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From the Editor

Three years ago, when CRISPR-Cas9, a

method of precisely editing DNA, sud-

denly appeared liked a technology from 

the future, scientists realized we could 

now engineer the human race by giving 

our children and their heirs improved 

genes. But many disavowed that we 

would do so soon. 

The biologist Weizhi Ji, who created 

two gene-edited macaque monkeys at 

Kunming Biomedical International, said 

that creating humans with CRISPR-

edited genomes was “very possible,” 

but added that “considering the safety 

issue, there would still be a long way to 

go.” (See “10 Breakthrough Technolo-

gies: Genome Editing,” May/June 2014.)

Yet I was sure that scientists would 

research how to edit the human germ 

line, and quickly. (“Germ line” is biolo-

gists’ jargon for the egg and the sperm, 

which combine to form an embryo. 

Editing the DNA of such cells, or of 

the embryo itself, would pass heritable 

changes to future generations.) 

They would try because editing 

genes with CRISPR was trivially easy, 

and it would be a sensational thing to 

do. “Any scientist with molecular biol-

ogy skills and knowledge of how to work 

with [embryos] is going to be able to do 

this,” says Jennifer Doudna, a biologist 

at the University of California, Berkeley, 

who in 2012 co-discovered how to use 

CRISPR to edit genes. 

Mostly, they would research CRISPR 

because it seems a powerful way to pre-

vent disease from birth. Guoping Feng, a 

neurobiologist at MIT’s McGovern Insti-

tute for Brain Research, believes that 

gene-edited human beings are “10 to 20 

years away,” but nonetheless approves of 

human germ-line editing. Feng says, “To 

me, it’s possible in the long run to dra-

matically improve health, lower costs. 

It’s a kind of prevention.” 

Why not use CRISPR to eliminate 

diseases like Huntington’s, a terrible, 

fatal neurodegenerative disorder trig-

gered by a defect in a single gene? Or 

why not correct the DNA of an embryo 

with a mutation in a gene called BRCA1, 

which causes ovarian and breast cancer? 

While you’re fiddling with an embryo’s 

DNA, why not insert naturally occurring 

gene variants that confer extraordinary 

characteristics like unbreakable bones or 

resistance to diseases like Alzheimer’s?

As our biomedicine editor, Antonio 

Regalado, reports in this issue’s cover 

story, “Engineering the Perfect Baby” 

(page 26), experiments designed to cor-

rect the DNA in a woman’s egg or a 

man’s sperm, or to directly edit the DNA 

of an early-stage embryo using CRISPR, 

are already being carried out. 

Why not? One concern is that the 

technologies would not be widely avail-

able, at least at first. Their expense 

would mean only rich people would 

have perfect children. Another worry is 

that germ-line engineering would a¢ect 

unborn people without their consent. 

The most potent objection is that we 

don’t know what we’re doing: if you pro-

vide immunity to a disease, you might 

break something in a genome. 

History insists that when a technol-

ogy has obvious utility, it will be used. 

But how we use a new technology is our 

choice. In March, writing in the journal 

Science, a group of scientists including 

Doudna and two Nobel laureates called 

for a great debate on the genetic engi-

neering of humans and a moratorium on 

any e¢ort to create engineered babies. 

Crucially, the scientists did not ask their 

peers to stop using CRISPR to edit 

human embryos for research purposes; 

but they recommended convening a 

“globally representative” group of gov-

ernment agencies, ethics experts, and 

scientists to suggest policies to guide 

that research. 

Let’s have that debate. Write to me at 

jason.pontin@technologyreview.com. G
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Five Most Popular Stories

MIT Technology Review 

Volume 118, Number 2

10 Breakthrough 

Technologies: 

Magic Leap

The real value of Magic 

Leap’s platform is its 

potential light fi eld display, 

combined with very com-

plicated algorithms.  We 

don’t know whether Magic 

Leap has solved these 

problems or not—but we 

do know their demo and 

technical feasibility plan 

were solid enough to con-

vince investors to put 

down half a billion dollars. 

—Juan David Hincapié-

Ramos

This is just another reason 

to detach from reality and 

focus on someone else’s 

version of reality.

—psenatori

10 Breakthrough 

Technologies: 

Car-to-Car 

Communication

I f tra�  c lights commu-

nicate to let cars adjust 

their speed to arrive only 

at green lights, everyone is 

going to want this. 

—Gary Kreie

 The auto industry has a 

long way to go to under-

stand the hazards of con-

nected cars, as shown by 

researchers hacking Tesla 

and BMW. Those hacks 

were just a nuisance, like 

unlocking the doors, but 

what happens when peo-

ple start trusting warnings 

from other cars approach-

ing, when that information 

has been manipulated?

—apptimates

Why We Don’t 

Have Battery 

Breakthroughs

It is not realistic to expect 

“breakthroughs” in any 

area of technology. They 

rarely occur, and are 

almost never the prod-

uct of e� orts directed at 

a specifi c result. Instead, 

battery technology will 

advance at a slow, steady 

pace, improving a little 

year after year.  

—big.league.slider

I’m an electric-car 

 advocate but I can see 

that giving up the ability 

to drive as far as you want 

is enough to make people 

think twice. Fast recharge 

will fi x the problem faster 

than increased range—for 

me, at least. —asdar

10 Breakthrough 

Technologies: 

Internet of DNA

We need better models of 

consent for the sharing of 

genomic data, but there 

won’t be one solution that 

works globally: each coun-

try will have to develop its 

own response, guided by 

the work at the interna-

tional level. 

—Chris Arnold, chairman 

Human Variome Project 

International

Most privacy concerns 

are not rational assess-

ments of the real risk of 

your information being 

processed. I would want 

everyone’s DNA databased 

if it meant I could spend 

fi ve more years with my 

parents. —orangesherbet

Our Fear of 

Artifi cial 

Intelligence

The purpose of technol-

ogy is not to enable human 

ability. The purpose is to 

make money. We shouldn’t 

fear intelligent bots, but 

we should be deathly 

afraid of those who make 

and sell them. —ar18

The easiest pathway to 

super-intelligence, whole-

brain emulation, does not 

require any theoretical 

breakthroughs, just better 

technology than we now 

have. I see no value, given 

the potential ramifi cations 

of such technology, in pre-

tending that there is noth-

ing to worry about. 

—HockeyAndReason
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Logically, I know there isn’t a hulking four-armed, twisty-

horned blue monster clomping in circles in front of me, but it 

sure as hell looks like it. 

I’m sitting behind a workbench in a white-walled room in 

Dania Beach, Florida, in the o�ce of a secretive startup called 

Magic Leap. I’m staring wide-eyed through a pair of lenses 

attached to what looks like metal sca�olding that towers over 

my head and contains a bunch of electronics and lenses. It’s 

an early prototype of the company’s so-called cinematic- reality 

technology, which makes it possible for me to believe that 

the muscular beast with the gru� expression and two sets of 

swinging arms is actually in the room with me, hovering about 

seven feet in front of my face.

He’s not just visible at a set distance. I’m holding a video-

game controller that’s connected to the demo station, and 

at the press of a button I can make the monster smaller or 

larger, move him right or left, bring him closer, or push him 

farther away. 

Of course, I bring him as near as possible; I want to see 

how real he looks up close. Now he’s about 30 inches from my 

Breakthrough

A device that can 

make virtual objects 

appear in real life.

Why It Matters

The technology  

could open new 

opportunities for the 

film, gaming, travel, 

and telecommunica-

tions industries.

 Key Players

- Magic Leap

- Microsoft

Magic Leap
A startup is betting more than half a billion dollars that it will 

dazzle you with its new approach to creating 3-D imagery.

By Rachel Metz
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Noah is a six-year-old su�ering from a disorder without a 

name. This year, his physicians will begin sending his genetic 

information across the Internet to see if there’s anyone, any-

where, in the world like him. 

A match could make a di�erence. Noah is developmen-

tally delayed, uses a walker, speaks only a few words. And he’s 

getting sicker. MRIs show that his cerebellum is shrinking. 

His DNA was analyzed by medical geneticists at the Chil-

dren’s Hospital of Eastern Ontario. Somewhere in the mil-

lions of As, Gs, Cs, and Ts is a misspelling, and maybe the clue 

to a treatment. But unless they find a second child with the 

same symptoms, and a similar DNA error, his doctors can’t 

zero in on which mistake in Noah’s genes is the crucial one. 

In January, programmers in Toronto began testing a sys-

tem for trading genetic information with other hospitals. 

These facilities, in locations including Miami, Baltimore, and 

Cambridge, U.K., also treat children with so-called  Mendelian 

disorders, which are caused by a rare mutation in a single 

gene. The system, called MatchMaker Exchange, represents 

something new: a way to automate the comparison of DNA 

from sick people around the world.

One of the people behind this project is David Haussler, 

a bioinformatics expert based at the University of California, 

Santa Cruz. The problem Haussler is grappling with now is 

that genome sequencing is largely detached from our great-

est tool for sharing information: the Internet. That’s unfor-

tunate because more than 200,000 people have already had 

their genomes sequenced, a number certain to rise into the 

millions in years ahead. The next era of medicine depends on 

Breakthrough

Technical standards 

that let DNA data-

bases communicate.

Why It Matters

Your medical treat-

ment could benefit 

from the experiences 

of millions of others.

 Key Players

- Global Alliance 

for Genomics and 

Health

- Google

- Personal Genome 

Project

Internet of DNA
A global network of millions of genomes could be 

medicine’s next great advance.

By Antonio Regalado
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Why We Don’t 
Have Battery 
Breakthroughs
A promising advance that came 

to nothing suggests what it will 

take to make cheap batteries for 

electric cars.

By Kevin Bullis

E
lectric cars are quick and quiet, 

with a range more than long 

enough for most commutes. If 

you want a car with extremely 

fast acceleration, the Tesla Model S is hard 

to beat. And, of course, electric vehicles 

avoid the pollution associated with con-

ventional cars, including emissions of car-

bon dioxide from burning gasoline. Yet 

they account for a tiny fraction of auto-

motive sales, mainly because the batteries 

that propel them are expensive and need 

to be recharged frequently.

A lithium-ion battery is loaded 

into an x-ray device used to help 

researchers understand how 

experimental batteries work.
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Reviews

Our Fear of Artificial 
Intelligence
Many technologists insist we need to be 

working now to ensure that computers 

smarter than us don’t ruin the world. Are they 

making erroneous assumptions about what 

machines could someday do?

By Paul Ford

Y 
ears ago I had coffee 

with a friend who ran 

a startup. He had just 

turned 40. His father 

was ill, his back was 

sore, and he found 

himself overwhelmed 

by life. “Don’t laugh at me,” he said, “but I 

was counting on the singularity.”

My friend worked in technology; he’d 

seen the changes that faster microproces-

sors and networks had wrought. It wasn’t 

that much of a step for him to believe that 

before he was beset by middle age, the 

intelligence of machines would exceed that 
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Hariharan Krishnan hardly looks like a street racer. With 

thin-rimmed glasses and a neat mustache, he reminds 

me of a math teacher. And yet on a sunny day last Sep-

tember, he was speeding, seemingly recklessly, around 

the parking lot at General Motors’ research center in 

Warren, Michigan, in a Cadillac DTS. 

I was in the passenger seat as Krishnan wheeled 

around a corner and hit the gas. A moment later a light 

flashed on the dashboard, there was a beeping sound, 

and our seats started buzzing furiously. Krishnan 

slammed on the brakes, and we lurched to a stop just as 

another car whizzed past from the left, its approach hav-

ing been obscured by a large hedge. “You can see I was 

completely blinded,” he said calmly.

The technology that warned of the impending colli-

sion will start appearing in cars in just a couple of years. 

Called car-to-car or vehicle-to-vehicle communication, it 

lets cars broadcast their position, speed, steering-wheel 

position, brake status, and other data to other vehicles 

within a few hundred meters. The other cars can use 

such information to build a detailed picture of what’s 

unfolding around them, revealing trouble that even the 

most careful and alert driver, or the best sensor system, 

would miss or fail to anticipate.

Already many cars have instruments that use radar or 

ultrasound to detect obstacles or vehicles. But the range 

Breakthrough

Cars that can talk 

to each other to 

avoid crashes.

Why It Matters

More than a 

 million people are 

killed on roads 

worldwide every 

year.

 Key Players

- General Motors

- University of 

Michigan

- National Highway 

Transportation 

Safety 

Administration

of these sensors is limited to a few car lengths, and they 

cannot see past the nearest obstruction. 

Car-to-car communication should also have a bigger 

impact than the advanced vehicle automation technolo-

gies that have been more widely heralded. Though self-

driving cars could eventually improve safety, they remain 

imperfect and unproven, with sensors and software too 

easily bamboozled by poor weather, unexpected obstacles 

or circumstances, or complex city driving. Simply net-

working cars together wirelessly is likely to have a far 

bigger and more immediate e�ect on road safety. 

Creating a car-to-car network is still a complex chal-

lenge. The computers aboard each car process the vari-

ous readings being broadcast by other vehicles 10 times 

every second, each time calculating the chance of an 

impending collision. Transmitters use a dedicated por-

tion of wireless spectrum as well as a new wireless stan-

dard, 802.11p, to authenticate each message. 

Krishnan took me through several other car-to-car 

safety scenarios in the company’s parking lot. When he 

started slowly pulling into a parking spot occupied by 

another car, a simple alert sounded. When he attempted 

a risky overtaking maneuver, a warning light flashed and 

a voice announced: “Oncoming vehicle!” 

More than five million crashes occur on U.S. roads 

alone every year, and more than 30,000 of those are fatal. 

The prospect of preventing many such accidents will pro-

vide significant impetus for networking technology. 

Just an hour’s drive west of Warren, the town of Ann 

Arbor, Michigan, has done much to show how valuable 

car-to-car communication could be. There, between 2012 

and 2014, the National Highway Transportation Safety 

Administration and the University of Michigan equipped 

nearly 3,000 cars with experimental transmitters. After 

studying communication records for those vehicles, 

NHTSA researchers concluded that the technology could 

prevent more than half a million accidents and more than 

a thousand fatalities in the United States every year. The 

technology stands to revolutionize the way we drive, says 

John Maddox, a program director at the University of 

Michigan’s Transportation Research Institute. 

Shortly after the Ann Arbor trial ended, the U.S. 

Department of Transportation announced that it would 

start drafting rules that could eventually mandate the use 

of car-to-car communication in new cars. The technology 

is also being tested in Europe and Japan. 

There will, of course, also be a few obstacles to navi-

gate. GM has committed to using car-to-car communica-

tion in a 2017-model Cadillac. Those first Cadillacs will 

have few cars to talk to, and that will limit the value of 

the technology. It could still be more than a decade before 

vehicles that talk to each other are commonplace. 

By Will Knight

Car-to-Car 

Communication
A simple wireless technology promises to 

make driving much safer.

L
A

U
R

E
N

T
 C

IL
L

U
F

F
O

1 2 3 4 5


