
   C H A P T E R  O N E   

  King of the Dinosaurs 

 As bad days go, it was a real humdinger. When he woke

      that morning, around 65 million years ago, Stan had 

little idea that a rock the size of Mount Everest was hurtling 

towards the Earth at 70,000mph. A short while later when 

the fi reball hit, it shook the Earth with the force of six 

billion Hiroshima bombs, triggering shock waves and an 

earthquake so big that tsunamis spread around the world. 

 Standing thousands of miles away, Stan felt the earth 

move, but not in a good way. Looking towards the Yucat á n 

Peninsula, he would have seen an ominous cloud of dust and 

ash climb into the sky and blacken the sun. The temperature 

began to drop. Day turned to night. A bitter, dark winter 

spread across the globe. 
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34 BRING BACK THE KING

 Up to this point, Stan had had little to worry about. 

A 20-year-old  Tyrannosaurus rex , he was 7 tonnes of ugly. 

Thick-skinned and as long as an articulated lorry, he was the 

top dog of North America. Stan and his family weren ’ t on 

any menu  –  they  chose  the menu; apex predators in a world 

that boasted an all you can eat smorgasbord of delicious 

dinosaurs, all Stan ’ s for the chomping.  T. rex  was literally the 

tyrant lizard king. 

 But when the asteroid hit, everything changed. 

Condemned to endless darkness, all the sun-loving plants 

and algae shrivelled and died. Those that depended on them 

soon followed. Plant-eating dinosaurs, mammals and other 

creatures wasted away. And then the carnivores, Stan and 

his kind, weakened and starving, succumbed to the inevitable. 

It  was a slow, systematic, global extermination. Over the 

next few hundred thousand years, three-quarters of all plant 

and animal species on the Earth became extinct. The 

dinosaurs went extinct. It was the end of Stan and the end 

of an era. Literally. 

 The Chicxulub asteroid, as it came to be known much 

later, after humans evolved and invented language, polished 

off  the dinosaur-laden Cretaceous era and catapulted its 

successor, the Tertiary, fi rmly into the spotlight. It was bad 

news for the dinosaurs, but good news for the tiny, scurrying 

mammals that seized the day and toughed it out. It was the 

opportunity our most distant ancestors needed to wedge 

their furry feet fi rmly in the door of life. The demise of 

the dinosaurs paved the way for good things: the evolution 

of humans, you, me and, ultimately, the birth of Elvis Presley. 

But let ’ s stop for a moment and spare a thought for Stan. 

Before the asteroid hit, dinosaurs had ruled the planet for 

135 million years. Humans, with our paltry 200,000-year 

back story, are but impudent whippersnappers. The same 

space rock that gave mammals their lucky break removed 

some of the biggest, most inspirational, most enigmatic 

creatures ever to walk the Earth.   
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KING OF THE DINOSAURS 35

   Burning Love 

  I ’ ve been in love with  T. rex  for as long as I can remember. 

When I was a child, I wanted to  be  a  T. rex  when I grew up. 

It ’ s only biology and a few hundred million years of evolution 

that ’ s stopping me from living that dream. But the  T. rex  of 

my childhood was very diff erent to the one we know now. 

Back in the seventies,  T. rex  was an oversized, green, scaly 

lizard with enormous scary gnashers. He (all dinosaurs were 

male in my mind) stood pretty much upright, like he had a 

broom handle up his bum, and he dragged his sorry tail 

across the ground. Cold-blooded, cold-hearted, brawny but 

brainless, he lounged around in swamps and did little apart 

from roar, kill things and rue the day his pathetically puny 

arms stopped growing. But none of that mattered.  T. rex  

was the only dinosaur I was interested in. He was the only 

fi gure, from a toy box bursting with other dinosaurs, that 

ever saw the light of day, because, for me, he was the king. 

How much I longed to meet him. 

 But as I got older, things began to change.  T. rex  was still 

a celebrity, but like so many other stars from the seventies, 

his reputation became battered by a series of image-

shattering revelations. As new fossils turned up, researchers 

began to suspect that  T. rex  probably wasn ’ t stupid, slow or 

cold-blooded. He was, in fact, an intelligent, highly 

successful predator whose stance was more horizontal than 

it was vertical. Forget a pole up the bottom; this beast could 

have balanced a tray of shot-glasses on its back. But worse 

was to come. Tyrannosaur fossils turned up sporting not 

scales, but a fi ne coat of feathery fuzz, and no one could be 

sure if  T. rex  was green, blue, pink, purple or any other 

colour. It was the fi nal nail in the coffi  n. The  T. rex  of my 

childhood was gone. In its place was an incongruously 

feathered assassin that had more in common with birds 

than with Godzilla. 

 The problem is that although we know a great deal about 

 T. rex  from the fossil record, there are just so many questions 
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36 BRING BACK THE KING

left unanswered. There really was, or is, a  T. rex  called 

Stan. Like many dinosaurs, he was named after the man 

who found him, amateur fossil hunter Stan Sacrison who, 

in 1987, noticed a pelvis sticking out of a South Dakota cliff  

face. *  It took a team of experts more than 25,000 hours to 

excavate and prepare the pelvis and another 198 bones to 

yield one of the most complete  T. rex  specimens ever found. 

Stan, who can be visited at the Black Hills Institute of 

Geological Research in Hill City, South Dakota, †  is 70 per 

cent complete. But although his bones reveal many things, 

including his age, size, how he moved and what he ate, 

there is just so much we don ’ t know. 

 For starters, Stan might have hatched from a beautiful 

egg, but we just can ’ t tell. No one has ever found a  T. rex  

egg. He might have been a playful youngster or a socially 

awkward teenager. He might have wowed the ladies, been 

a lothario or a loner, a brilliant dad or an absent parent. We 

just don ’ t know. We  know next to nothing about how 

dinosaurs behaved or interacted with one another. We 

don ’ t know what colour they were and we certainly don ’ t 

know the answer to that most age-old of  T. rex  questions: 

what were its little arms for? The best we can do is make 

informed, educated guesses, based on the fossil evidence 

that we have. But it would be very diff erent if we had a 

real, live dinosaur to study. 

 If we were to choose one dinosaur to bring back to life, it 

can ’ t be some pint-sized  ‘ never heard of it ’  Thingymasaurus 

  *A few years after Stan ’ s discovery, Sacrison ’ s twin brother Steve 

also discovered a  T. rex  that he named  …  Steve. In a similar vein, 

there are tyrannosaurs called Sue, Celeste, Bucky, Greg and 

Wankel  –  the latter after namesake Kathy Wankel, a Montana 

rancher.   
  †If you can ’ t make it to Hill City, you can buy a life-sized replica 

of Stan from the Black Hills Institute for just $100,000 plus 

crate  and packing fee. Allow six months for delivery.  ‘ Takes an 

experienced crew less than an hour to assemble. ’   
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discovered in the 1800s, known only from a toe bone. 

It  has to be a well-known, larger than life showstopper. 

Who better than  T. rex , a Hollywood blockbuster of a 

dinosaur; star of countless movies including  Jurassic Park , 

 The Lost World  and  The Land that Time Forgot ? Who else has 

battled King Kong, Dr Who and Homer Simpson  and  

toured with a toddler supergroup? *  Famous across the 

globe, familiar to adults and children alike,  T. rex  has a pull 

like no other dinosaur. 

 So what if I told you that a modern living dinosaur is not 

fantasy. Making a dinosaur is not impossible. It ’ s not a task 

for beginners, and it ’ s not something you should try at 

home. It ’ s a task that requires a lot of concentration and 

expertise. Think of the trickiest thing you ’ ve ever done  –  

taking an exam, learning a foreign language, assembling a 

piece of fl at pack furniture without swearing  –  then 

multiply it by the biggest number you can think of, add 

infi nity and learn to unicycle. Bringing back a dinosaur is 

a bit like that, only more science-y. It would be diffi  cult. 

There would be many practical, intellectual and ethical 

hurdles to consider, many failures along the way. But there 

are respectable scientists out there who think it can be 

done, who truly believe that they can make or  ‘ engineer ’  a 

dinosaur  …  sort of. But just because it  can  be done, does it 

mean it should be?  

   What Could Possibly Go Wrong? 

  Ask someone if they ’ d like to see  T. rex  brought back to 

life, and you ’ re unlikely to be met with indiff erence. Unless 

you ask a particularly sullen teenager on a particularly 

dismal day, you simply won ’ t hear,  ‘ you know what, I don ’ t 

really mind, ’  or,  ‘ WHATEVS ’ . It ’ s a Marmite thing. You 

  *Dorothy the Dinosaur is a life-sized pirouetting  T. rex  puppet 

with a jaunty sunhat shading dead, lifeless eyes, who tours with 

toddler supergroup The Wiggles. She eats roses, not children.  
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38 BRING BACK THE KING

either love or loathe the idea. Personally, I ’ m keen. I ’ d have 

a pet  T. rex  in a fl ash, as long as I could train it not to eat 

my kids or leave Cretaceous crap on the kitchen fl oor. But 

some people think this a terrible idea, and their reasoning 

tends to go like this: 

   ‘ Are you crazy? If we bring back the dinosaurs they ’ ll eat 

us all! Mankind will be doomed. Run! Run for your lives! ’   

 It ’ s perhaps not surprising that some people think like this. 

After all, in 1905, when palaeontologist Henry Fairfi eld 

Osborn fi rst described and named  T. rex , he billed it as the 

greatest hunter ever to have walked the Earth. Later that 

year, the  New York Times  bigged it up further, describing 

 T. rex  as  ‘ the royal man-eater of the jungle ’ ,  ‘ the absolute 

warlord of the earth ’  and  ‘ the most formidable fi ghting 

animal of which there is any record whatever. ’  Clearly this 

was in a time pre-Naomi Campbell, but public opinion, it 

seems, can be slow to change. But would one really try to 

eat us? 

 Researchers can deduce what dinosaurs ate by studying 

their fossilised teeth. The teeth of vegetarian dinosaurs are 

diff erent from those of meat-eaters and omnivores. Long-

necked sauropods, for example, had peg-like gnashers for 

stripping branches, while  Triceratops  had broad, closely 

packed teeth that it used for grinding plants.  T. rex , on the 

other hand, had chompers described variously as  ‘ serrated 

steak knives ’  and  ‘ lethal bananas ’ , up to a foot long and set 

deep in the skull, perfect for tearing and slicing. Analyses 

of Stan ’ s skull have revealed that when  T. rex  slammed its 

jaws shut it could generate a maximum bite force of around 

12,800 pounds. That ’ s equivalent to being body-slammed 

by 50 fat Elvises all at the same time. Clearly these are not 

jaws to be messed with. 

 So  T. rex  liked meat, but to fi nd out what kind, 

researchers have followed other lines of evidence. 

 Tyrannosaurus  tooth marks have been found in  Triceratops  
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bones, and  Triceratops- like bones have been found inside a 

tyrannosaur tummy  and  inside tyrannosaur faeces. *  It all 

suggests that  T. rex  liked to eat other dinosaurs, so if a 

 T.  rex  could take down a  Triceratops , it ’ d probably think 

very little of dispatching you or me.  T. rex , it ’ s generally 

thought, was an opportunist. Like big cats and other top 

predators of today, this dinosaur was probably a hunter 

when necessary and a scavenger when the pickings were 

easy. Whatever he was, he wasn ’ t one for social niceties. 

In  2010, Nick Longrich from Yale University and 

colleagues noticed deep gouges in several  T. rex  bones that 

could only have been made by another  T. rex  as it fed. 

 T.  rex , they surmised, was a cannibal. Now if Hannibal 

Lecter taught us anything, it ’ s that Chianti goes well with 

liver and fava beans  …  and that cannibals should not be 

trusted, so a living, breathing  T. rex  should be given an 

extremely wide berth. Let ’ s put it simply.  T. rex  was not a 

fussy eater. As a mother, I like that. As a potential entr é e, 

I don ’ t. 

 So in theory,  T. rex  could eat us. But  would  he? Not if we 

didn ’ t let him. Although  T. rex  had a relatively large brain, 

his would be no match for our crinkly, clever cortices. By 

using science, we could devise ways to ensure we wouldn ’ t 

get eaten. 

 The most obvious solution would be to keep him locked 

up. Larger than an elephant, an adult  T. rex  would need an 

enclosure of at least pachydermal proportions. In the wild, 

elephants have very large home ranges that can be hundreds 

of square kilometres in size. And while captive elephants 

  *Much to the delight of children around the globe, dinosaur 

number twos can also become fossilised. Coprolites, to give them 

their offi  cial title, are sometimes found close to dead dinosaurs or 

inside their back passage. They don ’ t smell, they ’ re not messy, but 

they ’ re not easy to fl ush either. Some are huge. One  T. rex  

poop,  discovered in Saskatchewan, Canada in 1998, is over 

30cm (1ft) long.   
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40 BRING BACK THE KING

and zoo animals can survive in confi nes smaller than their 

wild ideal, this doesn ’ t make for happy bunnies. If we ’ re 

serious about bringing  T. rex  back, we shouldn ’ t skimp on 

his enclosure. It should be as big and secure as possible, 

and kowtow to any rider that promotes good behaviour. 

Dinosaur expert Darren Naish from the University of 

Southampton estimates an adult  T. rex  would have eaten 

around 100kg (220lb) of meat twice a week. That ’ s 

equivalent to 1,000 quarter pounder burgers per sitting, 

but Naish recommends chucking in a couple of cows from 

time to time and letting  T. rex  prepare his own burgers. 

Contrary to his meaty reputation,  T. rex  might also enjoy a 

smattering of fruit and vegetables. African wild cats eat 

fruit from time to time, so there ’ s every reason to suspect 

that  T. rex , another apex predator, might do the same. The 

enclosure would also need to be interesting, as bored zoo 

animals can become depressed and unwell. Ideally it would 

have a mix of shady woodland for snoozing, and more 

open terrain for chasing dinner. Extras could be chucked 

into the mix  –  balls for chasing, scratching posts or rocks 

for sharpening claws, and chew toys and bones for exercising 

gnashers. But the best boredom-busting addition would 

have to be another  T. rex .  ‘ If you have one dinosaur, you 

run the risk of creating a permanently lonely animal, ’  says 

Naish. This, he advises, could drive extreme behaviour. It 

might prompt the dinosaur to vocalise and call for others  –  

annoying for the neighbours, but not deadly. But it could 

also trigger aggression and the urge to escape. An angry 

 T. rex  on the loose would be a serious problem. Away from 

his regular supply of cows, humans might start to look like 

a tasty option. 

 So suppose you were to fi nd yourself being chased by a 

hungry  T. rex   –  could you outrun one? The good news is 

that, yes, technically any person could outrun a  T. rex , 

because technically  T. rex  couldn ’ t actually run. It ’ s a pedantic 

point, and one unlikely to bring much relief if a 6-tonne 

dinosaur was slavering at your heels, but, to classify as 
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running, both of its legs would need to be temporarily off  

the ground at the same time. And that didn ’ t happen. 

Biomechanics expert John Hutchinson from London ’ s Royal 

Veterinary College has calculated that, because of its shape, 

an adult  T. rex  would have needed more than 80 per cent of 

its total mass in its hind leg muscles in order to become 

airborne. That ’ s one hell of a drumstick and not remotely 

possible. So  T. rex  offi  cially couldn ’ t run. 

 It could, however, power walk. Like human speed 

walkers,  T. rex  had muscly buttocks and comparatively puny 

ankles. Palaeontologist Heinrich Mallison from the Museum 

of Natural History in Berlin generated a computer model 

that predicted that  T. rex  reached its top speed by taking 

short but very rapid strides. A sprinting  T. rex  might be 

truly terrifying, but a mincing dinosaur? I ’ m not scared. 

 That said, it could mince pretty quickly. Current 

estimates, based on anatomy, suggest that  T. rex  could have 

reached top speeds of around 40kph (25mph). That ’ s twice 

as fast as most humans can run, so while Usain Bolt might 

stand a fi ghting chance over 100m, the rest of us mere 

mortals would be unlikely to make it to the fi nishing 

line alive. 

 Hutchinson recommends the following. Bigger animals 

fi nd it harder to run uphill than smaller animals as their 

size and gravity work against them, so run for the hills and 

when you get there, run up them in a zigzag pattern.  T. 

rex , with its bulk and sticky-out head and tail, was not 

quick on the turn. Hutchinson has modelled the dinosaur ’ s 

inertia, the force it would take to resist turning, revealing 

that  T. rex  would have taken a full second to turn 45 – 90 

degrees. It might not sound like much, but it could make 

the diff erence between your life and its lunch. Next, if you 

can, head for somewhere with big obstacles .  A charging 

elephant will pursue a person through a lightly thicketed 

bush by trampling everything in its way. But it ’ s unlikely 

to give chase through, say, a thickly wooded forest or an 

IKEA car park on a Bank Holiday Monday. Finally, if all 
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else fails, try tripping the dinosaur up. When an animal 

falls and hits the ground, the force of the impact depends 

on its mass and its height. A 6-tonne  T. rex  with a belly 

1.5m (5ft) off  the fl oor would hit the ground with a 

deceleration of 6 g , considerably more than you ’ d experience 

even on the world ’ s tallest rollercoaster. Humans black out 

at 4 – 6 g , but for  T. rex  the eff ects could be catastrophic. 

With puny arms too feeble to break its fall, the impact 

would shatter  T. rex  ’ s ribs and pummel his internal organs. 

An adult  T. rex  would very probably die if it was tripped 

up while mincing.  

   From Bone to Stone 

  So on to important stuff . How to bring back the King of 

the Dinosaurs? As I mentioned previously, to de-extinct 

an animal you need a source of that animal ’ s DNA. 

But  all we have for dinosaurs are their remains, cast 

in stone. 

 Fossils are the preserved remains or traces of animals, 

plants and other organisms from the dim and distant past. 

Researchers estimate that the number of species known 

through fossils is far less than one per cent of all the species 

that have ever lived, meaning that fossils are only formed in 

very exceptional circumstances. To become one, an animal 

has, rather obviously, to die. There are no living fossils. *  The 

body then has to be covered up quickly, and stay that way. 

Getting eaten by scavengers or being dug up is bad. Falling 

into a bog, river or ocean and sinking down into the mud at 

the bottom is good. Sediment can then smother the remains, 

allowing minerals to seep into the body and begin to replace 

the various biological, organic molecules from which life is 

made. Over time and under pressure, the creature ’ s remains 

are slowly turned to stone. Dogma has it that when 

  *Apart from The Rolling Stones  
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fossilisation is complete any organic trace of the animal is 

gone. Fossils, we are told, are made from inert, inorganic 

minerals. Generations of schoolchildren have grown up 

believing this. They still learn it today. So with no biological 

information to go on, you ’ d be forgiven for thinking that 

bringing back the King of the Dinosaurs is a non-starter. 

Chapter over. Put the kettle on. 

 But that ’ s not always the case. In 1828, a lady by the 

name of Mary Anning went for a walk on the beach 

at Charmouth in Dorset. It ’ s one of my favourite places. 

With every passing tide, new fossils are liberated from the 

relic-rich rocks and mudslides, and can be handpicked 

from the shoreline. Anning had an uncanny knack for 

fi nding incredible things. She found toothy marine 

reptiles, pterosaurs and strange shelled creatures. At a time 

when women did little but wear fl ouncy frocks and giggle 

coquettishly, she grabbed her hammer, hoicked up her 

skirt and headed down to the beach to search out these 

 ‘ curios ’ , which she then sold to learned gentlemen and 

posh Victorian tourists. *  Although the exact age of her 

fi nds wasn ’ t known at the time, Mary recognised these 

creatures as both ancient and extinct, and her fi nds went 

on to help shape some of the most infl uential theories of 

the day, including Darwin ’ s theory of evolution by natural 

selection. Scientist, accidental feminist, a woman in a 

boorishly male world, Mary Anning was in short, a bit 

of a heroine. 

 So there she was, that day in 1828, walking along the 

shoreline, when she spotted an unassuming grey rock. To 

anyone else it wouldn ’ t have looked like much. It was smooth 

and rounded, with no fi ssures or fl ecks of crystal. Exactly 

the sort of stone, experience told her, that could be hiding 

something valuable. So she split it with her hammer to 

  *It ’ s said that the tongue twister  ‘ she sells sea shells on the sea 

shore ’  was written about none other than Mary Anning.   
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reveal a small blob of dark, sooty stuff . When she scratched 

the feature with her fi nger, it left a smudge on her skin. 

This wasn ’ t a creature, she realised, but something that had 

been made by one. Anning had stumbled across a puff  of 

ancient squid ink. Around 200 million years ago, the warm 

Jurassic seas of Britain were chock-full of squid-like 

creatures. In life, the squid would have fi red a cloud of ink 

into the water to bamboozle an approaching predator, but 

in death, it made a useful addition to Mary ’ s stationery 

cupboard. She took it back to her workshop in the family 

home at Lyme Regis, where she added a little water and 

turned the purple powder into a fi ne, sepia-like ink, which 

she then used to draw pictures of the fossils that she found. 

What Anning realised, ahead of her time, was that the 

fossil ink she used to write with was essentially the same as 

that fi red from the bolshy squid ’ s backside many millions 

of years before. The substance hadn ’ t changed. An organic 

molecule from the Jurassic seemed as fresh as the day it 

was made. 

 We know today that the ink is made of a molecule called 

melanin, the same pigment that gives skin and hair their 

colour.  ‘ It ’ s an incredibly recalcitrant molecule, ’  says 

palaeontologist Michael Benton from the University of 

Bristol, who studies the stuff .  ‘ It was obvious to 

palaeontologists of the day that melanin could survive for 

very long time periods indeed. ’  It ’ s an idea that modern 

methods have since confi rmed. A few years ago, US scientists 

showed that the chemical make-up of Jurassic squid ink is 

chemically indistinguishable from that of modern cuttlefi sh. 

Anning wasn ’ t writing with some chemically altered, 

geologically ravaged, fossilised version of squid ink. She was 

writing with the real deal. Melanin, an organic molecule 

produced by a living creature, can survive the passing of 

millennia undamaged. We can ’ t, of course, make dinosaurs 

from melanin, but it raises the question: if melanin can 

survive the process of fossilisation, what else can? What 

about soft tissue? Proteins? DNA? Could they survive too? 
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It ’ s a question that another Mary has been grappling with 

for most of her academic career.  

     ‘  Little Round Red Things ’  

  It all began the day that Mary Schweitzer started seeing 

spots. Seeing spots is rarely a good thing. It can be a sign 

that you ’ re overtired, that your little one has succumbed to 

chicken pox or, worse still, that your teenager is careering 

pimple-faced into puberty. Their arrival generally spells 

trouble. So when Schweitzer started to see them, back in 

1992, she felt nervous. She was staring down a microscope 

at a thin slice of fossilised dinosaur bone, but what she saw 

beggared belief. For there, in among the channels that had 

once housed blood vessels, were tiny red spots. Lots of 

them. With their claret-coloured centres that resembled 

nuclei, they looked for all the world like the red blood cells 

found in so many other creatures alive today. *  But how 

could they be? The tissue slice belonged to a recently 

discovered  T. rex  called Wankel Rex, which had been dead 

for 67 million years. Fossils, as everybody knows, don ’ t 

contain red blood cells, nuclei or DNA. Yet here they were: 

colourful, seemingly organic structures. There had to be a 

reasonable explanation. Perhaps, Schweitzer thought, the 

 ‘ little round red things ’ , or  ‘ LRRTs ’  as she called them, 

were caused by some unknown chemical reaction, or some 

other as-yet unrecognised phenomena. Schweitzer, then a 

rookie palaeontologist just starting her PhD at Montana 

State University, was certainly in no rush to tell her boss, 

the renowned dinosaur expert and Curator of Palaeontology 

at the Museum of the Rockies, Jack Horner.  ‘ I was scared 

to death of Jack, ’  she tells me. But word got around, and a 

short while later, Schweitzer found herself standing by as 

Horner took a look at the samples for himself. After a long 

  *Mammals don ’ t have nuclei in their red blood cells, but reptiles, 

birds and all other vertebrates do.  
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and awkward silence, he looked up and asked Schweitzer 

what she thought they were.  ‘ I told him I didn ’ t know, ’  says 

Schweitzer,  ‘ but that the objects were the same size, shape 

and colour as blood cells, and in the right place too. ’   ‘ OK, ’  

Horner replied,  ‘ prove to me that they ’ re not! ’  

 It was a challenge that became the focus of Schweitzer ’ s 

PhD and was to shape her entire career. Schweitzer went 

on to show that the LRRTs contained molecules that are 

found in red blood cells, including haem, the small iron-

containing compound that makes red blood cells red and 

enables the much bigger haemoglobin protein to ferry 

oxygen around the body. And when extracts of the 

 ‘ spotty ’  fossil bone were injected into rats, the animals ’  

immune systems made antibodies to bind to and destroy 

the foreign matter. The antibodies recognised not the 

mammalian or reptilian forms of the haemoglobin 

molecule but the avian version. Given that birds are 

descended from dinosaurs, the results suggested that 

dinosaur haemoglobin  –  or breakdown products from it  –  

was still present in the ancient fossil. It put Schweitzer in 

a pickle. At this point, she couldn ’ t prove categorically 

that the LRRTs were red blood cells, but she couldn ’ t 

prove that they weren ’ t either. All she could say for sure 

was that some sort of biological molecule could be found 

in dinosaur fossils. Melanin had company. Here, 

apparently, was another organic molecule  –  haem  –  that 

could persist through geological epochs of time. 

 Then along came Bob. Bob is a well-preserved  T. rex , 

whose 68-million-year-old bones were spotted sticking 

out of a sandstone cliff  in the Badlands of Montana by 

fi eld chief crewmember Bob Harmon from the Museum 

of the Rockies. In 2003, round about the time Schweitzer 

was fi nishing her PhD, Bob ’ s bones were fi nally prised 

from the cliff  face after a back-breaking three-year 

excavation. But the site was so remote that the fi nds had 

to be airlifted back to base by helicopter. One of them, an 

enormous metre-long thighbone, was so big that it had to 
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be sawn in half and carried out in pieces. But what was 

bad news for the fossil record turned out to be good news 

for Schweitzer. Back at base, Horner boxed up all the little 

bits of bone that splintered off  and sent them to her for 

analysis. 

 It took little more than a glance for Schweitzer to realise 

she was onto something special. For there, lining the inside 

surface of the bone was a thin layer of very distinct, unusual 

tissue. It was fi brous, fi lled with blood vessel channels, and 

diff erent in colour and texture to the cortical bone that 

makes up most of the skeleton. In fact, it looked exactly 

like a type of reproductive tissue that is found in modern-day 

birds when they are carrying a fertile egg.  ‘ It was 

really obvious to me, ’  she says.  ‘ I said to my assistant  –  it ’ s 

a girl and it ’ s pregnant! ’  

 Bob was Roberta. He was a she! It was like something 

out of a Kinks song. It was also the fi rst time anyone had 

been able to determine the sex of a dinosaur with any 

certainty. Medullary bone, as it is called, is a short-lived 

tissue that off ers female birds a ready source of calcium for 

the developing eggshell. But it was the fi rst time anyone 

had spotted this in a dinosaur.  

   The Acid Test 

  To Schweitzer, the next step was obvious. Bone is a 

composite made from minerals and the fi brous protein 

collagen. In medullary bone, the collagen fi bres are laid 

down in a characteristically random fashion that can be 

easily seen when the mineral component of the bone is 

dissolved away with acid. It was an experiment Schweitzer 

had done many times with bird tissue, but never thought 

to  try with a dinosaur fossil. After all, why would she? 

Common sense suggested that if fossils were, as the 

textbooks said, made from mineral alone, then there 

wouldn ’ t be anything left after the acid had got to work. So 

she decided to drop a tiny piece of the  T. rex  femur into 

9781472912251_txt_print.indb   479781472912251_txt_print.indb   47 8/4/2016   4:17:18 PM8/4/2016   4:17:18 PM



48 BRING BACK THE KING

weak acid just to see what would happen, and cautioned 

her assistant, Jennifer Wittmeyer, not to let the experiment 

overrun, otherwise the entire sample would dissolve. 

 But next morning, when Wittmeyer went to retrieve the 

sample, something odd had happened. She was expecting 

to fi nd a solid chunk of bone, but the structure she retrieved 

with her tweezers was anything but. With the minerals 

removed, what remained was a springy, fi brous clump of 

something that had to be organic.  ‘ It looked like a lump 

of chewed bubble gum, ’  says Schweitzer. Here was evidence 

that soft, pliable tissue could survive fossilisation; that 

organic material, possibly collagen, was lurking inside a 

bone from the time when dinosaurs walked the Earth.  ‘ But 

it just wasn ’ t possible, ’  says Schweitzer.  ‘ There were lots of 

people way smarter than me, who had been doing 

palaeontology a lot longer than me, who said, it ’ s just not 

possible. I was terrifi ed. ’  So she had her assistant re-run the 

experiment several times, always with the same result  –  the 

stretchy tissue that survived the acid bath looked like 

the remains of medullary tissue from modern bird bones 

treated the same way. 

 Perhaps, Schweitzer reasoned, the phenomenon was a 

quirk of medullary tissue, so she repeated the acid test 

with bits of Bob ’ s cortical bone. This time, the results 

were even more startling. When the acid was rinsed away, 

tiny hollow tubes could be seen fl oating around under the 

microscope. They were bendy, branching and transparent, 

like blood vessels, and inside them, little round red things 

that looked, once again, like red blood cells. Mary was 

seeing spots again. But these weren ’ t the only cell-like 

structures she saw. In between the fi bres of bone matrix 

were the distinctive outlines of another cell type called 

osteocytes. These are produced and become trapped in the 

bone ’ s internal scaff olding, from where they stretch out 

long tendril-like structures to connect with other cells. It ’ s 

these tiny, star-like protrusions that Schweitzer saw when 

she looked down the microscope. Bob, it seemed, appeared 
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to contain a whole new level of organic material never 

seen before in a fossil. So impressive was the level of 

preservation in Bob ’ s Cretaceous bones that the structures 

Schweitzer saw when she looked down the microscope, 

could  –  if you didn ’ t know better  –  easily have been 

misattributed to an animal that had died weeks rather 

than millions of years ago. She published her cautiously 

worded results in  Science  in 2005, concluding that the 

exceptional levels of preservation she had seen in her 

dinosaur specimens could extend to the cellular level and 

beyond. ’  

  Beyond!  That ’ s the key word here. Schweitzer had shown 

that soft tissue and cell-like structures could survive in 

dinosaur bones for millions of years. But beyond that? What 

of the molecules that make up cells? Protein, DNA and the 

like? Could they also survive the fossilisation process? 

 Schweitzer decided to look for collagen, the most 

common animal protein, hints of which she suspected she 

had seen in the demineralised  T. rex  bone. Collagen is a 

structural protein, found in bone, muscle, skin and other 

tissues. Known for its durability, it was a sensible fi rst choice 

to look for. 

 Knowing full well how controversial the discovery of 

dinosaur collagen would be, were she to fi nd it, Schweitzer 

decided to chuck as many diff erent tests at the  T. rex  bone 

as she could. Under high-powered microscopy, the 

substance bore stripes, each a precise 67 nanometres apart 

(a nanometre is one millionth of a millimetre), a pattern 

that is seen in and diagnostic of modern-day collagen. And 

when antibodies to chicken collagen were sluiced across 

the sample, they stuck. Because dinosaurs evolved from 

birds, it was thought that their collagen molecules would 

be similar. So the study hinted at the presence of something 

collagen-like in the dinosaur bone that could recognise 

and bind to the modern bird antibody. 

 And then the icing on the cake. With the help of 

colleague John Asara from Harvard ’ s Beth Israel Deaconess 
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Medical Center, samples were run through a mass 

spectrometer, a seemingly magical black box of a machine 

that can be used to determine the constituent molecules 

that make up a protein. Seven diff erent fragments of 

collagen were spotted. And by comparing the  T. rex  

sequences to a database of modern animal proteins, the 

Cretaceous fragments were shown to be most similar to 

birds, followed by crocodiles  –  the two groups that are the 

closest living relatives of dinosaurs. It was the fi rst molecular 

evidence for the long-held idea that birds are modern-day 

descendants of dinosaurs, and, more controversially, the 

fi rst study to suggest dinosaur proteins could persist in 

fossils for tens of millions of years.  ‘ It also, ’  speculated  The 

Guardian  newspaper,  ‘ hints at the tantalising prospect that 

scientists may one day be able to emulate  Jurassic Park  by 

cloning a dinosaur. ’  Bringing back the dinosaurs just got 

one step closer, or so it seemed. 

 But the excitement was soon mired in controversy. 

Almost as soon as the results were published, scientists 

were lining up to knock them down. At the front of the 

queue, from the University of California, San Diego-

based computational biologist Pavel Pevzner, who, in 

2008, wrote what has to be one of the most butt-

clenchingly scathing critiques ever penned in the name of 

science. He compared John Asara to a boy who watches a 

monkey banging away at a typewriter, eventually sees it 

produce a handful of words and then  ‘ writes a paper 

called  “ My Monkey Can Spell! ”  ’  The alleged protein 

fragments were, Pevzner concluded, nothing more than 

statistical artefacts. Elsewhere, others suggested that 

Schweitzer had found bacterial scum rather than dinosaur 

proteins, or that the results were coloured by contamination 

from modern bird samples that Schweitzer had handled 

in her laboratory. Perhaps the anti-collagen antibodies 

were binding not to some ancient biomolecule, but to 

some inorganic alternative; an exquisitely detailed imprint 

or cast of the original protein moulded in mineral long 
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ago, before decay set in. The coprolite hit the fan. Once 

again, just as when she started seeing spots a decade 

before, Schweitzer found herself having to defend her 

fi ndings. 

 Help came in the form of a duck-billed dinosaur called 

Brachy. This 80-million-year-old plant-eating hadrosaur 

( Brachylophosaurus canadensis ) had been recently discovered 

in Montana ’ s Judith River Formation. Whereas Bob had 

been handled by umpteen sweaty, un-gloved people 

during its three-year excavation, and then coated with 

varnish to protect the bones, Brachy was given full CSI 

treatment. Concerned that human cells could contaminate 

the scene, that ancient biomolecules might decay quickly 

once out of the ground and that preservatives might 

permanently alter the fossil ’ s chemical make-up, a 

protectively clothed Schweitzer and co. jackhammered 

the dinosaur from the surrounding rock in just three 

weeks, from whence its varnish-free remains were whisked 

to a custom-built mobile lab set up in the fi eld. Once 

again, using multiple tests, signs of collagen were found  –  

evidence, Schweitzer believes, that proteins or fragments 

of them really can, in very special circumstances, survive 

for 80 million years. 

 That was 2009. Today, Schweitzer ’ s fi nds are still 

controversial. She still has her sceptics, but others are 

beginning to replicate her results. Signs of collagen and 

red blood cells have since been found in other fossils, and 

Schweitzer believes she has found other structural proteins 

hiding in her samples. Cumulatively the fi nds suggest 

that  the preservation of organic matter in fossils may be 

more  common than was originally thought.  ‘ I believe 

we  are coming to a point where people will need to 

acknowledge that this is the case, ’  says Sergio Bertazzo 

from Imperial College London, who was among those 

to fi nd evidence of organic matter in dinosaur bones. The 

dogma that fossils are just made of rock looks set to 

crumble. 
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 That scientists can retrieve organic molecules from fossils 

is impressive. Through their study, researchers hope to shed 

light on the biology and evolution of extinct creatures. But 

although dinosaurs were made of protein (and many other 

molecules besides), we can ’ t somehow rebuild one from a 

few scrappy bits of collagen. It ’ s like trying to construct the 

5,195 piece Lego Star Wars  Millennium Falcon  (Model 10179) 

from just a few bricks and the picture on the box. Without 

the instructions it ’ s impossible to know what the other 

bricks should be, or how to put them together. The rotating 

laser cannons could end up stuck on the detachable cockpit 

cover and Chewbacca could end up with Leia ’ s hair. 

Unthinkable! So while a working knowledge of dinosaur 

proteins can help put us on the right track, we can ’ t rebuild 

a dinosaur without the complete instruction manual. We 

still need dinosaur DNA.  

   The Hunt for Dinosaur DNA 

  The odds of fi nding dinosaur DNA are, however, stacked 

against us. The problem is that, unlike collagen, DNA is a 

hopelessly fl imsy molecule, in some ways not unlike the 

Forth Bridge. According to the myth, Scotland ’ s most 

famous rail bridge is so big that by the time workmen have 

fi nished re-painting it, it ’ s time to start all over again. 

 ‘ Painting the Forth Bridge ’ , or, if you live in the US, 

 ‘ Painting the Golden Gate Bridge ’ , has become a colloquial 

expression for a task that never ends. So too our DNA must 

be continually repaired to keep it in good working order. 

Fortunately for us, the repairs are done automatically. As 

long as we ’ re alive, our cells patch things up, repairing 

breaks in the DNA strand and replacing nucleotides that 

have become altered or lost. As we age, however, our cells 

struggle to keep on top of this routine maintenance, and the 

gradual build-up of errors that results is thought to contribute 

to ageing, and age-related diseases like Alzheimer ’ s. When 
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we die, the renovations stop altogether. As our cells and 

tissues decompose, so too does our DNA. Fragmented into 

ever smaller pieces, the genomes of dead things become 

more bitty and less recognisable until at some point in time, 

they are gone forever. 

 But that hasn ’ t stopped people from looking. In 1984, 

Russell Higuchi and Allan Wilson from the University of 

California, Berkeley, became the fi rst to retrieve DNA from 

a long-dead animal when they extracted the molecule from 

a bit of 140-year-old muscle from an extinct beast called a 

quagga. Then a year later, DNA was prised from a 

4,000-year-old Egyptian mummy (see   Chapter 2  ). It was 

the start of a research fi eld that became known as  ‘ ancient 

DNA ’ . Up until then  ‘ ancient DNA researchers ’  were 

simply elderly geneticists. But now  they were anyone, of 

any age, who researched elderly DNA. At this point, no one 

knew just how long DNA could survive. So the race was on 

to push the boundaries of DNA retrieval from ever-older 

specimens. 

 In the early 1990s, around the time that Schweitzer fi rst 

started seeing spots, researchers claimed to have isolated 

DNA from a whole host of antediluvian remains. DNA was 

apparently retrieved from 17-million-year-old magnolia 

leaves, a 30-million-year-old termite and from a 120-million-

year-old amber entombed weevil. Geological epochs fell 

like tripped up toddlers. But then came the icing on the 

cake. In 1994, scientists claimed to have retrieved DNA 

from an 80-million-year-old dinosaur bone. 

 It all seemed too good to be true. Such extraordinary 

claims left many academics scratching their heads. Surely it 

was impossible for DNA to survive that long? In the end 

it took Nobel Prize-winning biochemist Tomas Lindahl to 

point out that because of the way DNA breaks down, it 

simply can ’ t survive over these kinds of time frames. And 

in 2012, his ideas were corroborated by a study that found 

that DNA has a half-life of just 521 years. Although it 
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might sound like a long time, what this means is that after 

521 years, half of the links between the DNA letters in a 

genome would be broken. Half a millennium later, half of 

those remaining links would have disappeared, and so on. 

After 6.8 million years, every single link would be 

destroyed, making the recovery of DNA from fossils any 

older than this completely impossible. The fantastical 

claims from the early nineties amounted to little more than 

wishful thinking mixed with an unwanted dash of 

contamination. There was no DNA in the fossils. Instead, 

the technique used at the time to amplify the fragmented 

bits of DNA, the Polymerase Chain Reaction (PCR), had 

accidentally amplifi ed bits of contemporary DNA from the 

surrounding environment. 

 Twenty years after these wayward claims and researchers 

now have new techniques at their fi ngertips (see   Chapter 2  ). 

They have honed their methods and can be confi dent that 

when they do fi nd DNA in ancient samples, it ’ s the real deal 

and not some annoying artefact. Lindahl ’ s predictions have 

stood the test of time. At the time of writing, the record for 

the world ’ s most ancient DNA goes to a 700,000-year-old 

horse found frozen in the Canadian permafrost. And the 

oldest human DNA to be salvaged comes from the femur of 

a 400,000-year-old hominin *  found in an underground 

cave called the Sima de los Huesos, or  ‘ Pit of Bones ’ , in 

Spain ’ s Atapuerca Mountains. We now have evidence to 

suggest that in exceptional circumstances (cold, dry places 

such as the Arctic or the inside of caves) fragments of DNA 

can sometimes persist for hundreds of thousands of years.  ‘ If 

you ’ re in an area where your ice cream will last, then your 

DNA will last too, ’  says ancient DNA researcher Tom 

Gilbert from the University of Copenhagen. But beyond 

that? Most ancient DNA researchers think the molecule 

  *A species of human that is more closely related to us than to 

chimps. Since we’re the only human species left, all the other 

hominins are extinct.  
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can ’ t possibly survive in fossils that are millions of years old. 

It ’ s a brave person who sticks their neck out and still goes 

hunting for DNA in dinosaur bones. 

 But Schweitzer ’ s not put off .  ‘ If you can get DNA from 

a 700,000-year-old fossil, why not a million-year-old one? ’  

she tells me,  ‘ and if you can get DNA from a million-

year-old fossil why not one that is seven or even 70 million 

years old? ’  I admire her chutzpah. Schweitzer has a hunch 

that could help explain how organic molecules can 

sometimes last for millions of years inside fossils. But better 

still, the same hunch could also help her to develop ways of 

fl ushing these molecules out. 

 Schweitzer thinks that iron is the key. Iron is a very 

reactive molecule, so in life it ’ s kept locked up inside our 

cells. But after we die, our cells fall apart, liberating tiny 

iron nanoparticles that then generate highly reactive 

molecules called free radicals. Schweitzer thinks that the 

free radicals have preservative properties. They cause nearby 

proteins to become tangled up, making them more resistant 

to decay.  ‘ In essence, they act a bit like formaldehyde, ’  she 

says. The process could help explain how it is that Schweitzer 

has managed to fi nd signs of collagen in her dinosaur fossils. 

But it also made her wonder whether the same process 

could sometimes preserve other organic molecules too. 

What if the free radicals had preserved DNA? What if there 

really was DNA to be found inside certain fossils, but it had 

gone undetected because (1) no one believed it would be 

there so no one had bothered to look, and/or (2) it lay 

smothered under a layer of iron nanoparticles that eff ectively 

shielded it from view? 

 To test her ideas, Schweitzer used a chemical to remove 

the iron nanoparticles from her demineralised fossil samples, 

then ran two standard tests for DNA. Stains that fl uoresce 

when they come into contact with DNA were sluiced 

across the samples, and when Schweitzer looked down the 

microscope, she could see tiny blobs of fl uorescence inside 

what looked like the cells ’  nuclei. It looks just like the 
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pattern of staining seen when the same test is done on 

modern cells, only fainter. The stains were clearly reacting 

with something. What ’ s more, when she tested the samples 

with antibodies that bind to DNA, they too gave a positive 

result. The ancient cells lit up. Speaking to me more than a 

year down the line, Schweitzer remains rightly cautious. 

After all, no one else has ever found so much as a hint of 

genuine dinosaur DNA. Schweitzer ’ s tests aren ’ t designed 

to extract or decode the molecule. She ’ s making no grand 

claims. Her tests are simply designed to see if bits of the 

molecule are still there at all. It ’ s a sensible fi rst step. 

Schweitzer ’ s experiments reveal that there ’ s certainly some-

thing inside her dinosaur cells, but all that can be said with 

certainty is that the substance is chemically and structurally 

similar to DNA.  ‘ We ’ ve found a signature of DNA, ’  says 

Schweitzer,  ‘ but we can ’ t say for sure that it is DNA. ’  And 

although the substance was identifi ed inside a dinosaur cell, 

she can ’ t, with any certainty, say that the molecule is from 

a dinosaur. Ancient bone samples, as the researchers in the 

1990s found to their cost, are all too easily contaminated 

with DNA from elsewhere. 

 But suppose the results are replicated. Suppose that 

sometimes, just sometimes, DNA does become preserved 

beyond the limits of what most think possible. The next 

step then would be to try to extract the molecule and 

de-code its chemical make-up; to  ‘ read ’  or sequence it. But 

that is one very tall order. 

 Imagine printing out the lyrics of every song that Elvis 

Presley ever recorded  –  700-plus nuggets of pop artistry  –  

then putting them through a shredder multiple times. 

Hamster bedding! You sift through the detritus and 

millions of tiny scraps of paper fall through your fi ngers 

like confetti. You get fragments or suggestions of words or 

phrases, but no real way of reassembling them. The infor-

mation is still there, but it ’ s not in a form that can be used. 

The lyrics to  ‘ Suspicious Minds ’  and lesser-known gems 

such as  ‘ There ’ s No Room to Rumba in a Sports Car ’ , or 

9781472912251_txt_print.indb   569781472912251_txt_print.indb   56 8/4/2016   4:17:18 PM8/4/2016   4:17:18 PM



KING OF THE DINOSAURS 57

 ‘ Yoga Is as Yoga Does ’  are lost forever. In much the same 

way, Schweitzer may just possibly have detected the 

shredded remains of dinosaur DNA, but the  T. rex  genome, 

billions of letters long, cannot be reconstructed from these 

shattered remnants. The recipe for making a dinosaur 

cannot be found in fossils.  

   The Impossible Dream 

  Clearly, researchers need to adopt a diff erent tack if they 

are to bring back the King of the Dinosaurs. Strangely 

enough, the answer may lie somewhere within the realms 

of  Jurassic Park  after all. Not in the fi lm itself or in the 

methods it employed, but in the inspiration for the fi lm ’ s 

lead character. Schweitzer ’ s boss, Jack Horner, is not only 

scientifi c advisor for the  Jurassic Park  fi lms but also the 

inspiration for one of the movie ’ s main characters, 

palaeontologist Alan Grant. Horner believes he could make 

a dinosaur within as little as a decade, without ever having 

to resort to ancient dinosaur DNA.  ‘ All ’  he has to do is 

make evolution run backwards. 

 Imagine for a second that we could rewind the clock. Go 

back in time and similar, related creatures share common 

ancestors. The common ancestor of  Homo sapiens  and 

Neanderthals, for example, lived around half a million years 

ago. Go back a little further, however, and these common 

ancestors share common ancestors. That of humans and apes 

was around seven million years ago. Now keep on time-

travelling; some 65 million years ago, we might meet the 

common ancestor of primates and rodents. And so it goes 

on; as we journey into the past, seemingly disparate groups 

of animals become united through their shared evolutionary 

history until we meet the last universal common ancestor of 

all life on Earth, a single-celled creature that lived 3.8 billion 

years ago. Run the clock backwards and you see evolution 

in reverse. The big, complicated tree of life becomes pruned 

into a much-simplifi ed Brazilian landing strip. 
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 Horner ’ s argument is that if we take the modern-day 

descendants of the dinosaurs and then persuade evolution 

to run backwards, eventually we ’ ll end up with a dinosaur. 

 ‘ It sounds crazy, ’  says Horner,  ‘ but it ’ s not impossible. ’  

 The fi rst step, then, is to fi nd a living descendant of the 

dinosaurs. That ’ s the easy part. I have four of them at the 

bottom of my garden. They escape periodically, lay eggs 

when its suits them and harass my dog. But their tolerant 

nature does little to hint at their ferocious evolutionary 

past. Chickens  –  indeed all birds  –  are, as previously 

mentioned, descended from dinosaurs, specifi cally the 

two-legged predatory group of dinosaurs known as 

therapods, which includes both  T. rex  and  Velociraptor . The 

split happened somewhere between 180 and 160 million 

years ago, when avian dinosaurs, or  ‘ birds ’ , as they became 

known, headed off  down one branch of the evolutionary 

tree and therapods continued on another. The fossil record 

tells the story in exquisite detail. Early birds were, as you 

would expect, a halfway house between non-avian 

dinosaurs and modern birds. The most famous of them all, 

the raven-sized  Archaeopteryx , had the wings and feathers of 

a bird but the teeth, snout, bony tail and clawed fi ngers of a 

dinosaur. Then, sculpted by natural selection and the 

passing of time, the teeth and tail disappeared, the snout 

turned into a beak and the wing took shape. While their 

forebears succumbed to the fallout from Chicxulub, modern 

birds took to the skies. The descendants of dinosaurs are all 

around us today. 

 The second step, therefore, is to take an embryo of a 

modern bird and persuade it to develop into something like 

its distant dinosaurian ancestor. It sounds far-fetched but for 

the fact that sometimes living, modern creatures display 

distinctly ancient characteristics. Emus are large, fl ightless 

birds with powerful legs and wings instead of hands. But 

peer at an emu embryo and you ’ ll see that for a short time, 

it starts to develop the beginning of a three-digit forelimb 

rather than a single-digit wing. Elsewhere in the animal 
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kingdom, snakes are sometimes born with hind legs, 

dolphins are sometimes born with hind fi ns and humans are 

sometimes born with tails. Known as atavisms, these features 

are throwbacks to the animals ’  shared evolutionary past. All 

are  descended from the same four-limbed creature that 

hauled itself out of the water and onto the land some 

390 million years ago. That these features sometimes exist at 

all suggests that the genetic instructions required to make 

them are still present. All Horner has to do is to fi nd 

out  what the instructions are and then fi nd a way of 

reactivating them. 

 He outlined his ideas in his 2009 book  How to Build a 

Dinosaur , and then again at a 2011 TED talk that has since 

racked up more than two million hits. By tinkering with the 

developmental programmes of embryonic chickens he hopes 

to persuade them to bring out their inner dinosaur; to 

develop dinosaur-like features like teeth and tails. His plans 

are founded on the realisation, formed over the last few 

decades, that although life exists in myriad diff erent forms, 

all animals, from fruit fl ies to humans to chickens to 

dinosaurs, share similar genetic mechanisms that guide the 

way their bodies are laid out. The genes involved in making 

the compound eyes of fruit fl ies, for example, are very similar 

to those involved in the formation of say, your eyes or the 

soulful brown peepers of my faithful pet pooch. And most of 

the genes involved in making front paws in mice are similar 

to the genes that control the development of hands in 

humans. What ’ s diff erent are the patterns of gene activity; 

where and when, in the developing embryo, genes are 

switched on and for how long. This in turn is controlled by 

a complex array of control mechanisms, or  ‘ genetic switches ’ , 

if you like. The best-known of these are the  Hox  genes, a 

family of genes that code for proteins called transcription 

factors, which latch on to specifi c DNA sequences close to 

genes, so turning them on or off . Flip a genetic switch  –  

alter the way that certain genes are expressed rather than 

the sequence of the genes themselves  –  and you can create 

9781472912251_txt_print.indb   599781472912251_txt_print.indb   59 8/4/2016   4:17:18 PM8/4/2016   4:17:18 PM



60 BRING BACK THE KING

animals that look very diff erent to their natural selves, 

something Arkhat Abzhanov knows only too well.  

   Shape Shifters 

  Abzhanov isn ’ t like Horner. He doesn ’ t want to make a 

dinosaur. An evolutionary biologist at Harvard University, 

he ’ s interested in fi nding out how evolution works, how 

tiny alterations at the molecular level craft much larger 

changes in anatomy. So he carefully snips a hole in the shell 

of an ordinary chicken egg, and places some tiny beads that 

he has pre-soaked in a special solution onto the face of the 

developing embryo. Then he watches and waits. A couple of 

weeks later, he sees something incredible, something not 

seen in birds for 90 million years. Instead of a beak, the tiny 

chick has grown a snout. 

 That was 2015. Now let ’ s rewind a little to understand 

what went on. In 2004, Abzhanov showed that changes in 

gene expression can lead to subtle changes in shape. Tweak 

the levels of one particular gene in a chicken embryo and it 

develops a bruiser of a beak better suited to cracking nuts 

than it is to pecking grain. This led him to wonder if similar 

changes could trigger more dramatic anatomical changes, 

like the evolutionary transition from the snout of a dinosaur 

to the beak of a bird. 

 With no living dinosaurs available to study, he decided to 

plump for alligators, reasoning that the snouts of the two 

creatures would have developed in a similar way. The snouts 

of alligators, we know, are a set of paired bones called the 

premaxillaries. Birds have premaxillaries too, but during their 

development the bones fuse and elongate to form the beak. 

Abzhanov compared the embryos of both animals and found 

that two proteins, known to be involved in facial development, 

were expressed diff erently. In alligator embryos, patches of 

the molecules could be seen on either side of the face just 

before the snout began to form. But in chicken embryos, 
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the molecules were spotted in the centre  and  the sides of 

the face. If the central patch of expression could be removed, 

he mused, then perhaps the chicken embryo would develop 

a snout. So he laced his tiny gel beads with molecules that 

bind to and inactivate the two proteins, cut a window in an 

eggshell and placed the beads right in the middle of the 

developing chick ’ s face. Then he sealed the hole back up 

and popped the egg into an incubator. Sure enough, the 

chick developed paired premaxillary bones rather than a 

beak.  ‘ It looks like the kind of snout that  Archaeopteryx  

would have had, ’  says Abzhanov. So if chicken embryos can 

be coaxed to grow snouts, what else could they be persuaded 

to grow? 

 In 1999, Malcolm Logan and Cliff ord Tabin, then also 

both at Harvard, introduced a gene,  Pitx1 , which codes 

for a transcription factor, into the budding wings of 

normal chicken embryos. Instead of wings, the birds 

began to grow something a bit like legs. The odd-looking 

forelimbs contained leg muscles and had the beginnings 

of clawed fi ngers at their extremities. In 2005, when 

Matthew Harris, also at Harvard, altered levels of a protein 

called beta-catenin in embryonic chick jaws, he found 

that the birds grew teeth. They resembled the pearly 

whites of alligators, neat rows of conical teeth dotted 

along the little birds ’  jawlines. Here was a bird with bite, 

and proof that hens ’  teeth aren ’ t as scarce as  …  well, 

hens ’  teeth. 

 Horner hopes to amalgamate all these fi ndings and 

engineer these features  –  teeth, snout and forelimbs  –  into 

a developing chicken embryo. In addition, he has identifi ed 

a number of genetic changes that he thinks caused 

primitive birds to lose their tails. Learn how to reverse 

these signals, he says, and one day we could persuade that 

same chicken embryo to grow a long, articulated tail 

instead of a parson ’ s nose. Multiple changes, he 

acknowledges, would need to be made to multiple systems 
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at diff erent stages in development, but the end result, he 

hopes, would be a creature that looks like a coelurosaur, 

the subgroup of therapod dinosaurs that includes 

tyrannosaurs. 

 Horner calls his creation  ‘ chickenosaurus ’ . It would 

be chicken-sized, feathery and, depending on how you 

look at it, either a pocket-sized dinosaur or one weird-

looking Sunday roast. Horner hopes it would inspire a 

generation; a very modern dinosaur for a very modern 

age. Because gene expression will have changed rather 

than the genetic sequence itself, genetically speaking the 

creature will still be a chicken. According to Horner 

that means it should still behave like a chicken, posing 

no more danger than any of the other billions of domestic 

chickens alive today. And if it did get too feisty, we 

could always barbeque it  …  so long as no one is expecting 

a wing. 

 I like Horner. I like the fact that where other 

palaeontologists deal in dust and bone, he ’ s prepared to be 

diff erent; to stick his neck out, to propose the audacious 

and to deal in DNA and fl esh. But I can ’ t help thinking that 

his ideas are a little na ï ve. While it ’ s true that biologists 

have created dinosaur-esque features in chicken embryos, 

they ’ re a far cry from the real deal.  ‘ We ended up with a 

chicken with an odd looking hand, ’  says Malcolm Logan, 

now at King ’ s College London, of his 1999 study. Because 

of ethical regulations, the embryos were never allowed to 

hatch, so there ’ s no way of knowing if the limbs would 

have been functional or, indeed, if the embryos would have 

survived at all. What can be said with certainty is that the 

 ‘ hands ’  that Logan engineered were a long way from 

anything authentically  T. rex -like. 

 Also, while it ’ s possible that the chicken genome does 

contain some sort of latent instructions for making snouts 

or forelimbs or tails, to presume that these are the same 

instructions that guided dinosaur development is a big 

leap. The fossil record reveals that many of these 
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morphological transitions were already occurring some 

230 million years ago as theropods evolved, meaning the 

genetic instructions for making them are not just ancient, 

they ’ re positively Triassic. Chances are, because the 

instructions have lain dormant for so long, some of them 

will have been lost. Modern birds, we know, do not have 

the functional genetic sequences needed for making tooth 

enamel or dentine. But suppose, for the sake of argument, 

that the instructions are still there. What then? We realise 

now that genes don ’ t act in isolation. Alter the activity of 

one and more often than not it changes the activity of 

others, sometimes with unpredictable results. We might 

persuade a chicken to grow a tail, only to fi nd we have 

created unexpected problems. Other cells, tissues and 

ultimately body parts might fail to develop normally. The 

little creature might die inside the egg. Additionally, 

there ’ s a huge amount of variation in how seemingly 

identical embryos respond to seemingly identical 

interventions, making Horner ’ s ideas sound more than a 

little optimistic. 

 I ’ d love to see him prove me wrong but my belief is that, 

at best, Horner might be able to tinker with genetic 

pathways to create a crude caricature of a dinosaur. 

Ancestral-looking features might be recreated. The 

ancestral animal will not. What can be said is that the 

research underpinning Horner ’ s dream is likely to yield 

benefi ts far beyond the realms of quirky-looking chickens. 

Unravelling the mechanisms controlling embryonic 

development is a fundamental goal of biology. Understanding 

how animals change from a single cell to a fully formed 

embryo can help us to understand what ’ s happening when 

things go wrong. Research into the mechanisms controlling 

embryonic tail growth could lead to new treatments for 

spinal disorders. Research into the signals that guide limb 

formation could shed light on congenital limb abnormalities. 

That this type of research should continue is a no-brainer, 

but crowbarring it together to make an ugly chicken with 
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teeth just doesn ’ t do it for me. We can ’ t and most likely will 

never be able to retrieve DNA from dinosaur fossils, so the 

authentic recipe for making a  T. rex  is probably lost forever. 

If I can ’ t bring back a  T. rex,  I ’ ll have to fi nd something else 

to de-extinct. 
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