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Vnrious stutly cksi1;11s h:tn: hl.-cn idcntitied for !he detection of genc-cn,•iromnent 

inler:iction. l11esc include: c..-.c-only <Jcsigns. c:i5'.:-control study c.l..:signs using unn::b.t,;d 

controls. c:i..,;c~o,urol t.1"-si~n~ m,;;ing n:L,t"-c.l conlmli.. C:1$1.!-COlltrol tk:signs using n::l:ili\\:s of 

cscs ::md popubtion- or hospital- h:iscll cr1111mls. h, i11- s1ut.ly tk:siyns. family- study d\!siyns. 

:1nd combi11ed S1.:~r..:g:i1in11 :iml li11k.:igc :in:il~'S\!s 

Tn :i.ss..:ss yene"\!1n-imnmcnt i111..:r::1.ctinn. d:iL, could b,.: displ:1ycd in a 2 x .i 1:iblc. 

\\hen: ..:.xposun: is dis.-;iti"-d :is l,.:ins 'Cithcr pn::se,u or :ibscnt ;imJ the underlying 

sm;ceplibility senotypc is :llsu classifi1..'tl :is pn:s..:nt or :ihs..:nt. Using une:ocposcd subjects,, i1h 

no s11scep1ibili1y !,"\:llOlypc :is thl.! n:fl.!n.'llo.: yroup. odds ratios c:m be comput\.-d for :ill other 

groups (Khoury,:/ ul .. J1J1JJ; Doten :ind Khoury. 2(Kll ). Power :ind s.,mple size :1n: critic:al in 

lhe st.,tistic:i.l :m:1lysis of th1.!S4.! nuxh.:ls of interaction. A moderate number of c:iscs :md 

conuols is n:quin:d lo dcrect :m interaction when holh rhe exposun:: fn."f)ucncy :ind the 

proportion ofsuso.:plihlc indirid11:1ls :1n: clusc 10 ."lrY .. Ho,,i;n:r. ;i l:iry\! s.11.nple siZl: ,,ill be 

n.-quin.-c.J. ;1.hhough not neC\.-ss.1rily :111:iin:ihh:. ,, h..:n the exposun:: ti\.:quency is \ 'CJ)' low or 

wry high. or whi.:n the pmponion of risl.:•incn:::i.sing :llkk.s JI the susixptibility locus is wry 

ran: or\\:')' common {Hw:mg ,·10/ .. l'}IJ4). E\'ell l:1~er numbers" ill he 1k.u.lell ifmon:: th.m 

oni: L'\:Oelic :ind em·ironment.:il factor :ire studict.l. St:1tis1ic:il mOOcls to :i.ucs:o. imcr::1.Ction 

h.J\\: b.."Cn d..."\·clop,,.-c.J. hut ran:ly :ipplict.l. l>.:yontl 1he 2'1xl lk:sign b.:ou.si: :sample sizi.:s in 

rhc cells ~-comi; sn\.JII ;imJ h"·nce. limil the power (Sch-i1L JtJtJI ). Assa.:ssmcnt ofinrcr.:iction 

Qf1 :also be affi:ctct.l by ..:~po.c.un:: :int.I senolyp.:: miscl:issific.,tion. Modest enor in c.xposurc 

:isscssmenl m:iy result in subst.1111ial incl\.-:as..:s in ~mple size n:quin::n'k!nts and this problem 

is compoundt.:d hr i;\·cn sm:111 cmu-s in genoty()I.! 3."sessmcnt (Rothm:111 do/ . . lt)CIJ: G:ircb• 

Clos.,s ,., u/ .. l1lll11; C.'l:,y1m1 ,mtl i\lch.i;iyu,.:. 20111) 

Allcm:nin:ly. lh.,1uc11i..~· m:11ching. for 1.11cm n ,.:1wim11111e111:1I risk foc1nr.1 with :i Jnw 

fH\:\ :ileno.: in lhi.: JklllUla1iun. ha°' lll."\!I\ pmpos.:ll 111 gain 1xmer in 1he study nf S\!l'lt.!· 

.:m imnment inler:ictiuns (S111nncr :1nd Un:nni.:r. 11100). l111hc 111..:..,n liml!. 111:ilching is far 1...-ss 

Mnl.ing s.:nst.: from popul:ition s1mlies i11co1pur:11ing genes ;ind e1wiro11111ent has .J rich 

hislo~·. but onl! fr:mght wilh problems. 111c n.,1ur..:•nunun:: t.leb.11e has gin:11 w::iy to the 

fnnd.,menLJI n:::iliz:ition rh:it both genes :111d em·ironment pl:1~- a role in disease. csp.-ci:illr 

c:1nccr. l111cr:1c1ion lhls b.."Cn dctincd in scwral W.J~·s. for cx.,mplc :is ·1h..: cop:i.rticip.-ition of 

h\O or mon:: :iycnts in the s:uuc c.,us:il 1111..-ch:1nism lc:1c.lins to t.liscasc dcn:lopment" (Y.:ins 

:ind Khou')._ l'.ll17). According lo a mnn:: gcncmlly :'lcccpted t.lctini1ion. inler:iction occurs 

wh..:n thl! effect of multiple factors tliflCr.. from the ell~ci predicted on 1hc b:&sis of thl! 

s.:paratc elfocts of i;:,ch of the factors. lnlcraclions ucell to Ill! c."plicitly con.sidcn:d in thr.: 

tk:siyn :md :u1:ilysis of epidemiologic studies. 

If only lht.: 3.Ssoci;uion hctW1."\!R a y..:unlype .:int.I disc:isc is ex:imincd. thr.: cffrcl of 

biologic intci.\clion c:umol Ix: :ippn::ci.Jh.:t.l (Khoury cl :ii.. 1•111)). Epidr.:miologists n1."\!d to 

mc:isun: n::lev:int risk factors. in :iddi1io11 to gcnotyJ)l.!(s). Also. ii is likely tli:,.t cxh cxposun:: 

interacts wi1h gell\.'S :ilong :i p:ithw:iy (typic:allr: DNA n::p.iir gcni:.s). so th:it muhiplc 

in1er.:ic1ions .Jn: likely to be rhe nonn. E\·id\.110.: for: thn.:c•w:iy inti.:rnction w:is sho\\l.!d by 

T:iylor 1:111/. ( l1JlJK) for NAT'l ;JJK.I NA1'1 st.:notY)l\!S :uid smol.:ins :is risk f.icton for bbddcr 

c:mccr. Depending on lhe type ofmotld for 1;erk.:-cmirn111n..:m intcr.1c1ion. risk 1..-stim:itcs c::m 

\':uy tlr.im:itic:,lly. At lc:ISt fiw difTcn::m l}l)l.'S of gen..:-c1n-iro11ment interaction h:m: been 

dcscrib..:d (Khou~· :ind W:igi.:ner. 1 ')'J5). 1l1cs..: h:1,·c been gcn,.:r::1.lly considcn.:d with the 

dichotomous contlilions. a single susceptibility genotype (present or :ibsi:nt). :ind a single 

environment.,! factor (pn::.51:'nt or :ibs.:111), For .:~ample. in onto: :u1:1lrsis (Ottman. 19%) the 

risk lo :in ex1>0scd person with :i r:1n:: ( 1% pn::,·:1lcnce) su~ccpribilily .!:,"CIIOt,i,c r::1.nsi:s from 

K% (under ;i muhiplic:iti,·e model of inll!r.1c1ionl to 1IS.f1'X. (when we assume tlut the 

e~posun: h:i..s no efti.:ct in suso.:ptibl..:s. but the senotyp.: raises risk in un..:.xposcd :is well :is 

exposed persons). 

ellicicnl limn :m unm:itchcd t.lt.:sign. :md st:itistical :it.ljustmenl c:m :icbi\...,\: tmbi:isi.:d cstim:it..:s 

without such loss of clliciency. 

( i1:nt:--i.'lll'inm1111,.'nl in11:ructitHLf m1tl thl· nlXl·.,,11(1· c.lc:.fiJ.:11 

Epit.lemiologiol studies usu.:illy innlh'e lh..: cn111p.:iriso11 b.:tw1..·c11 different 

subpopul:11ions. for C..'1:..:1.mplr.: subjects ..:.xpos\.'tl :md subjects non-c:cposcd to an 1..'llVironmenbl 

agent. or c:u1ccr p.Jticnts and hi;:,lthy conlmls (IOr design issues in molccul:ir epi&:miology 

studies Sl.'C Schulle :inti Pen:r.i {l'J93). Toniolo i.:t .:il.( 19117)). Gi\'cn the n:ccnt .:mph;uis on 

genc~n\'ironmcnl interactions. that seem to be lhe nonn :ind not the .:xccption in the study of 

chronic tlis\.':lSC!S including 0110.:r. ;i c.lifTen.:nt study design h.,s b.:cn prnposcd. llut :ivoids the 

usr.: of a comp:irison S1.:rics. l11c .. osc.c>uly·• design is h:tscJ on th.: study of plticnts only. 

:iOi:ct\.-d by lhc.: disi.;;ue at issue. :ind is cxclusi\·dy \':tlnabl.: for the investigation of 

intcr::1.c1ions. in (l.lrticul:ir gcnc"1.:11"ironmcnt in1erac1ions (Yang cl al.. jl)tll>: Khou~· .md 

Flanders. llJIJfi: Umbach :ind \Vcinhcfl:. 1•1117). 1111! h:isic idc:i is th:it. in tht.: pn.:scncc of 

int.:raclion. the :i.ssoci:i1io11 between :i o.:1tain ..:xposun: ;ind .:i 1>i.:th!lic tr.tit d..:part.s from :a 

pn.:tlclincd model. and to test such hypothesis just tlk! c."lS\! S1.:rics is sutlicicut. If the odds 

ratio for disc:i.se :usoci:it.:d \\i lh cxposun:: in the :ibseno.: of the genetic tr.iit of interest 

(E,:OR) is 5. :ind the odds ratio for disi.::isc :issoci:itt.:d with 1hc g\.'fletic tr:u't in tl1&: :absence of 

lhe cxposun: (GcOR) is 2. then under :i mulciplic:iti\'e model we exp.:ct rh:it lhc combination 

of th..: two will b.: Ill (the n::i..sons for choosing a mulriplic:,ti\,: model will be: discussed 

br.:low). 1l1e simple 111:1the111:11ic.s of the c:i.s;t.:-only dt.:sign :in.: n::por1ed. with :in ex:imple. in 

Tobie I. 

1l1c limit:itions of such :ippro.,ch :in: obvious. hut ifs nd,·:uug"-s an: no11rivial. 111c 

lirst limiL,tion is n:l:ited lo 1hi: impossihili1r of s111d~·i11s 1he c:ocposun.: :md !he g1..'ttetic trait 

int.lcp.:ndcnllr: in other \\onJs. the elinlugic ml\! nf c.,1>0.,;un: must h:n ·e b..-cn :uccn..,ined 

:iln::at.ly. 11,e c:isi.:~1ly :ippro.,ch \\ill :111cm 1he ~sc:an:her lo .:s1:ablish. mlt.ler :i pl:iusiblc 



e.\ampk. we aln.::uJy knew 1h:H smoking 1s a \h.:lh:s1:m11sm .. -u co111S\. u1 v, ........ , ................ ......... . 

object of 1he case-only analysis w:is to study i111er:u.:1io11 wi1h the NA 11 genotype. A sccoml 

limitation is n.:la1ed 10 the sdec1ion uf 1he cases. It: for :my n:ason. the gc11c1ic 1rai1 has a 

fi.:ciuen~· :unong the cases 1h:u docs not rdkcl the e:-.p,.:cted fn:qucncy - irrcspecti,·c of the 

etiological n:lationship at issuc-. then any int~n:nce has\.'d m1 thc c:\se-only :1p1>ro., ch \\ ill be 

hb.S\.'.d. l11is l"M:cur.i. for c:,,;:impl..:. if prc,·:iknt c:1scs a1\: n:cmit..:d: since some gcnctic traits 

moditY the lit~ expectancy. w1.· will I ind more sul~iccts ,, ith a cenain alklc :1111011g thosi.: still 

:din:. 1l1is is cle:trly shm,n hy the :ipuli1x1pro1d11 Ed polymorphism: since in smokers the 

1m.:scno.: of such polymnrtihism c,111sider:ihly incre:tses 1hc risk of dying from c.·mlio\'ascular 

tlisease. the n:cmiunent ofprc,·alcnt (i.e .. surYi,·ing) p:nients wi1h Ml will be associated with 

an abnonnally low pn:,·al.:ncc of the c-1 :tllt.:lc. 1,.,1ticularly among mln-smoki.:rs. Clearly. this 

sccmv.l limitllion can h..: u,·crcume by rccniiting incidcnl c.,si.:s. A 1hirtl limitation is n:lat..:d 

10 an assoc:ia1ion hcl\\ccn 1he g..:11c1ic Ir.tit and lhe ex1x,sun: among the controls: for i.:x.,111111..:. 

if 1he g..:nctic tmil imluc..:s lhc suhjcct-. to thin!,; mon..: alcohol (such as in 1h1.: case of lhc 

ADH2 polymorvhisin). llll.:n any ··i111ernction·· timm..1 in th..: ca.'icS only is unintcrpn:tabh:. If 

an assumption of ind..:11':ndeuce hchn:cn ge1\Clic and en\'ironmi.:ntal factors is violat1.'tl. the 

ca.c;..:~mly d..:sign will perfonn poorly causing multiplic.,ti,·c interactions to l'II.: highly 

distonetl (AIOCrt c:1t1l .• 21Kl I). 

Ld us consid..:r now 1he ad,·:mr:lg..:s of this design. l11e ca.c;e-only appm.,ch allows us 

to study interaclion wi1h at le.1st the sa1111.: s1alis1ical 1x"n:r a5 wi1h th..: man: cunn:111ional 

c.1.sc-con1rol design: in fact 1he power is usually gn:alcr just because of tl\C lack of controls: 

their variability is in fact eliminated (Khou~· and Flanders. l')llfl). Also confidence intervals 

tend to he narrowi;r wi1h 1l1is appm.ich. 111..: casc--only d1:=sign st;uts wirh the plm1siblc 

assmnption of indepcndcncc bctwe..:n exposun: and gcnot~1,..: in the 1>opulation. and n:quin:s 

ti:w..:r cas..: subjeclS than a c.,s..:-C(mlrol design. As a rnle of rhumb. 10 s1udy interaction in a 

the underlying biological hyp,l(h..:scs. For ..:x.,mplc:. exposul'\!s th.:il net OIi th..: same taryct can 

ha\\: l..:ss 1han :i.tlditi\'e dli.:cts if they compcli.: t(,r a n:c..:ptor (an ..:xamplc could bc PAH .ind 

dioxins in n:la1ion 10 1hc Ah n:ccp1orl. ( 'on\"crscl~ . an agent that im1xiirs DNA n:pair C.111 

intcmct mon.: th.,n muhiplic.,ci,·dy with an agenl 1hat mu1a1es a ccll-cycli.: gene. Howct'\:r. 

1hc 11111ltiplie1ti\"e modcl is :i. s1>cci.i.l c.,sc: th;U dcsern:s a ccnlr.il role. The face lh:i.t the odds 

of disc:tse (when joimly asscss ing the cnvimmn..:111:il and i;e11o,:tic trait) equ .. 1ls th..: pmtluct of 

the ..::-.posun.:-only and genc1ic-trai1-0nly odds ra1ios indicates the: statistical indepc:ndcncc. 

i.c .. lack of ..:ffect modification. If th..: nmhi11lic.1tin.f~modcl is not taken by dc:fauh as th..: 

expn!ssion of lhc null hypothcsis. altematc: statistical lr..:atnu.:111 of thc dara woultl b.: n:quin:d. 

including tcchniqucs for an.ilysing sp..:cial d1...-signs such as lhc c.,sc-only approach. In tlk.! 

c.,sc-control study. the absence of intcraction i~ cxpn.:s54.:d by t)lc same WOR in e:,,;pos..:d :i.nd 

unexposcd populations. i.i.: .. lhc same odds of disc.is..: related to gc11etic tr.tit n:gardl..:ss of 

exposun.: status. In Ilk.! case-only a1>1>mach thc s;:une concept is ..:xpn.-sscd by .in .. i111eriictio11 

OR" (Table: I) nf I.II. H1mc,·i;r. then.: can he good hiulogic.,I n:asons to cxpn:ss lhc: null 

hypothesis under a nnn-muhiplicali\"c mathematical mudcl. Whil..: the case-only study is 

used to assess c.lcpanurcs from m11ltiplica1i,·e ..:tfocts. ii tlo....-s 1101 :dim, the inn.;stigation oflh..: 

imlcri..:11dcn1 dlt:cl'I of the ex1,os11rc aloi1e or 1hc gc1mtype alone. 

J',,1111/atilln.\"lral[finlllf•II 

In a pool..:d analysis ofrhe studies un CYl'IAI 1,olymorphisms and the risk nflung 

c:mccr (ViriciS"P ct .11. s uhmitt..:d) ,,e hn,·e ohscn·cd the following ex.Ids mtios for the 

C'YPIA 1•2 (Mspl) 1x1l~11111rphism: 

ALL ETHNICITIES 
OR 
l)5'Y .. C"I 

I lct..:mzygoti.:s 
H.XX 
1177- 1 01 

homnzygolcs 
II XX 
fl{1K- l.1.I 

only .ipprooch we ni.:cd Ill\! same number of ca.-.cs bu1 con1rols an: not 1\Ccdcd. A second 

a1.h-.:1J1lagc is rcl:iti:d to lhe well-knonn ditliculli..:s associ:t1cd with 1h..: choice of controls in 

epidemiological studii.:s. In a population-l,., s..:d su1tly co111rols should he a random s:unpl..: of 

tl"M: source population from which 1h..: c::ises originated. while in a hospit..,l-b::as1.'tl design 

co111rols :ire: p:i.ticuls hospilaliZ1.:d for dise:iscs other 1ha11 the 011..: undl!r investigation. In the 

fonn..:r d..:sign. one t'n:que111 drawb..,ck is thi: low n.:s1xmsc r.it..: (ol\en around 50°/c, or lower) 

of 1h..: 1x1p11/a1ion controls. while in the b u..:r rhc most common problem is ~te non­

comp..,r.ibility of casc:s and controls (Wacholder '-'' ,d .. I l}lJ:!). 1l1c C.'.lse series is usu::illy Jess 

alT..:cted by low response rates. nnd its n:pn:senL,ti,·cn..:ss of all cases of the disease :it issrn: is 

more casily atL1incd. 111..:n:forc. a study d..:sign based on ciscs only has sc,•cral ad\•antagc:s. 

It should he clear. howc:,·cr. that it allows us to cx11lorc just o ne specific scicn1itic curiosity, 

whethcr some characteristic (usually a gcn..:tic trait} moditi..:s tlk.! etlt:ct of another (usually an 

crn·ironmcnt:d cxposun:). In addi1io11 it is woi1h noting 1hat in thc .ibscno: of knowlcdgi.: -

fmm other sources - about the role played by cxposul'\!. it is imposs ibl..: to conclude whether 

th..: cfti.:ct of cxposun.: is ad\'crse in gcnclic subgroup I , ·s. subgroup 2 or it is protective in 

subgroup 2 vs. subgroup I . 

Now comes the key qnestioi1. i.c .. what is lhe expected \"alue for the intcr::ictivc: tcnn 

we modcl in the context of the c.1s..:-only study. In the c.\.implc in Table I wc :issumcd lmt 

the null hypothesis of no interaction com:sponds to ;i. omltiplication of thi.: odds r.i.tios for the 

cnvironmcnt..il tr.tit :lnd the genetic trait sepa r..itcly. Other 111odcls for the Jack of internction 

h:i\'c: been proposed. for ex.,mpl..: an addi1in: mod.:l. While according to the multiplicative 

model lhe null hypolhesis of no internction is OR(ioinl)=E.-....OR x GcOR according to thi.: 

:idditive model OR(joinl)=ExOR+GeOR-1 (Rothmnn t.•t al .. )l)KU). In genernl. it has lx:cn 

sln:sscd that any stitistical modd can be used to gi.:nc:r::itc the null hypothesis. depending on 

l'Alll'A.WANS 

OR 1.112 2.3<, 
1l5'Vi.CI 0.K4-J .2.I 1.16-1.KI 

ASIANS 

OR 1.n,, 1.14 
9:i'X.CI fl.Kl-1.41 0.7X-1 .fll) 

It is clear tll:'lt whit..: mixing i;thnicities concc:ils .in\ n:la tionship (odds ratios an: 

lower than I .i.nd not st., 1istically s ignificant). \\hen we consider C:iuca..'lians and Asi.:uu 

s..:parately there is an association .it lea."t with 1hc homozygous genotype in C.1ucsians . ."lhis 

phenomenon is ,1n cx.,mple of confounding. since Asians ha,·..: ,1 much highi:r fn:qucncy of 

lh..: variant genotype. in comparison with C...111c.,sia11s. and smoke h:ss. 1hus fulfilling the 

criteria for confounding (in this case 1ll:gatiw cunfo1111di11g. since thc :issoci;:ition disappears 

when mi:-.ing th..: populations). 

Popul:ition stratitica1ion occurs wh1.11 any factor -genetic or ..:n\'ironment:il- with :1 

\'Jrfahle fn:qucn~· bch,1;cn cthnic groups with ditlCn:nt risks of disease: . .1.ppc;:irs to be n:fatc;d 

to disc~ : this is not1.'tl even if lhen: is no causal n:lationship. Wad1oldcr c:t ul. (20(X)) have 

shown 1hat popul,1tion slr.i.tification can c;iusc :-i spurious .1llel..:-disc:w: associ,1tion, but lS 

likely to occur rnn:ly. l11is phcnomeuon is obscrn:d \\·hen allck frequency and disease rates 

not only differ subst:lntially ::across e thnic groups. b111 nlso co m.:latc strongly with each other 

and lhe tmc: risk factor lhar is responsible IOr the clisca.,;e r:u..: ditlCn:ncc. However. the tmc 

risk t"actor m:i.y he unknown. 1hcn:by im·estig:itm~ may fuil to :iccount tor it. For 

epidemiologists it is nothing new. h..:ing just an issue of cunfouix.ling. Ho\\\:ver. it is a 

p.1t1icularly important IYIJC of contOunding in lhl.! er:1 of 1he G..:nome project anti of exlenshi.: 

studies on gencs .ind disease:. As Altshuler,., ul. ( I 1>1l X) h:\,·c s1rcss1...'tl. if we do not stratif)· by 

elhnicity we risk lo :ittributc to ge1,cs a caus:11 n:sponsihility 1ha1 is in fact n:lar..:d lo other 

charncicristics associated ,d1h cthnicicy. such as olher g..:netic traits o r crn·ironment:ll 



p1,.;,,11 ........ ... ··.·,--··- · ·· 

1,ulnnm11hisms in crnnp;niscttt n i1h C:1111.::isi;ms. ·n,..:rclim.:. in :m t11L-; tr.:i1iti..:d study. in \\hich .. 
··pupul:ltion :u.JmixllH\! .. nccnrs. ,111e could lind :1 :,;purious :1sso1.:i:11ion bi.:t,, .. "\!n smokins-

rd.:i.h.-J disc:ises or h~Jh.:itension :mJ some pol~ 11u1q1hisms: 1hc :1ssociatim1 \\oulJ dis:111pe:ir 

:,lkr s1r:11itiction by c1hnicity. Ho\\..:n:r. the pmhkm is mll so simpk. In fa1.:t. it is pmh:ihly 

uul sullicii.:111 to s1r.11il~ hy ..:llmicily. sine,.; g...:n..:1i1.: hc1..:rng.cn..:i1y also 01.:curs "i1hi11 :1 ccn:iin 

clhnicgroup. 

Tlh.:n: is cnm:ntly a ,!ch.11..: ,,hclhcr hi:is frum popubtion s1ra1 itic:11ion (lhi.: mi.-.tun: of 

incfo·idu.:i.ls from h..:c..:rug.encuus sen,.:tic h.,cl.gruunds) muknnines the cn:dibility of 

..:pidemiologic stuJil.!s d..:sig11cd ru cstimali.: 1h..: :1ssoci:1rio11 hi.:1m.:..:n g..:notypi: and risk of 

disc:ise. Howe,·er. W:1choltler l'l 111. (1IJIMJ) IOuml only :i sm:ill bi:lS from str.1titic:11ion in .:i. 

wi.:ll«sig111.-d c.i.sc-cuntull study uf g.cm.:cic factor~ 1h.11 i~110n:d cllmicily :unong non­

Hisp:mic. U.S. Cauc:i.'>ians of E11n1pc;m origin. In gem:r.11. tfo:n: :m: i;oo<l n:asons to :uguc 

th:il population :Wmixtun: only r.m:ly c.111 distort the cs1i111:itcs. Fina. in thl.! l!.'\:Unpli.: .:i.borc. it 

is w~· unlikdy 1h .. 1l tlk.: imts1i~:i1ors ignon.: lhc simple C:i.11c.isi;111/Asian str.1tific.1tioo. 

S..:cond. tl11.:: gru:iter 1he dcgn..'\: of :i.dmixum: ,, ithin a popul:nion. :uu.l 1he sm:ilk:r 1he 

diffen.:ncc in :1lldc 11\:qucncy ur h..1scliuc dis..::i..-;..: iisk. llh.: less lil.dy 1hat 1>0pulation 

slr:itilic:ition J.;;ids to L'tmli11mdi11g (\Vnchohlcr cl nl. 11KHI). l11ird. wh1.:n import:int 

confounc.ling auscd by popula1iu11 str.i.ritic:ition docs occur. it should bi.: controll:lblc by the 

usu:11 design :md an:ilytic:d ti!:ihm:s employed hy cpid..:miologists. 

Fin.1Jly. genetic s111tfo.:s :U'\.: becoming mon: and mon: sophis1ic:11~d. and the gcnl.!lic 

h.1ckgrou11d of pop1..1l.:i.tions 1.:.111 hc inwstig:itcd in scn:r.il w:iys. for ex.1mplc by stratifying by 

micros.1tcllitc pol,11wrphis111s as 111:ukl.!rs of gl.!nclic h..:tcmgcnei1y wi1hi11 :i popul:ition. 

Dc,·lin ct :ii (2001) h .. ,,·e proposed complex stalis1ic:il methods. For l.!X.lmplc. the method 

ollcd genomic conlrul exploits lhl.! fact th:lt 1h..: popul.:i.tion suhstmctun.: gcner.:iti.:s 

DNA micro.irr.iys :ire gla.."s slides un \\hid1 .1 l:lryl.! munbl.!r of DNA JHOb:s. each 

corresponding lO :i sJ)l.-citic 111RNA SJ>l.!cks. arc pl:11.:eJ ;11 pn:c.k:tined posi1io11s. DNA 1>rolxs 

an: either s~11thcsiz.cd in•si111 (Ludd1art l'I al .. 11111(1) ur :irc p_rc•synllu;sizcd :ind then spon..:d 

011 111'.: slid&.: (DcRisi ,., ul .. 19117). RNA is cxtr.ich.:d from the biologic s:i1nplc. n,;\,;m: 

tr:irucribl--J into cDNA and l:ib..:lk:J in thi.: pruCl.!ss. Such l:lb..:lled cDNA n:pn:se1uiug the 

lr.mscriplomc ofll1c biologic s.1111ple is hybridized on 1he 111icro:1rr:iy. lh: mnount ofthi.: l.1hd 

cDNA th.it hyhridiz..:s to 1.!:'\ch 11mb.: on lhi.: 111i1.:m.1rr:1y i!i propurtion .. ,I 10 th..: n:btin: 

:ihund:incc of the com:spomlii1g cDNA. 111c expn:s.,;;ion of :ill genes is 1hc11 qu.:i.111iticd by 

inlcnsity of 1h1.: color usctl In L1hcl thl.! RNA. llk.: 11111st cummon cxpcriment:d protocol uscJ 

with spou..:d micro.,rra~~ co11sis1s t1t'l:1h..:ling h\o RNA ..:xtr:icls \\ ith ditli:n.:nt colors .ind co-

11,·hridizing the sampks to rhc s.1111c 111icm1rr.1y. Whilc lhis :lppm:1ch inlrodu~s somr.:: 

restrictions on the l.!."J,.;rimenl:11 d..:sigu (h:i.:rr and ("lmrchi ll. 2001 ). th..: o,-cr.ill principles of 

the two m:i.jor t1.-ehnologies an.: the s.1111..: . Qu;,.ntitic:ilion of i1k.lh·id11:il gene cxpn.:ssions 

procwds by v:irious nonn:iliz.11io11 11mo.:dun:s \\itosc mlc is 10 n:mo\"1.! systcm:itic bi:iscs .:i.nd 

n:scling till: mcasln\:111..:nts on dilli:n:nt :irr.i.ys lo he din:ctly comp.1r.1blc. lh: di.:vdopmcnt 

of :in .1ppropri.1.te nom1:iliz:nio11 pmxdun.: is slill :in :icti\-c n.:s1.-;1rch to11ic (Col:lntuoni ,., u/ .. 

21HJ2: f-liJJ rl ul .. 21Kll ;Y;ing ,·t 11/ •• 11HKI). 

Although llh: most cnnuunn :lJIJll ic:iliun of micru..1rr.1ys is in monitoring ge11..: 

expression. other ;ipplic:i1io11s. co~s1xmding to 1h..: :in:ilysis of genomic DNA. l.!IICOlllJU"!o 

lhc Loss of 1-k:lemzygosily ILOl·I) .1n;ilysis (Pinke! ,., ul .. l'Jtlk: l'nll;ick l"t ul . . l'Jl}l)). :111tl 

£1.!llUt:,1,ing :md rc•S-..."'t(Uenciu!! :i1,plie:11iuns (h\a.-;:ild ,., 111 .. ](Kl2: \V:irri11g1011 l'I al .• 21KJ2). 

Gene CXJln.:ssion d.:i.u ~cncr.tlcd usiu~ micm.irr.iys is gcncr.illy used 10 iden1ilY genes 1hat :in: 
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of o\·cnJispi:rsion gl.!ncali:d by JlOpulalion s11hs1mc1urc cm hc eslimah:d and 1:il.:cn inlo 

;iccmmt. 

Ne\, high 1hmush1mt 1echnologics (sud1 as g..:11..: :1uJ ..:xpn:ssion microomys} \\ill 

pn.:sent :1 nmnbcr of issm:s 111:11 amplil\ 1h..: ch:111..:ngcs of combining gen..:tic :ind 

cnrironml.!nUI \":lri:lblcs. Fir.iii. will l'k.: Ilk: l:lryc :imoum of d:11 .:i. . l11is will b..: .a ch:i.llcngi.: in 

tcmlS of\·:ilidi1y. n:duction. smnm:iriz.:ition. :111:il~·sis. and iurcrpn:l:ition. ~l:lnr e.:i.rty studies 

h .. ,n: sho\\n difti:n:ut St.:ts of gt:lll.!S J}l.!rturh-...'tl for si111il:1r l.!Xl)(lSlln.:s. l11is 111:1.y bl.! dui; lo :i lack 

of sl:ind:i.rtlit:ition of appro:ich to guid..: ;i.nalysis .:i.nd i111cri,n.:1.11io11. Studies wb.:n.: i:xpn.:ssion 

of g1.•ncs is mc.,sun:d under ditTl.!n:nt conditions nc1:t.l rules for ddcnnining wh:it is :in oullicr 

(.i. potcnti:illy impo11:lnt dc.:,·i:ition in cxpn:ssion). In ti...: context of genl.! c:'(pn:ssion d.i.ti.. this 

is som1.:ti111cs dcscribcd :is the chalh:ng..: ofd..:b.:cting .. sign.ii" • .:i. tml.! diff..:n.:nci.: in ..:xpn:ssion, 

:unong lh..: .. noise .. of n.1tur.1I nufabiliiy in gene cxpn:s.-.ion. 1111.!n: is .:i. need to dctennim: 

\\ hcther \':irfability of i:xperience for ..:.,ch yen..: an hr.: measun:d in the s:imi.: or difTen:nt 

sc.1li.: {Wines :ind Fricdm:111. l1J1J1J) . Rcplit:11 io11 is 111.::ccss.1f)· 10 dcti.:nnin..:: whcthi.:r ti:sti.:t.l 

gi.:111.!S h.i.\"c the samc n.:i.tur.il sc:iles of 111c:is11n:111..:nt. Erl.!n if thl.! sc:,lc of mi.::isun:mcnt is 

.:i.ppmprfati.: fordifli:n:ntgenes. thc qui.:s1ion :irises \\hcthcr ;in etli.:cth'I.! ml.!thod h:is b..-cn used 

for derecting outli..:rs (Wines :ind Fricdm:ln. 11) 1>',J) . 01hcr timd:1111e11tal qui:scions will n-...,.:d to 

he :mswcn.'tl before intcrpn:t:itions of the deluge of d.'\tl will bi.:gin to b.: possibl~. ll1csl.! 

include thi.: .1bility to 1.·mpiric:illy define ·11ouscl.1."Cpi ng"· gcn..:s. to identify n:producibll.! 

artifacts. :ind to distinguish homocost.11ic from p:llhologic p.:rt11rb:i1ions. 

diffcn:nti.:i.lly c.'l:pn:ssed under diHi.:n.:nt l!.'l:f)Cri111cn1:il conditions. idenlit~· groups of genes 

with similar l!.'l:(1rcssion profiles :icross diHi.:n:nl c.-.1).!rint..:111:il conditions (co-t.-xpn:ssed 

genes} :ind cl:wif)· dlt.:: biologic s:ample b:isl.!d on the p;illcm ofrxpn::ssion of all or ;:,,subset of 

genes on th..: micmarr.:iy. Identified difli.:n.:nti:illy cxpn..-sscd genr.::s h.:i.vt: been suCCt!ssfully 

used to hypothesize which ~thw:iys wen: i1wolvi;d in a p.111icul:ir biologic process. S:unc: is 

1hi.: c:isc wi1h groups of CQ-\.:..'(JJn:ssed genes id..:ntiticd in a cluster :malysis. Additionally. 

clusters of co-,.:x:pn.:ss1.-d g..:ncs an be usct.l to hypO!hesizc the fouctional n:lationship of :i 

clusten..-d genl.! :ind :is :i st.irting point of dissecting n:subtory ml.!ch:inisms underlying the.: c:o-­

expn:ssion. fapn:ssion based cl:issific1io11 IL,s b..:cn ns..:d to sucC1.:sslillly cl:issify tumor 

tissu..:s :is well as 10 ch:1r.iccerizc new tumor ~ub-t~1~s. 

I Jr:t,·1.:ti11,: ,lt(/i:rrmial(v ,·J.11rt.•.t.fl'tl gt•nt·.v m:nl,·s tli//~·1w11 ,·x11t·rimc:utt1I ,1,1,JiJi,,m 

Statistic:i.l mi.:1.hods for id1.:11tit~ing <lill~n:ntially i.:.'l:pn:ssed genes h:irc come.: a Ions 

w:ir from ini ri:il heuristic :i.ucmpts (Schcna. ,., ul .. ltJIJh). lhmugh 1he n:aliz.:ilion 111:lt rigorous 

su1is1ic:i! :in:ilysis of n:plic:a1t.:d d:1b is lll."t.'tled (Cla,-cric. 1'11Jll}. to sophisric:1tcd sutistical 

modeling of v:irious modeling using fn.:qui.:111isl :ind Ba~-csian :ipproo.cb;s. Generic stll..istical 

methods of the :in.i.lysis of,·:lri.:i.nci; (~err"',,, .. 2111Mt) and mixed modl.!ls (Wolfingcrc:/ al .• 

:?UOI) :in: complcmcnt1.-d with sp.:cializ-...'tl 111:ixim1un likclihooc.J :ippro.1chcs (ldckcr ,., ol .. 

2000a) . .:i.nd Bayesian :,nalysis tfa\'on:d .:i.ppm.ichi;s ( Efrun l"I 111 .• 200 I: O:tldi and Long. 200 I: 

Tushcr ,., ul .. 1fKII}. While 1hc consensus abo111 th..: 0111im:il mcthoc.J h.is still not bt.."l.!n 

n::icl1cd. the inlcns..: st:ilistic.'ll n:se:in:h is :i pru111isi11g sign. On..: oflhc mostd:iunting issues 

in the process of idcntil):ing dill~n:nti:illy i.:xpn:s~U gi.:ui.:s is the sc\'cn: 11roblt.::m of rnultipli.: 

cmnp.1risons. rn..'Sl.!Utly. 1.!Xpn.:,sion b ·cls uf 1111 r9 man: 1h.111 111.0UO diffcn..-nt gi.:ncs c:u, bi; 

:155..:sscd on .:i sing I..: microorr.i.y. Sc:1rchi11g for ge11es ,, hose i.:xpn:ssion ch:mgc is su1istic;1.lly 

significant com.:sponds lo 1..:stiny 111.IHJII hypoth..:s..::s sim111l.:ull.:ously . Th..: lr.ldi1io11:il 

signific:ino; lcvd of :ilph:i=-.05. un.,djustcd for multiple comp.:irisons. will yidd on :i,•er.,gi.: 
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m:a1L1in.1bl..:: in simpli.: 1.":-0lll:1i1111:t1L'i "ilh ,..:n Ii:,, ..::-.1t1:ri111e111al n:plicah,::.. 111..: F.:il:,.,; 

[)isc,w,:~- k..1h: tH>R) a1l_ius1111..:111 (U,:nj:unini ;md I lut:hh..:J1!. 1'•115) k..:..:ps 1hc hala11t:..: 

111.:1,h.: .. 11 th.: Sfl'-"Citici 1~· aml 1h..: ~11si1i, ity ur mim1arr;1y J.1t.1 analysis (Tush..:r ,., u/ .. 2UO I). 

In \."lllllr.l.'i l with 1r.uli1i1111al :klj11s11111.::111s 1ha1_ c11111ml 1ll\! pnih,1hility nf a sing I..: foist.: posit in: in 

1hi: ,,hole ,:.\:Jk!rimt:nl. 1h-.: FDR :1ppn1at:h c11111nils Ilk! prnpnnion uf fols..: 1x1si1i,..:s :unnny 1h..: 

implic.11..:d !!O.:lh:s. for i:s:unpl..:. if 211 gi:111:s :m: sd..:ctt:tl rn:ins FDR=.U5. mh: of1hi:m will 011 

:ncr.,g-.: h...- a false positin .· n:g:mJh.:ss of 1h..: 1l11;1I 1mntl11.:r of g..:11..:s. TI11! 1rmlitioiml (..:.g .. 

Bnnli:rruni) ;w.Jjustm..:nt will limil 1he probability ufa singl..: fols..: positi,·..: to .11:i. n:suhing in 

an O\'..:rly conscl'\"Mi,·..: t..:sting proc..:tlun:. 

111..:: high-tlimi:11sioua l nalur..: of micmarra~· tlaL1 has pmmJ)icJ 1hc wid..:spn:.:id usi: of 

,.1 rio11s nmhh·:ui:itc an:ilytical appm.1cht.:s aimed nt identil~·ing .:mcJ moddiug p;illcms of 

~-.pn:ssion bch:u'ior. In this co111..:...:1. 1>.11tcms of ..:spn:ssiun b.:liaviur an: dclim.:c.J by groups or 

genes with simil:ir cxpn:ssinn kn:ls al dill~n:111 ..:xp..:riment:il conc.litinns. 111..: major pn:misc 

or inlcrpn:ting n:sulL'i of such nn:ilyscs is 1ha1 1h..: co-cs1m-~sinn is 1hc resu lt of som..: 

unc.lt:rlying commo1l.1li1y lll:tw,:i.:n 111..:ch:misms of ..: .\:pn:ssion n:gulation of such gcni:s. 

R..:.sullJ of Iii..: cl11s1cr an:ilysis c.111 h..: used cilhcr to inli:r common biologic function of co,. 

e:<pn.:sscd gcncs or to s..:n·..: as a sr:irting point for diss..:cting the common mt.:ch;mism of co­

n:gul.uion that Jri\'cs thi: ubs..:l'\"cc.J co-cspn:ssion. Sino.: the a,frcnl of the micro.1rray 

technology \'irtu:ill~· .ill 1radi1ional clush:ring approaches h:l\e b.."l!n applied in this co111..::,,:t 

and numerous brantl Jk:\\" clusli:riug approaches h., ,..: lll:..:n c.Jt.:wlopi:tl . 
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10112: McL1chla11,·1 ,,/ .• 2002). lu th..: si111a1io11 \\hen.: 1ht.: 11111110.:rofcluslcrs is 1101 known. 

1his ap11ro.1ch n:li..:s on one ·s :1Uili1y lo id..:milY the curn.:cl number of mb:tun: compon..:nts. A 

mixtun: 00.Scd m..:tho<.I for cluslcring espn.:ssion prolilcs that produces clusters by integrnting 

o,·er models with all possihlc number of clust..:rs: wa..'i d!,!,·doped by Mec.ln:Jo\'ic :me.I 

Si\'ag:m"'-san (2002). Tl1is m..:1ho<l is lx1s..:c.l oi1 th..: Bayesi:m non-parametric approo.ch 00.sctl 

on th..: Dirichlet pf'OC\:ss mis111n.:s (Ferguson. l1JB). ll1t.: joint distribution of the d.:i.u is 

mcxl..::leJ by :i sp..:citic hierarchical Baycsi;,n modd aml lht.: posterior c.Jis1ributio11 of 

clwt..:rings is g:encr.'llcJ using a Gihhs sampler. 

,b.ft•.uiug .'flt1li.fl/01l .fl,t:lli/in111t ·1· 11/ uh.f1•11·n/ , .,.,11,·rn:c 

A n:liablc a.sscssm\."111 of n.:pmdudbility nf ohscrv..:c.l ..:x11n:ssion p.,llems and gene 

clust..:rs is one oflhe buming issn..:s in cluslcr a11al~-sis. Sine\: clusli:r a,ial~-sis has generally 

bi.-cn usi:d :is :in c:q,Jornlory :malysis tool anJ 1101 a hypolhcsis 1..:s1i11g: tool. cst.1blishing 

sr.11istic:tl )ignific:mce of ohscrwtl n:.suhs ll.1s 1101 been :l 1iriority. 111..: 1,mblem is 

cxaccrb.:i.retl by lh\! heurislic n,1111n: of 1he 111::ijoriry of clusti:ring proo.:dun:s .:mtl tht.: 

compli:xity of th..: clusl..:ring sp:ic..:. fat.:n for th..: m0tld-bas1.-J ::rpproach..:s. c.J..:signing tht.: 

:ippropriat..: null c.listrilmlion for establishing 1h..: stalistical significancl..' of spccilic foatu~ of 

cn:ated clusl..:rs is c.litlicult in mnsl silua1io11s. ·fon ..:xc..:ptions :in: 1he sig:nitic.:inc\! of th..: 

\!sisl..:ncc of th..: mer.111 clustcring stmctur..: and 1hc signilic:uu::..: of pairwis-: ::issocialions 

ht:1w1.-c11 indi\'itlual pmlih.:s. In hnth si1ua1ions. th..: null Jis1rih111icu1s can ht.: cons1ruc1"'-J by 

~imula1i11g ··r.mJmnizcJ'" t.L11:i s..:ls and crunp:irin_g, th..: ohs..:m.-J tlis1ribu1ion of 1h..: m·cr.1.II 

tnl!:lsun.: of 1he moJd lit ur 11:sim isc similarities. tu 1hdr Jistribntion in .. ramJomiz"'-J .. J.11:i. 

In the tinite mixum: modd appm .. ,ch. the confitli.:rn.:c in 11b1:1ini:tl path.:ms and the conlidcnC\! 

in inc.li,·itlual assig:mn..:111s In p:111icul:ir chL"il..:rs arc :JS."il!S."i..:d by ..:s1i111::i1i ng 1h..: conli&.:no.: iu 

com:s1Km<ling p..1r.un..:ti.:r c.stimat..:s Assuming 1h.11 th..: 11111nht.:r of mix111n.: comJXMtt:nts is 

com:ctly Sjll:cilii:J. lhis appn1.1ch ulli:rs n:li:ihl..: ..:stinmt..:s uf conlic.lcnC\! in a..\Sig:ning 
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1list.,11c..:s nr siinilariti..:s h,,:tm:..:n thi: ~-cni.: prolil..:s. V:irinus corrdation cot.:tlickn!S arc 1he 

mosl con11nonl~· us..:tl 111cast1n:s of si111il:1ri1y. I lii.:r.irchir.:al :igglmu1,crJti,·e mi.:1hot.ls gcnernlly 

proc1.'l!J by grouping gt:11':.s 11.lsi.:d 1111 s11t:h 11..1im is..: ini.::isun.:s lit" si111ila1i1y ;mtl one of the 

si.:,·..:r.\l W:\ys of ..:s1;iblishing <list.,nc..: h..:m..:i.:11 gruups l,f gi.:11.:s using still paimis\! Jist.Jncc 

1111::uun:s (si n,glc -li11k.1g..: com:spomlin,g 10 t\1': 111i11i111um 11aimise disl:incc bclm.'1!11 gcn..:s in 

1wo tlifferi:nt groups. co111pli.:t..:-li11L:age coni:s1l(lmli11~ 1u thl! maximum dislallL'I!. k•ncan:st 

neighbors principle com:spomling 1u 1h..: k''' brg\!st llist:mc..: .:md .:inr.J!:,'C-l inkagi.: 

com:sponding to tht.: :l\\!r.lgt.: tlisl:1.11cc) (E, ..:ritt I '1'13). 

Panitioning :ippro.:i.ch1.'S. on thl! other ll.1nc.l. work by i1..:r.11i,·cly n:-:lSSig:ning protih:s in 

:i pn.:·sp.:citkJ numb..:rof dusters wi1h th..: go:tl ofo111i111izins .:in O\'cr.dl me::isun.: of tit Two 

mos1 commonly usi:d tr:idi1ion.1l approoch..:s ::in: 1.:-m..:ans ::ilgorillun and self-organizing map 

1111:thod. first :tpplied in this context by Ta,.izoic 1.:I ,,I. (l'JlJtJ) and T:imayo ,., al. ( 199')). 

n:.sp.:ctiwly. Ont.: of lh..: probli:ms nith cl11s1..:ri11g m..:1hods 1h.1t an.: bas1.'tl on pairwise 

dislanccs of cxpn.:ssion profiles is lhat . .at l..:ast in th..: initial st..:ps. only d:ila from two profiles 

at .:i 1i111..: is used . ll1a1 is. !he i11fon11atio11 about n.:lationships hcmcen tlt1.: two profiles .md the 

n:sl of lhe pmliles is 1101 t.1ken in to account ahhough these n.:l.:itionships c:m be very 

i11fom1ati\'e :ihoul lhe a.ssoci:ilion b.:twcen them . T11e m:i:ior dr.1wb.1ck of p.,nitioni!)Y 

approaches is die n\.-cd 10 Sf>ccif)· the number of clusters. 

In :1 mockl-b.ls"',J appro:ich 10 clustering. th..: probability dis1ribu1ion or obscrvt.:d d::rt:i 

is appmx imalL-d by a statistical model. Parameters in such a model de tine cluslcrs of similar 

observations. l11e clusti:r:ma.lysis is p.::rtOnnctl by cstinutins tht.:sc par.unetcrs from the d.lb.. 

In :1 Gaussian mixtun.: modd appro.1ch (McLachbn .ind Basford. IIJK7). sim il.:ir individu:il 

protiles :in: assumed to hare bt:cn gcncr:lt..:tl by th..: common unc.l..:rlyins ')>aUcm·· n:pn:scntcc.J 

by a multin1ri::r1c G.:ius.si.:u1 random \'ari:ibl..: (Y..:ung 1..·1 ul .. 20111: Ghosh .llld Chinnaiy:'lll. 
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indi,ic.lual protilcs to p.1nicular clusli:rs . All co11cl11sions :in: then m.:id..: assuming tliat the 

com:cl numbi.::r or clus1ers is known. Conscqm:nlly. cstinmh:s nf thl! model p:1r:1111eters do not 

t:tke into ::rccou1111h..: 1u1ct:rt.1in1y in choosing the corn.:cl number of clnsli:rs. 1l1e :ibility of 

Cbycsi:u1 approochcs to din:ctly assess the prub.1bili1y of .:in~· p.,rticul:ir foa1un.: of the 

constmcted clusters si.::1.,ns to bt.: an ob,·ious :llh-;mt.1ge in these sit11:11ions. 

lvluA.'li11g i:XJH.:ri111,•11fal l'ttritthili1y 

Pn;cision of mcasun:mcnls of ycn..: ..:xpn:ssiuns gc1k:r.:1lly \'.lrics ~ross diffcn:nt 

genes. A portion of such , ·:iriabilily is auri&utable to thl! association bc1w1.'l!n d1e absolute 

cxpn:ssiou lc,-cls and lhc ,·nri:mce of the com:spomling cstinmte. Such ,·ari:ibilily c.:i.n also be 

artilicially i111rodnc1.-J when the 11u111b.:r of n.:plic:it"'-J lllt.::1Sun:mcnts used to calculate gene 

expn.-ssion \':uy for ditli:n:111 gen .. 'S . When idi.:nlil~-ing tlilli:n:utially cspn.:sst.:d genes, this 

heterogeneous ,.iriability is takcn imo account by analyzing each gene scp.:ir:it..:ly (\Volting:cr 

L'I al .• 20fll) or by madding: din:ct l~· g..:ni: specific ,-:iri:ihility r.Ju..: to diffen:nt le\-cls of 

l!XJm .. -ssKln (Ne\\ton ,., ,,/ .. .2001 : Baggerly L"I <11 •• }CHJI). Unfortunately. sud1 pn:cisc 

ch:irac1criz...1tions of e:<pcrimental \'ari:ibilitr haw no1 l>.:e11 common in tlk! context of cluster 

an:ilysis. Disn:garding infoml.1tion .:iboul such ,~ri:ibilily c:in n:sull in a bi:1.S1.-d clustering. :ind 

1111.: Bayesian mixtun.: model th.:it can din.:cdy moc.Jcl scnc•spccific \':ufability h:is b\.'CR shown 

ro pcrfonn better in such si1u.1tions (l\lt:c.1\'cdO\·ic .:incl Sirn_gani.:s:in. 211112). 

R,·Jm.-i11~ 1/n• dl1111·11xitm<.1/ity ultln· da111 

Tr.itli1io11.:il stalistical :ipp1oochl!s to itli.:nlilY 1hc en1.inli11a1..: syst..:m in which 1he most 

of Ilk: ,·:iriahilit)' in lh..: da1:1 is 3S..'ioci::itcd \\ilh 0111~- a ti:,, cuonJinates. such ;u prind~I 

componi:nts an.,lysis. IL1w ht.:..:n appfa,J in "th..: ;iu;ilysis of micmarr:i.y d.11a. The 

dimensionality n:tluc1io11 can h..:: a11plkd to ..:ither 1h,.: 1111111h..:r uf gi:nes or to the number of 

..:x1>.:ri11i..:111s . Gt.:ncs an: considered n.:plica1es aml exp..:rin,i:111JI coi1tli1ions \"ari:iblcs when the 
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prohkm. In 1hi!ii c:isi.: lhi.: 11111nh,,;r lll mm-zi.:m i.:11111poni.:111s m;u i:;m t1'; 11:-1.:u 111 . ,., S""'" 

s11,.ff0yat..:s is liini1i.:c.l by lhi.: 1111111bi.:r of mic10.11r.1~ s. Yeung ;m<l Ruuo (111111) di.:munstr.lli.:<l 

1h.1t such Jim..:nsiun:1li1y n:tl11i.:1io11 of thi.: i.:x1h:1im..:11L1I cnm..lilinn s11:1ci.: may ur ma~· uut h,.: 

h,:ui.:Jici:il \\l1i.:n d11:-1i.:1i11µ gi.:11i.:s. l11i11d11.:1I c1Hllfk'ni.:ms ri.:t..l11i.:1it111 uf 1hi.: 111111,lk.:r nf gi.:ni.:s 

s...-cms 111 h:w~ 1,...-cn num.: h .. :ndicial \\hi.:11 cu11s11t1c1i11~ dfo:i..:nl cl:1ssili..:rs uf lmnur s;impli.:s 

(Wi.:sl 4•1,1/ . . 11l1JI ). Othi.:r ,:irianci.: di.:co1111X1si1i1111 :ip1m1.1,hi.:s. :,;uch as IJ.1rtial li.:asl squan:s 

(Nguyen ;1ml Rudi.:. 211112) .iml ,11rr..:s111111t..li.:11ci.: .:111:il~sis (Fdli.:nb.:rg t'/ u/ .. 1001) h.:t\'J,: hi.:i.:u 

;1lso :1pplii.:t..l in sud1 an;ilysis \\ ith :m ;1pp:'lri.:111 sul.'.l.'.i.:ss . In p,1nicul:1r. 1hi.: p:irti:il li.:ast s,1u:1n.:s 

111i.:1hu<l appi.:;irs lo h;m,: ci.:11:1i11 :ul\':mL1si.:s mi.:r 1hi.: pri11cip:1l cumponcnls method when 

n.:t.lucing 1hi.: number of gi.:ni.:s 10 h,.: 11si.:t..l in th..: cfassilica1ion of tumors. b.:causi.: 1hc m..:1hoc.l 

choo.,;cs a11 :il1i.:nL1ri,·i.: i:oonlin:uc systi.:m 1h:it :icc..:ntt1.1tcs chi.: n:l:ilionship h..:hn.-cn 

pmji.:clions on its m1t..l 1hc gru11pi11!-t of micm:irr.iy!ii. A11n1her :ippm:ich lo idi.:111it~· lhi.: most 

infonn:11in: proj,:ctions ofth..: 1.fat:i on :i low t.limi.:11si1.111al ( I or 1 tlimcnsions) space that is ycc 

to hi.: :ipplit.:d in this conh.:xt is 1hc 1111,.:thoJ ofpmji.:ction p11r.mi1 (Frh.-Jm:m. l'IX7). In co111ras1 

10 thc princifl.11 componcnlS :ippm.,ch. which assumes 1h:i1 projection on 1he pl:im: dc1c..:m1ini.:d 

by fow la~cst princip:il componcnlS scp.,r.ih:s d:1L1 \\ell 0Cc:u1si.: of 1hi.: fa~..: spn::it..l. 

projection pur.mil din.:ctl~· si.::irches for the pn~j..:ction thal b.::st st.:jl.1r.lh.:s t..l:ib.. 

/Jn11ri11J.: n111d11.ri1m.~ 11ho1,1 4·11-rt·g11/,11i,m han·tl rm 1hc: nH.'X/1n•.n·Jw, 

Tr.1uscrip1io1L1I n:sul:11ion is unt.: of crncial mcchanisms usct..l hy :i living: system to 

l\:yul:iti.: pmli.:in h:wls. fl is i.:stim:il..:d 1h:it 5-111%oflhc gcni.:s in i.:uk.,ry:otic genom..:s cncodi; 

1r.111scrip1ion factors (Rri,·:inlon mu.I D:imi.:11. Jr .. 11102) lh:11 :in: det.lic:111 ... 'tl to th..: comph:x L1..-.k 

of di.:ciding when:. whi.:n :inti which gcnc is 10 hi.: ..:x11n.:sscd. Mcch:inisms .ipplicd by thcsi.: 

fuctors r:inye from the n.:cniilmi.:nt and 1hi.: :icti,·:ition of thi.: mmscriplion.11 pn.:-inili:ition 

"' 

cla.,;silic.1lion and toxicity scn:c1L,; of1Xlti.:u1ial tlnig compounds {Timm;u t'/ u/ .• 11101: Wariny 

,., n/ .. 1001b: Waring: ,., al . . 211Ula). OuJoit ,., n/. (1002) pcrfonni.:d a comprchcnsivc 

c11111p:iriso11 of the pi.:rfonn:1110.: oftr.u.li1io1L1I classitic:ition methods on 111icro:irr.i.r dJt:i b.,scd 

lumor cl:issitic:i1ion. Among: olhi.:r thing~ 1h..:ir n:sults suppon 1hi.: ni.:ed of b:lSing cl.:lssilii.:rs 

on sL.1tis1ic.1I tlu .. 'Ory. For cx:unpl..:. 1hi.:y shm,cd IIL11 lh..: maximum likdihood-b..1s..:c.l cl:issifier 

cl..:;1rly cmlfl':rfonns :t popul:,r hi.:urislic 1.:qui,.ih:111 t.Jcscrih,:tl by Goluh ,., 11/. ( l'llJtl). Ou..: tn 

1hc Llryi.: numOCr of ,-:iri::ihl..:s (g..:nc.s) used In cl:is.-.it~· ::i n.:l:itin:ly sm:ill 1111111bi.:r of s::imph:s 

(tumors). most tr.1.dition.11 s1.11is1ic:il appro.,chi.:.s R:()llil\.' s11h-.sct1ing of 1he gi.:ni.:s. Gi.:nes :in.: 

11su:'llly sdcch:d b.,.scd on thi.:ir association wi1h thi.: tlii~.isc s1.1tc. Hom;n:r. whi..:n designing a 

Support Vi.:i.:lor Machinc cl:i~silii.:r. R:1111:iswamy ,., 11/. 11001) ;111:m,.,..I 1IL1C th..: 111:i.ximum 

pn.:cision is ;ichicwd \\hcn all g1.•ncs :.m.: used . 

/l-hk·lingJ..'t'llt' fh'Jtc.'lll"11rJ:.,· 

llti; lr.tdi1ional .1ppm.1ch lo clL1r:ic1i.:rizi.: rules of t.li tfon:ut o.:llul::ir compon..:nts h:is 

hi.:cn to colh.-ct infonn:1ti1111 on 1hi.: sing.Ii; gi;ni;. singli.: pm1dn or sing.I..: inti.:r.iction :it :t 1imi.:. 

Howewr. somi.: ch:1r.1.c1cris1ics of hi.:h:i,for uf th..: comJllcx lh.'t"orf,; of hiochcmic;il 

inlcr:ictions defining: 1hc lh·ing sy5li.:m :in: unlit.cir tu he n:co\"..:n:t.1 by such loci approochi.:s 

(Niehn; :ind MdnlJ.1nJL 1tM12: lcJdi.:r l'l al .. llMII). For cx:11111,lc. thi.: function:il roli.: of a yi.:ni.: 

\\hose cxpn.:ssion is n.:gulalct..l by St.:\i.:r.11 1r.111scrip1io11 factor.. c.,n 11111 bc folly unc.Ji.:rs1oo<l 

\\itho111 !iiimult.,n..:ously 1111111ih1rin~ for lhc IH\:si.:nct.: :ind/or :1l.'.li,-:.1iu11 sl:tlus of all of th..:m. 

111..: :ihility of1hi.: moc.k:m high•lhmu£h1mt :i...,;s:iys 1u gi.:ncr.ui.: i111hi.: s:un..: 1im..: mi.:35un.:mt.:111 

Clll .1 l:iryi.: munhl:r uf mnl..:culcs p:uticipaling i11 ~ud1 ;i neh,nrk :dluws us lu L1ckk llll.! 

pmbl..:111 of n:cons1mcti11l! lhi.: ,,hol..: tk.'t,,mt.s. ·111..: 1.:omplc1c slr.lli.:g:y for such ::in:ilysis 

cnnsisls nf :i 111:itlh.'111:tlical mutld describing i111i.:r.ic1inns uf , ·;iriun!i compoui.:nts of 1hi.: 

ni.:l\\orl.. cxpcrim..:ulal :111pm:1chi.:s 10 pcrturb Ilk! lk!h\ml... biologic :1.ss:tys for ,1u.1111i1a1in£ 1h..: 
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factors lh:11 iuli.:r.tel \\ ilh DNA n:gul;i1nry mnd11lcs anJ i.::ich c.11h..:r. Hune,·cr. thi: i.:XJ.Cl n::i.lun: 

uf 1hc intcr.ic1inns hct,\\. . .:11 , ·arim1s cu1111xmi;nL"i of 1hi.: n:g11J;11my 111..:ch:rnism is still l:uydy 

unkmmn. lt..lc111iti,a1io11 uf w-..: .... pn.:ssi.:t..l g..:ni.:s by ;1 dush:r :inal~·sis of £1!111! ..:xpn:ssion 

1m1tili.:s h:t."i b..:i.:n olien u1iliz..:ll ::i.s a tin.I st..:p iu it.lcntit~·in£ factors n.:gul:uiny cxprcssion of 

dillCri.:ul g:cnes (Chu 4•111/ .• jl)\JX: T:1,·.1zuic L'l 11/. , t 111i11). 0111hc 111h..:rh:ind. using intOm1:ition 

;ibout pn.:scnc..: of kno,,n n.:g:ul:itnry di.:1111.:nts c:111 he app licd to n.:linc lhi.: cluslcr :111:ilysis of 

t.:xpn:ssiou protilcs :int.I the sim11h:incous idi.:111ilic:ition ofkum\n n.:g:ufa101y dcmcnfs c.,using 

such co-n:gul:i1ion (Pilpd i·1 u/ .. 1UOI). 

An iut.lin:ct indication of co-n.:gul:itiou of co-i.:xpn:ss",.J gi.:ncs is the lcndi.:ncy of co­

t.:xpn.:sscd gi.:ni.:s 10 p:1nicip:11i.: in thi; same biologic p::ilhw:ir (T:t\'!lZoi..: ,., ul .. 111111>) ::is well as 

rhi.:ir t..:nt..lcncy to ccxJi.: for pmti.:ins 1h:11 iuti.:r.1c1 \\ith i.:;ich olhi.:r (Fuchs c:1 ul .. 2001). In both 

of dicsi.: situ:i.1ions. thi.: 1111.:chanism of co-n.:gul:t1ion might not be at d1i.: J..:,·d of common ds· 

n:g:ul:Hor,· i.:h:mcnts. yet Ill!! ncec.J for co-n.:gufo1ion ant.I thi.: :icht:tl pn::scnc..: of lh..:m is 

ob\'ious. Actually. it h:is bci.:n shown 1IL1l th..: p:uticnl:ir i.:x1m.:ssion n.:g11l:,1ory mcch::inism c::in 

somct im..:s be :i OCUt.:r tlr.:tcnnin:mc of th..: pmti.:in limclion th.111 e,.:n its thn:c c.Jimi.:nsion;il 

stn1cn1n: (Fi;ssdc ,:I ,,1., 2001). All lhesr.: sugyi.:st 1h:it an:ilytical mi.:thoc.ls c.,p.iblc of 

in1i.:gr.1ting infonn::ition .iboul n:gul:itmy si.:qui:110:s. biologic p:ilhw:i.ys :u1t.l protdn-proti.:in 

intcr.ictions. ::ind i;:<pn:ssion t..l:iu gi.:ncr:itcd in micro:irr.irs e.xp..:rimcnts " ill bi.: bcui.:r :iblc of 

cn.::tliny biologic.:illy mcaning:fol clusters ofgi;nes th;in clustcrins cxpn.:ssion t.l;i.1:1 :ilonc. 

( h·1tc c:spn·.txiun ha.,·,·J d,L-..-.[fi&:ufi,m 

Cl:usific.llion of biologic s.1mph:s b."'lSl.:d on 1hr.:ir 1r.mscrip1omi: profile h:is bci;n 

siim\11 to h:t\\! :i tn:mi.:ndous JlOll.'1Ui::il for clinic::il ::ipplicalions in 1hc ;in.::is of tumor 
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cfli.-tls of such pcrtuJb:ition :ind thi.: intCn:ncc proo.:t.lurcs for i.:stimaling p::ir.imcli.:l"l of the 

;issumed moc.lcl. (ldcker f.'1111 •• 21J(HJb). 

M::ilhr.:m:itic.,I modds dcscribing dynamics of biochcmic::i.l networb includi.: the.: 

di.:li.:nninislic onJin:iry diffon.:nli:il cqu:ilion (u .d.e.) h:tSed mcxlcls of kin,.:lics of coupled 

chcmic;il n.::ic1ions (Voit. 21102:Voit :int.I R.1t..lh·u~-r.:,·itch. 20011) . sloch:i.stic s..:n..:raliz:i1ion of 

such ma<lds following: 1hi.: Gilkspii.:·s :ilyorillun (Gilli.:spii.:. 11171) for sinmfalioo ::ipprooch to 

1hc chi.:mical 111:lStcr eqw1ions (Kii.:rzck. 21KJ1: McAd:1111s ant.I Arkin. 1'"17: McAd:ims ::ind 

Arkin. l'J9X: McAt..l:uns and Arkin. l'J'J9: Gilles11i..:. 111'-ll). Dooli.:an nctwork models which 

n.:tluc~ thi.: infom1::11ion ;ibout Ilic.: abuntbncc of , ·;1rimlS i111emc1i ng moli.:culcs to :a bin~· 

,.1ri::ibk n:pn:scnting on/off (IVI. prc.scnt/:i.bsi.:nl) sL11..:s (D·h.,r.:sclcer i•I 11/ .. 1000), :tnd 

hii.:r::irchic:il 8.i_y,:si:i.n mot.l..:ls (Friet..lm:111 ,., u/ .• 1000). All oflhi.:sc nL,thcm:i.lic::i.l mo<kls h::i.V\: 

o..:ruin :tdl'anugi.:s :and dis.:idl';111L1g:i.:s di:pc:ndiny 011 th..: yo.11 of lhc :tn:ilysis. :t\':til::i.blc d:it:1 

:and 1111.' knowlL.-d_g:i.: ::ibout iuli:r.ictions of,·.1rious molcculr.:s i111hi.: nctwork. 1111..' spi.:cific:ition 

uf ::in o.c.l.c. mo<ld n.-quin.:s t.l..:t:'lih:d knowli.:dgi.: of lhl.": moc..ldi.:cJ i11ti.:r:1c1ions ;ind is inti.:ndct.l 

for..:x::1111i11.1tion of1hc o,·i.:r.i.11 <lyn:tmics ofthi.: sy!ai.:m whi:11 im..liddu::il n:l:itionships bl:t\\l:cn 

componi.:nls of 1hi.: nctwori. ::in.: mon.: or li.:ss J.:no,,11. In 1hi!I conlcxt 1hi.: t..l:1L1 is mon.: 

commonly us..:d for cht.:ckiny 1h..: pn:dictiuns b:is..:t..l on such modds th:in for n.:constructing 

lhi.: nch\nrls lhi;msdws. Simil::ir cu111:.l11sions c.111 hc 111:it..l..: :ibout v:uiom• s1och:t.stic 

approoches lo simul::11i11y b,.;h:i,·ior of such nccworl,; 111..: stod1astic :ipprn..ichi.:s :in.: liki:ly to 

oll'i.:r :i mon: n:alistic n:sult in biochcmiol n..:lworl-. inrnh-ing mokculi.:s of very low 

:1h11ntl:u1ce. as is 1hi.: c.,.sc in genc i.:xpn.:.~sion n.:g11l:11ion (McAt..l::ims :ind Arkin. 

l1J117:McAtl:uns:tnd Arki n. 111'-IK). In contr.lSI In 1hcs..: 111od..:ls. 1hc OoolcJ.11111.:1wofk (Toh and 

Horimoto. 1001) motli:I :1ppru.1ch offcrs ;1 "n:l;11iwl~ slr.1igl11fon\':;11tl :ippro..1ch to 

n::cons1mcti1,g: 1hi.: lopology of thi.: ni.:twork IJ.1SL.'1.I 011 t.liscn:tiz1.-d d:11:1. Holli.:,·cr. it h:i.s bi:cn 
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Ndwnrls in panicular. Sl:l."111 ltl b.: c:1pahk ,,f c:-tpruring 1111: rid1 1upul11~ical slnu.:turl.". 

il1h:gr.1ting co1111M1ne111s op,:r.11i11!! on \ari,,us s,:al.:s aml the srochasric compt1111.:11r of holh 

umkrlying biologic Jllliccsscs :rnd the i;oisc inh.:r.:nt in llk: llata. In this statistical appru:ich. 

the 1'11.:ha, ior nf thc llCl\\111i.. is c:-.p1\:ss..:1I ;1s lhc jni111 pn1l1:ll1ility tlistrihution of 111..::l..'i\lfcmcnfs 

rhar c:in ll\! m.idc on d..:111.:ms uf lhe nc1,,,1,L . 111'-' s1n11.:rur..: of 1h..: 11.:mork is 1kscrihed in 

lenns of 1h..: Oin.-ch.'ll Ac~dic Cir.tr,h !DAG) (('u,,dl "1111 .• jt)\JII) Nodes in 1h..: 11el\rnrk 

1..-um:spm11.J ro the demi.:nls uf lh..: 111:l\,nrl mul dirceti.:tl i.:d,gcs sp,.:cil~· lh..: tlepcmk:nci.:s 

b.:tw1.-cn rhi.: componi.:nl~. 0:\(i sp..:citi.:s thc dl.:'p,.:ndcncc srmcum.: ofrht.: rll.!f\\ork through th..: 

~·farko\· :issumplion th.it th..: IIOlk is sutisric:ally iwJcpcnc.leut of its 1Km-<lesc..:11c.l:ants siren its 

p.,rcnls. Well-csr.iblish..:d i11ti:n:11ti.il pnm.:duri.:s allow for 1he d;1t:i-dri,·..:11 rccons1111c1ion of 

lhc llcl\\Ork topology ,me.I specific i11ter.1c1io11s :-ilong "ilh 1he com:spom.Jing 111c.:is1m:s of 

conricknce in the estim:iti.:d s1nic111n.: :an<l motld p.:ir.1111..:1..:,s (Hcckenn.:in. 1•111K; Friedman ... , 

11/ .. Jl)CllJ) l11c ahilit~ In incOrJ'lOr::lh.: \·:1rinus le,ds uf prior kmmkc.lgc through th.: 

iufonnntin: priors ;1hmu the slmctul\! :md th..: lncal pmh .. ,hility Jistrihu1ions (Hcd.cnn:111 ... , 

11/ •• 111'15} allows [k1~-csi:i1111..:l\\orl.s lo pote111ially sen·e :is the mcxJcl of choice forcnccxJiny 

Che cum:111 knowh.:Jge anc.l thi.: :11i.,l~-s is of 11..:,, d.:ita on 1h1: bacLgrounc.l of the cum:111 

Lnowledgc. Pn:c.lictions .:ibout !he futul\! hchm·ior of the ni.:lwork c.:m 1.iLi.: into :iccounl :ill 

snurcc.sofmu:crt:ainlies: uncenaiiuy:-ibouc th\! 1:stima1..:d p.11:1m..:1ers of the networks. s1mctun.: 

oflhc nelworl.: :me.I !he stoch:istic n:altm.: of Ilk! hiulo~ic .sys1..:111 moc.1..:1..:c.l by lh-.: nclwort. . TI1i; 

appl ic:uion ofBayesian nel\\orls for a:mSlmcting ~endic nel\\'oii.s b.1scd on micro.,rr.iy c!.11:1 

has b.:cn ckmonslrntcd (Friet.lm:an ,., 11/ . • 21MJII). 1111: comhinetl .:ippro.,ch of clustering g..:m.: 

c:,;pn!Ssion profil..:s first and then tilling a probabilistic nel\,o~ using :1,·eragr.: clust..:r profil ... -s 

(Toh and Hori111010. 21MJ2) a.~ \\CIJ :as lhc use of pmli.1hilis1ic Boolc:m networ~s. \\ hich :arc 
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111..: combin.,tion of !;:l.!U..:tic .ind cll\·irumncnral ,-;iri.:iblcs. :ilw:iys somc,,h.1t 

pmbl1,;m:11ic. has been m:1tle mon: so by lk!\\ hio11.:dmolosi ... "ll . Issues th:1t 111..-cd consideration 

pertain lo lhc design. :111al~·sis. :md inf1:r)ln.:l:1tio11 of studies wi1h gen..:tic .:inti cn,·ironmcnt:il 

variabl..:s . Prior 10 those considerations should :i.lsn be 01"1..:s :1hout th.: r.1tio1t:ilc for such 

studies. Do lhey n:pn!si.:111 iii..: judicious use uf sc:aro.: n:sources :ind lhe c.Ji\·ersion of 

prcYe1Uion enoru·! TI1t.: pnt..:111ial cunt1ict is l1..:t\\ee11 :i focus 011 mech.:inistic studi..:s ;1t thc 

ex1-.:nsi:ofn.:search 011 prc,·entirc or cn111ml etlflr1s. ( 'Jc:irly holh :ic1i,·i1ics h.,,·c thi.:ir\'alues. 

Wi1h limit..:d budgets. it 111 .. 1y hc mnn: :1p11rorri:a1c to use n:sc:irch fonds to etl\!ct 1he gn.::i.h.:st 

health b.:ncli1. Ho\\ewr. powcrfol 111....,, h:chnologics h:a,·..: gn:al l)nH11i~ is properly cxplon.:d 

anJ h.,nk:ssed. 

As nc\\ infonnation :ibout the umkrlying nmh:cular :inti gcnr.:lic dr.:tennin:mts 

b.:comcs :u-aiL,blc. m: an: fac..:J wilh questions ahoul their impact un dise:ise c.lclinition. 

cbssilic:nion. :anr..l dio.gnosis. ·me high throughput h:chnologics li.·we the potenti:U to define 

s11hc:i.t1.1:,orics llf Jisc:m;. :;uw..l this could cmnrihutc cnnsir..lerahly lo the undcrstantling of 

c.lis1..-:i.se eliology if 1111: subc:ategorics ha\\: distinct 1..1iologies. En:n mon.: import.int is the 

potentiJI for llC\\ dctinitions nf disease. In the biolugic:11 sciences. specul:l1io11 exists 1hat .:i 

Ill!\\ molecul.:ir--bas1..'t.l 1h..:on.:1ic.:il biology \\ill cmerse anr..l lcar..l lo the idcntilica1ion of thl! 

connlin:i.t ... -d :1clion from lhe pmdncts ofnrnlliple genes . Such coonlinalcd functions c:i.n b.: 

,•il!wcd as :i SCOl.!lic cin..,,i1 n!prcscnting the o;llul:ir .. wiring c.liagr:uns"-lhe collections of 

diffel\!nl !,'Cllc 11m<luc1~ lli.,t hlgclhcr :1 n: n:q11ir\:d tn 1:x..:cu1e a 1);lt1ic111:lr fllni.:tion (P:tlssun. 

1'1'17). Others h:a\'C n:li..:m:d 111 ii a_(:, ~enouh.: operating system 1h:11 trnnsl.:i(es :my allcr.11ion 

in the quantity :1nc.l cunti_gur.ition of ;i cdluL,r protein i1110 a sign:il 1h.11 causes u,r or down· 

J\.""SUl:1tion of ..:ith..:r inc.liddn.:il 11mh:ins or h..,11eri1.;s of pmteins (Strohman. l1J97) . In .:ic.ldition 

lo lhc mnh . .:cul:ir. hioch..:mical. physiulugic. :mt.I mec.lic..11 a11alyS1:s of th..: dcmi:nls :,ml 

hier.irchi..:s ll\Jt co11sti1111e a J'll.:~nn anti th:11.:in: im nln:tl in di st.:asc. the ur.:ed 111:,y cxisl to adtl 
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Fnnnal m..:thoc.ls uf int..:gr.11i11g accumulJti.:d kmm lctl,ge a.ml i11fo1111.:ition in the 

m1:ilysis ha,·i: bcen c.l..:\"do1lt.!d. Zicn ,·111/. (1tHIII) i111egr.11..:tl 1he ..:sisting p,,lh\\":ay infonn:alion 

wilh micm..irray dat;i anti Je1·do1i...1.I a 111..:thnd for scoring liLdihood of ,,hok p:11hw.iy 

i11\"oh·c111c11t in lhc process unc.lcr imes1iga1ion h.:is .. -J un 1h..: c:'l:pn:ssion kids of gcn..:s 

inrnlrec.l in thc p:1llmny. Holmes and Onmo (201111) c.fe,·dop..:d thc gc1k: clusl..:ring proc..:dun: 

b..1.s..:r..l on the st:itistic..1.J modd th:at intcgr:1t ... -s microanny c.lJl:1 ..1.nd thc gcnornic n."'£ul:i.tory 

.s.:q1ti.:11C\: d:ita moJ..:ls. Oar.uh :i.nr..l Frii.:c.l111an (20111) dc,·d o1...:d :i. similar aptlronch using 

higher lc\'CI i11fonn:i.tion :i.houl known J\!g11l:11ory motifs in th..: genomic Wt:i. !ticker c.'/ ul. 

(10111) <k:monstr.ll..:d how 10 use joint pmt..:omic and limc1ion:1I gcnomic cfau :i.flcr perturbing 

a biologic sys1..:m lo n:,·ersc i:ngin1..-cr the und..:rlyins ni.:h,ork ofmolecubr intcr.ictions. TI1ey 

uscc.l M:i.."itnum LiLclihoo<l a11pro.1ch 10 id..:ntitY genes n ith signitic..,nlly chmg..:d cxpn."Ssion 

lc\'Cls (ltlckcr ct o/ .. 2CMIUa) :anJ Boole.in Nctwork modd for 111odding the 11..:twork (ldda.: r cl 

11/ .• 21Klllh).Bcnclils of int..:gr.itins genomic. limctio1i.1l g..:numic .:ind prol1..-omic d:a.1::a h:i.\'c 

Ix-en 1.kmonslr.itcr..l (Boulton,.., ,,I .. 2111l2: Ge,., al .• 21KII : Manhewsi.•Ju/ .. 2UOJ ; Vid:il. 21M)I). 

In lcnns of human stm.lics. llmtor.. n.:pn.:scnl :i 11:1111r.ally l>l.!r'lurbcd gt.:nomic system. 

Concum:nt £;!w"T10mic and ti.mction:il genomic in\'cs1igations of 111111ors by the high-throughput 

micro!lmy .ipproochcs c;in b.: us1:d to dissect gcu..:tic networls in\'ol\'cd in lhe process of 

tumor gcn'"5is. In this coolr.:xt. micro:urays can b.: usec.l to hoth clm.rnctcrizc the genomic 

abcrr.itions anti lhc gene l.:'xpn.:ssion in c.li tl\!J\!1U tumors. Sc,·er.il mo<lds mcntioncd before .:in: 

c.111.iblc ofin1 ... -grn1i11g such infonn:ition into a single powcrful .11i.1lysis. 

21 

a systems science appro..,ch lo clisc:isc tletiui1io11 (P.:ilsson. l1)l)7; S1rohm:i.n. 1997). 

S...-cmingly c.li\'c~ disc.l.51.!S such :is cancer. a1hcroscl..:rosis. :ind ..1.rthritis 111ight h:,vc common 

ccllul:i.r anr..l mol..:cul:1r ti.:.i.111rcs (S;1tyanarayana :rnd Schoskes. Jl)'J7). A heller cl:i..ssitic:ilion 

system might be one tlmt links clinical ohscr\'ations wi1h ccllul:ar :md molccul.:ir biology d:u.:i. 

In :Wc.lition. :i.rtifici.:il 11eur.1l uctworks :in; being cxplon:c.l incn::isinslr :is altcm:rtivcs to 

Jiscrimin:1n1 3ll.."llyses in C\':1luating di:i.gnostic p:ar.unel\!rs (e.g .. pn.:sencc of chcst p.'lin. scrum 

cn:atine kin:m: conccntr.1tio11. etc.) ;mt.I the best diagnosis a,·:1il:1blc (c.g .. whctt.:rmyoc:udi:i.l 

infarction ,,-:ts pn:scnt or 1101) (Schultz. 1'1%). ll1is :1Jtpro:ach m..1.y also :allow for the 

inclusion of multiple molecular m..1.ri.:crs although lhe import:iucc of compn:111.:nsivc :uid 

c."tl!nsh'C training St.:ts for such rn..:1hods cannot (k! owrst.1t ... -tl. llh.: imp..1.ct of !11'"5e 

dc\'Clopmenls on cpidcmiologic J\!s1::irch is unknown. b111 Chey .:in: likely to h.,vc ::m cfli.:ct. 

Dist.!:lsi: dcfinitions m:i.y ch.ingc and hcnce. so \\ill d i:ignostic proccdun.'S :and ultimately 

1hcrapcutic appro..,chcs (S1rohm:in. 1'11>7: Uyorl:os anti C'oup.1I. l1llJ5: Crook1:. ICJlJ(,). Wlmt 

conslituli.:s a c:isc or a conlrol for epidcmiologic:,I studies migh1 bc b.,scd on prob:ibilitir.:s or 

c.listribulions rather than on the pn.:scnce or .:ibscna: of a p:i.rticul:i.r disc:isc endpoint (similar 

to :ln."11,-scs conducted in n.:cci,·eM>per.1ti11g~har.1.cb.:ris1ic studies). 
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