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r\BSTRi\CT

Diffcrcnces ln gcnctic background and/or cnvironmcntal cxposurc among indlvlduals arc
cxpcctcd to gÍvc risc to diffcrcnccs ln mcasurablc charactcristlcs, or phcnotypcs. Consc-
quently, gcnctic rc.scmblancc and slmllaritlc,s ln cnvlronmcnt should manlfcst as simllarltlc"s
ln phenotypcs. Thc mctabolome reflccts many of thc s¡stcm propcrtfcs, and ls thcrcfore an
lmportant part of thc phcnotypc. Ncvcrthclcss, it has not yct bccn cxamlncd to what cxtcnt
indlvlduals sharlng part of thclr gcnomc anrl/or cnvlronmcnt lndccd havc simllar
mctabolomcs. Hcrc n'c prcscnt thc rcsults of hlcrarchical clustcrÍng of blood plasrna tipitl
proflle data obtaincd by ltquld chromatography-mass spectromefry from 23 healthy, 18-
ycar-old twin palrs, of wltlch 2l pains wenc monozygotlc, and I of thcir slbllngs. For 13
monozygotlc trvin pairs, wlthin-palr sirnflaritlcs ln rclatlyc conccntratlons of thc dctcctcrl
liplds wcrc indccd largcr than thc slmllarltles wlth any othcr study particlpant. Wc demon-
sfratc such hlgh coclustcring to hc uncxpcctctl on basls of chancc. Thc slmllarltlcs bctrvccn
dizygottc trvlns antl bctwccn nontwln slbllngs, as rrcll as betwccn nonfamilial partlctpants,
wcrc lc,ss pronounccd. In a numbcr of twln pairs, wlthin-pair dlsslmllarity of lipld profilc.s
positlvcly correlatcd wlth lncrca,sed blood plasma conccntratlons of C-rcactlve protcln ln
onc t\il|n. In concluslon, thls study dcmonstratcs that in healthy lndivlduals, thc lntllvldual
gcnctic background contrlbr¡te.s to the blood plasma lipid profilc. Furthcrrnorc, lipid profll-
lng may provc uscfitl ln monftoring hcalth status, for cxample, in thc contcxt of pcrsonal-
lzed mcdicinc.
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INTRODUCTION

fllrr.rtrtcËs lN cr-NETIC NIAKEUI and in environnrental exposure uriurifest rs differe¡rces in measurablc
l-¡Tclruracteristics in individuals, that is, as tJifferelces irr plrenotypes (Fischer et aI.,2004). Metabolite
pmfiles are regarded as being an irnportant part of the phenotype (Goo<Jacre, 2007). It is currentlv unklrown
to what extent tn irtcliviclual's nretabùlite profile is a functjon of the genotype antl of envirunnrental coll-
diti<.rus. If genotyp is an irrrportant deternl¡n¿rnt of nretabolite profiles, it is expectetl that biological rela-
tir.es rvht¡ share genes and possibly also share envirounents will shorv sinrilarities in rnetabolic pnrfiles. Trr
ex¡rlore these issues, we carriecl out a studv irr healthy, l8-year-oltl nrrmozygotic (MZ) trvins and their bi-
ological siblings. The Proccss ol ohtairring a cornpreheusive view of the nretabt¡lites in an orgrnisru has

been tertned "ruetabolornics" (Goodacre, 2007). In hunrarrs, ¡uetabolorrrics stratcgies tx: often usetl to fi¡rd
tlifferences iu r-net¿bolite profìles between groups havirrg rlilferent plrerrotypes, firr exaurJrle, lretween glrnrps
of healthy nntl diseasecl indivicluals (Van derGreef et al.,2004). h¡deecl, with respect toc¡ther'ornes sucl¡

flli the gellorìte, tlte met¡tbolonre nright be nnrre infornrative of thc physiological state of arr organisnt. For
exilnlple, ln a sturJy rvhere siurilarities in gene exprerisiún profiles of trvins tlisct¡rdant ll¡r rheunrabitl artlrri-
tis were courparetl tt¡ similnritics in expression betu'een lrealtlry twius, rro diff'ereuce wns found betu.ecn the
hetlthy trvin pairu a¡rtl the twin pairs rvhcre orìc twi¡r had thc tlisease (Nnnki ct al., 1996). Pcrhaps the uurst
widely usecl teclrliques to rìreasure a rvitle range t¡f rnetabc¡lites irr hiological sarnples in nreta[roloruics are
nuclear magnetic resonarìce (NMR) and gas or liquicl chrornatngraphy cotrpled to tnõss spectronretry (GC-
MS and LC-MS, respectivcly). NMR ai¡ns at obt¿rining a picture of the conrplete metabolite prol.rle of a

saurple, ilnd thus is able to provide a "global" vievr. of the metabolonre. Its sen"*itivity is typically lowel
tharr that of MS-based rncthocls such as LC-MS, though. A "targeted" approach, on the otlrer hand, fbcuses
ou aualysis of particular classes of nretabolites, for exanrple amino acids, stemls. or lipids (German et al.,
2003). An LC-MS platfornr cau be used for buth global arr<J targeted approaches (Vrut der Creef et ¿r1.,

20Gt), but it is irnpossible to annlyze in t¡ne run ntetabolites thnt have widely differirrg physicochenricnl
properties suclt ¿ts different polarities alrl acid tlisst¡ciatiol corrstanL\. Disadvantages of gas chrorrratogra-
phy rvlrerr applied in rnetabok¡nlics studies are tlrat t¡ften tlerivatization is necessaÍy (Koek et al., 2006), and

that even then, only particulal chsses of rnetabolites nre urersurable. Iu this study we have applied LC-MS
irr n targcted nrnrìrìer to obtain lipid profiles in bltxrtl plûsnro sÍunples fronr healtlry MZ and <Iizyg<ttic (DZ)
twirt pairs autl tlleir siblings. Previrxrs rcsearch ill t¡ur laborrttrry using the LC-MS lnetllud applictl in the
current stucly suggestcd that fanrily nreurtrers hud relatively sinrilar blt¡od plasura lipid profiles, althuugh
strung evitlence frrr this was lacking (unputrlishetl results). FuÉhenrxrre, lipicls are esl:ccially intcresting
ruetaholites lrecause they ate involvetl in ir wide range of ¡rlrysiological proc]esses. For exarnple, tliglyc-
eritles (TGs) serve âs fln energy source frrr the bocly (Murphy, 2001), as a precursor for cell ruenrbrûre pl¡os-
pholipids (Baur et al., 2000), and in the ftrrur of txxly fat they are inrportarrt fbr thenual insulation (Srvift,
1932). Anxrng tlre lipitls, TGs aro the rnost irrr¡xrrtant class irrto rvhich prtentially krxic compountls can be

ircorponrtccl (Dtxlcls, l99l).Anotherclasstrf lipidswithcntirclyeliffere¡¡tfunctiouscornprisesthelysophos-

¡rhatidylclroliles (LPCs). These can be forned frorn phosphatidylcholines (PCs) present in low<lensity
lipoprotein, for exanrplc, by platelet-activatirg facbor acetylhydrolase (lipoprotein-associated plrospholipase
A:)(Tewetal., 1996).Theactilityof thisenzymernaybeincreaseduponprointìamnratorystinnrli(Elstad
et al., 1989); the lbrnred LPCs c:rn nct ¡rs a chemoattractant for plragocytes (Quirrn et al., 1988). PCs cau
¡lso act as fntty acid douo¡ for cherlesterol esterificfltion by the LCAT enzyme (Glomset, 1968), and nray
cause platelet ag-uregntion nftcr tlreir oxidat¡on (Kenr et al., 1998). Bile is partly corrprised of PCs (Cole-
nran, I 987). Furtlternrore, PCs are precursoÍs of sph ilgomyelins (SPMs), nrrtl share sorue of their fu¡rctions
lvitlr thenl: lipitls fronr botlr classes are irnportant structur¿rl c()nrpdrents of cell nlenlbranes (Zachorvski,

1993) artd of lipopnrtein par-ticles (lvlcKeone et al., 1993), They are also irrvolved in sigrrnl tlansduction
(Sigal et al., 2005), and are corrstitueuts of lung surfactant (Veldhuizen et nl., 1998). \Y'hereas tlre surlace
of a lípoprotein partly cc¡r¡sists of PCs ancl SPMs, cholesteryl esters (ChEs) are ûn integral part of its core
(McKcone et nl., 1993), The main bioltrgical function of ChEs is that they are precursors of steroitls (Ac-
ton et al., 1996). Twins ûre p¿ülicul¿rrly infornrative stutly populalions lrec¿ruse the rnenrbers of pairs share
gertetic ¿rttl envirolrnle¡rtirl irrlluences. IVIZ co-trvir¡¡ share their corrr¡rlete or nearly courplete DNA seqr¡ence.
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Thus, for any heritable trâit, they rvill shouo phenotypic resenrblance. The nrore herit¡rble a trait, th¿t is, the

larger the influe¡rce of aclditive genetic variation on the phenotype, tlre larger the rcsenrblance in MZ trvins.
First-degree relatives such as DZ trvins and biological sitrlings share on averflge 5O% of their segrcgatiug
gerres. Tlrcrefore, also for these rehtives their phcnotypic rese¡¡rl¡lzurce is expected to be cor¡siclembly tle-
penderrt upon the lìeritability of the traits untler considerltion. Horvever, resernblance betu¡eeu rc'latives rvbo
are not MZ twius also tlepends orr the genetic architesture of a trait. For exarnple, if lron-¿clditive gerretic

irrfluences such as dtmúnance or epistirsis are ofiruprrrtance, phenolypic resenrblance in sitrlings is expectetl
to be relatively low. If, o¡r the other hantl, gerretic irrfluences are nrainly atlditile, phenotypic re'-enrblilnce
in DZ trvins arrtl siblings will be nlrghly lralf uf the resenrblance in MZ twins. If, rrext to herit¿rbility, the

sharetl faruily enviro¡rnrent-in the litenrture also referretl to as tl¡e "conlut¡n envirounrent" or "fnnrily err-

virtlrruent" (Neale ard Cartl<;n, 1992)-rLlso contributes to phenotypic resenrtrlance o[ relatives, then first-
degree relatives will npprotch the resernblance of MZ lrvins nrt¡¡e than is ex¡rectetl t¡n basis of gerretic seg-

regatiorr, Ll classical twin sluclies, knorvledge abotrt genetic ancl social relationships arnong co-lwins altl
siblings rearetl together is usecl to inr¡xrse cerlairr structuÍc r1)on the nrcasurenreut data (Nelle and Cardtrn,

1992). Uni- antl rnultivariate clata are often nrt¡deled rvithin the context of genetic covariance stmcture ap-

¡rnrachcs, trsing estiruation techuiques brsetl or¡ maxiruunr likelihood. IJowever, s^uch other a¡rproaches rc-
quire lhat the nt¡nrbcr of rne¡rsurcd varinbles is not (rnuch) larger than the nu¡nber of indcpentlerrt cìustcrs
(e.g., tu,in pairs or fanrilies) that take part in the stutly. Tlrerefore, such tecllriques h¿rve r¡rtller lirnitetl up-

plicability in typical 'onrics studies, rvhere the nrulber of rreasured characteristics is nruch largel than the

nunrber of individual sarnples. Srrch ¡ nrulti- or nregavariate appnrach is the consequence of the itlea that
rvhen studying biological systemri, multiplc mthcr than individual measured variables will reflect underly-
ing, as such unobservcd, pheneinrena. As an altenrative, irr the current stutly we have applied arì urìsuper-

vised appronch that is bnsed upon hierarchical clusteriug of nretabolite profiles to identif¡r biologlcally rel-
evant subgroups of participants (i.e., twin pairs anrl fanrilies) i¡r the rlnta. With this appn-rach, it is possible
to get nrr inrpression r¡f tlle within-farrrily r'ariatiou iu rnetrbolite profiles relative to the between-faurily vnri-
atit¡n. We expectetl to iclentify clusters of farnily nrernbers in the tlnta, in those cases rvhere fanrily nrenr-

bers share relevant gerres anrl/or environnrent. Coclusteling of twirrs vras er.aluatecl nsing a pennutation test.

hr instnnces rvhere co-twins tJitl not cltt;ter closely together, rve have atteurpted to provide explarratitrns ftrr'
this. Our lestrlts suggest an inrportarrt role of genetic backgrouncl in thc generatiorr of interindiviclual vari-
r¡tiou in blood plasnra li¡ritl pnrl'iles, Moreuver, seveml lipids ure¿rsured irr this sfucly lray prove to be ap-

pnlpriate f<rr rrxrrritorirrg lrelllh status, ftrr exarrrple, in the course ol'personalized treutruenl.

METHODS

Partíci¡tttrtts

Participlnts rverc rccruitcrJ fronr thc Netlrerlands Twìu Register at the Vrije Unirerslteit (VU) irr

Anrstenlarrr, The Netherlantls (Boorrrxrna et al., 2006), The ainr was to recruit MZ twir pairs of appnrxi-
mately l8 years oltl from a cohort participating in a longitutlinal irrvestigation into the heritability of rnen-

tal andphysicaldevelopnreltirrlatepuberty(Floekstraetal.,2007).Nearthetwins'lSthbirthday,thetrvirr
pairs and their siblings rvere invitetl to take part in the pnrject. Ethical approval was given by the Central
Ctrnrrlittee ul Research Involvirg Iluman Subjects iu ïre Netherlands. Informed consent and parenhl con-
scnt, if n siblirrg was uncler 18, rverc obt¿ined. Z5,gosity was deternrinetl for all twin pnirs by DNA geno-
typilg (t/ : 20 prirs) or usiug blood gruup polyrnorplrisrus (N: I pair). Between Nr-¡r'enrber 2004 antl

Septerrrber 2fi)5, all participants carne t() the VU Uuivelsity in Anrsterdarn for a physical exanrirratiorr iu

the rrr<-rruing arrd neurophysitrltrgical assessnleut in the afterrroon. Bltxrrl wns dlaw¡t after overtriglrt fasting
tluring the nrorrrìng session. In adtlition, subjects corupleted ¡ series of questiounrires regartling clenro-

graphics, problern behavior, health, lifestyle, er.lucational attainment, and other tri¡its, For the currelt sturly.
we used iìlÌswers to c¡uestiorrs regor,Jing curerìt use of any nretlication, sulrjective health up lo I rnonth prior
to trloul sirrr4rlirrg, currcnt and elrlier srnokiug habits, n.¡rtl whether participnnts currerrtly lived ¿rt their ¡;al
crrts' holue.
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Blood sampling

Fernale participarrts reported the day of their rrrenslnral cycle at the tinre of sarnpling. To preveut clot-
ting, heparilr was usetl as a coirgulant nml blood collection tubes @D Vncut¿riner Systenrs, Prearrnlyrical
Solutions, Bellir,er I¡rdustrial Estate, Pll,rnoutlr, UK) rvere ilrvefted gently inrnretliately after collection.
Alx¡ut 20 nrirr later, tubes rvere put on ice. Approxirrrately 2 h frrllowiug u,ithclrawal, tubes were certrifuged
for 20 nrirr at 2, 100 X ,g using a Flettich Rc¡tjxa l20R centrifuge (llettich AG, Bäch, Switzerlancl). Plasnta

fractious rvere then fransferretl to 500 pL crups and stoletl at -?0"C until nnalysis. F¡rr each included farn-
ily, sarrrples wele obt¡rirred lnrlr every participarrt frour that lÌurrily at the slnle dry arrd pnrcessetl by the
s¡rnre person. The ct¡ncentration of C-reactive pnrtein (CRP) was assesserl irr thonrughly tharveil I'roz.en

he¡lrril sanr¡rles.

Sample preparation

Frcnr each plasnra sarnple , l0 ¡rL aliquots were taken irr cluplicate, For quality conlrol purposes a poolecl
sartrple cousistirrg of equal arnourrts of plasrna tiour all sturJy pnrticipartts wns preparctl aud divitJed intcr

l0 ¡rL alit¡uots. Thcse sanrples (QC sanrples) werc f'urther treated in lhe sanre way ¿rs tlre shrrly sanr¡rles.

Thc stnrples wcrc tlividctl ir¡lo two batclrcs, eacll batclr çorrtaiuing orre aliquot of cach stuclv sarrrple. Aftcr
sep¿ìrate randtnrization of each batch QC sanrples were inserted firllowing eacll nilrth study sarnple. Sarrr-

ples rvere cleproteirrizetl by adding 3ffi ¡rL of isopropanol coutainirrg the followirrg interrrnl ¡tandards: Cl7:0
LPC I ¡rglml,C241) PC I ¡.r,g/nrl-, Cl7:0 ChE | ¡tg/nú-, aud C5l:O TG l¡"tglml-. Lr this clenumiuation of
lipicls, thc nuruber of carbcrn atolns as well as the nunrber of double bonds in the fatty acid, separated by a

colon (c.g., Cl7:0) are foll,.rrved by the class abbreviation (e,g., LI{). After centritigation, the clear su-

¡rernatant was collectecl aud the samples rvcre again storecl at -2O"C until nnalysis.

LC-MS lipíd profil.ing

Lipitl extract (10 ¡;,L) u,as arralyzed usiug a TSQ Quarrtunr Discovely Triple Quadropule nrass spec-

tronìeter (ThernroFinnigarr, Breda, The Netherlantls), equipped rvith a Surveyor IvIS I{PLC purnp :urt-l a Sur-
veyor aulo iujecttrr. The conqrourrds were separ¿ltecl urr a Alltech Prosphere C4 300À HPLC ct¡lurun (1,50 X
3.2 nrnr i.d., 5 ¡,r,nr) (Alltectr, I-exington, KY) and ir Symrnetry 300 C4 guartl colunrn (lO X 2.1 rnnr i.d.,
3.-5 ¡rrn) (Waters, Milfr¡nì, MA) using a nrethanol/water gradient with nnunt¡rúunr acetate and ftrrnric acicl.

After ioniz¿rtiou irr electnrspray (rositive nrode) the conrpuuu<ls rvere tletected il full scan nrode using a

scarr rirnge of 3()0-l lü) nt/2.

D ala p ro<: e ss i n g/inte g rat ion

For all detectatrle lipicls a tûrget list was conrpused bused c¡r rctcltion ti¡lc alcl nl/zrrtio and the peaks

werc integrated using LCQuarr V2.0 softwu¡-e. The ttrget talrle conrprisecl lipids trelorrging to the folkrwing
clusses: LPC, PC, SPM, ClìE, and TG. Tc¡ correct for tlifference; irr extract volunrcs, irrjection, anrl changes

in signal of the ¡ìstrunrent during analysis, all lipid peaks were nonrralizæd using the intenral ¡-t¡nrJartl of
tl:at class. The SPMs were ¡rornralized using C2.1;0 PC.

Asscs,vnent of tlrc qualiry of tlrc data

As a nreasnre of the experirnental errÕr induced by ,inriation irr the salnple pretreatment proceclure aud

variatiorr in thc measurenrerìts oì.er the total duration of the expcrinreut, for each iclentificd lipid compound
the staurl¡rrcl tleviatiou of its penk areas in the nppropriate rcconstructed ion chrornatogranrs r¡f the intlivitJ-
rual QC sanrples rvas conrputecl relative to the averaged peak area over all QC sarrrples (relative st¡u¡tlartl

deviation, RSDj.

S t ¿¿t i s t ical dn a I y s i.\

Sl¡ltistic¿ll analyses were calriecl out in the stalisticnl larrguage and cnvironr¡rent R (r,ersiorr 2.2.1) (R De-
veloprnerrt Core Teaur, 2005) anil iu MATÍ,AB (versior R2006h, The Matlrworks, Natick, lv{A). For each
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sanrple tlìe replicato measurenìents were averaged. The resulting data nlatrix was autosc&led, rendering the
mcan of the t'listril¡ution for each lipid compound zero ¿nd its variance around this nìeflrr ore, rvith tbe ainl
to assigu all lipid compouuds equal weiglrt iu the subscrluent l¡ierarchicnl clusterin-e (Vanrlcgiuste et aì.,
1998). Thel, each row of tl¡e rlata uratrix, correspoutlirrg to the averaged prof,rle of one stucly participant
and henceft¡rth denoted as "trlrject", rvas sutrjecterJ to stancl¿rrd norrnal vari¿rte scaling (SNV) (Banres et al.,
l9tì9; Sokal, l96l) to conect for the interintlivitlual tlifferences in the total lipicl signal observed bv tbis
methc¡tl. Euclide¿n dis{arrces were courputed tt¡ rneasure the clissiurilarities anrong olrjects. Accordiug ttr the
Yourg-Ilouseholtler theorern, SNV (npplieel to the olijects) followecl by rquarecl Euclidean tiistance ct¡ln-
putation is nrathertintically et¡uit'alerrt to computing (l-) the c()nelat¡orì rnrorrg urrscaletl objccls (Young
and Ilouseholder, 1938). To assess whetlter thcre were differences irr rneclinrr Eucliclcan tlistance arìtotrg (l)
MZ cr¡twi¡rs, (2)MZ twins attd tlreir sar¡te-sex siblirrgs, anr.l (3) s¿rrìe-sex norrfanrilial stucly participants,
lve perftrnretl a rnultiple cornparison procedure using a Tukey's honestly sigrrificant ditïere¡rce criteriolr
type of critical value r¡l bnsis of the result of a nonparanretric iuralysis ol tlre variance within these groups
of study participants versus llre variance betwee¡ groups (Kruskal and'Wallis, 1952). A rnultiple cornpari-
sott ¡rrocedure is clesigrretl to he conservative whcl testirrg fìrr significarrt dilïererrces anrong pnirs of groups
(l.ltrchberg and Tanthauc, l9tl7). Subsequctìtly, the calculatctl tlistances arnolìg ¿rll olrjects wcre suhjectetl
to hierarcllical clusbering antlysis. In our cdloice of the L¡sctl clusterirrg nlgorithnr we strivecl fc¡r rn¿rxinrurrr

correlatiott of tlle clista¡lces arìrong cluster¡ ns cornputerJ by the cltrslering algorithnr (cophenetic rlistalces)
(Sokal and Rohll 1962), with the originaì Euclicleun distnnces irnong trlrjects. Of the evaluatecl clusterilg
nlgorithnrs, â\'erage linkage gave the highest Pearsolr correlation (0.71) between tbe Euclitlean distances
arnorrg objects ancl the cophenctic clista¡rces anrong clusters, arìd \vils thereftrre consiclered rppropr¡ate. Av-
erage linkagc minimizes the average of the painvise tlistances lretwee¡r objects in diflerent clusters (Sneath

¡nd Sokaì, 1973). To assess the stability of thc clustering, we cnlculated bootstrap probalrility values @P
values) for each cluster using the R pncknge pvchnt (Suzuki arrd Shiur<-¡daira,2006) antl perfornrirrg 10,000
resarrrplitrgs of the variables over all olrjects. The nunlber of nodes, or lrrarrching points, in the resultitrg
tìettdrogratr along the path separatirrg co-twins was then used as û nleasurE of coclusteriug of co-twirrs (see

Fig. 3A frrr an exltuple). For each nurrrber of notles separatirrg co-twìns, we conrparecl lhe nulnber Lrf otr-
servatiorts irr the" original clustering clettdrtrgrant rvitlt artificial situ¿rtions where there is ntr clusteriug. Lr a

derrtlrograrn, the "root" of tlre tree (ftrr exaruple, in Fig. 2, the "top" of the derrdrogranr) is whcre all clus-
ters ultinrrttely nterge, whereas each of the "lcar.es" rrt thc "truttoru" t¡f the rleudrogr¿un correspontls to a

silgle olrject, wlrich is in our study a scalecl írverasqe lipitl prolìle ol o¡re irrclividual. We cre¿rtecl artilicial
negntive contrc>l situations bv 1000,000-h¡ltl M<xrte Carlo resanr¡rling of tlre object labels r¡r,er lhe leaves
of the otrserved clustering tree, For eaclì of the indiviclual perrnutations, the nunrber of occasions where co-
trvirts rvere separatetl by a giveu nuurber of rtodes in thc clustering dendrogranr u,as recorded, Vy'hen the
observerl nunlber oloccasiorrs rvlrere co-twins were se¡ramter.l by a given nulutrer of notles in the dendro-
grafn w¿rs above the 95Vo levcl of lhe distritrutiot feir thnt nu¡lllrcr of no,Jes as resulting fronl all l)ennutr-
tiott tcsts. the t¡bscrvscl nunrber of occasions fr¡r thnt rrunrtrcr of scparatirrg nt¡clcs was cousidcred st¿rtisti-

cally sigrrilicarrt. Basctl u¡rou this aualysis, two suhgroups of twils were identified, clur-teritrg either chrsely
r;r'not closely with their co-trviu. Fc¡r each case rvhere co-trvins ditl not cluster closely, we evaluated ser,-

eral participant cbaractcristics ûnd ervironnlental lhctors that could provide al explanatiell for this.

RESfILTS

ParÍicipants

The krtal study cohort consisted of 54 partic\rauts front 23 fanrilies (30 rnales and 24 fernales), where
24 participants belon-r¡ed tu MZ urale twin pairs (MZIVÐ and i8 t<l MZ fenlale twiu pairs (MZF). One
nrale-nrnle and (tne fenrale-fernale pair ra,ho were tbund tt>l-¡eDZ after adtlitioual gerrotypirrg (DZM and

DZF; cncoclcrl as R_! alcl F-O; sec the legerrcl to Fig. 2 for tlenotation of irrtliticlual participants) werc
also included il tlre stuely. Fnrru se'r'en families, ir trvirr pair urrcl a siblirrg ol'tlle sanre sex partici¡ratctj (three
MZÀ,I, oue DZ,M, two MZF, lnd trne DZF). In one nrlclitiorrl MZM larrrily a fenrale sibliug (FI_O) pnrtic-
ipaterl. Thc Írvernge lge of tlre twirrs rvas 18.0 years (SD 0.2) arrcl <¡f the siblings 17.4 years (SD ¿1.3). Ac-
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FIG. L Box-u'hisker ¡rlots slturvittg Jistrihutiorts ul'Euclicle¡ur distlr¡ces betrveerr ìvlZ ctrtrvi¡¡s (/// - 3tl, lefl), be-

tu'eett MZ trvitls nlttl tlteir surte-se.r Ìrontwill sibliugs (///: l(), nriclttle). nntl arnong sa¡¡le-sèx n.rnfuurilitrl pnrticipûnts

U/l : 631, right). Dlta frtt¡tt crlwit¡s ,¡l twins in rvltose blxrrl ¡rllsuru surrr¡rles rve had nt¡ticetl herrrulysis (A_O_l orrd

X-tr-2). lts u'ell ¡t¡ Jat¡r lnrru ¡wt¡ DZ twit pairs íF-O lrrtl R-E) rvere i¡rcluded ir the conr¡lrtntiorr olclistlLnces rrutrng

'lr < 0.O5; *'*/, d 0.()1.

c()rding kr tlre ilrterviervs. all strdy p¡rticip¿rnts except l-I-O lived at honle lvith their parents at tlrc time c>f

thc study. Four partlcipnnts usccl uledicûtion, thnl is. onc twin ptir (A-O) used the nnrlgesic/nnti¡ryretic As-
cnl. participant S-O-2 uscd fluoxetinc prcscribe(l for tle¡rressitrrr, arrd participrLrt lI-O usecl Murrt¡urlar af-
tera luttg erttbolisnl. Six ¡rarticipants (F_O_3; I-tr-l; I_n_2¡ M_O_2: T_!_l; arrd T_n_2) srrlrked nt

the tinre of sa¡rrpling rntl trv.r participauts (E_O-l nrrd M_O_l ) harJ srnokerl in thc pasl. Eight trvins (A_O*l I

A-O-2; I-n-Z; K-!-2; M-tr-2; T-tr-2; W-n-l; and W-n-2) hacl had sonrcthing to cat tluring the fast-
ing period. In the bluc¡tJ sanrplcs of lwins A_O_l and X_n_?, heurolysis hacl occurrecl.

Li¡tid ¡trrfiIîrry ed tlet.tu proc'e,tsittg

Blood plasura sanìples were analyzetl with LC-MS, yiel<.lirrg pnrfile; t¡f 6l irrdiliclud Iipids ¡rer sarn¡rle,
rvhiclt ¡re listetl irr Figule 3C. Thc RSDs of lhe internrl st¡ndarcl-currectcd resl)orscs frrr the inclìviclual
lipitls in thc clullity ct¡ntrol sant¡rlcs rangccl frortr 5.2t/o lt> 25.5clo. Notably. thc RSDs of ¿llLPCs, PCs. antl
SPMs rr,crc bclor.v 157a.

St u.t i sÍ ic'u I .l¡ r¿¡l),.ç¡.r

After avclagirg of the flnülyticrl cluplicates and scaling of thc data teble, Euclidean tlistanccs hetrvcelr
the 54 rorvs ("otrjects") rverc coruputcd. The merlia¡r rvithin-pair distance for MZ twins rvas significantl¡,
sulaller than the nlcdiân distartcc aruortg uonfaurilial participants; tlìc ulediau dist¡nce hetrvecl trvils untl
tlleir sattte-sex rtontwin silrlings rvits n.lst-¡ sìgrrif,rcantly sllaller th¡rn the nreclinrr clistance unlong s¿une-sex

nonfarrtilial puticipants(Fig. l).Sir¡rilardifferenceshirvebeenobservedtryNrukialtdcolleilguesforgene
expressiorr, which, conrpaleil to the rnetabohrrrre, is of cr)urse expectetl kr cOrrclate rrr()re strungly witlr geDo-

type Lrecause it is less suhject t() environnrerrttl irrfluences (Nnnki et al., 1996), Fol'the tlrree iuvestigatecl
gene fantilies, they found that the sinrilarities in ex¡rression in peripher:rl blrroel lvnrphocytes rvere higher
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o rlrla,rl,n ur,,lolrlolrlal'r al.Jn' *l*¡*'"lil"l*ltl"laJorlalo -l-lo =lnln' ,lu, .lol"lal* ÊltlE ÊlIlD olul-lEr

bP value¡ orr balis oltho (ht¿r res{urìpling nrcthocl ûs cxplair¡ed. Derrrrtation r-ll ¡rrrticipants: lnrrril.v. ulphabetical letter
(,4-X); sex, sr¡uares for nrules alr(l circìes tirr leurirles (e.-u., [ñl uutl [Ol lrrr n nr¡rle ¿¡¡rtl a lenrale rrviu, res¡lectively);
1,3, rntttlurtrly allrrcrttetl lo irttliviclualsof't twin ¡rlir'. Lrbels in LroU type inelical.e DZ trvin prir':. Nontwilr siblin-s: ûre

ir¡tlicnte,tl bv filletl st¡ui:rer (I) or lìlletl circle.s (O) lìrr ¡¡',t¡*r ¿lnd I'enralÈs, r,esl)ectively.

betwcc¡r MZ co-trvins tlran anrong lolÌfrnlilirl prrticipflnts. Thc rcsult of hierarchical clustering cfln be (lis-

playetl as n tree. oÍ derr<Jroglarn (Fig. 2) thitt denotcs the relationships anrong clusters in ¡ tvvo-diurcrìsionfll
fonu. Fernalc ûnd nrale study participants flre almost perfectly separated at the higlrest levcl. Thc dentlro-
grûnr de nonstr{rtes conridernble coclustering of MZ twin pairs. I'Iorvevcr, both DZ twin pnirs do not clus-
ter atljaceltl¡,. lvlost ltuntrvirt siblirrgs tlo not cluster closely lvith a siblirrg rvlrt¡ is nleurber of iì trvin p¡rir.

There ¿rPpear to be r¿rtller ferv clusten tllrt ¿rre eitlrer extrenrely tiglrt or extreurely loose. Figure 3A incli-
cnte¡ rvitlr ¿ì color code Eucliclean clistlnces betrveen all ¡>airs of objects. The strorrg clustering r¡f fernale
(tlre upper left qurclrarrt irr Fig. 3A) mrcl of nrale study parlicipants (the lorver righl t¡tradrünt irr Fig. 3A) is

evident. Lr Figure 3C, the scaled ditt¿ì is shorvu f<rr every partic¡pant rìs î sepflmte vertical l¿ure of the heatnrap.

The orclcr t'f the obiects alorrg tlrc horizontal axis is cqual to that ilr Figure 34. Again, parrcl C irrdicates

that li¡:id pnfilcs ale diflerelrf for rrrales ¿urd fenrilles. The five li¡rid classcs eûclì coiucide witlr a distinct
pnttenr irr tlte hcatnrap wher¡ vieu,ing ¿rcross ¿rll ¡rurticipnrtts fiont to¡r lu lrottonr. Furtlrcrnrorc, this parrcl

suggests that in gerrernl the TGs tliflerentiate less thiul thc othcr classes betrveerr snru¡rles fìunl dif'ferent
firnlilics. LPCs arrtl SPMs secur to clifferentilte rùost. Irrtcrcstilgly, lhcrc scenl to lre diffelcrrces belweelr

fanrllie; rcgilrding the s¡rccific li¡:id ctxrrptruncls s.hich ûr'e nrost;iurilar aruoug farnily nrenrtrers. The stu-

hility of thc cluslcring of palticiparrts w¿ìs ¡rssessed by n nonpnrnnretric b()(rtstrap pnrcedurc, Iror n tllscus-
siorr of thc lesult of tlris aual¡,si:ì rvc revert kr Figulc 2. In the coltoxt of hicrarchicul clustcring. a l.rootstra¡

gloccdurc calr lrc urctl to invcsti,cûte t<¡ l'hich tlcgrce thc tlelilrogrrrrr topology chal-ues upurr onrittiug or
rrrultiplc (,ccurrcncc of ¿r rrunrher of vrrriables fìrr ull rrlrjects. The stability of thc clusterirrg tcrrrls to lre high-
cst at lhc lorvest lcve l of chrstcrinÈ, that is, qhcrc tlre tlistancc hctrvcen clusters is rclativel¡, srnall. Fi¡r thc

co-truins fonuing closc cluste¡:;. BP r'¡rlues were in tlre rlnge bctrveeu.10 and 100, anrJ in gerreral chrsters

containirrg fenralc co-trvins had lo\r'ùr BP valLrcs thau clusters t¡f male co-twirìs. Thercfore. especially lbr
thc t-cmnlc cei-lrvins fbnning close clustcrs there nray bc ¡ubsets r¡f vari¡bles that are especially iur¡:ortarrt

for the clustcrlrg. With this irr nrind, onc wüy to inrpruvc the coclustcriug of tlr,ins may be to t¡se a nrea-

sr¡re erf otrject sinrilarity. tlrlt is, COSA (Daurian et nl., 2007; Frieduran and lvleulrnnn, 2004). tlri¡t uc-

krro*'leclges that tliffererrt subsets of trtrjects ntw chr¡ter orr tlifferent rubsets r¡f r'¡riables. As a nre¿rsrrre of
cocluslering uf crr-trvirrs, f.rr eacll tu'i¡r ¡air we courtted the nunrber of brartchirg points, or noJes. t.long
the pltlr se¡rarlting hotll trvins. The colors turd heiglrts of the lir¡es tlr¡t conrrect t*irrs ir Figure 38 intlic¡te
tlrese rrunlbers. For exnrn¡rle. there rvere three twilr pairs rvhere the nunrber of rrudes hetr.veen tlre co-tlirs
lvrs seven. In thc deltdrosrarrt of Figurc 3A au exarnple i:: dlawrt of tltis characterizntion of the relative >irr-
ilarily of co-tu'ins l'or u crse rvhere tte tlistarrce lrctrvcerr thc cotrvir¡s is I'ivc ¡rt¡clcs. For eaclr possible nrrrr-
l;cr of nudcs separatirrg MZ or I)Z twins, tltc obscrved I'ret¡ucncy is tlisplayoJ ¿ts a black tlot in Figule.l.
Clrarnctcrizirrg the clustcring t¡f the ur¡ltu,iu siblirrgs w,itll theil clrrsest trvin blrrthcr or sister irr n sinlilar
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CLUSTERING OF PLASI\.ÍA LIPID PROFILES FROM TV/INS
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FIG.4. Ctrclurterittg rrf lrvins c()nll)ured rvillr tlre results t¡f perrrrutntiurr testirrg. Nulrhers ,rl'r¡otles sepirratirw co-
trvirs iucre¡.se lrr'¡rr left to right. Ft,r each nululxr rrf brarrchirt-u pl)ints. tionì bottr¡rn to hr¡r the rrurnber ol'twin ¡rnirs

\)l'(ìbler\,¿lti(ns in the .rriginnl tlenJn.¡urarr (see Fig. 2 nn<l Fig. 3A/Bi is in.licnted by black Jot¡;. 1¡r. asteÍisk (i) il
the rnost leli gra¡rh iutlicates thitt the observetl rtunrlrer ()f l3 occiÌsi()rìs rvhere eo lrvir¡ rvere se¡rirratetì l:ly utrlv ,rne

lrrnrrching point iri signilìcantly tliflìrenr fr,lru rvhat \\'irr ()hren'e(l iri the pertr:utati()l [ests.

wl\¿, we fuurrd th¿rt fir.e t¡f these ¡rairs of fìurrilv rìenìlìer's (i.e.. B_O; F_Il II_O; S_O; arrt] T_l unrl tlreir
clrrsest tn irr ;it:lirrgs) were seP¿rrírtecl by nrore tlr¿ru six notles. lucl thereft¡re did rrr¡t clustel closely. We oc-
krxrrvletlgc that onc tliftìculty witlr our rìl)pro¿rclr is thnl the nunìbcls trf brnrrclring ¡>uilts nlorrg thc ¡lrtlt scp-
aratilg plirs uf objccts ¿rre not rìcccb>ilril), rcfrcscntrtivc of the absolute rnilgnilude ol'tllg dissirnililril), bc-
tu'cert olrjccls, irt r¡ut c¿tsc tlclìnccl hy Euclidell distattce. For cxarn¡rlc, co-twin¡ rìr¿ly l)e dissiuril¿rr irr tcruls
of Euclitleun rlistnrrcc hLrt slill bc scl:aratetl by r linriterl rìunlber of ur¡des. This intlic¿rtcs that although thcv
¿uc (lissinrilrr, tlrey arc still rnorc sinrilu'tr¡ citch otller tharr to any otlìer ()t)ject iu tlrcir nciglrbtrrlrtrtd u,itltitr
thc nrultitlirrreusirrt¿il sp{ce l)ut u¡r by thc li¡rid profiler of all stutly pnrticipants. Tlrus cl¡alactcrizing thc co-
clustcrittg of lrvlns in this w'ay gir,cs iu;iglrt into thc sinrilrrity of cr¡-trvins to clch othcr, relativc hr the silu-
ilaril¡,of c¿cl¡ inclividunl trvirr rvitlr all otlrcr olrjccts in thc tJntasct. Subsequently, rvc testctl whctl¡cr co-
clustering of twins r¡rus inclcccl rtr(rlser tllnu uhat wtrultl have been t¡hservecl bv charrce, givcrr the obscrved
.h-.ttdlogr¿ur to¡rologr,. To tlris entl, l)er possible uurtther,¡f notlcs scpurrting twins u,c crcatccl a rcfclencc
clistributiolr hy pcrnrutatiorr of thc olrjcct labcls olcr thc leavcs of thc tlenclnrgrarr. The sigrrificancc of thc
,lbscrved uunìl.crs of node¡ sepluating trvins ilr the dcnclt'ogranr \\¡íui ¡lsscsseLl by conr¡aristln \vitlì thcsc rcf'-
crencc tlistlibutiuns (Fig. -l). l¡r this figurc. frorn left to right, wíth cach scpûriltc graph the ¡lunlber of hruclr-
irrg poiuts nlong the ¡nth in the dcnllrograur scparnting cutrvirrs incre¿rses. Duc tr: thc gileu stnrcturc of the
rlcttclrugr-ant, tlte ntitxitttt¡ur l.xrssible nunrber olbrarrchirrg points uloug l ¡rtlth betu.ecrr trvt¡ lervcs rv¿rs four-

FlC. 3, Ettclicleon tlistattces aurottg olrjects anJ con'es¡xttrclitr¡1 Jerrtlrograrn (À); scnletl tirtn l'.¡r each participatrt (C).

ln panel B, crt-trvittr ¡re ct,¡¡trectctl by c,rlurotl lirres. lrr tlrc rlenJnrgrirtrt ol'lxrtel r\ nn exuurplc is Jr¿lrvlr ()l ()ur lìp-
prrrrch trt cllrructerize cot:lustering of trvins. Tlie keys lo th¿ culors in pnnelr Â, B, ¡rntl C irre giverr irr the uppel'left.
uplter right. tllJ l(,rver rigltt curters ol the ligLrre, res¡.reclivel¡,. ln ¡nnel C, lipitir ure l¿rbeletl hy tlre rrurnber t¡[c¿rrlro¡r
at(irì¡¡ ¿r5 rvell ¡s (he ¡turt¡ber oftlrrul-¡le bonrls lse¡rurated by u colorr) irr the lìtty ¡rciJ, follorvetl by their clrs¡ al¡brevi-
atior¡(l-PC.PC,...).
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'I',rsl¡: l. 'llcN'r¡rrvH Éxpr-¡x¡rroxs t'oR'utg Sr¿p,te.ruo¡ rxr Co.'ftv¡Ns ¡ry Monri rll;rr.r
O¡re Noor ü\ THE DENÐRocR.l¡.Is oF F¡cunu 2 ,ruo Frctns 3A/B

Twirt ¡tuir Explanation

l;o

MO

R_!

NO

x_!

cio

UO

c_!

VO

SO

(Fèrrrale) DZ tw.in pnir. .F-O-l had self-re¡rurteilly suffered lionr a coìd less tlrrn I rveek priirr to

blooil --anrplìng; this correlatetl with n high blo<xl plnsma CRP level iu this participant. Both tlins
used ot.rrl contrnceptir,es, but di<l l<rt have synclronolrs urenstrull cycles.

M-O-z hacl lreen slnokirrg five cigareltes per tlay for 6 years autl lratl srrrr¡ked 2 h before bloql
s:uupliug; M-O-l had quit srrroking n hnlf year ugo afìer having snroked l() cignrettes per tlay ftrr
5 years. Furthenuorr, M-O-2 had had a half cup ol sugarcd tea for brerkf¡rst on the day of l¡lootl
sanr¡rlirrg. lJuth t*,i¡rs used oml contrac;eptives, l:ut diJ nr¡t have syrrclrrorruus nrerrstrual cycles.

lMole) DZ trvin pair. Furthentrore R-!-l harl sell re¡rerrterlly sufferetl lror¡r sto¡¡rnch-ache with
crarnps less lhan I week before bhxrd snnrpling.

N-O-l hacl s'elf-repoíedly ¡uffererl lronr llu-like synlplorns less ll¡¿rrr I week priur lo blrxrd

srmplingl this correìntetl with an incrense<J lrltxrtl plasnra CRP level in this parlicìpant. Both twins
used oml ctrlrtraceptives, l¡ut tlid not have synclrron.rus rnerrstrual cycles.

X-L2 l¡ad sufferetl fnrrl intèctious nrt¡nt¡nucleosis ¡nore th¡n I nlr¡nth prior to snnrpling,

?Uuretn'er, duling sarnplc lranrllirg, iu lhc saruple <ll'this twin hernolysis l¡¡rd t¡ccurred.
Both trvirs hatl self-reporletlly suflereJ ln¡¡n a colcl less lhur I we.ek ¡rriol to blrxld sanr¡:ling. In lhe

blootl plasnra of'G-O-2. :r high CRP level rvas ¡neusured.

Both trvins hncl self-reportetìly lleerr ill lcss thnn I weck prior to bluod samplilg; U-O-l had
sufleretl fn¡nl n crtltl. where¡s tl-O-2 hatl h¡d flu-like synrptulus accurnprnietl lry flever. U-O-2
used or¿rl contmceptives u,bile U-O-l tlid not; furlherrLrore, their nrenslrutl cycles u,ere uot
synchnmotrs.

C-n-l hud self-re¡rortedly beerr ill rvilhout havirrg u fever less thau I week prior lo bkxrd sanlplirrg;
this correlatetl r,ith a high blood plasma CRP level 'in this pnrticipant.

V-O-l had reportÕd sickness nr¡d headache rn<rre tliu I week prior to bl<xrtl sarn¡rling, B()th t\'\,inr
use<l oral contraceptìves witlr syrrchronrrus cycles, although V-O-2 nppenretl t<¡ suffer fri¡nr
oligorrrenorllren.

Trvin S-O_? hatl heen usìng the rinrg Fluoxetine for clepression. tsoth twins used or¡l
crrnlruce¡rtives, hut did ¡rot hlve synchronous nrernlrunl cycles,

tcerr, arrd thercfore, the ¡rurnbel of grnphs in Figure 4 is llst¡ 14. For each lurrrber of brarrchiug poiuts, fn)nì
bottoll to top tlre rrunrber of t$,ir pairs se¡raratecl by that particul¡r nurllber of hranchiug pl)ints nfier each

l)ernrutlti(n is displnyetJ by grny b;us. Lt adtJition, for each p()ssible nurnber of brarrching points se¡rarat-

ing co-twins, tlre ¡lrrnbc¡ of twin ¡rairs sepnratetl try that rrtrrrtrer of nocles in the origiunl tlcndrogmnr (see

Fig. 2 and Fig. 3A/B) is ir¡dicated by black dots. F<rr exurìple, in Figurc 3AlB, l3 twirr pairs can be ob-
servetl tllat are separated by only one node. I-Ience. in Figure 4 there is a black dot in the nrost left gr-aplr

coresponding rvith ùne no(le separating twins, at the point corres¡ronding with I3 twin pairs. In rnost ¡er-
nrutations, no object labels r¡f co-twins were sepilrilled by only one n(xle, arÌd therefore, the horizontal gray
bar corrcsponding with lrero observatious in the sflme graph is tallest. As no twi¡r pairs cau be obsen,etl i¡r

Figure 3AÆ where the nulnber of nodes between twins is trvo, in the second graplì fronr the left in Figure
4 there is a black dot corresponding rvith zem pairs, flrìd so orì. Uring the results of the pernrutation testri,

it wns ft-¡und that the t¡bsen.ed nulìber of l3 occasions lvlrere co-twins were ouly separated by one notle
\vas signlficantly clifferent frour lvhat would have been obsen.etJ by chauce. For lrrger nunlbers of nt¡des

separ¡ìting co-twins, the obselvations witlì the object labels irr oliginal order fell rvithin the distributions ob-
sen'ecl after the perruutatíous. Therefore, we uanred "close" those co-trvins who were sepûrated by one node

within tlre clustering tree aud "distart" tlrose co-tr¡,ius who were sep¡tr¿ted by rrlrre tharr one notle. The no-

tion thnt there we¡c two subgroups of e¡lhcr close or distant twins in tlre data, rvas suppofted lry the obser-
v¿rtiorr that the tlistril¡utit¡rr olthe w¡thiìì-pilir Euclldean tlistarrces parlly overlapperl rvith the distribLrtiol ol'
dislrnces ûnrong nolì|lanrilial sturly pruticípnnts, Írs rvas slrow¡r irr Figtrre 'l . F¡rr eirch "tlistant" twin ¡rair, we
have attern¡rted to provide ftn explarì¿ìtior ft¡r the ()bserve(l sel)ilaticlrr t¡f the cr¡-twils by nlore than one nrrde
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FIG. 5. CRP levels il blouJ s¿ìnll)les in trvins, Frorn bottorrr t() t()p. lhc nverage CRP level of twiìr pûirs iucrelser.

e.r¡rllrrrtion uf this lubeling, ree tlre fegertd ,rf F'igure 2.

irr lhe clerrtlrugrillìr (Tablc l). These cxl)lnn¿rtions rvere based upon the av¿rilable ilfcrrualion orì p¿uticiprnt
cl¡aracteristics nt¡d enrirc)nrnenlal fact<rrs. M.rreover, iu t nuruber of c¡¡ses tlissinrilarity of lipid profiles cor-
rclated with rvithinlnir tliffere¡ces in tlre levels of the inflrnrrrratory ntat'ker CRP (Fig. 5). lr particullr.
fe¡rr¡le sex nrìrì recent illrress correlntetl witlr di:tsirrrilarity of lipicl prufiles betrveen lvIZ co-twins. hr turu,

irr u nuluber of cihes. recent illr¡ess fls self-r'el)oltècl by the study participants ctrrrelated rvith ¿n increaserJ

level of CRP. [lrrvever. we could not establish tlre influence of fþnrale þe.\ irnd recent illneÞs indeperxJently.
becnu¡c a rel¡ìtivcly lurge rrurrrtrer trf fenralc study ¡rarticipants had self-repurtedly been ill. Morcover, a

nun¡bcr t¡l l'cr¡r¡rle "dist¿nt" trvirr palrs clid not have sync,hnrr(,us urensti'u¿rl cycles. Dizygtrsity correlated
stnrngl¡'rvith disrirnilnrity ol-lipitl ¡rrtrfilcs ls wcll. ts lxrth DZ trvin pairx iucludetl in the stutly were sel)-

nrttcd bv ururc tlrarr onc n<¡tlc in thc tlerrtlrogr¿ulr. Morcover, five out trf a krtal of cight rrrrnttvin sil>lings

irrclutlctl in the study-ot'whorn lll except I-l-O wcrc of the s¡nre;ex as tltcir siblirrgs bclorrging to a prir
.¡l'trvius---{itl lot clu$ter closely witlr l silrling belonging to a pair of trvins. This .rbservatiorr suggests that

tlre dissirnilarity of both DZ trvil l)r¡rs \ì'ls cnuserJ by tlifTcrences irr genctic backgnrurrd rtthcr tharr by tlit'-
fcrcuce¡ in elu.i¡unrnc¡ltal fackrni. That is. if shared e¡¡virolrn¡errt w()uld lravc treen rnure inrportant for thc
sinrilarity Lrf lipid pruliles, the sirrrilarity of ¡rontrviu siblirr-ss rvith thcir twin siblings would lìrve l¡rproached
the sitnilarity of MZ twil¡ pairs. Although the relntivc lvithin-pâir tlissiruilarit¡.tf lipid profilcs corrclntcd
rvith tliffcrences in gcnetic background or environrncntal exposure, sonre lrvin pairs harl relatively sirnilar
lipicl ¡rofiles dcspitc the prescncc uf strch differcnces. For exanrplc, tu,ins J-n-l and D-n-l lrad hatJ r
cohl less thal I rveck prior tù blootl sanrpling \\{rercÃs their co-trvins had not. Still, both discot'clant pairs
wcrc not foultJ to be clistaut irr thc clustcring. Also, none of thc t'enralc "closc" tu.in pairs dìd lralc conl-
plctcly s¡,¡¡cl¡runeus ntelìstru¿rl c¡'cler.

DISCI]SSI()N

In ll¡is stuclt, wc lì¿ìvc slrorvu th¿rt up()l hicrarcllical clttstcrittg of lipiel ¡rrofilcs fr'onr lrcalllr¡, MZ trvins. a

r'igrrilicanl nuurber ol'co-lrvirrs ftrrnrs close clustcrs. This is a strorrg irrdicttiorr thlt sinlillritics ilr gcuctic

buckgrourrcl urlr.l/or envirrxlurenl¿rl lrir'kn'y urrrorrg incliviiluals irtdeetl nr¿rrrifest as sinrilarities in li¡rid pro-
files. Wllern the gcuctic rcsernblarrce of fhrnilv rucnrbers is expectetl k¡ be lorver than irr MZ trvirr ¡tuirs rrl
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basis of Mendelian inheritance, that is, between DZ hvirìs and betwecn twins and their nontrvin siblirrgs,
we obsen.ed lowe r sirnilarity of lipid profiles. Moreover, in a number uÊ cases whcrc MZ cutrvins tlid not
clustcr closcly, rve hnve irJentif ied recent expericnccs tbnt núght lrnve decreased the within-pair similarity,
suggesting an irnportant nrle of ellvirorurrental ilrflul:uces in these pairs. Lr<Jeecl, tl¡e sinrilaritieË ¿unong non-
flnrilial participauts, wlto lre ex¡rectetl tr¡ sllare less gertetic backgnrund ard envirtnrnrental exposure tharr

faurily rnenrbers, were low rn average. To our knowledge, this is orre of the first reports on unsupervised
rlata analysis c¡f n¡etrbolite profiles autung healtlry trvins. Until now, in nrost publicatious gene explessiun
tJata were stuclied, For exanrple, Tarr et al, (2005) applied tlreir ctrrrespoudence anolysis to project gene ex-
pressitrtt, ntensurecl usittg whole blt¡<d rrrRNA, scparatell' for eaclr of the l2 elderly t'eltrale MZ a:.;¡l DZ
tu,ins ittcludetl in their stutly. They observctl that in twt¡ MZ anil twr¡ DZ twin pairs the within-pair corre-
latiott ttl'gene expression was lrlgher corrr¡rared tt¡ the ct¡rrelation between twirrs fro¡n dilferent pairs. More-
rrver, in tllese foul pnirs the wlthin-pair correlation in exprcssiorr irr the MZ pairs was higher thtu that in
llte DZ pnirs. Onrori-Inoue et al, (2007) ¡rerftrmrecl hierarchicnl clustering b¿serl r¡n ctrnelatiorrs hetweerr
gerre expressitur pnrfiles ilr unrl.ilical cortls fru¡n five twin pairs, antl foultl that in fotrr-protrably'ltrlZ-
pairs the co-twins clustered ldjacently, rvhereas the nou-acljacently clustering co-trvins (the fifth ¡rair) nright
have becn DZ, h thc result of hierarchical clustering rru bnsis of 102 gerres tliff'crcrrtiolly exprcssed in skin
tibrt¡trlmts frorn study participants rvith systcruic sclerosis conrpared to controls, two MZ twirr pairs rvere
observed ul wl¡ich the co-twirs-wht¡ were discordant for the disease-clr¡steretl adjacerrtly (Zhou et a'1.,

200-5). Inatigian et rl. (2007) usetl Pearson correlation as the similarity rlìe¿sure frrr hierarchical clusteritrg
of lTerre expression profiles in lyrnphoblastoid cell lines lionr rhreeMZ twin pairs thnt were discordant fc¡r

bipolar clisorder, and found that tl're co-twins rrf all pain clusterecl atljacently. Such high within-pair sirni-
larity in lvlZ pairs rvas not otrserved by Teutï'el et al. (2004), who subjectecl the l¡one marrow get¡e ex-
pression prufiles of 33 childrelr with acute lymphtrblastic lcukenria, including one pair of MZ twins con-
conJant fur the disense, to lierirrclrical cluslering usirrg Euclitlea¡r distzurces arrtl applyilg the lverage linkage
clr.tsterirtg algorithnr. The autlurrs rroticeel that the co-trvius tlitl not cluster acljacently aurl ascribed this ef-
fect to disease-related chtnges in gene expressiort. Tr.vo recent articles eurplov su¡rervisecl nretlìods to ana-

lyze rnetabolonrics clata f¡ur¡r twins. In one pulrlicatior¡ a lirrk wa¡ established helween schizo¡rlrrenia aud

alterations irr blood plasnra lipid levels as assessecl by ItI NMR spectroscopy (Tsang et ¡r1.,200(ù. Suclr
changes rvere obsen'ecl in both ulale and f'enrale alfected twirrs olpairs discorclant for schizoplrrenia wher¡
corn¡rurcd lo age-rrrrtched ctrrrtrol twin pairs. However, in fenralcs, the diflerences between fhe al'fected

tu'ins and their corttrol twir¡s were nr()re lrrunounced tharr iu nrales; ls opposed to irr rnales, in [enralcs tl¡e
¡ruthors also obsen,etl a significiurt differcrrce betrveen the unlffected trvins of discordant ¡rairs ald corrtnrl
twirrs. The lalger effects ir¡ fer¡rales were âttributerJ to greater geuetic prerlispositiou to the tlise¡se-related
changes irt cliscorclant I'emale pairs than in urale pnirs. A recent stutly by Pietilainel and colleûgues (2007)
fìrurrd rvithirr-pair tlifÍcrences in lipitl prtrfiles. ns assessed in bltxxl serunr usilg LC-MS, in MZ pairs dls-
cordrnt for obesily. hrterestingly, the rutlurrs rcpurt tlrnt coru¡rarctl $,ith five rrorntal-rveight concordant as

rvell as with fivc pairs concordiurt frir ovcrweighl, the tliscorda¡rt plirs ditl ¡rtlt har.e larger irrtrapair tliffcr-
encss in krtal cholesterol, high-tlensity lipo¡rroteirr, lorv-rJensity lipoprotein or TGs. Our results ù"uggest th¡ìt
atr unsupen,ir-ed clata anolysis appnrach (l-Iastie et al., 2001) can yicld irrfonnation that can not bc tlerivecl
tio¡n other, pscuclosu¡rervisecl nnalyses. In explorative stutlies like this one, any constraints irr supervised

analysis may prech¡de novel finclings. tlsing hierarchical cluster analysis! we lvere able to link witlrin-pair
clissinrilarity of lipid prolilcs to within twin pair-specific factors. Studies estinrating the relative iullucncc
of genctic variatiol c¡n tlre rvithin-trvin pairvariation in lipid levels, hnve been reviewed by Iselius (1979),

and by Snieder et nl. (1999). To our krrowleclge, rvith respect to the lipid clflsses evaluatecl in this study,
only lreritability estinrates for the TGs have been rJescribed previously. A study bnsed upon n popnlat¡on
srrrnple huving a nleiln age of 16.7 years, wlrich is close to tlre mean age of our stutly cohort, ft¡und tllat
genetic facttrrs accounted for 60t/o ol tlle variation il total TG levels anrcxrg individuals (Btxunsnra et al.,
1996). In gener¡r'|, the relatire intluence of geuetic varintion on the phenotypic variatiou in lipid autl
apolipr.rprotein levcls lras beerr found to be high. Such high estinrates are consistent with our firrclings, of
successful clustering trf intlivirlu¿l trvin pairs trasetl uptrn urìsupervise(l analysis ol pherrotypic <lata. I¡l ad-

diliou lo genetic lrackground artl ervironrrental fictors, cxperirnental firctoru such as slnr¡rle lrllrtlling urrcl

storage, as rvell as tfie usetl analytictl nlethocls nray intnxluce t'ulthel sirnilarities nncl difl'erences betrveen
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lipid profiles frorn diff'erent iudividuals. In our study, lipid prufiles were assessecl in blood plasma sanrples

fronr faslilg individuals, because dtrring fasting lipid profiles are thought to be relatively stable (Cobn et
al., 1988), and thercfore expected to be nrore sinrilar anrong intlividuals shrring genetic rnakeup and/or en-

virourneutal exposure. Althouglr we c&n not cornpletely exclutle the possibility that the sinrilarities anroug

sarrrples frour J\42 twin ¡rairs are partly due to other shnred factors intluced by the stutly setup, the larger
ilissiuilarities between trvius arrd their noutwin sitrlings argues against a strong inflnence t¡f such factors.
Sarrples fnru rlenrbers t¡f tlre sanre fanrily (i.e., twins ancl atlditional sibliugs) were collected t¡n the sanre

day. If the wtrrkup uf sanrples froru a given farnily would have ilrtr<rduced sinrilarities anrorrg the sanrples

frr¡u thnt fanrily relative to sarrr¡rles fnrnr other fanrilies, a larger rese¡ublauce of twin-sibling ¡rairs woultl
have beerr obse¡ved. With respect to saruple handling and storage, we suspect that heurolysis of blc¡rlel sant-

ples rrruy augruerrt tJiffercnces iu lipitl proflles. lr one out ol'lwo cnses where r¡t¡ticeab.le herrrolysis oltlre
blrxrd sirrnple hnd rrcctrrrecl, the correspt¡ntlírrg twin ¡rair rvas frrund k¡ [re separaletl hy nrore thau r¡re rx¡de

irr fhe tlentlrogrurrr. We f<rurd that henlthy individunls rvho shure genetic backgnluntl an<J/or euvironnrental
exln)sure, have blorrd plasrna lipitl profìles that nre more sirlilar than pnrfiles of persons wlro tlo not sllare
these irrflueuces. Wherr extentlirrg tbis trbservatitxr in twins to a geuerll healthy pt4rulation, this probably
irrrplies thtt tlre lipid profilc corresprxrding witlr a henlthy statc is characferistic frrr each irrdivitJual rJue to
thc irrrlividunl-specific gcrretic: backgnruld and cnvironnrental exposure (Gernrarr et a|.,2003). We therc-
fore suspect that changes il the lipid profile rniglrt tlende tleviations fronr the healtlry phenotype. ancl tllere-
frrre cc¡ultl be used, for exanrple, to diagnose the tlnset of clisease. The correlation of ¡rn incrcased bloocl

concent¡ation of the inflamnratory ruarker CRP with <Jissinrilarity of lipid profiles in a nunrber of MZ twins
in the curreut study supports this hypothesis. Actually, it can be assunred that for eaclr individual therc is
a lipicl profile describing the "healthy phenotype", and in the context ofpersonalizecl meelicine the ainr coulcl

bc to nraintain this, or to take measures to ¡estore it. In ct¡nclusion, in our study, healthy MZ twins have

relatively sinrilar bloud plasrua lipid profiles. Betrveen irrdividuals with less shared genetic backgrourrds

¡ud environmerrtal expclsure, u'e intleetl ohservetl snraller sinrilarity. Discordance ol MZ trvins fr¡r recent
disease, that c¿ur be regalded a palticularly relevaut difference irr envirollrnenttl exposure, currelated rvell
rvith witlrin-pair dissiurilarity of lipid profiles. Therefore, lipid profilhg ruight prole useful in rnonitorirrg
persolal healtlt.
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