly pronounced boom and bust

  cycles in the US. Registrations for these canines would skyrocket, and then, as soon as they reached a certain threshold of popularity, Americans would begin searching for their next fur-covered

  fad.




  Herzog identified a modern manifestation of our long-standing interest in new and unusual animals. In antiquity, explorers hunted for far-flung exotic species, which royal house holds often

  imported and displayed. Even the humble goldfish began as a luxury for the privileged classes. Native to Central and East Asia, the wild fish are usually covered in silvery grey scales. But ancient

  Chinese mariners had noticed the occasional yellow or orange variant wriggling in the water. Rich and powerful Chinese families collected these mutants in private ponds, and by the thirteenth

  century, fish keepers were breeding these dazzlers together. Goldfish domestication was born, and the once-peculiar golden fish gradually spread to the homes of less-fortunate Chinese families

  – and house holds elsewhere in Asia, Europe and beyond.




  As goldfish grew in popularity, breeders stepped up their game, creating ever more unusual varieties. Using artificial selection, they created goldfish with freakish and fantastical features,

  and the world’s aquariums now contain the fantail, the veiltail, the butterfly tail, the lionhead, the goosehead, the golden helmet, the golden saddle, the bubble eye,

  the telescope eye, the seven stars, the stork’s pearl, the pearlscale, the black moor, the panda moor, the celestial, and the comet goldfish, among others. This explosion of types was driven

  by the desire for the exotic and exquisite – urges that we can now satisfy with genetically modified pets.




  We can also use genetic engineering to create animals that appeal to our aesthetic sensibilities, such as our preference for brightly coloured animals. For instance, a 2007 study revealed that

  we humans prefer penguin species that have a splash of yellow or red on their bodies to those that are simply black and white. We’ve bred canaries, which are naturally a dull yellow, to

  exhibit fifty different colour patterns. And before GloFish were even a neon glint in Blake’s eye, some pet shops were selling ‘painted’ fish that had been injected with simple

  fluorescent dyes. With fluorescence genes, we can make a true rainbow of bright and beautiful pets.2




  Engineered pets also fit right into our era of personalization. We can have perfume, granola and Nikes customized to our individual specifications – why not design our own pets? Consider

  the recent rise of designer dogs, which began with the Labradoodle, a cross between a Labrador retriever and a standard poodle. Though there’s no telling when the first Lab found himself

  fancying the well-groomed poodle down the street, most accounts trace the origin of the modern Labradoodle to Wally Conron, the breeding director of the Royal Guide Dog Association of Australia. In

  the 1980s, Conron heard from a blind woman in Hawaii, who wanted a guide dog that wouldn’t aggravate her husband’s allergies. Conron’s solution was to breed a

  Lab, a traditional seeing-eye dog, with a poodle, which has hypoallergenic hair. Other breeders followed Conron’s lead, arranging their own mixed-breed marriages. The dogs were advertised as

  providing families with the best of both worlds – the playful eagerness of a Lab with the smarts and hypoallergenic coat of the poodle. The rest, as they say, is history. The streets are now

  chock-full of newfangled canine concoctions: puggles (a pug-beagle cross), dorgis (dachshund plus corgi) and cockapoos (a cocker spaniel–miniature poodle mix). There’s even a mini

  Labradoodle for doodle lovers without lots of space.




  Tweaking the genomes of our companions allows us to create a pet that fulfills virtually any desire – some practical, some decidedly not. When I set out to get a dog, I thought I had

  settled on the Cavalier King Charles spaniel: a small, soft dog bred for companionship. Then I discovered a breeder who was crossing Cavaliers with miniature poodles, yielding the so-called

  Cavapoo. I was sold. I loved the scruffier, shaggier hair of the Cavapoo, and given what I knew about biology, I figured that a hybrid was less likely to inherit one of the diseases that plague

  perilously inbred canines. A dog that didn’t shed would be an added bonus. Plus, poodles have a reputation for being brainy, and I’m an overachiever; if I was going to get a dog, I

  wanted to be damn sure he’d be at the top of his puppy class.




  The hitch: Even the most careful selective breeding is a rough science. Sure, Labs are friendly and poodles are clever, but just letting them go at it doesn’t guarantee that their puppies

  will exhibit the best of both breeds. Milo, the Cavapoo I brought home, looks almost entirely like a spaniel, and as for a nonshedding coat, his health and those famous poodle ‘smarts’?

  Well, my sofa is covered with dog hair, Milo has a knee problem common in purebred Cavaliers, and I’m pretty sure he got the spaniel brain. So much for my plan to outsmart nature.




  When I’m ready for my next pet, the landscape could be radically different. Social Technologies, a trend forecasting firm in Washington, DC, issued a report on the

  commercial prospects for genetically modified pets. ‘Through advances in genetic modification’, the report said, ‘biotechnology labs could join kennels and animal shelters as a

  source for the perfect pet . . . Initially a luxury, pet personalization would become available to the general public as the technologies involved become more mature’.




  Indeed, why bother creating clumsy crosses when we can edit genes directly? An American company called Felix Pets, for example, is attempting to engineer cats that are missing a gene called

  Fel d 1, which codes for a protein that triggers human allergies.3 And that’s just the beginning. What if you could order up a fish created in

  your school’s colours or dogs and cats with custom patterns on their coats? Or there’s the ultimate designer pet, proposed by Alan Beck, director of Purdue’s Center for the

  Human-Animal Bond in Indiana: ‘If we’re going to come up with genetically engineered animals, we might be able to come up with an animal that loves only you’.




  Transgenic pets will have to clear some hurdles before they make it to market. The US Food and Drug Administration (FDA) considers a new gene that is added to an organism to be a

  ‘drug’, and regulates altered animals under the Federal Food, Drug and Cosmetic Act. Companies seeking approval to sell an engineered animal must demonstrate that the transgene has no

  ill effects on the animal itself. If the animal will be a source of food, companies must also demonstrate that it is safe for human consumption. In the EU, genetically modified

  organisms are subject to a variety of different regulations and directives and must receive prior authorization before being placed on the market. The European Commission and all EU member states

  are involved in this approval process, as is the European Food Safety Authority when the organism is intended for food or animal feed.




  On both sides of the Atlantic, regulators also evaluate how a genetically modified organism might affect the environment if it happened to make its way into the wild – either by mistake or

  by plan. Escape has been a concern since the first genetically engineered bacteria were created in the early 1970s. The scientists of that era worried about what might happen if they inadvertently

  created a dangerous superbug and it slipped out under the laboratory door. Biologists convened twice – at the Asilomar conferences of 1973 and 1975 – to discuss these risks. In 1975,

  they drew up a document that encouraged their colleagues to exercise caution and use ‘biological and physical barriers’ to ensure that novel organisms didn’t break free from the

  lab. The US National Institutes of Health issued guidelines stipulating such safeguards in 1976 and has periodically updated its recommendations over the years; similar procedures are incorporated

  into the EU directives and UK laws.




  Though these containment strategies are routine in many countries, they aren’t foolproof, and ecologists continue to worry about engineered organisms ending up in the wild. Altered animals

  could ‘pollute’ the gene pool by breeding with their free-range cousins, or snatch food and resources away from native organisms. In theory, laboratory manipulation could make a fish

  more likely to thrive in the big, wide world, and such Frankenfish could take over natural waterways, to the detriment of other species.




  This very possibility has been part of the high-profile debate over the most famous (or infamous) transgenic fish: a fast-growing Atlantic salmon that AquaBounty, a Massachusetts firm, is trying

  to bring to market. Atlantic salmon normally produce growth hormone only in the summer, but the AquAdvantage fish have been engineered to crank out the hormone no matter what

  the season. The secret is a bit of biological code borrowed from the ocean pout, an eel-like fish that lives in frigid water. To keep its cellular machinery from icing over, the slithery fish

  produces its own antifreeze. The pout’s antifreeze gene is normally attached to a sequence of regulatory DNA called a ‘promoter’. Icy temperatures activate the promoter, which

  turns the gene on, triggering the ocean pout to start cranking out the antifreeze. The cold-sensitive promoter, however, can be attached to all sorts of different genes, and to create the

  AquAdvantage fish, scientists linked the promoter to a growth-hormone gene taken from the Chinook salmon. Then they slipped the entire construct into Atlantic salmon. As a result, in these salmon,

  cold temperatures prompt the production of growth hormone, and the fish reach their adult sizes faster than their unaltered counterparts. The genetic modification shaves a year and a half off the

  time between when a salmon hatches and when it’s ready to adorn your rocket salad.




  It’s a clever bit of biological reprogramming, but AquaBounty has attracted vocal critics, many of whom fear that if the big bruisers from the lab escape, they could wreak havoc on wild

  salmon populations. To address these concerns – and reassure nervous regulators – AquaBounty is building several security measures into its production plans. It will breed fish in a

  secure facility in Canada and then raise the young in confined tanks situated in the highlands of Panama, far from their natural marine environment. The company also plans to produce only sterile

  female fish – incapable of passing their genes on even if they did somehow end up in the wild.




  Though many scientists have concluded that there is little risk of the supersalmon escaping and staging some sort of wild coup, AquaBounty is still trying to win over regulators. The company

  first approached the FDA about its fish in 1993, and applied for formal approval in 1995. Despite deciding that the fish are low risk, the FDA has not yet ruled on whether they

  will be allowed on the market. If the salmon are approved, they would become the first GM animal to enter the world’s food supply officially.




  As Alan Blake prepared to bring GloFish to market, he studied the regulatory challenges that have hobbled AquaBounty. Blake wasn’t sure what federal agencies would do

  about genetically modified pets, but he didn’t want to take any chances, so he began calling US government officials and asking whether they’d have concerns about GloFish. He

  told regulators that the fish were designed to be companions, not food, and reassured them that scientists believed the animals posed a negligible risk to the environment. Wild zebrafish, he told

  them, spend their time in the tropics, not in the chilly waters of North America. Conventional zebrafish had been sold as pets for decades, and they had never been able to survive an aquarium

  prison break long enough to establish a wild population. The water is simply too cold for them. The fluorescent variety was less likely to make a go of it, researchers had found – the data

  suggested that GloFish are even more sensitive to cold temperatures, less successful at reproducing, and, perhaps, more visible to predators, with their big, neon EAT ME

  signs.




  Of course, there is no such thing as zero risk, but Perry Hackett, a geneticist who studies zebrafish at the University of Minnesota, puts the danger posed by GloFish this way: ‘What are

  the odds that all the air molecules will rush up into a corner of the room you’re sitting in and you’ll suffocate? That for whatever reason, just at random, they all happen to collect

  just in one corner?’ Such a scenario is theoretically possible, but it’s so unlikely that we don’t worry about it. As Hackett says, ‘We don’t sit around with oxygen

  tanks by our desks.’




  US officials didn’t register any serious objections in their conversations with Blake, and by the summer of 2003, he thought he had his bases covered. He had consulted

  with scientific and legal experts, and he had the licences to produce the neon Nemos in hand. His contracted fish farmers were ready to start churning the creatures out. Blake set a launch date of

  January 2004, but then the State of California caught him by surprise. California’s Fish and Game Commission instituted a regulation prohibiting the production and sale of all genetically

  modified fish. Anyone who wanted to breed, buy, sell or own these organisms needed to appear before the commission and request a formal exemption.




  That autumn, Blake was busy preparing for his hearing before the commission when a technical glitch suddenly made the company’s password-protected website available to all eyes. The press

  got wind of Blake’s Seussian fish, and within a week, the animals were discussed everywhere from the BBC to Al-Jazeera TV. Many media outlets ran anxiety-provoking stories, but the award

  winner had to be a New York Times headline: WHEN FISH FLUORESCE, CAN TEENAGERS BE FAR BEHIND? As the article put it, ‘This is the

  tipping point, when the world irrevocably turns toward the science-fiction fantasies . . . No doubt humans could be made to glow if parents with foresight knew that one day they would be

  desperately trying to find their middle school child at a dark and crowded school dance’.




  The stories made GloFish seem like monsters, harbingers of an ethical or scientific apocalypse. Indeed, the genome can seem like a set of commandments – handed down and carved into stone

  – and fiddling with it makes us nervous. Selective breeding has become an accepted practice, but our ability to root around in the genome directly and move pieces of DNA between different

  species is still unsettling. ‘These are techniques that are advancing the threshold of human power over other species’, says Richard Twine, a sociologist and bioethicist at Lancaster

  University. ‘It’s a way of increasing the continuum of control over the animal and genotype and phenotype. There’s an intensification, a new power that we

  didn’t have before.’ What’s more, once GloFish officially went on sale, they’d be available to any American with five bucks, and organisms once confined to pulpy science

  fiction novels could be living among us. With the launch of GloFish, biotechnology would come to our houses and knock on our front doors.




  The California Fish and Game Commission seemed acutely aware of these concerns when it convened to discuss GloFish in December 2003. Unless you are an expert on the cold calculus of culling wild

  turkeys or an aficionado of the tender lovemaking habits of the New Zealand mud snail, Fish and Game meetings can be brain-deadening experiences. But on this particular afternoon, there would be a

  captivating showdown over our biotechnological future.




  When Blake came to the podium for his opening remarks, he had a slightly bewildered air about him, like a straight-A student who suddenly finds himself called to the headmaster’s office.

  He was well-mannered and deferential, peppering his comments with ‘sir’s and ‘gentlemen’s. As he spoke, it was obvious that he had done his homework. All the scientists that

  he had consulted – as well as the experts that the Department of Fish and Game had conferred with before the hearing – had concluded that GloFish were safe. But Blake had made a

  critical miscalculation: that the data would be enough. GloFish may have been a laboratory triumph, but debates over biotechnology rarely come down to the science.




  Even among Americans, who have been less critical of genetically modified food than Europeans, only 27 percent believe that the government should base its decisions about genetic engineering

  purely on science. That’s a far cry from the 63 percent who say such decisions should take ‘moral and ethical factors’ into account – which is exactly what the California

  commissioners did. One of the commissioners, Sam Schuchat, told Blake that he had done a lot of thinking about whether GloFish should be sold in the State. He’d even

  called his rabbi to discuss his concerns. ‘The question for me became an ethical question’, Schuchat said at the hearing. ‘Here we are, playing around with the genetic basis of

  life, creating new organisms that don’t exist. Now it is true that we human beings have been doing that for tens of thousands of years. But I guess at the end of the day, I don’t think

  it’s right to produce a new organism just to be a pet. I look at this issue in front of us and I think to myself, ‘So, what’s next? Pigs with wings? Pink horses?”

  ’




  ‘Let me be clear’, he continued. ‘I’m not opposed to genetically modified organisms. But I don’t think it is a good idea to employ this technology for what I would

  characterize as frivolous purposes . . . To me, this seems like an abuse of the power that we have over life, and I’m not prepared to go there today.’




  Blake had heard this objection before from some of the scientists he first consulted about his business plan. When Eric Hallerman, a fish geneticist at Virginia Polytechnic Institute and State

  University, heard about GloFish, he worried that they were ‘a fairly trivial use of technology’. But Hallerman, who has advised the federal government about risks that accompany

  genetically modified animals, overcame his initial scepticism, even joining the Yorktown Technologies Scientific Advisory Board. As Hallerman explains, when it comes to GloFish,

  ‘there’s no harm being done, and there’s fairly few enterprises that humans engage in, including agriculture, in which no harm is being done’.




  Let’s not forget that even selective breeding can do harm. Those ornamental goldfish that we’ve created to display eerie, unearthly eyes – enlarged and bulging, or covered by

  enormous growths, or positioned to look up towards the sky – can be nearly blind. From an ethical standpoint, isn’t a fully functional transgenic fish preferable to an artificially

  selected but severely handicapped one?4




  Not, apparently, to the California commissioners. After they finished querying Blake, they voted, three to one, to deny his request. Commissioner Michael Flores was the lone

  dissenter. ‘We have a gentleman out here who’s gone to the scientific community, those that are very precautionary, and they say that there’s no risk’, he said at the

  meeting. ‘So we’re going to ignore that science, and that has me a little bit concerned.’ But Flores’s single vote wasn’t enough, and the objections of his colleagues

  meant that there would be no GloFish in the Golden State.




  California could have been a huge market for Blake, who was disappointed with the ruling, but there were still forty-nine other states to sell in, and just days after the California commission

  rejected GloFish, the FDA released an official statement on the pets. It read, in full: ‘Because tropical aquarium fish are not used for food purposes, they pose no threat to the food supply.

  There is no evidence that these genetically engineered zebra danio fish pose any more threat to the environment than their unmodified counterparts which have long been widely sold in the United

  States. In the absence of a clear risk to the public health, the FDA finds no reason to regulate these particular fish’.




  A handful of opponents refused to accept the FDA’s ruling. Just after GloFish hit American pet shops in January 2004, the International Center for Technology

  Assessment and the Center for Food Safety – two affiliated NGOs that have raised concerns about a variety of biotechnologies – filed a lawsuit in federal court. They alleged that the

  FDA and the US Department of Health and Human Services had shirked their legal duty to subject GloFish to a thorough review. In an attempt to convince the judge that they had the right to bring

  suit, the plaintiffs constructed an unconventional argument. How had GloFish harmed them? Among other things, they said, the sale of the freaks of nature could lead to ‘aesthetic injury from

  viewing genetically engineered GloFish and other animals in aquaria . . .’ The suit was eventually dismissed, but the ‘aesthetic injury’ argument was a testament to just how

  desperate some opponents were to keep the animals out of pet shops. (Aesthetic injury? If that’s a valid legal argument, I’ve got a couple of lawsuits I’d like to file. Mexican

  hairless dog, I’m looking at you.)




  The aesthetic injury argument apparently didn’t find much traction with the American public, because GloFish, and their Kodak-worthy colours, became a hit, for sale in all of the major pet

  supply chains. At first, Yorktown Technologies sold only red GloFish, but the company added green and orange varieties in 2006 and blue and purple in 2011. In 2012, the company introduced an

  entirely new fish: a white skirt tetra (Gymnocorymbus ternetzi) genetically modified to fluoresce bright green.5 Several major stores sell GloFish

  ‘kits’, special tanks that come equipped with blue lights designed to bring out the fish’s brilliance.




  ‘We have e-mails from customers who love the fish’, Blake tells me. ‘We’ve got thousands and thousands of e-mails and, on average, every year, we get

  – four? five? – e-mails from people that are expressing negativity. There are probably more people that claim to see Elvis flying a UFO in any major US city every year.’




  For now, Yorktown Technologies sells the fish only in the US. Though Blake would love to sell to customers in the UK and throughout the rest of Europe, he doesn’t want to tangle with the

  EU’s ultratight restrictions on genetically modified organisms. Applying for approval to sell the fish in the EU would be a lengthy and costly process, and even then, Blake isn’t

  optimistic about his chances of approval. ‘Generally speaking’, Blake says, ‘Europe’s approach towards GM food is such that we believe it is highly unlikely that we would be

  able to achieve approval of our fish anytime soon.’




  Still, even stringent regulations haven’t stopped the fish from popping up where they shouldn’t be. In 2007, a British man told Practical Fishkeeping that he had purchased

  fluorescent, genetically modified zebrafish from a British pet shop that was selling the animals illegally. Authorities have also found the fish in Ireland and the Netherlands. The bright swimmers

  weren’t necessarily GloFish – a Taiwanese company, Taikong, sells its own version of genetically-engineered neon zebrafish throughout Asia, and the British hobbyist reportedly traced

  his fish back to Asian suppliers. (Blake is emphatic that he does not approve of the smuggling of GloFish into countries where they’re forbidden: ‘We are very committed to complying

  with and cooperating with the regulations and the authorities’, he says.)




  Once GloFish hit the pet shops, their fate was determined not by some abstract debate over biotechnology but rather by public demand. Customers simply like the fish. The success of GloFish is

  all the more remarkable in light of the opinion surveys that show that most people aren’t fans of lab-grown companions. (In one survey, 40 percent of respondents said that creating

  disease-resistant animals – such as chickens safe from the ravages of avian flu – was a ‘very good reason’ to meddle with the genome. Compare that with

  the 4 percent who said that creating new pets was a ‘very good reason’ to do so.) Is it possible that GloFish have changed our minds? Maybe there are some people out there who went into

  pet stores expecting something monstrous and came away thinking that GloFish were not only harmless but actually downright cool. Such attitude shifts can happen when we get the opportunity to have

  close, personal encounters with biotechnology.




  That’s one reason Blake takes his responsibilities so seriously. Yes, he has a financial interest in GloFish’s success, but he also knows that he has an opportunity to help shape

  public opinion. He hopes that GloFish will be a bright, shining example, proof that species engineering doesn’t have to be scary. ‘Biotechnology is often demonized’, Blake says.

  ‘And then you see this tiny little fish, just swimming around, as happy as can be.’




  Are the fish happy? Are fish even capable of ‘happiness’? I ponder these questions as I stand, once again, inside the massive PetCo store, looking into a tank of

  glowing fish. It has occurred to me that just about the only thing I haven’t done in the GloFish research department is invite them into my home. So here I am, ready to take the plunge. I

  grab the special GloFish aquarium and am about to pick out some plain grey stones to put in the bottom of the tank, but my boyfriend spots a bag of mixed gravel in hues that look like they belong

  on a hippie’s tie-dyed T-shirt. ‘You should get those’, he says.




  ‘Won’t that be tacky?’




  ‘You’re getting genetically modified, fluorescent fish’, he says. ‘Don’t you think that ship has sailed?’




  I might as well go all in. I grab the fluorescent gravel and some neon plastic plants.




  Then it’s over to the corner tank where the GloFish make their temporary home. They’re swimming around in a hallucinogenic jumble, and I ask a clerk to corral

  six of them for me: two Electric Greens, two Starfire Reds and two Sunburst Oranges. (At $5.99 each, I am stocking an aquarium with next-gen pets for less than $40 – far less than the cost of

  my Cavapoo.) An employee plops the fish into a carrier bag filled with water. I hold the bag up to my face and come eye-to-eye with the doctored fish. They continue their openmouthed stares,

  hovering silently in the water. They seem quite pleasant. ‘You’d think they were six feet long with fangs and they’d bite your head off, the way they’ve been

  portrayed’, Blake once told me. I don’t exactly fear for the fate of the Earth.




  I set up the tank in my living room. Under the bulb’s blue light, the GloFish gleam like jewels. I don’t know if they’re happy, but they certainly don’t appear to be

  suffering. Neither am I – it’s entrancing to watch them swimming around, a kaleidoscope in constant motion. These fish may be frivolous, but they’re just a teaser, a preview of

  the coming attractions. If we can get black-and-white fish to glow neon red, green and orange, what else can we get animal bodies to do?




  





  2. Got Milk?




  [image: ] As soon as scientists first learned how to edit the genomes of animals, they began to imagine all the ways in

  which they might use this new power. Creating brightly coloured novelty pets was not a high priority, however. Instead, most researchers envisioned far more consequential applications, hoping to

  create genetically engineered animals that would save human lives. Welcome to the world of ‘pharming’, in which simple genetic tweaks turn animals into living pharmaceutical factories

  kitted out to cure our ills.




  Many of the proteins that our cells naturally crank out make for good medicine. Our bodies’ own enzymes, hormones, clotting factors and antibodies are commonly used to treat cancer,

  diabetes, autoimmune diseases and more. The trouble is that it’s difficult and expensive to make these compounds on an industrial scale, and as a result, many patients face shortages of the

  medicines they need. Dairy animals, on the other hand, are expert protein producers, their udders swollen with milk. With the creation of the first transgenic mammals – first mice, then other

  species – in the 1980s, scientists landed on an idea: What if they put the gene for a human antibody or enzyme into some milk-producing wonder – a cow, goat or

  sheep? If the researchers put the gene in just the right place, under the control of just the right molecular switch, maybe they could engineer animals that produced healing human proteins in their

  milk. Then doctors could collect medicine by the bucketful.




  Throughout the 1980s and ’90s, studies provided proof of principle, as scientists created transgenic mice, sheep, goats, pigs, cattle and rabbits that did in fact make therapeutic

  compounds in their milk. At first, this work was merely wowing boffinery, lab-bound thought experiments come true. That all changed with the invention of ATryn, a drug produced by the Massachusetts

  firm GTC Biotherapeutics. ATryn is antithrombin, an anticoagulant that can be used to prevent life-threatening blood clots. The compound, made by human liver cells, plays a key role in keeping our

  bodies clot-free. It acts as a molecular bouncer, sidling up to clot-forming compounds and escorting them out of the bloodstream. But as many as 1 in 2,000 people are born with a genetic mutation

  that prevents them from making antithrombin. These patients are prone to clots, especially in their legs and lungs, and they are at elevated risk of suffering from fatal complications during

  surgery and childbirth. Supplemental antithrombin can reduce this risk, and GTC decided to try to manufacture the compound using genetically engineered goats.




  To create its special herd of goats, GTC used microinjection, the same technique that produced GloFish and AquAdvantage salmon. The company’s scientists took the gene for human

  antithrombin and injected it directly into fertilized goat eggs. Then they implanted the eggs in the wombs of female goats. When the kids were born, some of them proved to be transgenic, the human

  gene nestled safely in their cells. The researchers paired the antithrombin gene with a promoter (which, as you’ll recall, is a sequence of DNA that controls gene

  activity) that is normally active in the goat’s mammary glands during milk production. When the transgenic females lactated, the promoter turned the transgene on and the goats’ udders

  filled with milk containing antithrombin. All that was left to do was to collect the milk, and extract and purify the protein. Et voilà – human medicine! And for GTC, a new

  brand of liquid gold. The EU approved ATryn in 2006, and it immediately debuted as the world’s first transgenic animal drug.6 Over the course of a year,

  the ‘milking parlours’ on GTC’s 120-hectare farm in Massachusetts could collect more than a kilogram of medicine from a single animal.




  Thus the humble goat – tin-can eater and petting-farm star – has added a new item to its résumé: pharmaceutical manufacturer. The universe of pharming is rapidly

  expanding; labs and companies around the world are working feverishly to stock their barns, fields and coops with animals that pump out medicines for ailments ranging from haemophilia to

  cancer.7 ATryn has already been joined by Ruconest, a drug produced in the milk of genetically engineered rabbits. Sold by the Dutch company Pharming,

  Ruconest treats hereditary angioedema, a genetic disease that causes painful bodily swelling.




  Pharm animals, which push the boundaries of medical research and could save human lives, make GloFish look like child’s play; there is nothing frivolous about them. But that’s a

  double-edged sword. Making animals more useful also makes them more likely to be used. Genetic engineering allows us to exploit other species for new reasons and in

  new ways, expanding our supply of creature commodities. Of course, using animals for our own purposes isn’t new. Should we object because the technology is?




  Scientists are working to coax all sorts of curative compounds out of animal bodies. Many of these substances are remedies for rare genetic disorders. When it came time to

  choose a target, two biologists at the University of California, James Murray and Elizabeth Maga, decided to use the tools of pharming to alleviate a much more pervasive problem: diarrhoea. The

  ailment’s global toll is enormous, with more than 2 million children dying of diarrhoeal disease every year. That’s a ghastly statistic, and if Murray and Maga can begin to make a dent

  in that number, their work will be the most far-reaching pharming project yet.




  As it happens, human breast milk is a potent anti-diarrhoea elixir. The liquid is full of compounds that boost a child’s immune system and attack invading bacteria. Evidence now suggests

  that infants who are breast-fed have healthier digestive systems and are less likely to suffer from diarrhoeal diseases than those fed purely on formula. Some of these effects can last even after

  breast-feeding ends; infants who drink breast milk for the first thirteen weeks of life are less likely to come down with gastrointestinal problems during their entire first year.




  One of the compounds responsible for these effects is an enzyme called lysozyme, a microbe destroyer that bursts bacterial cells like balloons, causing the cellular membranes to rupture and the

  disease-causing contents to spill out. Lysozyme is naturally present in the milk of all mammals, but it’s especially concentrated in human breast milk, which contains three thousand times as

  much of the enzyme as the milk of some other animals. (Infant formula, which is usually made from cow’s milk, has only trace amounts of lysozyme, at best.)




  Murray and Maga want to extend the protective effects of breast milk to infants who don’t nurse or children who have grown too old for nursing. Their plan is to harness the power of

  pharming, engineering dairy goats that make extra lysozyme in their milk. The pair hopes that this genetically modified milk can be used to both prevent and treat childhood diarrhoea. Like the

  scientists at GTC, Murray and Maga set out to create their supergoats using microinjection.8 They squirted the human lysozyme gene into fertilized goat eggs

  and implanted the resulting embryos in surrogate mothers. One of the embryos grew into a little kid named Artemis, a transgenic female with a penchant for mulberry leaves.9 She lives out at the university’s goat barn, and one winter day, Murray took me to see her.




  The barn is home to 150 assorted goats – representing a variety of wonderfully named breeds, including Alpine, Nubian, Toggenberg and LaMancha goats – but Artemis has pride of place,

  making her home in a private enclosure directly in front of the entrance. Artemis, now a fully grown adult doe, is mostly white, with some black markings around her eyes and the classic goat

  accessory: a long white beard. As soon as we reach her pen, Artemis sticks her head in Murray’s hands, waiting for him to stroke her ears. After Artemis matured, she

  became what’s known as the ‘founder female’ – by breeding her, Murray and Maga generated a whole line of transgenic goats.
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