
The 'genetic hard drive' that could store the
complete works of Shakespeare (and 
revolutionise the way computers work)

Same technique also used to store 26 second excerpt from Martin Luther
King's 'I Have A Dream' speech
Breakthrough could have major implications for computer storage with DNA
hard drives
Could lead to drives that can store high definition version of every film and TV
programme ever created in a teacup sized drive
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Researchers have downloaded Shakespeare's sonnets on to synthetic DNA in a
breakthrough that could lead to major advances in computer storage

A genetic storage device has been used to 'download' all 154 of Shakespeare's sonnets on to strands of
synthetic DNA.

Scientists were then able to decode the information and reproduce the words of the Bard with complete
accuracy.
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The same technique made it possible to store a 26 second excerpt from Martin Luther King's 'I Have A Dream'
speech and a photo of the Cambridgeshire laboratory where the work took place.

Researchers were also able to turn a copy of Watson and Crick's paper describing the nature of DNA into
genetic code.

The landmark study paves the way to storing huge amounts of data using the same method evolved by
Nature to write the 'Book of Life'.

Theoretically, 100million hours of high definition video could be stored in a cupful of DNA - equivalent to every
film and TV programme ever created.

Unlike magnetic tape, which degrades within a decade, DNA is a hardy material that can last for tens of
thousands of years. A DNA archive also requires no constant supply of electric power, as do hard disks.

For their experiment, the British scientists employed a California-based company to create strands of artificial
DNA that corresponded to their coding instructions.

The end result was a small test-tube the size of a little finger containing a tiny amount of dry dusty material.
This was the DNA, which was then 'read' and decoded to reproduce the original files.

Details of the technique are described today in the journal Nature.

Five genetic 'letters' from the genetic code - A,C,G and T - were used to represent the noughts and ones that
make up 'bytes' of digital information.

For instance, the upper case T in the word 'Thou' from the second line of Shakespeare's Sonnet XVIII - 'Thou
art more lovely and more temperate' - was encoded by the sequence TATAT.

Dr Nick Goldman, from the European Bioinformatics Institute at the Wellcome Trust Genome Campus in
Hinxton, Cambridgeshire, said: 'We already know that DNA is a robust way to store information because we
can extract it from bones of woolly mammoths, which date back tens of thousands of years, and make sense
of it.

Currently data centres such as Google's shown here, rely on traditional hard drives.
However, they could one day be replaced by the DNA drives revealed today



'It's also incredibly small, dense and does not need any power for storage, so shipping and keeping it is easy.

'We've created a code that's error tolerant using a molecular form we know will last in the right conditions for
10,000 years, or possibly longer.

'As long as someone knows what the code is, you will be able to read it back if you have a machine that can
read DNA.'

The scientists crossed a major hurdle by incorporating 'error correction' similar to that found in devices such
as laptops and mobile phones.

This involved overlapping short strands of DNA and independently writing every million-molecule fragment of
code four times. 

Effectively, three back ups were created for each fragment, greatly reducing the chances of mistakes.

'You would have to have the same error on four different fragments for it to fail - and that would be very rare,'
said co-author Dr Ewan Birney, also from the European Bioinformatics Institute.

Currently the technology is restricted by the length of time it takes to sequence DNA and its high cost - around
£8,000 per megabyte of stored material.

Even so, DNA-based storage could today be cost effective for archives of several megabytes over long time
periods of 600 to 5,000 years, computer models predict.

Ten years from now the rapid development of more efficient, cheaper DNA sequencing could make genetic
storage a practical possibility for archive life spans of less than 50 years, say the scientists.

They stressed that the DNA used was wholly artificial and different to the genetic molecules of life.

'The DNA we've created cannot be incorporated accurately into the genome (genetic code),' said Dr Goldman.
'It uses a completely different code.'
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"Five genetic 'letters' from the genetic code - A,C,G and T - were used...." Um, I count four, not five. Plus there are only four
different nucleotides anyway. Unless I missed the major breakthrough discovery of the missing fith invisible one that can't be
named.

- mike_h , Basingstoke, United Kingdom, 23/1/2013 20:59
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Wasn't it Christopher Marlowe that was credited with writing most of Shakespeares plays?

- Karenq , Widnes, United Kingdom, 23/1/2013 20:53
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Very clever and very scary! Where will this end I wonder...? Perhaps with "genetically modified" humans whose complete
memories can be read by the powers that be - the stuff of science fiction!

- loopyloo , England - not very green or pleasant these days..., 23/1/2013 20:34
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Good news. I've forgotten everything from my 17 years of education and find the idea of downloading it all into a newly installed
inbuilt brain chip far more appealing than the notion of spending another 17 years relearning it.

- Brace Brace Brace , BorrisIslandIsUtterlyStupid, United Kingdom, 23/1/2013 20:30
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Why would you want to store the works of Shakespeare , he probably didn't even write half the guff.

- Mr Tambourine Man. , Desolation Row, UK., 23/1/2013 20:18
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ouch.....£8000 per MB? .....i won't be downloading anytime soon .... thats some rental price!

- Taurean77 , Washington, United Kingdom, 23/1/2013 20:14
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"A DNA archive also requires no constant supply of electric power, as do hard disks." No, they don't. You can switch them off,
and they don't lose their data. You are confusing volatile and non-volatile memory. HDD non-volatile, RAM - volatile.

- ApostropheRUs , GrammarLand, 23/1/2013 20:10
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DNA ... National Dyslexic Association

- Hyphen8-ed , HarlowCanYouGo, United Kingdom, 23/1/2013 20:04
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Will scientists ever think of anything original? Amazing that nature outperformed our best storage devices. And her devices grow
themselves from an invisible speck, make new ones, and have copying machinery, fuel production motors, and 100 trillion sets
of storage in one sealed unit. A unit that never wonders how it came to be!

- iain , bedford, United Kingdom, 23/1/2013 19:57

Click to rate     Rating   6

Report abuse

Wow wow wow, Man has been searching for his creator in the corners of Earth & now space. The secret may be hidden inside
every one of us. Now, where is that DNA reader?

- PeterA , London UK, 23/1/2013 19:40
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Today's headlines
Most Read

The astonishing 90-mile high solar eruption on the Sun's surface that burns at 4MILLION degrees C
The face of a Roman nobleman revealed - and he looks like a cross between Richard Burton and Sylvester Stallone
The giant sea cow in the sky: Astronomers reveal nebula that looks like sea creature
Robot hedgehogs on Phobos: The bizarre mission to send spiked beach ball sized probes to the red planet's moon
What we REALLY think when we look at pictures of cute animals: Researchers find aggression is 'normal response'
The 'genetic hard drive' that could store the complete works of Shakespeare (and revolutionise the way computers work)
Want to boost your mood? Try listening to the Prince, Bob Marley and the Beach Boys
The mystery of the orange frogs found hopping through the snow in a Derby back-alley
Google's project X: Search giant hints at 'unbreakable' superphone and tablet with longer lasting battery
The two MILLION year old fox (and even then, it got in the way of human ancestors)
New imaging scan reveals head trauma suffered by NFL players linked to brain disease
Apple removes 500 pixel photo app downloaded a MILLION times over 'possible child pornography' claims
Microsoft unveils world's most expensive tablet computer - but can the £630 Surface Pro beat Apple's iPad when it goes
on sale in February?
Roman skeleton found with freak pelvic tumour containing four TEETH
Violent images in movies, TV or computer games CAN act as triggers for aggression, says new report

http://www.dailymail.co.uk/home/reportAbuseInComment.html?articleId=2267158&commentId=25026352
http://www.dailymail.co.uk/registration/1722580/Taurean77/profile.html
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#
http://www.dailymail.co.uk/home/reportAbuseInComment.html?articleId=2267158&commentId=25026210
http://www.dailymail.co.uk/registration/6236291/ApostropheRUs/profile.html
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#
http://www.dailymail.co.uk/home/reportAbuseInComment.html?articleId=2267158&commentId=25026044
http://www.dailymail.co.uk/registration/6284914/Hyphen8-ed/profile.html
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#
http://www.dailymail.co.uk/home/reportAbuseInComment.html?articleId=2267158&commentId=25025727
http://www.dailymail.co.uk/registration/1625810/iain/profile.html
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#
http://www.dailymail.co.uk/home/reportAbuseInComment.html?articleId=2267158&commentId=25025402
http://www.dailymail.co.uk/registration/6024542/PeterA/profile.html
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#
http://www.dailymail.co.uk/home/reportAbuseInComment.html?articleId=2267158&commentId=25024634
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#rc2p2-1
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html#rc2p2-2
http://www.dailymail.co.uk/sciencetech/article-2267159/Incredible-new-highest-resolution-pictures-Sun-90-mile-eruptions-burn-4MILLION-degrees-C.html
http://www.dailymail.co.uk/sciencetech/article-2265784/The-face-Roman-soldier-revealed--looks-like-cross-Richard-Burton-Sylvester-Stallone.html
http://www.dailymail.co.uk/sciencetech/article-2265868/The-giant-sea-cow-sky-Astronomers-reveal-nebula-look-like-sea-creature.html
http://www.dailymail.co.uk/sciencetech/article-2265984/Robot-hedgehogs-Mars-The-bizarre-mission-send-spiked-beach-ball-sized-probes-red-planets-moon.html
http://www.dailymail.co.uk/sciencetech/article-2267110/How-cute-animals-internet-bring-savage-Study-finds-aggression-NORMAL-response-adorable-images.html
http://www.dailymail.co.uk/sciencetech/article-2267158/Could-genome-inspire-hard-drives-future-Complete-works-Shakespeare-downloaded-synthetic-DNA.html
http://www.dailymail.co.uk/sciencetech/article-2267125/Want-boost-mood-Try-Listening-Prince-Beach-Boys.html
http://www.dailymail.co.uk/sciencetech/article-2267022/Experts-baffled-identity-mysterious-orange-frogs-hopping-snow-Derby.html
http://www.dailymail.co.uk/sciencetech/article-2266928/Google-X-Search-giant-hints-superphone-tablet-unbreakable-screens-longer-lasting-batteries.html
http://www.dailymail.co.uk/sciencetech/article-2267197/The-MILLION-year-old-fox-got-way-human-ancestors.html
http://www.dailymail.co.uk/news/article-2266835/New-imaging-scan-reveals-head-trauma-suffered-NFL-players-linked-brain-disease.html
http://www.dailymail.co.uk/sciencetech/article-2267080/Apple-removes-500px-photo-app-possible-child-pornography-claims.html
http://www.dailymail.co.uk/sciencetech/article-2266889/Microsoft-Surface-Pro-Is-Microsofts-iPad-beater-Intel-chip-Windows-8--630-price-tag.html
http://www.dailymail.co.uk/sciencetech/article-2267078/The-Roman-corpse-calcified-tumour-pelvis-bone-deformed-teeth-embedded-it.html
http://www.dailymail.co.uk/sciencetech/article-2195206/Worldwide-think-tank-warns-parents-Violent-images-movies-TV-games-CAN-act-triggers-aggression.html


Cancer victim who lost his nose to disease is growing a new one in his ARM for surgeons to sew back in place
Chief Scientist warns Facebook and online gaming are making Britons' identities 'more volatile'

MORE HEADLINES

Google's project X: Search giant hints at 'unbreakable' superphone and tablet with longer lasting battery
Microsoft unveils world's most expensive tablet computer - but can the £630 Surface Pro beat Apple's iPad when it goes
on sale in February?
Apple removes 500 pixel photo app downloaded a MILLION times over 'possible child pornography' claims
Roman skeleton found with freak pelvic tumour containing four TEETH
The 'bomb-proof' train carriages which could save lives: British engineers lead mission to learn from 7/7 bombings
Cancer victim who lost his nose to disease is growing a new one in his ARM for surgeons to sew back in place
Is this the rock that proves aliens exist? Scientist 'finds extra-terrestrial fossils in meteor fragment'
The infidelity phone: Why Japan's love cheats are staying faithful to old mobiles
The 'ghost cape' that could make fighter jets look like passenger planes
0-186mph in 13.63 seconds: The £910,000 supercar that smashed the world record for acceleration
The mystery of the orange frogs found hopping through the snow in a Derby back-alley
Wave, you're on penguin-cam: The astonishing video that reveals the Antarctic birds are ruthless hunters
Cleaning up the universe: How Pentagon plans to scavenge space junk from defunct satellites for recycling
Anyone for tennis? The electronic gym floor that can change its markings to different sports at the touch of a button
Mining for metals on an asteroid: Spacecraft could begin drilling on passing rocks within just TWO YEARS
The 'quadruple helix' in the human genome that could lead to new drugs to fight cancer
He invented 'origin of species' and warned that species are dying out: Now 'forgotten father' of evolution Alfred Russel
Wallace is celebrated at last
MOST READ IN DETAIL

       

GADGET REVIEWS

iLuv ReF headphones
In the current headphone market, quality sound is not enough. Consumers want both fashion and function, and that's where the
iLuv headphones come in.
 
Tritton Warhead 7.1 (Xbox 360)
Beauty, brawn and a blistering sound quality. Tritton’s latest, fully licenced, exclusive Xbox 360 headset is a joy to behold from
the moment you begin unboxing.
 
Turtle Beach Call of Duty®: Black Ops II Ear Force X-Ray Limited Edition Wireless Headset
Boasting the latest in design and tech, the Ear Force headphones from Turtle Beach claim to offer the definitive audio
experience for gaming. And they don't disappoint.

http://www.dailymail.co.uk/sciencetech/article-2266689/Cancer-victim-growing-new-nose-arm-Businessman-lost-organ-disease-hopes-new-sewn-face.html
http://www.dailymail.co.uk/sciencetech/article-2266403/Chief-Scientist-warns-Facebook-online-gaming-making-Britons-identities-volatile.html
http://www.dailymail.co.uk/news/headlines/index.html
http://www.dailymail.co.uk/sciencetech/article-2266928/Google-X-Search-giant-hints-superphone-tablet-unbreakable-screens-longer-lasting-batteries.html
http://www.dailymail.co.uk/sciencetech/article-2266889/Microsoft-Surface-Pro-Is-Microsofts-iPad-beater-Intel-chip-Windows-8--630-price-tag.html
http://www.dailymail.co.uk/sciencetech/article-2267080/Apple-removes-500px-photo-app-possible-child-pornography-claims.html
http://www.dailymail.co.uk/sciencetech/article-2267078/The-Roman-corpse-calcified-tumour-pelvis-bone-deformed-teeth-embedded-it.html
http://www.dailymail.co.uk/sciencetech/article-2266670/The-bomb-proof-train-carriages-save-lives-British-engineers-lead-mission-learn-7-7-bombings.html
http://www.dailymail.co.uk/sciencetech/article-2266689/Cancer-victim-growing-new-nose-arm-Businessman-lost-organ-disease-hopes-new-sewn-face.html
http://www.dailymail.co.uk/sciencetech/article-2266435/Does-rock-prove-life-outer-space-Controversial-scientist-claims-fossils-meteor-fragment.html
http://www.dailymail.co.uk/sciencetech/article-2266974/The-infidelity-phone-Why-Japans-love-cheats-staying-faithful-old-mobiles.html
http://www.dailymail.co.uk/sciencetech/article-2266668/The-bizarre-ghost-cape-make-object-look-like-another.html
http://www.dailymail.co.uk/sciencetech/article-2266555/Hennessey-Venom-GT--910k-Texan-built-supercar-breaks-world-record-acceleration.html
http://www.dailymail.co.uk/sciencetech/article-2267022/Experts-baffled-identity-mysterious-orange-frogs-hopping-snow-Derby.html
http://www.dailymail.co.uk/sciencetech/article-2266392/The-astonishing-penguin-cam-video-reveals-ruthless-hunting-penguins-are.html
http://www.dailymail.co.uk/sciencetech/article-2266713/How-Pentagons-DARPA-scavenge-valuable-parts-defunct-satellites-recycling.html
http://www.dailymail.co.uk/sciencetech/article-2266595/The-amazing-interactive-gym-change-floor-different-sports.html
http://www.dailymail.co.uk/sciencetech/article-2266325/Mining-metals-asteroid-Spacecraft-begin-drilling-passing-rocks-just-TWO-YEARS.html
http://www.dailymail.co.uk/sciencetech/article-2265768/Discovery-elusive-quadruple-helix-DNA-lead-new-drugs-fight-cancer.html
http://www.dailymail.co.uk/sciencetech/article-2266808/The-forgotten-father-evolution-Alfred-Wallace-step-Darwins-shadow-work-celebrated-last.html
http://www.dailymail.co.uk/news/mostread/index.html?channel=sciencetech
http://www.dailymail.co.uk/sciencetech/article-2264012/iLuv-ReF-headphones-review.html
http://www.dailymail.co.uk/sciencetech/article-2264012/iLuv-ReF-headphones-review.html
http://www.dailymail.co.uk/sciencetech/article-2249543/Tritton-Warhead-7-1-Xbox-360-review.html
http://www.dailymail.co.uk/sciencetech/article-2249543/Tritton-Warhead-7-1-Xbox-360-review.html
http://www.dailymail.co.uk/sciencetech/article-2239278/Science-tech-Gadgets-review--Turtle-Beach-Call-Duty--Black-Ops-II-Ear-Force-X-Ray-Limited-Edition-Wireless-Headset.html
http://www.dailymail.co.uk/sciencetech/article-2239278/Science-tech-Gadgets-review--Turtle-Beach-Call-Duty--Black-Ops-II-Ear-Force-X-Ray-Limited-Edition-Wireless-Headset.html


 
Atomic Floyd PowerJax
Raw, undistorted power. That’s what Atomic Floyd claim their latest creation, the PowerJax, has in spades. And thankfully,
they’re every bit as monstrous as expected.
 
VIBE BlackDeath headphones
With their aggressive styling, thunderous bass and unflinchingly in-your-face packaging, there is nothing subtle about VIBE's
BlackDeath headphones.
 
RHA SA950i headphones
Quality sound usually comes at a price. But while RHA’s SA950is won’t win any beauty awards, their audio output blows away
similarly-priced opposition.
 
Philips Sunrise Simulation wake-up light
As winter looms, the thought of getting-up early becomes ever-more unappealing. Thankfully, Philips have developed an
affordable, easy-to-use solution.
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