
Twins are ideal sub jects for sci en tists study ing na ture vs. nur ture.

As ge netic-se quenc ing tools re veal more about hu man bi ol ogy, pairs make
ideal study sub jects
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Every Au gust for the past 43 years, Twins burg, Ohio, has hosted the big gest gath er ing of
twins in the world. Two decades ago, or ga niz ers added an at trac tion to the lineup of pa -
rade, tal ent show and hot-dog din ner that drew more than 2,000 pairs this year: the
chance to par tic i pate in re search. Sci en tists vie for tent spots to test such things as twins’
ex po sure to the sun, their stroke risk and their taste pref er ences. “Every year we get more
[re search] re quests than we can han dle,” says Sandy Miller, a Twins Day Fes ti val or ga nizer



and mother of 54-year-old twins. “We just don’t have room for all the sci en tists who want
to come.”
Since English sci en tist Fran cis Gal ton pub lished a pa per on the her i tabil ity of traits in
1875, re searchers have been fas ci nated by how the be hav ior and health of iden ti cal twins
di� er through out their life times.
“Twins are na ture’s ex per i ment,” says Aus tralian neu ropsy chi a trist Per min der Sachdev,
who runs the Older Aus tralian Twins Study, which was started 10 years ago and has re -
cruited more that 300 pairs of twins older than 65 to an a lyze how phys i cal ac tiv ity, psy -
cho log i cal trauma, al co hol use and nu tri tion a� ects their brains, psy ches, me tab o lisms
and hearts.
Be cause iden ti cal twins are the re sult of a sin gle egg that splits into two, they share the
same DNA and pro vide a per fect lab o ra tory to an swer age-old ques tions about the roles of
genes and en vi ron ment: Why does one twin get breast can cer and not the other? How does
obe sity in crease one’s risk of Type 2 di a betes? Do ge net ics re ally de ter mine whether you
are more likely to own a gun or go to col lege?
“When you do a study in the gen eral pop u la tion, you’re com par ing peo ple of di� er ent
ages, sex, back grounds, di etary his to ries, ed u ca tional and so cioe co nomic lev els,” Sachdev
says. “But with twins, you au to mat i cally con trol for many of these vari ables.”
Ge netic-se quenc ing tools that plumb our bi ol ogy in more de tail than ever are pro vid ing
new an swers to why we get sick or act and look the way we do. In this era of molec u lar ge -
net ics, sci en tists can pin point which genes are linked to dis eases — and more re cently,
whether cer tain genes are turned on and o� over time, a �eld known as epi ge net ics.
“We can tease out more of the ge netic com po nents of na ture ver sus nur ture,” says
Christo pher Ma son, a ge neti cist at Weill Cor nell Medicine in New York. When iden ti cal
twins are born, they’re 99.999 per cent the same, but as they age, the e� ects of lifestyle,
trauma, stress or dis ease cause their genes to be ex pressed in dis tinct ways. “They ex pe ri -
ence the slings and ar rows of the en vi ron ment di� er ently,” he says. “Twin stud ies help
you see the driv ers of change.”
Twin as tro mauts
In one of the purest twins ex per i ments ever de signed, Ma son was part of the team that
com pared the e� ects of a year spent in space on 52-year-old as tro naut Scott Kelly with the
Earth-based ex pe ri ence of his iden ti cal twin, Mark. Re searchers dis cov ered that Scott
Kelly’s time on the In ter na tional Space Sta tion had al tered the ex pres sion of 7 per cent of
his genes, in clud ing those in volved in blood oxy gena tion and DNA re pair. “It was sur pris -
ing how many genes re sponded to the stress of space �ight,” Ma son says.
Ma son says the re search o� ers in sight into how to study the e� ects of harsh en vi ron -
ments. “We want to lever age the ca pac ity of twin stud ies to un der stand hu man phys i ol ogy
at ex tremes, such as scuba div ing, climb ing Mount Ever est or �y ing �ghter jets,” he says.
The in tense in ter est in how genes a� ect our lives has in spired sci en tists around the world
— in clud ing in the United States, the Nether lands, Den mark, China and Cuba — to cre ate
large na tional reg istries of twins. The largest of these, which has data on 85,000 pairs of
Swedes, is be ing used to re search al ler gies, can cer, de men tia, car dio vas cu lar dis ease and
other top ics.



One of the goals of the Older Aus tralian Twins Study is to dis- cover the ge netic un der pin -
nings of cog ni tive de cline as peo ple age. Us ing brain scans of 92 pairs of iden ti cal twins
and other tests, Sachdev con cluded that 70 per cent of cere bral small ves sel dis ease, a type
of brain le sion as so ci ated with de men tia, is ge net i cally de ter mined. He hopes that map -
ping the twins’ whole genome and then com par ing their epigenomes to see which genes
were turned on will re veal the mech a nisms be hind the devel op ment. “The ul ti mate goal
would be a drug that would pre vent or stop the dis ease from pro gress ing,” he says.
Twins stud ies have been so pop u lar that one 2015 meta-anal y sis found that re searchers
had looked at no fewer than 17,800 traits — in clud ing de pres sion, car dio vas cu lar dis ease
and gun own er ship — in volv ing more than 14.5 mil lion twin pairs over the past 50 years. It
con cluded that both “na ture” (what you’re born with) and “nur ture” (what you’ve been
ex posed to as you age) are nearly equally im por tant for un der stand ing peo ple’s per son al i -
ties and health: The vari a tion for traits and dis eases was, on av er age, 49 per cent at trib ut -
able to genes and 51 per cent to en vi ron ment
Still, the de bate is far from over, ex perts say, be cause ge netic and en vi ron men tal in �u -
ences change over time. For ex am ple, a 2017 study that crunched BMI mea sure ments from
140,000 twin pairs from around the world found that the role of en vi ron ment (trans la tion:
your abil ity to lose weight through diet and ex er cise) in creases as you get older — o� er ing
hope for any one blam ing their genes for a stuck scale.
One of the big gest prom ises of twins re search is ex plain ing why peo ple with iden ti cal DNA
don’t get sick at the same rate.
In a 2016 study, Univer sity of South ern Den mark re searchers looked at the epigenomes of
28 iden ti cal twins in which one had rheuma toid arthri tis and the other didn’t. Smok ing is a
lead ing cause of the dis ease, and the re searchers found that some of the smok ers in the
group had dam aged DNA func tion in re gions as so ci ated with in �am ma tion and au toim -
mu nity even long af ter they had stopped smok ing. The �nd ings also iden ti �ed im por tant
bi o log i cal mark ers that will help fu ture re search, says co-au thor Qi hua Tan, a bio statis ti -
cian who stud ies epi ge net ics in twins.
De spite a con sen sus on the value of twins stud ies, there’s dis agree ment over where re -
search dol lars should be fo cused. Some sci en tists be lieve ge net i cally se quenc ing large
num bers of un re lated peo ple — in what are called genome-wide as so ci a tion stud ies, or
GWAs — will re sult in the next wave of sci en ti�c progress.
“In stead of do ing an other study look ing at the her i tabil ity of schizophre nia with twins,
let’s do a very large GWA study with 250,000 peo ple and iden tify where it ex ists in the
genome,” says Univer sity of North Carolina psy chi a trist Pa trick Sul li van, who founded a
con sor tium of 800 re searchers study ing men tal-health disor ders. “We can get di rectly
into the bi ol ogy. That’s some thing twin stud ies can’t do.” He says the tech nol ogy is cost-
e� ec tive now: About $30 per per son, com pared with $1,000 more than a decade ago.
Per haps the ideal ge net ics study of the fu ture con tains both the power of the GWA and the
in sight that can come from fo cus ing on a smaller group of twins. In a 2017 study on the
link be tween obe sity and Type 2 di a betes and heart dis ease, re searchers an a lyzed the
epigenomes of 5,400 un re lated peo ple from Europe and In dia. They found that DNA ex -
pres sion in peo ple with heav ier BMIs was di� er ent in 187 lo ca tions, in clud ing lo ca tions in -



volved in choles terol me tab o lism and in �am ma tion. The re sults sug gested that obe sity
turned on genes as so ci ated with these dis eases.
Yet the pa per also in cluded the work of re searchers from the Twin sUK registry who stud ied
blood and fat tis sue sam ples from 200 twins. “We saw that iden ti cal twin sis ters with dif -
fer ent BMIs had di� er ent risks of de vel op ing Type 2 di a betes,” says Jor dana Bell, an
epige nomics re searcher at King’s Col lege Lon don. “This is ex cit ing work. Twin re search
helped us un der stand how obe sity is a risk fac tor.”
LIfe ex pe ri ence
Twins also add im por tant con text about their life ex pe ri ences that might be missed in what
John Hop per, an epi demi ol o gist and di rec tor of Twins Re search Aus tralia, calls the
“sledge ham mer” ap proach of se quenc ing peo ple by the thou sands. For ex am ple, to as sist
an in ter na tional study based at the Univer sity of South ern Cal i for nia, he is re cruit ing pairs
in which one twin has breast can cer and the other doesn’t. “We’ll be able to �ll in the gaps
by ask ing, ‘Who went through pu berty �rst? Who de vel oped breasts �rst?’ ” says Hop per.
“The magic of study ing twins is that you get in sights into the causes of dis ease that you
couldn’t get any other way. There’s gold among twins.”
Sandy Miller of the Twins Days Fes ti val says the re search tents are a big hit. “The area is
al ways crowded, and every year, peo ple call in ad vance to see which pro grams will be fea -
tured,” she says. “The twins do it be cause they want to. They know the out comes help ev -
ery one — not just twins, but you and me as well.”
“Twins are na ture’s ex per i ment.” Per min der Sachdev, an Aus tralian neu ropsy chi a trist
who has re cruited more that 300 pairs of twins older than 65 to an a lyze how phys i cal ac -
tiv ity, psy cho log i cal trauma, al co hol use and nu tri tion a� ects their brains, psy ches, me -
tab o lisms and hearts


