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Raymond McCauley is betting on cheap gene tests
plus some amateur science to minimise his chances of

succumbing to a sight-threatening syndrome.
Who needs doctors in the new era of health hacking?

LITTLE MORE THAN THREE YEARS AGO, SAN DIEGO-BASED
biotechfirmIllumina,amarket leader inprovidinggenetic-analysis
servicesandequipmentto labsandresearchersworldwide,entered
a landmarkpartnership: todevelopthefirstgenotypingkits forone
of the first direct-to-consumer gene-testing services, 23andMe.

The deal, with the help of cocktails-and-testing-kits “spit
parties” and a TV appearance on Oprah, would help to take
the results of Illumina’s work well beyond the research com-
munity and into thousands of homes across the United States.
To celebrate, the company’s employeeswere offered an idiosyn-
cratic company perk: cut-rate gene sequencing.
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At the time, the cost to have your entire genome sequenced by Illu-
mina was $350,000 (£218,000). 23andMewasmarketing a partial
sequencing,coveringonlycertainareasofthegenomeandproducing
reports for ten disease risks and four genetic traits, for $999. Under
the terms of the deal, Illumina employees could get the partial
sequence for $249. (Advances in technology and knowledgemean
thatacurrent23andMetest startsat$199,providing 182reports.)

In Illumina’s offices in Hayward, California, senior bioinfor-
matics scientist RaymondMcCauley could hardly believe it. “My
eyes got really big,” he recalls. “I thought: ‘That’s fantastic. I’ll
know everything there is to know.’” McCauley, a softly spoken
Texan who, at 44, describes himself as a “nuts-and-bolts guy”
of computational biology, has worked in the commercial genet-
ics industry almost since its inception. He had known that one
day gene sequencing would become cheap enough for him to be
able to afford it himself. But he hadn’t imagined itwould arrive so
quickly. Just seven years earlier, when he was working for Rapi-
gene Incorporated inSeattle, byhis estimates the companywould
have charged at least $2.5 million for the same analysis he was
nowbeing offered through the post for the price of a PlayStation.

McCauley immediately ordered a test for himself and, soon after-
wards, forhisextended family: 11 tests in total, includingones forhis
partner,theirtwinsons,hismother,hissister,hismother-,father-and
sister-in-law.Twomonths later, he receivedanemail from23andMe
tellinghimthat the analysiswas complete, and loggedon to itsweb-
site.Today,thereportthat23andMeprovidesitscustomersisclearly
sortedinaneatanduser-friendlyprofile,presentingthehighest-risk
diseases on a single page. But back in 2007 you had to sift through
theinformationyourself.Fearfulofwhathemightfind–Alzheimer’s,
for example – it tookMcCauley threedays towork throughhis risks,
opening30pages,onelinkatatime.Itwas,hesays,“liketurningover
arock,whereyou’renot sureyouwant toseewhat’sunder it”.

Therewere somesurprises: the results onhis ethnicity revealed
that the family lore that his grandmother was half Cherokee was
groundless. Elsewhere, the analysis of disease risk showed that
his chances of heart complaints and type II diabeteswere slightly
higher than average. Clicking deeper into the data, McCauley
found that his DNA revealed something much more rare: that he
was four or five times more likely thanmost people eventually to
develop age-relatedmacular degeneration (AMD).

McCauley had no idea what this was. At first he thought it
sounded like something todowithhis jaw, but he soondiscovered
that the condition, which occurs mostly in adults from their late
sixties onwards, is a progressive blindness caused by a choking of
thebloodsupply to the retina.AMDslowlydestroyspatients’ sight
fromthecentreof the retinaoutwards, until they’re leftwithnoth-
ing but peripheral vision – a blurred halo of an image surrounding
a ragged black hole. They are unable to read or recognise faces –
legally blind. The disease advances very swiftly and is incurable.
And of all the ailments detailed in the 23andMe profile, AMD has
one of the strongest genetic associations yet established. “Well, I
looked at that and Iwas like, ‘Oh, that’s not good news!’”

McCauley read that therewere a few preventativemeasures he
could take to reduce the chances of AMD one day rendering him
blind: don’t smoke and avoid ultraviolet light, for instance. Also,
it seemed, he could try taking a special combination of vitamins,
including B12 and lutein. But when he consulted the research,
he could find little evidence to support the effectiveness of the
regime,basedonhisgenotype.Hewasconvinced that thereshould
be some way of finding out, a way to use his genetic data to cre-
ate a customised preventative treatment devised just for Ray-
mondMcCauley–whathecalls “actionablepersonal information”.
At thebeginningof2010,hedecided todoso in themostdirectway
he could think of: he began experimenting on himself.

onsumer genomics expanded at prodigious
speedafter theannouncement fromtheHuman
Genome Sequencing Center in Houston, Texas,
inMay 2007 that DNA pioneer JamesWatson
had become the first person to have his entire
genome sequenced. The first direct-to-con-
sumer genome tests appeared on the mar-
ket a fewmonths later, and after that a steady
trickle of individuals’ genomic information
began appearing online. Initially itwas curated
by a handful of geneticists – including George
Church of HarvardMedical School, whose Per-
sonal Genome Project has so farmade publicly
available the complete genomes of 12men and
women, and Hugh Rienhoff, a doctor and bio-
techentrepreneurwhoinOctober2007founded
mydaughtersdna.com as part of his attempts
to discovermore about the illness afflicting his
daughter Beatrice. But by June 2010, an esti-
mated100,000peoplehadsentspitsamplesand
cheek swabs to companies including 23andMe,
Navigenics, Pathway Genomics and Decodeme
formail-orderDNAanalysis.

Although these tests offer only a selective
analysis of the most useful chunks of DNA, a
fewdozenwealthy individuals have also gone
directly to labs suchasKnomeor Illuminaand
paid to have sequenced their entire genomes
– all six billion letters of genetic code, each
representing a single nucleotide base, either
an A (adenine), C (cytosine), T (thymine) or
G (guanine). Among the tech elite and early
adopters of Silicon Valley, having your DNA
sequenced has become as socially valued
as being early to the iPad or driving a Tesla.
And, of course, themoreof thegenomeyou’ve
had decoded, the more impressive it is: “It’s,
‘Have youhad23andMedone? Just a fraction
of a per cent?’” Raymond McCauley explains
one evening in San Francisco. “‘Have you had
thewhole thing done?’ That’s swank.”

But as the sophistication of sequencing
increases and its price plummets, the proc-
ess is becoming democratised. The decoding
of Watson’s DNA in 2007 took four months
and reportedly cost the lab $1 million; to
have the same thing done now would take
less than a week, for a retail price as low as
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$20,000. Speed and price continue to fall, outstripping even the
pace of advances in printed circuits. “It beatsMoore’s Lawwith
a stick,” says McCauley, who believes that the $100 genome is
only three years away. “It’s going to be so cheap that it will be a
choice between, ‘Do I want to buy a pizza tonight or should I go
ahead and get my genome sequenced?’”

The reach and impact of personal genomics could revolution-
ise the way that we approach healthcare; almost anyone will
be able to learn the contents of their thousands of lines of DNA
code, without even making an appointment with a doctor. Yet
the decoding alone is of little use without the means or knowl-
edge to interpret it. “At that point you’re going to have all the

data but no information,” McCauley says. “That’s what got me
started. How do I make all of those As, Cs, Gs and Ts useful? I
know that I’ve got a C and a T here, but what does that matter?
And what difference is that going to make to me in my life?”

The answersmay come froma small group of individuals such as
McCauley who, armedwith their own genomic data, have become
citizen scientists – amateur biologistswho are part of awider trend
towardswhatMelanie Swan, a Silicon Valley futurist who recently
foundedDIYgenomics,anonlinestart-updedicatedtocrowdsourced
clinical trialsandpersonal-genomeapps, calls “healthhacking”.

Health hackers, Swan says, are using online resources such as
PubMed–theUSLibraryofMedicine’scolossaldatabaseofbiomedi-

cal literature–tohelptoconduct
experiments upon their own
bodies with the same ease that
anyonewith access to the inter-

netcannowtradestocksandshares. “Twentyyearsago,you
had to have a stockbroker. Now there’s enough information
andtoolsavailableontheinternet,youcandigintoityourself
andexperiment.Thesame is true forhealth,” saysSwan.

Increasingly,healthhackerswithaccess totheirownDNA
analysis are interveningmore directly in their healthcare.
Ratherthanhavingtorelyongeneralinformationfrombooks
and clinical studies designed to drawmedian conclusions
about the population in general, Swan andMcCauleywant
to customise their own drug and diet regimens. They hope
to devise preventative treatments for themselves based on
their personal genetic predispositions towards everything
fromdiseasetodrugresponse. “It’senablingpeople toknow
not just what’s in their genome, but to figure out what that
means – instead of waiting for some scientist to do a study
thatmayrelate to them,”saysMcCauley.

Early lastyear,SwanandMcCauleybegancontributingto
thedevelopmentofGenomera, awebsite foundedbySilicon
ValleyentrepreneurGregBiggerstoenablehealthhackersto
share their genetic and experimental data. Biggers had vis-
itedHughReinhoff’satticlaboratorybutwasappalledathow
antiquatedandlaborioustheanalysisofDNAdataremained.
He recognised an opportunity: no longerwere huge quanti-
tiesof complexdata restricted to scientists in theneweraof
consumer genomics. So consumerswould pay for a service
that helped them. “User experience is going to be huge in a
waythatwasn’tnecessaryforthephaseofbiologyinwhichit
livedinlaboratories,”hesays.Asaresult,Genomerahasbeen
designed with a simple interface and community features
that Biggers hopes will soon turn healthcare into a social
activity.“It’sFacebookforgenomes,”MelanieSwanexplains
overcoffeeoneafternoon inacafé inPaloAlto.

And when mass sharing of DNA data does arrive, citi-
zen geneticists will play a key role. “I think of all the things
that citizen scientists cando–astronomy,weather, geology,
fossil-hunting–thisisprobablytheonewiththebiggestimpact
on peoples’ lives,” says George Church. “If you find another

tyrannosaurus, that’s kind of cool – though
it’s not a life-or-deathmatter. But if you find
some family that has somehow escaped the
ravages of Huntington’s, even though they
have the Huntington’s allele, that would be
areallybig impact. If you founda family that
avoided diabetes, despite having all the risk
factors, thatwouldbeevenbigger. It’s some-
thing that scientists can’t just do sitting in a
laboratory.Thisisoneofthefewthingswhere
scientists reallyneedcitizenscience.”

“Scientists,” says Raymond
McCauley (left, with a
DNAmodel), “are people
trying to find answers”
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● Pathway
Genomics
Founded in San
Diego in 2008,
Pathway sells four
types of test –
health conditions,
drug response,
carrier status, and
fitness – through
doctors for about
$500 each. It
screens for 27
complex conditions,
76 carrier statuses
and 12 drug
responses, and
surveys 100 genes
for metabolism.
pathway.com

● 23andMe
An ancestry
test costs $399,
a health test
$429: bundle
both and you’ll
cover 175 health
traits for $499.
Founded in 2006,
the Mountain
View company
raised $22 million
in series C
funding, including
investment from
Google Ventures,
in November 2010.
23andme.com

●Decode Me
A “complete scan”
covers 47 medical
conditions and
costs $2,000;
scans specific to
cancer and cardio
are $500 each. The
Icelandic company
was founded in
1996. It courted
controversy by
proposing an
Icelandic Health
Sector Database
containing the
genetic data of all
300,000 Icelanders.
decodeme.com

At6ft 2inand 113kg,RaymondMcCauley is abigman.Butheused
tobemuchbigger,hetellswiredoneOctoberafternoon inthesmall,
clutteredupstairs roomheuses as anoffice inhis house inMountain
View,California. “Iwasa300lb[136kg]guy,”hesays. “Reallybig.”At
theendof2008,McCauleybeganmakingdrastic changes tohisdiet,
switching fromburritos and hamburgers to fresh fruit and yoghurt,
slashing the number of calories he consumed by two-thirds. In the
first twoweekshe lost 4kg throughwater loss alone; byMarch2009
hehaddropped fourclothessizesand lost tensofkilos.

The dramatic change in McCauley’s weight is the most visible
result of the citizen-science project he has been pursuing since the
arrival of his 23andMe data at the end of 2007.Weight losswas not
exactlyascientificleapinthedark:onhisfather’sside, thefamilyhad
enduredalonghistoryofhearttrouble,andforyearsMcCauley’sdoc-
torhadbeentellinghimtoeat lessandexercisemore.Buthehadsim-
ply ignoredtheadvice. “Iwas like, yeah,yeah,yeah,OK,”hesays.But
whenMcCauleysawtheelevatedrisksofatrialfibrillationanddiabe-
tes inhisDNAprofile, “Idecidedthat themostactionable, important
thing I coulddowas to loseweight– if Iwanted to live longer.”

He procrastinated about actually embarking on a diet (“I
delayed it as long as I could,” he admits). He connected a digital
scale to his home computer and began poring over research jour-
nals that told him essentially what he already knew. (“Most of it
basically came down to: eat less, exercise more”.) Yet McCauley
remainedpreoccupiedwith theoneoutstanding riskhehad found
in his genetic data: his high chance of developing the creeping
blindness of age-relatedmacular degeneration.

His first stop to find outmore about AMDwas theMayo Clinic
website – “They’ve got articles on everything from removing a
splinter to the different forms of brain surgery,” he says. There,
he had found advice about avoiding smoking and UV light. He
discovered a self-diagnostic tool, the Amsler Grid – a pattern
of bold lines and a
dot that a patient is
required to print out
on a piece of paper
and then stare at. If you notice that the lines
begin to distort and warp after a few sec-
onds, then you’ve probably got AMD.

Seekingmore information – “doing the sci-
entist thing” – in mid-2008 he took a trip to
Stanford University to visit a research oph-
thalmologist conducting clinical trials on
AMD. McCauley wanted to hear news from
the cutting edge of work on the disease and
its links to genetics, and to put himself for-
ward as a subject for long-term study. But he
was told that although researchers were very
interested in the genetic markers of the dis-
ease, nobody at Stanford had considered con-
ducting genomic testing for AMD. McCauley
was certainly the only person who had ever
arrived bearing their own DNA information.
His offer to become a subject for study was
politely declined. “It was, ‘Gosh – thank you.
It’s really interesting that you’re proactive
about this, butwe don’t really do that.’”

Back at home, McCauley considered tak-
ing vitamins as a preventative. He discov-
ered a clinical study which suggested that
the chances of contracting the disease were
significantly reduced in patients who had
taken a special mix of supplements, includ-
ing B12, zinc and lutein. The results of the

trials seemed conclusive. Even McCauley’s doctor – “One of
these guys who says, ‘Vitamins? Vitamins are really good for
giving you expensive urine,’” he explains – saw its value and
advised him to begin taking the supplements.

Yet McCauley also remembered reading research into dia-
betes treatments, which suggested that large doses of vitamin
B9 are important. The study mentioned that some patients
with a specific genetic defect could not absorb themost widely
available form of vitamin B9. To overcome this, diabetics were
prescribed an active form of the vitamin, L-methylfolate.
McCauley began to wonder if the same defect might affect
him, and what the basis might be for the usefulness of taking
L-methylfolate: “Is it snake oil or is it really helping people?
How do you test it? How do you test if this is really working?”

He searched for information about the genetic defect, and for
something that would tell him about his own potential response
to vitamins, any study fromwhich he could personalise his treat-
ment,basedonwhatheknewfromhisownDNAmake-up.Bycross-
referencingwhat he foundonPubMedwithwhat he hadbeen told
by other subscribers to the 23andMe message boards, he was
eventually led toa singlegene,methylenetetrahydrofolate reduct-
ase (NAD(P)H), the status ofwhichdirectly affects thebody’s abil-
ity tometabolise vitaminsB9andB12. Thegeneprovides thebody
with instructions tomanufacture an enzyme crucial to the chemi-
cal reaction by which one specific amino acid is processed into
another. Its official name is usually abbreviated toMTHFR.Noting
the opportune sequence of consonants in the initials, McCauley
and a friend began referring to it as “Samuel L Jackson’s favour-
ite” –or, often, in a lessobliqueandmorecoarseway.Andso,when
they eventually found their focus, Raymond McCauley’s citizen-
science experimentswould close in on the ten variants ofwhat he
had come to know as “themotherfucker gene”.

● The DNAmarketplace

36446_005_WI3580_MAR11 1:31 PM 1/24/11

1
1

3

he journey Raymond McCauley has made from computer
technician toamateurmicrobiologisthasbeen longand frequently
slow, but apparently inexorable. As a 13-year-old in Weslaco, in
southern Texas, he made a plan to become an astronaut, and for
the next ten years dedicated himself to its methodical execution.
At Texas A&M University, he enrolled for a double major in elec-
trical engineering and computer science, but that alone wasn’t
enough: “If you want to be an astronaut, you can’t just be pretty
good at something, you’ve got to be really good at a lot of things,”
he explains. So he considered a third degree in aeronautics before
deciding that, in order to increase his chances of qualifying as a
shuttle or space-station flight surgeon, he should take a medical
subject instead. He chose genetics, at the time a discipline so lit-
tle understoodandapparently arcane that his decision frequently
provoked a blunt response: “You’re crazy.What use is that?”

McCauley eventually graduated with degrees in
the first two subjects he chose, but never completed
the one in genetics. He took a job just outside Hous-
ton with Boeing and interned with Nasa, working on
a biosphere-like Closed Environment Life Support
Systemproject at Johnson Space Center. But the pro-
gramme cancellations that followed the Challenger
disaster in 1986 placed his dreams of one day going
into space increasingly out of reach. He foundhimself
sleeping on his sister’s couch, looking for work and,
eventually, his career goalsweredefinedbyveryprac-
tical considerations: “Just having to eat,” he says.

SoMcCauley became a computer programmer and
systems analyst back on the university campus at
Texas A&M. While there, he began attending classes
in whatever took his fancy – from more science and
engineering to philosophy, business and languages.
He stayed for ten years and became, he says, a “pro-
fessional student”. But in 1997, he began a master’s
degree in biochemistry and biophysics. And as the
world of commercial biotechnology began to expand,
his once eccentric combinationof computer skills and
life-sciencequalifications suddenly seemedprescient.
The unprecedented volume of data produced by the
rapid advances in DNA sequencing overwhelmed the
simple spreadsheets then used by biologists to pro-
cess the information, creating a problem best solved
by someone who understood both the technicalities
of programming and the finer points of genetics.

McCauley was still working on the master’s when,
in 2000, he began work at Rapigene, bridging the gap
between software engineers and biologists in a newly

conceivedfield: bioinformatics.Yet, evenafter completing themas-
ter’s inbiochemistryandbiophysics,McCauleywasfrustratedbyhis
lackofdirectexperience inthe laboratory;he longedtogethishands
dirty. “I’vealwaysbeenanempiricist,”he says. “I thinkyouought to
beableto lookatsomethingandunderstandwhat’sgoingon. Imean,
Icandesignacomputer,build it fromspareparts, tellyouwhichelec-
trons are going where and build that up into seven layers of logic
and an interpretive language. But in biological science, there’s a lot
of stuff that has been a real black box tome. I’ve never been a bench
scientist, a hands-on guy. I understand a lot of the process. But if I
had togoanddo it, Iwouldhurtmyselfwith theglassware.”

In 2008, McCauley stumbled upon the DIY bio movement (see
wired09.09).HewassearchingforcheapwaystoperformPCR–the
polymerase chain reaction, theDNA-copyingprocess as fundamen-
tal to biotechnology asmixing flour andwater is to breadmaking –
withoutaccesstoaresearchlaboratory.“I foundall thesepeoplewho
wereplayingwithalmost exactly the same things,” he says.

ThemembersofDIYbio, anetworkwhichnowhasgroups inNew
York,LondonandParis, areamateur scientistsandbiohackerswho
hope to kickstart a culture of low-cost commercial biotechnology
in the same way that the Homebrew Computer Club did in per-
sonal computing in the 70s. The group was launched inMay 2008
with a meeting of 25 people in an Irish pub just up the road from
MIT. Members use second hand equipment bought on eBay and
budget tools improvised at home – microscopes made by remov-
ing the lens from a webcam and reinserting it backwards, centri-
fugesbuilt fromDremelminiaturedrills– toperformmicrobiology
experiments inmakeshift labs built in kitchens and garages.

McCauley started attending DIYbio meetings in Mountain
View and soon became a regular on the homebrew microbiol-
ogy scene. Oneweekend, his group learned how to build an algae
bioreactor at home; on another, they genetically engineered a
version of E. coli that glowed in the dark. They collected money
in a hat, ordered some DNA over the internet and, a few weeks
later, did some gene splicing right there in the garage. McCau-
ley was amazed at how easy it all was. “Even being in the field,”
he says, “that was a real ‘aha!’ moment forme.”

OneSaturdaymorning, inautumn2009,McCauleywenttoameet-
ing inaMountainViewgaragewhere localDIYbiogroupBioCurious
was experimentingwith cancer-cell-designmodelling using equip-
mentboughtoneBay. Itwas there thathemetMelanieSwan.

Unlike McCauley, Swan has no scientific qualifications. Before
moving to Silicon Valley in 1998 at the start of the dotcom boom
to develop her own startup, Swan had taken anMBA in finance and
accounting and then worked for two years as a banker at JPMor-
gan in NewYork. After selling the startup, she became a consultant
on emerging technologies for clients such as Siemens and AT&T.
She now describes herself as a hedge-fundmanager and applied-
genomics expert. “Three years ago, I decided therewas no choice: I
havetostart learningabout lifesciences,”saysSwan,apale,earnest
42-year-old.“Irealisedthatthis isgoingtobethenextbigareatohit,
and Iwant tobeapart of creating that.”

She began educating herself from scratch – taking courses and
attendingconferenceswhere, increasingly, shegavepresentations
aboutherfindings.Sheaddedpersonalgenomics toherportfolioof
interests in2008,whenshe took the23andMetest. Shehadwanted
to establish whether she had a personal genetic predisposition to
colon cancer, which had killed her mother, but when the results
revealed no susceptibility to the disease in her genes, she became
curious aboutwhat else she could dowith her data.

Sharing their frustrations about the limited “actionable infor-
mation” that could be extracted from their 23andMe analysis,
SwanandMcCauleyagreedthat thereshouldbesomeway inwhich
anyone who had their genes sequenced should be able to use the
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could be easily replicated by citizen scientists any-
where,with theminimumofeffort. If thevitaminstudy
were a success, they could post their findings online
and invite anyone who was interested to help them
repeat it ona larger scale, or to investigateanynumber
of genetic questions about ageing, athletic perform-
ance, skincare products – anything at all.

The experiment required five test subjects. In addi-
tion to themselves, McCauley and Swan solicited help
from friends and acquaintances who had taken the
23andMe test. They signed up Chris Hogg, director of
commercial strategy at a California biotech company,
andAaronVollrath, adoctoral biologystudent living in
theBayArea.Thefifth slotwent toMcCauley’spartner,
KristinaHathaway.Theexperiment tookplace in three
stages, starting with a two-week period during which
the group took no vitamins at all. Thiswas followedby
a fortnight during which they all took Centrummulti-
vitamins, thenanother fortnight taking theactive form
of vitamin B9, L-methylfolate. During the third period
they took both supplements at once, followed by the
“washout phase” when they took nothing. As each
phase ended, they took a blood test to monitor each
individual’s level of homocysteine, the undesirable
amino acid that is converted into a more benign sub-
stance if the body is efficiently absorbing B vitamins.

Thisprovedthemostpotentiallyexpensivepartofthe
experiment: in California, drawing bloodmay be done
onlybyalicensedtechnician,atacostofaround$100for
each test. Sowhen, inApril last year, Swandiscovered a
local labrunningathree-day, two-for-oneofferonblood
tests, theydecidedtostart thetrials immediately.Bythe
beginning of June, they had all uploaded their results,
Wikipedia-style, toSwan’sDIYgenomics.orgwebsite.

Relying on such a small sample, the findings of the
experiment were hardly definitive. But they did con-
firmMcCauley’s suspicions about his genotype, which
– “homozygous at both SNPs that coded for MTHFR”,
according to a recent report in the journal Nature
Medicine – proved to be unique among the five peo-
ple tested. The four other participants in the study
responded well to taking both forms of B-vitamin
supplement (Centrum and L-methylfolate), which
reduced their levels of homocysteine by almost a
third. But during the Centrum phase of the trial, the
amount of the hormone in McCauley’s blood actually
rose; only when he began taking L-methylfolate did it
fall. This suggested that if he wanted to have any ben-
efit from taking B vitamins hewould have to take the active formof
it after all. For everyone else, the study demonstrated that taking
vitamins certainly had at least one positive, quantifiable effect.

Most importantly, the MTHFR study was a perfect proof-of-
concept trial for other citizen scientists interested in contribut-
ing to the experiment, or to guide them in devising their own. For
theprice of a handful of vitamins and somebudget bloodanalysis,
anyone could repeat theMTHFR test for themselves andadd their
results to thewiki atDIYgenomics.org.Witheachcontribution, the
overall studywould become statisticallymore significant.

WhenSwanandMcCauleymentionedtoGregBiggers,whomthey
bothknewfromconferencesandSiliconValleyhealth-hackingmeet-
ings, that theywanted to build a new interface to copewith the vol-
umeofdatanecessarytoscaleupthesecontributionsintoaclinically
valid study, he told them not to bother. They could use the one he
was already building. The result, Genomera, is still in beta testing,

enetic research was, in McCauley and Swan’s first home-brew
clinical trial, being conducted to answer a question that had
become increasingly important to McCauley in the months since
he first sawhis 23andMe results:was there any link between indi-
vidual genotype and vitaminmetabolism?Specifically, could they
prove a connection between variants in the MTHFR gene and the
ability tometabolise B vitamins, one thatmight affectMcCauley’s
efforts to head off AMD? They decided to find out with a series of
simple experiments using the two forms of the vitamin, followed
by blood tests. In the tradition of scientific pioneers of the past,
they selected themselves as initial test subjects. They needed
more–anddiscussedconducting the trial throughauniversity lab
where Swan had connections and could canvass a sample of stu-
dent volunteers. But they quickly realised that wasn’t the point:
theydidn’t justwant toconductasingleexperiment thatanswered
questionsaboutBvitamins, theywanted tobuildamodel trial that

data to immediately change theirday-to-day livesbeyond“eat less,
exercisemore”.Theyagreed to look into it and, at the start of 2010,
beganmeetingeveryweekendatMcCauley’shome,spendinghours
in front of the computer and poring over research papers. They
hoped tofindmaterial onwhatMcCauley calls “lifestyle genetics”,
a study establishing a link between a person’s make-up and their
nutrition ormetabolism. “Is there anything I do that I wouldwant
to do differently because of my genetics?” McCauley says. “How
can I adjust what I eat, or how I’m activating my body? Is there
something that tellsme if I’mmoreof amorningperson thanaday
person?Becausethoseareprobablynotenvironmentaldifferences.
That really ought to be hidden in your genetic code.”

SwanandMcCauley coveredevery subject area they could think
of, to see if anyone had ever executed the kind of study that could
answer any one of his battery of questions: “If you want to lose
weight, what’s the best way? If you want to enhance your cogni-
tion, start faster in themorningandthinkatahigher level?Orhave
more energy?Or less joint pain?Wewere all over the place.”

Butwherever they looked, theyweredisappointed. Theywould
simply have to conduct some practical research for themselves.
Swan andMcCauley decided to devise their own clinical study in
lifestyle genomics. But first they had to pick a subject to inves-
tigate. “What’s the simplest thing that is not controversial like
some Alzheimer’s thing?” McCauley says now. “Vitamins.” So
they turned their attention to themotherfucker gene.
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but promises to provide a placewhere individuals can upload their
decodedgenomicinformationtoshareandcomparewithotherusers,
andgaineasyaccess tomedicaldatabaseswhere theycanfind infor-
mation related to their DNA profiles. 23andMe has already shown
the scientific benefits of consumers sharing their DNAdata,with an
analysisofitscustomers’ informationthatrevealedpreviouslyundis-
covered connections between genetic variations and traits such as
freckles.ButBiggersplans toenableusers to createandupload their
ownresearchdataandprovidefieldsforsimplecomparison,creating
a truly interactiveglobalplatformforcitizenscience.

The secondphase of theMTHFR studywill be the first such open-
participation experiment available onGenomera: anyonewith their
genomic data can participate forwhatMelanie Swan estimateswill
bearound$500each.McCauleyhasbeensurprisedby the response.
“I thoughtthiswasanarrow,geekyproject,”hesays,addingthathe’s
nowheard frompeoplewho are planning to have a gene scan just so

they can participate. The next stage Swan has
planned is a long-term ageing study, which she
hopeswill involve 10,000people.

Beyond that,McCauley sees citizen-science
geneticexperimentsexpandingas farasbroad-
band will take them. At the discussion group
in San Francisco where I first meet him, he’s
asked to introducehimself to the roomin three
words. “Genomics for grandmas,” he replies.

Back in his office, McCauley says he under-
stands that the small scale andmodest aspira-
tions of his investigation of the motherfucker
gene make it easy to dismiss. “In some ways,
whatwe’re doingwith this little experiment is
not a big deal. It’s high-school science. Instead
ofbuildingavolcanoormeasuring the temper-
ature in the garden, we’ve got genomic infor-
mation and someblood-test info.”

Buthesays that thepowerof citizengenom-
ics lies, by definition, in how personal its
appeal is. Someoneneedbemotivatedonly by
self-interest – “DoesCentrumwork forme?” –
to contribute their valuable genetic data to a
studythatmighthaveconsequences forevery-
one, and could otherwise have costmillions.

“Scientists are not people with degrees,” he
says. “Scientists arepeoplewhohavequestions
and they’re trying to find answers. I guess my
big thing here, beyond asking if vitaminswork,
is that if youwant a democratic, technological
societyyouhavetohavepeoplewhounderstand
howsciencereallyworks.Tome,that’swhatthis
is. If somebodydoes this anddoesn’t get a good
result,ortheylookatitandneverparticipatebut
readupaboutitalittle,they’veaskedaquestion.
They understand, viscerally, how the scientific
method works and how people really apply it
withtoday’s technology. I thinkthat’sabigdeal.
Ifwedon’tdomoreof it, I thinkwe’redoomed.”

Afewweekslater,McCauleywritestosaythat
hehasdecidedtoleavehisjobatIllumina,totake
upafull-timepositionwithGenomera.“Helping
peopleunderstandwhat’sgoingonintheirbod-
ies, in their lives,” he says in an email. “That’s a

good life’swork.”
Meanwhile,McCau-

ley’shomesciencehas
ensuredthathe’staken

stepstooffsethis increasedrisksofdevelopingAMD.Hewearsspec-
tacles that reducehis exposure toultraviolet light.Andeveryafter-
noonhe takes 1,000mcgof L-methylfolate andother vitamins.

The chances arehe’ll befine, and it remainspossible that thevast
areasofthegenomeaboutwhichwestillknownothingmightcontain
avariationthatcounteractstheonelinkedtoAMD.“It’sacrapshoot,”
he says. “Mostof it’s unknown.”But in casenoneofhispreventative
measuresworks, he’s takingoutonemorepieceof insurance.Onhis
computer, he has a checklist of places he wasn’t expecting to visit
until afterhe’d retired, butnowwants tomake surehe seeswhilehe
canstill fullyappreciatethem.“TheGrandCanyon, fromtheriver,or
MountFuji…Idon’twant to lookat itoutof thecornerofmyeye. I’m
gonnagoaheadanddosome[of that] stuffnow.”!

Adam Higginbotham is a writer based in New York. He wrote
about wireless electricity in 11.10

DNA’s base pairs might
hold the secret of
keeping disease at bay
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