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BACKGROUND 100011 The etiology of common diseases and conditions is typically attributed to both
genetic and environmental factors. Recent advances in genotyping technology have greatly improved
understanding of the genetic contribution for such diseases. Many whole-genome association studies
have been compigiedsissent, ﬁ‘ﬁﬁﬁé@&@ﬁ@’@ﬁi@ﬁ%ﬁé%ﬁ@ﬂ'ﬁ%ﬁ%@ﬂhd'Seases and
common genetic variants across the geQI% E é%%ﬁe shed light on the mechanisms of
disease and on the risk of an |nd|V|duaﬁ evelop a seas in their lifetime, based on their
genetic composition. Integrating inherited genetic risk information into clinical decision-making process
early in life can have an impormwwmwémmngwmp@wmm disease symptoms or
conditions. 100021 The prev lence of co n chro on-commun gase [ aI
overshadows thoé%pré’x'?a ence %Tﬁ%fﬂm mgnegn%]%??é? %80&31“8:2?%%1?(5 (fa %?T%y%%nén SNP
variants attetAPtet e goRieRCeT S %‘iﬁﬁ‘lﬁééfgtf??ﬁ?ﬁ‘b’é‘;re%fﬁ%t all, germline genetic risk for common
diseases and when used in context permit better personalized and focused exposure mitigation, early
detection, and early intervention paradigms féREMRRIAY 100031 Genetic variations in the genome,
such as sitigid nticleatiche Pgobymoipinssms(S MRB)nttatiofisdéletionsyinsertions crepeatsal
microsatediies. and-athetscare Laplalediovariaus:RRSNARPRS usueh-aa diGe aseipteenditon. The
genetic V@J;%@%&E@%ﬂmﬁ&@é&@a@t@s&%fﬁg@qug951;9L@I%%% feisming. e Jadhidual'

predisposition qr rlg fferent phenot es creatlrtlg a ersonall henthg:p bro h[ [5905)4] Low
effect sizéCoMmmon SNP %ﬁ‘rlflé’ﬁtsseﬁ‘éerseaan° PRI VAT BRATS s "mﬁmber"‘\s}aﬁa S, an
ep|geneuéa1ﬁ@a*ﬁ%&ﬁéﬁ%@éﬂ%%@ﬁ%?ﬂ%ﬁlfﬁaéfﬂdfmiwmﬁlﬁ%ﬁiﬁ@@%wS%%&P&%Wl@gmmﬁ%n
individualis: fisk tendievelapsaicondigomisidahal lengingiaskofie nekeigide terivimedithe mamnst factors,
including the ganetis Hsk factesloadrenvienmentabfaciors,@endekangnage.s thusaiermost

conditionggHae MASLACGUIAIE: Hisk.ARSESSRNLCaR. ARl ONE &-PERRaRIISTIG Kisk eslimale. kagtors can
include different assoma:e varlﬁnts thelreff ct.sizes, ir frequen f[yétherggnp IatJon the

{H‘i’l? cnic an ctiolig disease Fllmon varlants goccoupt 1 mdrb
environmenta ors a |ng e |n IVI SUC |et age, rami ry, an nic ackground

as well as'th&frin et altrsrs! 111%&“&881@5&&6@ ﬁﬁ%sﬁ%@%ﬁﬁeét@féll“cff’?ﬁ’é@%‘&‘é?&?%r arvhtEdre
prohibitivety expensivetn vowdisetsandderow kdowledye crionexhdivedieendpohdescted. 100051 Thus,
there existm@aneeddermethads:to generaie pensgnalizeddo benobype-proiles, wiih:isk estisaates that

take into aggount the.effacis Al genslicaAralions ¥ek Hoss AleyEe the lesulisetlasgesscale studies
simultanegusly assessing rmultiple. risk factats. Furthermore, there exists a mﬂlvsltua{ l%gn%ga}tlng risk
estimates that ot Only vary by disease bt Can be combined With anvironmenta providing an
additional’tatF F?JF‘@ﬁf‘fi‘l‘f&%’é@’%ﬁ%&ﬁﬁrs%ﬁeﬁ?mﬁfﬁ%d|ct|ve power as a clinical classifier.
The presdfitidisdiosaiiecaritd embodititritsdiselo sethhetelnsandiy theserebd saimdprdvides related
advantagesms-wietbs SdadidiypRaY:{0066] fhhecpresertidiseiosira prowdesiamethadifangenarating an

Environ mm@Lﬁ)en%ﬂ&tme&n@J@Q%&(ﬁ{ém %QQ@JQE&Q&%?%&S}E %ﬁ{élﬂ@!ﬂ anLan indiyidual. The
method may; comprise gen ratln‘%fﬁa genom file from Cﬁlgnsrgﬁetlc samg‘Ia he i ndlv dual obtalnlng
SC

TIVITOIITICTL 3t Con Sk aS CSSINEC,

at least one envuronmentaf? &for from the in vucfua0 generatin ore from t nhe ge omic
profile ané“&tﬁé’&&%‘ﬁ@‘“‘éﬁ’@?ﬁ&ﬁﬁfeﬁfﬁﬁé&fi’b}ncﬁﬂﬁdﬁf@’&a}f‘ﬁi&“ E‘E‘é’f‘ff 5rdite tHesiHaRAGERTSr a
health care theanagdrofithavndividiaak Pheifethobk oafvifurarcshprise pdatingthadddr score with
additionalvespradifie d-enyirenmentabiactes.baisaimes embedimanis ohewethoddsspetstormed by a

COI’C?puterpF%Bﬁ%Q};@mg“mﬁ@@ég%&%i&pg{(‘gf Auied By @f@g@&g@g@%g the resuhltsdcfan be obtained
and outp the uter a irst aspect, there is provide t or generating a
personallz"‘% Acﬁgn an S?tsaahnlndlwg)uéf)%s era eé%dg?gyfﬁeg% rng egentgsrvf sk of éegf mdtl{\}/?dual to
develop a%ﬁ@%at%@“ﬂﬂ%ef%@f%éeﬁﬁwvﬁﬁﬁﬂa yet st Ty et farat @féfﬂé‘ér“f&]rﬁﬁ“b"rgoflle from a genetic
sample ofszaitrigeividesswiersre saidegenolaidprofildiiscganie ratsd usirmyra gk demsity DNA
microarray;tiedy PSRy o Ausegqbenegiing:d with envirdii)canalysipgsaid gendmniciprafile datgenotype
correlatiora&:m)mmy the addadaligarrelaive: sk fRraneafmani!geReliG|Rlic and cembodl@-ebtaining
at least one en ronmant% factor from. sald individual, wherein said at least one environmental factor

closed herein san vides re ages as well.
has a relative risk or odds ratio for sald p enotype;



(d) generating a score from said odds ratio or relative risk in step (b) and said odds ratio or relative risk
in step (c) using a computer; and (e) generating a personalized action plan for said individual
based on the score, wherein the personalized action plan includes treatments and preventative
measures for the phenotype, wherein the treatments and preventative measures are selected based
on the score. [0007] The relative risk of the environmental factor for a disease or condition may be at
least approximately 1. In some embodiments, t#HavilalVe risk for the disease CT condition is at least
approxim@ateby 1tis dredond iBcidsdte Blodides sFhanIE BN Fisk CaEbeaklaas Capfirmimatelyinte3, 4, 5, 10,

12,15, 20,38 30,454 42,9020/ ae:MBodNeDin, g ehMranmenial aciar hasan.odds ratio
(OR) of at least approximately 1. In yet other embodiments, the OR'is %fle§§}qu%%§mately 1.1,1.2,

1.3, 1.4, BT B2 R AT HE S EAs P UBre AiateRy T8I g, 6167 2 BI85 40, 45,
or 50. [0CGO&1IA spvetfer dspermitmodiswirorinveshial fadtoreail Beigetebtaaiior e gisepcéobsisting of:
the indivi@d&ﬁ&bid&ih&lﬁ%c%&&ﬁ%@fmes&dﬁw. ﬁt&siyi&@%di&izﬁa&bﬂiﬁssapa@§&:&mmwaad personal
relationships . Far.examplesdhadifeshis condition can.he smoking. ar.alcabglintake., ) some.
embodiments, the environmental factqardls aé)g)ésmal measu emeqt of the.in |{\)/}|ldlé%l&gu%h as body
mass inde¥, BISBE presdurE eaftTRIE SicSEREVal Mataboiite Vi iEnTever weight height,
cholester$i¥&V&l, vitamin level, blood cell count, protein level, or transcript level. [0009] The EGO score
may be de¢srhted uBingsat-lahst 2 povbdinmentaliiagtorsiapd genelistngthe 6061 scodaitmdy assume
that at leaskone. Qbare-ALihe eRviFoRMEnALIacIan S0 iRdepsndenrsk fastakigr said disease or

condition. [0010] ha s? eeenrer}gt%giments, thce ?0% core i?}rﬁgnerated1 for a disease or condition with a
heritability of less than ‘approximately 95% Ih Some embSdffisHts St 'aiskasd i¥8htftion has a
heritability ¥ téis &6 grrapi osilatis|gensntadosn s B0%izh 0l s RS VAN A0%cr8594y A0DPAE % 50%, 55%,
60%, 65%NAOHubadag80%, 85%, or 90%. [0011] In another aspect, the methods disclosed herein can
comprise a third party tj]taining the genetic sample of the individual, or generating the genomic profile
of the individual. The g%’ SRESIS L SFPBREDRIRIEF RO AonaiePe STB8praii- ity absiological
sample subhs asibloodatiedirisking sadivamsesgemsing; fecal material, sweat or buccal sample. [0012]
The methods also comptise tfransmissian of the. EGO score over a network, reporting of the EGO
through an on-line por::(g{ %g)/t%ﬁalpl%%}ore ﬁc)%/ %%?n%m%%ﬁxéﬁgtﬁaeﬁarseoﬁ ﬁaéxg}‘ﬁ(gﬁ’tég%ﬁ’ “f&Porting can be

- by a sectifélét iseh-SecEmerprmaGL. e hrdivisiaalvs gelnoruidipretfitefmastd deposited into a secure
database or vault, and(apgarshagle; Aucleotds: Ry DRIPRISTM PIAHIR AR JSRQTAIF RECflG that

comprises Hur%\grationsi, insertjons, deletions, or repeats. The genomic profile can be generated using a
high denSESP IR ThiGHET &< BT ER. BB R®DEY(fEifhg. In some embodiments, the genomic
profile is generated by @ngpdifsiating geraticdasdpietfoarplansti?jestioniduisupisAltesnatively, the
genomic ile.can: ' t ifying the genetic sample, WO R
OL0/038 o e S 0 R NG A A PN 0 REFE RERICE106 B ATS Bications,
patents, BfPPSREFPEpBHIERIOHS ettHEHE 316 IRy Spetiicatorraretediiddonpdratetishy reference to
the same@xtent as if each individual publication, patent, or patent application was specifically and
individually. ipdicated to be.incorporated by, reference. BRIEF DESCRIPTION OF THE DRAWINGS
00141 B R R B4 A B STIRt i the
appendetf BTSSR BE G Hideretala i srm e reatiiadsanaeaamaptinged dfiie -didcldsaréswill be
obtained By référendecto bt et oppingraetaitet] 4ésaription thassats fosthalustratidecembodiments, in
which ]thexpmmmgm@;mam@m@rlfmsi@@g%it@d}fan&mp?&%mgamgM{mgngs of which: .
10015] FlG Liillustr surves for A) Grohn.s, Disease, e 2 Diabetes and C) Rheumatoi
Arthritis I&bé%ﬂ#%%ﬁl %%%%tgkaﬁyﬁgpé%ﬁgggoﬁdg}t’ol%é%g’ocrrn?gi(Eg%%%aﬁ, ﬁﬂagl ‘E?ﬁia And 1g\¥|1:§eitglines
correspon ’to’?he%r%ti%:saF?(a%&gFﬁ’léa’tWo"ﬂ@ease models, further described below) expectations when
the genefft®{Bridbeciskiowniarevyellowd feeoresponds! e Gl sramt e reentinedooigsponds to
logistic regessianeation of residency, lifestyle conditions; diet, exercise habits, znd personal relationships. For example,

the hifestyle condition can be smoking or alcohol mtake, In some embodiments, the environmenta] factor is a

phbysical measurement of the individual, such as body mass index, blood prcssuré, neart rate, glucose level,
metabolite level, ion level, weight, height, cholestero! level, vitamin level, blood cell count, protein level, or
transcript level,

[0009] Thke EGCI score may be generated nsing at least 2 environmentsal factors and generating the BGCl score
may assume that at least one, or more, of the environmental factor is zn independent sk factor for szid disease or

condition.



[00161 FIG. 2 illustrates ROC curves for a model with interaction and for simple multiplicative model
for A) Crohn's Disease, B) Rheumatoid Arthritis, and C) Type 2 Diabetes. In each plot, 6,400 threshold
points are used. [0017] FIG. 3 depicts A) comparison of odds ratios and relative risks for Type 2

Diabetesiit lielime st plans,aad-herlablib ol 0420 R.comnRRsan,ah oddsutalios anagative

risks for Myocardial Infraction with lifetime risk of 42% and heritability of 57%, and C ’mealn squared
error verSRHTE OB Abilley B GERIGRE H88e Pty PE FhidBatEE 018 [ErEPa itk Ates known
family histerit¥%eistisRioWieGebrelit/vi sk Fatil) histhrg Ve ks TRborEGcRBE 6ulé-where genetic
risk is copmplgtaty:kneswnfar A} hypeidinbetes:BrCrohris Disdase; anthic) iRheomataigidAuthritis.
Red curvgs;show.irie,and.false. Q&%iﬂi\é?rﬁ%ﬁ@&iﬂﬂﬁzf&l{h&ﬂﬁ?F&@%%E%%ﬁ&i@ﬁ@ﬁﬁ%@%i% test based
on family hiﬁg_o%g!eor%?. 1({)0]I91 aI‘E'IG. Efnl Iugtrabtﬁs %fégc of lérﬂowﬁréu%%neiic and gg\_y}lrz?nm‘}eag%l factors
versus kiown Genatic Tadtd P aiana ToF Ry Crohns Dissase. B) Type 9 Diabetas and ¢ Rheumatoid
Arthritis. P672CFBRN!s Disease, the AUC of the two curves 0.68 and 0.72 (A). In addition to the genetic
factors, dfidKinghéretdinie disk@)psconsideied s BECervironmentalova rabieseohT el Zabigbetes, the
AUC of theaclresasd & 5and0. fd1espeatively (B4 additionie the.ganeticaciors, Body
Mass Index((aatise takagdl,A ohan ke LR alNe falh, (20800 aMKng. [iegusqyfglative sk
1.70) are taken as,_envwo,nmentasl gfactorgtopr Type 2 Diabetes. For Rheumatoid Arthritis, the AUC of the
two curvESHPE BB IRE . BBEC) > SHBRIAY B R S R e VTSR  THiBibte in
addition fthtizenepeinetiéiforstdrsecho@ R R G 6 PSTHENG P ety N ST ebBNé deaverige lifetime risk
and true averagedisieasia funstioprdidheassme ddifetine: iste(t ERpfart>Chigadculanomnsdn Type 2
Diabetes,, e frue average riskdorL2D. =028+ Rlakheeral hetwesn Glbased average lifetime risk
and the lifetime risk (LTR') is assumed for the (ICI calculations as a function of the assumed LTR".
DETAILED DESCRIPTION [0021] The present disclosure provides a method of developing a risk
estimate that is based on the genetic composition of an individual alone, of their genomic profile. In
some embodiments, the estimate is based on the WO 2010/030929PCT/US2009/056720 munixtuat s
genoune profile or gencue composition alone, and all other factors are fixed. The risk estimate or risk
score, as described herein is referred to as the Genetic Composite Index (GCI), a scalable metric that
can be used in a clinical setting with any type of genetic risk factor input that will guide clinical
decisions, such as decisions for the fixture. The GCI combines the information of an individual's
genotypes with the average lifetime risk, the odds ratio infoiillation across multiple risk loci, and the
distribution of genotype frequencies in a reference population into one consolidated score that
represents the risk of an individual to develop a condition. A higher GCI score can be intuitively
interpreted as an increased risk for a condition. The GCI is based on several assumptions, further
described below. Simulated data as well as real genotype and clinical data to test the robustness of
the GCI under different conditions is also described herein. In some embodiments, the effects of SNPs
are independent unless there is a known SNP-SNP interaction that has been shown to be statistically
significant in the literature. This assumption of independence typically does not affect the generality of
our model, as weak SNP-SNP interactions do not typically significantly affect its predictability. [0022]
Current risk assessment methods provide starting points in the development of risk assessment
measures of use in preventative medicine programs. However, the quality and effectiveness of these
different methods depend on their derivation and implementation, their theoretical limitations, and their
relative merits. For example, the Receiver Operating Characteristic (ROC) curves are used to measure
the effectiveness of various risk measures (see for example, Lu and Elston, Am. J of Human Genetics,
82:641-651 (2008)). [0023] ROC curves can also be used to evaluate GCI scores, for example, by
showing that the GCI can be a theoretically optimal test, and other risk assessment methods. For
example, different disease models can be simulated to calculate the predictive power of such different
methods (GCI versus other models for example) under an ideal "best case" scenario, in which all
genetic factors are known. This ideal risk assessment depends on a few factors, among them the
heritability and the average lifetime risk of developing the condition. Typically, the higher the
heritability, the better the risk assessment based on genotypic information alone. Similarly, the
average lifetime risk generally affects the variability of the risk probability among the population, and
thus affects the accuracy of the ideal risk assessment scenario. Furthermore, the GCI as described
herein can be used when multiple factors, such as genetic factors or environmental factors are not
available, such as when large-scale studies designed to simultaneously test multiple factors are not
available, such as for a number of common diseases. Genomic Profile [0024] The GCI is generated
based on an individual's gem-Mc profile. An indizidual's genomic profile contains information about an
individual's genes based on genetic variations or markers. Genetic variations can form genotypes,
which make up genomic profiles. Such genetic variations or markers include, but are not limited to,
single nucleotide polymorphisms (SNPs), single and/or multiple nucleotide repeats, single and/or

multiple nucleotide deletions, microsatellite repeats (small numbers of nucleotide repeats with a typical
E_-1 OO0 reneaat 1inite) di-niticlentide reneaate triecniiclentide reneate caAdlience rearrannameaentc



100261 To obtain a genomic profile, a genetic sample of an individual can be isolated from a biological

sample of an individual. The biological sample includes samples from which genetic material, such as

RNA and/or DNA, may be isolated. Such biological samples can include, but not be I|m|ted to, blood,
2010/030929 L dj§ 2009/056

hair, skin, sa}iv\(/)a semen, urine, fecal material, sweat, buccal, and various 0O 185085 Tissues

samples may be directly collected by the individual, for example, a buccal sample can be obtained by

the individual taking a swab against the inside of their cheek. Other samples such as saliva, semen,

urine, fecal material, or sweat, may also be supplied by the individual themselves. Other biological
samples may be taken by a health cate spesialistosuphmsramiNeRotomist, nurse or physician. For
example, blog Eff‘”ﬁl 1{:a Snay.s A&QSEPWappTBWOQPH{%‘E%Q jalh Q’sr?eé‘ﬁ‘ca%%n %%%*9490?53 Al e

perfonned health care specialist, and commercial kits are also readily “available 6 health care
speuallst?fféeje‘ﬁ @ﬁfﬁ?’%’tﬁﬁ’t@gﬁfﬁtlé%d“ﬂdwhé%??d%% §T<?ﬁt?ﬂl£§}p8?tt(ériﬁ8v?8ctg‘tc‘%\3ha§8dle may be
used to réiveey Siiefies armplesarasedey Bidiefigs. 100271 Sample collection kits can also be provided
to individuals. The kits can contain sample collection containers for the individual's biological sample.
The kit may also provide instructi&h#$EHPEFCGRETVIENEP YOt ERFRY WBNEEt their own sample, such as how
much haifpuanerswesl fearsatitactonpsovics. dbieskithenay 26 S0 antainpastiietionséepmndiadividual to
request tissig. S@E@t@ﬁé&&&ﬁd&@é@ﬂh@%@uﬁ@él@@&@ﬁﬁg’épﬁﬁi@iﬁteﬂ fie kit Reamdnciude-lacations.where
samples ay,he Jaken Ry, it party, fonexamels. s mave praded jo.naalthycare, faciliies who

in turn co ect sam rom individuals. The kit may also prowde return packaging for the sample to be

sent to a SEATGTE %tt%&%é%‘tﬁ]& PR WIRST R gen i Hiaterial is isolated from the biological sample.
[00281 A §ehiktiEiSampbld-st-BNABRIeAG &IPS 18tited) fFom A iisleyiehl sBiape at cofdiigito any of
several welltkihown hidchemicabards tmolécutagbiclogicalmethddscsee, cengspBambroskyet al.,

Molecularl@ningf\daRerRLY ManurlLeold.bRring.HaRo rhahrr aiRR:. NRK YsH:(1884). There are
also severq[ cqmmermalng "?Vét!‘i"t%xll% its an reagent Jqr isolating DNA or RNA from biological

1S U[V)I'I‘e [8) ¢ Ereen Nng ¢o (,IL TESSI0N,
samples, such as, but not limited to, those available from D A Genatek, Gentra Systems Qiagen,

Ambion, AHAEhHEE UPpTarsS. Ré’Eé’&Si"'%&‘)r*‘rﬁd?Sdﬁ t%*‘%#&‘%‘é&‘h?nélv& RS E’Sﬁlﬁ%‘é‘r%?a’ﬁtﬁeé (i&fas the
MasterArﬁﬁ&TM’Btf&&P Bhour DNABRiFaedn kipfrorEsicdhtre Bigie SHM BRegRSPAEsare eEs for DNA
extractiondrom blsosl eainpie sosuchas xiracteNAmpTvifioruSigataDidsres i DMAfroivk other tissues
may be obigjned.by.cligesting thptissugnithroieases ane heat, ientiiiging . the:samplexand using
phenol-chigroforn ta exiract ihessnwanted matgrials, leaving tﬁhﬁr!;%%/tnmg&ﬁg%@%&Q}@ﬁ%The DNA

can then be further |solated y ethanol precipitation. 10029] For example, genomic DNA can be
isolated frofy: %ﬁilva using a DNA self collection kit from DNA Genotek. An individual can collect a
speC|men[‘t9ﬁ§aIﬁ)‘é;tﬂ)?“éﬁ‘f‘ﬁ@&l‘?ﬁ%b@%%s‘l%iﬁ@%ﬁéﬁ@ﬁ%%ﬁé‘%‘aﬁ?ﬁl@é&ﬁ%@ﬁ%ﬁ?@ﬁﬂ‘gﬁﬂé%red and
shipped atraorhetegperaitline sokfteretielivenyobiliarsampleite BriCappiopstate dabOrateryfoidprocessing,
DNA is isalated byheal-denatiring:and protease digestinghe snmpie [ty picallyWsing feagents
supplied %{nﬂ}%&gﬂ%%gn kit supplier at 50C for at least one hour. The sample is next centrifitged, and
the supernat ntis ethanol pre ed. The DNA pellet is ended in a buffer appro riate for
subsequall Bhalies T B O E BB JEB08 B Ao O KR A3 B eea A the
genetic sapRinfoPiERsntbiergé Retieaiia o ReHraokt & BxbteEedd an %t&eﬁtﬁﬁéﬁ?ﬂ% HRNA.
MRNA include$ shutdis. iahlinmnteditorprenzRNIA fcams eriptis) (tiativs cispl )prooessinpdniiermediates,
mature MRNA(S feady.fo ransiation.anek ransaripts.oftha:gane os ganessakfusieicagids derived
from the MIENATADSEINIE).L BscrR Rlacessing mak includs splehaiaeltian au degiadation. As
used here flfn a nucleic aC| %rlve fromeap mRNtﬁ franserip! e% S to a nucleic am%fO{ vx{lho
synthesis the 1 RARRIAY transcrlt}t ora suaﬁsreuﬁle%eéle t eréo%d@ HASTeT Ty serve as a emp fateé. Thus, a
CDNA revBFePtranEeibRes o AP &4 F’ef@ﬁ\{%\ ORABHPRST ftblrﬁwﬁeftemm%iemat}%ﬁscnbed from
the amplifietipNbetortardecaib-derived from the mRNA transcript. RNA can be isolated from any of
several bogily| tissges Asing.methadskrowadntheari-stuenasisalatamaRNA fiemdnfractionated
whole blogd 1sing.the & AXQEQ%T%BJQ%&M %yy%@ﬁla%@@@%&%éyggé‘?ﬁpﬁlﬁéﬁﬁ Typigaty, MRNA
's used to feverse tanserloe. cOMAwiichy's Neniused or ampliiied (o1 gens vapalion analysss. [0031)
A genomic pro(tttve may be'¢ eﬁférgteldz rom a gen% ic s:fmp out ampI| ation of the genetic
sample. Aﬁt‘éﬁi‘?&ﬁ%ﬁ/&bﬁﬂﬁgt&%enomlc profile analysis, a genetic sample may be ampllfled either from
DNA or cDNA reverse transcribed from RNA. DNA can be amplified by a number of methods, many of
which employ PCR. See, for example, PER BBt BFilitiples and Applications for DNA
Amplificati¥d 1| EdhddrodenEiiidbsrRreendeny Petgd oy ehpidd 2 1992nRCIR! RPlototoldheA@tide to Methods
and Applicatiensias: Hinignahnhe ACRSE pricRf eSS andiegmoGatiis1800)iMatiitasal atmducleic
Acids Res. 19, 4967 (1991); Eckert et at, PCR Metlods and Applications], 17(1991); FUR (Eds.
McPherson et at, IRL Press, Oxford); and U.S. Pat. Nos. 4,683,202, 4,683,195, 4,800,159 4,965,188,
and 5,333,675, and each of which is incorporated herein by reference in their entireties for all
purposes. [0032] Other suitable amplification methods include the ligase chain reaction (LCR) (for
example, Wu and Wallace, Genomics 4, 560 (1989), Landegren et al., Science 241, 1077 (1988) and

Rarrinnar et al Cene Q0117 (1000 trancerintion ambnlificatinon (Kwoh et al Proe Natl Arad <e



[0037] As an alternative to or in addition to DNA microarray analysis genetic variations such as SNPs
and mutations can be detected by other hybridization based methods, such as the use of TagMan
methods and variations thereof. TagMan PCR, iterative TagMan, and other variations of real time PCR
(RT-PCR), HNEPEVIREE described in Livak et at, Nature Genet, 9, 341- §§¥’f§§'§5}@ﬁﬁ7ﬁanade et at
Genome Res., 11, 1262-1268 (2001) can be used in the methods disclosed herein. In some
embodiments, probes for specific genetic variations, such as SNPs, are labeled to form TagMan
probes. The probes are typically approximately at least 12, 15, 18 or 20 base pairs in length. They may

be betwegp, apRroximately Q. and.£0, &%ﬁﬁ%@%&@ and 6018800 R:bage paits.indengsh. The

probe is Iabeled Wltq)aé;l orterilamgl sugh 1ngoro Slteolr é&ﬁwsfhﬁas in%stgal%gp%heregf the label

s descri m 15 Teic
at the 3'end. The | reporter label may %e any Lorescent mo ec orescence inhibited or

quenched REH THRREE B76PA ﬁf/gqﬁﬁWﬂ%f?ﬁ@ fEn i ot o Bt geife Ut REF g & bhple, the
reporter |abat-cairs 66! gofire fhgrersattt asbushridexyitaoieseeit: (Fandaelifackolorivorélscino(TET),
or derivativesrthereabsanditherguetichanteiramathydthedamine(EAMRA)BiRydrapyelopwitaigindole
trlpeptldec@d@a@a}e@m@&\my@&m%@gﬁ( 1PR3RL-Asdhe J&Q@[}@E&M%QPJ&%r&éﬂ@ﬂuﬁwﬁ% are in close

proximit separeieg bY.ne lenah of e proben e fhoiescsice s auenched ihen fhe probe
anneals to a taé EHCE sSuch as a sequence ‘com ISIn I}FI K polymerase

with 5' to $°8XEN18a 5“5@?\‘} ﬁ?laﬁgﬁl}ﬁr‘?%éemmqé i3 ﬁaé&‘@ﬁ@‘ﬂ?@“ﬁ?ﬁﬁé?? EGHES%onuclease
activity clé&ves! thedipabe dlsefrarabidgakis reporerirotimthie Guehotier Bd ahindaradrepokier can
fluoresceihtie prooesSNPatNb e kepeatied; iss slasdRI-RGRtibhesEagMam probe-isty pigally
complem@@&%{%&%ﬁ@é&%&é@&gﬁ@ﬁ@ ihatis lacaisd-bebvean dvapimeRibat At designsd g amplify
a sequenge., ma%, Stlrglgt%m%n}% 3“[0;)1(311(;%:5 product can be correlated to the accumulation of released
fluorophore As each probe’can h izé 10 newl generated PCR product. The released fluorophore
can be méﬂgéﬂre%??ﬂrﬁ%é“é‘r%’ﬁ‘ﬁf%fl’fgfé’é%@dédﬁr 3"%@%%&%“%“8%%%%&%W?Hgthods
for high thretigputiEneising: vosids v 1063 %-Getipticdalidiiomss caatsd banidefvfiettsydDNA
sequencingthRNAisequetdcingemayibe, aseddesequance:a, sibatantialpardion For thengntire, genomic
sequencexgf-Al: thdividuah.Lraditionatky, cemmendaseduancng:hasbaenibased.Qu:pelyacrylamide
gel fractignation $0 Je am}ﬁ AP rgq}ay%nm%gl chain Ff%r J}q,,tﬁdd‘ggg{nents (Sanger et at, Proc. Nall Acad.

t

Set USA 74:5463.5 Alternative me have been’and continue to be developed to
increase A% §peé)(§: and’ %%?’géﬂ%’fbﬁﬁ% CSHRRETY S8 STSMPRS RightHPs fihBu P ahddiRgle molecule
sequencifyIEtroy e st idihy skrailan lece din der-doudiopiventdmire 254 ife Sciences
(Branfordsi@iddarguliestiet edijddatprec43 403 G386 (20089 | :Sblexa/tiwminaiHaywaptk) GAx: Helicos
BioSciencgsilniRaration:tamridas, awlgeae@elfémaml@@u@n ﬁ%ﬁd&ﬂﬂaaﬁ%%@%%@eg&%ﬁ' oling23, 2005),
and Li- Cofr c%gsmﬁgﬂkctﬁ?m( Ir]JC]l nle}E)mgldleSaVQrQ %¥%I%Q1S§e(}§"dl§fOT011%‘4%]16%9113(1]11()%'69}/ %%’hl %05) [0040]

After an |nd|V|dua I's'genomic I'O I e IS genera d the profile is store |ta Suc as on a Computer
bvatie e N R e ey - mored daraly, ST BT is
encoded Fﬁ%%ﬂbﬂ@ﬁ?@%ﬁ@%ﬁﬁ%f&lﬁé"l%%@f‘@ﬁdﬁ@’ﬁgﬁ W%@&?ﬁ?@?‘l@%ﬁ%@eﬁﬁcﬁ?@ﬁﬁﬁ Bdter
readable wredisimsarhmaybeistbreibaga databiasésswiet bethie gehomicyxofilelfnay:bes bahked", and
can be acgesseshagaindatemdne Halia sehaampizesa Rlvilit:ef datanaintsiwherein each data point
relates to gn.indiyidual; £agh dais,pantmaxave.a Rivali,.ef daia slemenis, One data element is

the unique |dent|ger used to identify the individual's genomic profile. The unique identifier may be a
bar code. ﬁ%‘é‘;ﬁa element is genotype information, such as the SNPs or nucleotide sequence of
the individ¥fafs genshié Wfél%‘}‘ﬁéHﬁ%@ﬁ@é%ﬁ%ﬁ?@ﬁ%ﬁ@“gé’ﬁ’é??ﬁ@‘%ﬁf@)&?ﬁ%iﬁ%ﬁ@ﬁ&f%@sbe
included inftiveadatebpomtinFveXamplebafcthe gerotypetivronmatien. inctadtes:BiRsidéntified by
microarraypO-2Rt QAP 296 T AB2009/0a6.620.anadysis nather data-alementsimay dclude the
microarray, %@\lﬁc@&m& ngmmég% QSA ¥9F§1@§wslxmi @l@%@%ﬁ@&m e&'ELfQ!JQQQ%%I\%% gﬁient'f'ed by other

means, suc -PCR methods ﬁs T%qle%\ ssa(%/ ta el emen mclu e level of
nie 6011 ¢ ceh.() rmcr %afc 1le 16 numbers o mts Ol eats wﬂ Hrplcal 5-1 (ﬁ: uB1
fluorescence, primer it ormation, an e sequence a elements’may mc e, 'not be

limited to d‘S‘N‘Flﬁ?%dﬁ{‘fﬁ‘Tﬁé i ﬁﬁW@Fﬁﬁ?ﬁd%@ﬁﬁ@”&?ﬁéﬁ?&éﬁﬁé“bﬁﬁﬁ%ﬁ’ﬁfﬁﬁ é”@ é%f?b‘é])mformation,
quality metricsugbtheudigtas ez Batanfilessimages: ofcthend dtdkantiexracte damntensitylscores. 100411
The individualsspesiftdasioisi suaivasiphysical dataxmedical dataretrigity, ancestry, geography,
gender, age,JAAily:RistaRy, éﬁm\q@@h@é}gag@g@%mwa@ms&%ogmgu;&oqﬁ&%rdﬁﬁg% dpdasa
behavior da}ta %(%t 3%'30%61 Qeni)%%&) a also be mcorg)oratgtd as data ele ents or example,
factors may Inclu de but are nof ited to: an‘in tchuali" “Birthy a(iznée are éménﬁc ?r}gerar?(fparents
relatives' %.‘ﬁ?f@glﬁ]? Wéﬁﬁaﬁlﬁ‘?’é@mé??&é‘m&ﬁﬁ?élé‘t‘é?gd‘fﬁlcéﬁ|6‘Heb‘f”i’%‘§1]6@ﬁ’ééheeﬁ?(}‘?%ﬁ FaTR& Cmtitions,
known health conditions, known drug interactions, family health conditions, lifestyle conditions, diet,
exercise habits, marital status, and physical measurements, such as weight, height, cholesterol level,
heart rate, blood pressure, glucose level and other measurements known in the art The above
mentioned factors for an individual's relatives or ancestors, such as parents and grandparents, may

also be incorporated as data elements and used to determine an individual's risk for a phenotype or
conditinon 100421 The eneacifie fartare mav he ohtained from a Aariectinnnaire or from a heaalth ~care



[0049] Genetic variants may include SNPs. While SNPs occur at a single site, individuals who carry a
particular SNP allele at one site often predictably carry specific SNP alleles at other sites. A correlation
of SNPs and an allele predisposing an individual to disease or condition occurs through linkage
dlsequmbrlu?ﬁ’ ﬁW%#%ﬂe non-random WO 2010/030929PCT/US2009/B58F28*5¥L8tion of alleles
at two or more loci occur more or less frequently in a population than would be expected from random
formation through recombination. 100501 Other genetic markers or variants, such as nucleotide
repeats or insertions, may also be in linkage disequilibrium with genetic markers that have been shown

to be assgg}ag%q "M}%%B?Eﬁ@'&xﬂﬂ@a@%{&% s%%%meéawaawﬁ@g&w@% 9&4?1;%%%%%%@&19’““ a

phenotype and €S.C{)P LL:stelnem age disequ nmr Léggu\a/vngmtmte nucleofide |1r_111§1er etar ? g]a e based
on the comelafibr S eRRES AHRa: IJQIB NERBty Pa-A iR Based’d el yetween the

nucleotldé"ﬁ’i@éﬁ‘iidﬁ %ﬁ@ﬁ@%ﬁ%ﬁ%‘rﬂﬁ%}“&léﬁﬂ@éﬁ ﬁﬁﬁﬁ@?@ﬁﬁéﬁ‘“ﬁ&’?’é@@?‘b&t}ﬁ [R5 ’ﬁ‘ﬁﬂebe applied to
a genomieprofilesasithéeprege tE. Ghore:-8Nfamayegivecireertdanirigksfactor, the other may give
another righk2iactny pang whenicprinegmay-ingseasetnediskal 008diked htaughvliakagengisequilibrium,
a disease, predizpesing alisle £OSEarqaRIeS IR ABAmoHaL Al elﬁ‘afaﬁa %M%q%aqgaapﬂw% f

particular aIJe es of ngsb B Bartlcular CO']"Q ation of SNP aI Ion Iromosome is te{med a

bClSO SaIm] 1 ut 1ot be Timite a1r S 1‘1 sa Vi, semen, urine G
haplotype, and %ﬁe |on Imw ey’occur in com ma or1 Cah be teferred 10'as aehaplotype
block. WHﬂ%“’ﬁaha‘f.’)‘fEh;‘?b@%I?i’éR“E%S‘H‘;@B%ﬁ fSWoﬁe“WE%EﬂIV§1ﬁ§H&%&%6&Q TEPPEEEATS a
contiguousaetiestof2! grmore: SNPsehibitngiolvdhaplety peddiarsiticaordsy intdividéaldiand with
generally sowiseeombimatioarfeeuiesn cies riaridentification ofcadapioty pecankemadedyddentification
of one or mare;aMla haklie.in ahaRlnlyReblipck. Thus AR Qﬁ%ﬁ%&%ﬁ!ﬂe%ﬁh&%ﬁ%@ identify

haplotype tho k out necessarily r ring identification of all SNPs in a Iot e block.
10052] G e R e p R TS AABIRE Ao i e B Do
states ar'SHEHEESTAYH BRGSO aTQGF‘aT@R} r"i“’d’i%@%eheﬂli& ‘I‘iﬁﬁlﬁ%ébb‘aﬂ@?ﬁ%ﬂéf"aﬂ‘&roup of
people krigwreto have thidisdakie nrebe omprarad docallg reypofspiio plaordthout tienti stese. By

analyzingsmany individuals, frequencies of polymoiphisms in a population can be determined, and in
turn thesq%@%@%@%&%&%&@%&&% 9%%%@%@@%%%%& R M@M@Bﬂ%&ﬁeoﬁ%h as a disease

or a condition. Ex le 0 di e rrelations | clu ement
Factor H mnaaéneer?ffg]t% a%‘g%ulj?arg\lloégﬁesra lon Ie(l?n e altOp %fle?llggnﬁ% xggg%r?ﬁéé%%emn%
variant néar R & INEIEPYeiE hEdod A Wit S5t (‘Hé"rlﬁéﬁf’ Bl STé‘f‘éﬂ‘c‘&dY’o“i*Q 998783 (2006)).
Other knowhSKiP feurrélditigng imeiuds (pokysamohishaglienthe Opt cegrionithat Theliides GDEN2A and
B, such apgsuchvias: kshpiZodR h4 14182 383206 pisi 3333040, 182383200 valadissd0t 162 BAensrelated to

myocardighinfaresi anf!d*@lﬂﬁél%}ﬁ ehiRlaaCiencs: %@aﬂsé%%9%9&1agM§Pﬂ%%gﬁbﬁtt%e safignce
316:1488-1491 I%’ZOOQ)1 1 The S Ps may utgé:gonale%r 0 1Gaﬁuncqonal For example, a

functional SNP has an effect o‘ﬁhgrgéiF ular a(}%nctlgﬁsot ereby resu w?ag] %enotype whereas a
non-functi8t8] shEsTisiERE ﬁf%ﬁéﬁNﬁﬁT“rﬁ%V‘i?&‘Wﬁﬁ Rﬁ&é’%?%bﬁﬁﬂ b?Fﬁ?f?\Rﬁt‘ﬁ WrGHEtGHal SNP.
The SNP& fyrarstoesirenimssProgsinokimses SRPS tatate Hyionyhbugare SNPs in

which theididerentiforms feddtothe:Samerpelypeptide st quencerandeare fonfunctienal,SNPs. If the
SNPs leagl f9.difierent Ralvhetides.thersN B mamym%ea Gy @F Maynethenfienctional.
o, or SHigh OENEBR B SR e N0 anIbSS 2 pIBN RS MNEh I8 AL alS,
haplotypes, may also be used to correla pes associate Wlt?’l dllp lotype. In ormation about
an individtiA s pBtsEes 8?8?3?3}5%%31%‘?5‘31@ &%P&kﬁ&b%} Wﬁl‘fﬂeﬂg@ﬂb‘?ﬁﬁ‘if%%ﬂle of the individual.
100541 TYistednylopssasrirets P déreratien basddoriagenatientakeimmiagerdisequiiseium with

another genNatieimarketthatis contelate dywithsanphensty peh thegenatihenarka@ithiag &d 2.0610)" score
(scores commanbhusedindbaartie.deietming.linkagasdiseay lidinm)h grpaierfhan thonkhe score

can be greater | tlgg%glg 8xggn %lXaQo?prQ:zgﬁagon’ 0.8, 0.90, 0.95 or 0.99. As a result, the genetic marker
used to correlate a phenotype 1o an individual's 11 WO 2010/030929PCT/US2009/056720 genomic

profile may & th@rg r%“%‘eage%ﬁ“‘ﬂ?ﬁ“cw?ﬁf SPRUBIERSH ENBES RIAEH 1 S IRER SRR, Or different. In
some embé&Hiitfedts et SESNP didyaeyet v idertined pratstistiginpisis HeaSNPdhformation,

allelic differencesiphSNismayihelidentifiedloased dhcahbtherassaymstichrassfagitdhokorexample,
a publisheg SNRsis.r 91061 LR dawt actest-aNRohashekReensidgntified,d hetest SNRdRay;be identified
by LD analysis i, s eublished SR -Atemaivel e oslSNPmawnaLhe ey apd instead,

TagMan or other comparab e assay be used to assess an individual's genome havmg the test
SNP. 100857 1H8 TS &N HAy ﬁﬁ%ﬁ%‘ BPUHRE SRPY e’[i’FF’é“éP%‘ﬁligS‘ss‘é"rsé T8 WEENPs that
are the same as the publlshed or functlonal SNP. For example, the direct SNP may be used for
PG-HU correlation with breast cancer, using the SN rs1073640 in Europeans and Asians, where the
minor allele is A and the other allele is G (Easton at at, Nature 447:1087-1093 (2007)). Another
published or functional SNP that can be a direct SNP for FGFR2 correlation to breast cancer is rsl
219648, also in Europeans and Asians (Hunter et at, Nat. Genet 39:870-874 (2007)). Tag SNPs are

where the test SNP is different from that of the functional or published SNP. Tag SNPs may also be
1icad for othar nenatic vvariante crich ac SNIPe far CAMTA1 (reA002QA4A0Y On21 (re1N7R727A



100581 Other phenotypes may also include non-medical conditions, such as "fan" phenotypes. These
phenotypes may include comparisons to well known individuals, such as foreign dignitaries, politicians,
celebrities, inventors, athletes, musicians, artists, business people, and infamous individuals, such as
convicts. OtHEP HH %’é‘r’]otypes may include comparisons to other orgarli GHES20M% B acteria,
insects, plants, or non-human animals. For example, an individual may be interested to see how their
genomic profile compares to that of their pet dog, or to a former president. WO
2010/030929PCT/US2009/056720 [0059] The rules are applied to the stored genomic profile to

generate g rte&xn@dmm% kL gxa @i%pfeoe&%%g@ %@&&H&%&gpﬁh&d RRUES S 8L from stored
genomic profiles ca ‘1&9 sis of rules or Mttgd rt(? : to an individual s genomic profile. The
rules may encompas &iRtormation-sn ety dp:fﬂ S AR Y S raR S RMStE8e such as OR,
or odds- ré‘ﬂﬁf‘?%%“c%ﬁﬁﬂ ace Hterdaly o e, SRS SRA S sy Peuigerstisie sk, such
as the riskforiromb2ygotesi(kiofrozcopRiRysriskrneterbzy gotes, (Weber ox! orzRM)ipant nontiskn,
homozygatesidianazpedidh. .4 hereffesteginatecan als0.beGariar HskeichisuRRA6RNvS NN.

The effect, &%E'Jalé—ﬁge@%%ﬁm;%é% Allgle, shehras anslIelic Lk AR SXample.Deing R Rvs. N.
effect esfimates (e.g. RRRR, RRNN, etc for the 9

There may also or more enot

possible gé\?iAot Z% ngé)?r? Hﬁtﬁgﬁ]s ora ﬁ% %C(T:Pég (é]ﬁ]ec “SERS ?N[Lbﬁl'?@]”i’ﬁ]édéé‘f BBy a
condition ‘Fﬁ%fﬁ?“ﬁb P& &e Snithlues s asofistierifods ‘Pfh‘ﬁ?l&%‘ﬁﬁﬁems 5E0801 19 B8 e Eten
Publicatior N&: Wo/2008/067580]crosd e BodimeMS e Nalksfoka cailiditiorniayubéidased on at
least one SN erexample-assassmerbolmmindividuaks rskfamplzheiners (A)colargctal cancer

(CRC), osigoarthriis.(QA)81 Sxlaliation. glaicoman (X RG ) manfe.hs ﬁ&%ﬂ&ﬁe B 9&& ample,

rs442063§E or AD r569§03267 forC C rsz}911| tfor OA an rsz fo XF Foroher
conditions, such alg]()) esi raves' §é%rgsa§m(§6;)y E’ﬂPf’émoChromaffosm
individualS gtiraislende é@b%ﬁ“ﬁ?%%@t inHP"ZrSN’Fﬁg“(%FI@R&PﬁﬁFéC%m %ﬁﬁad/or

rs929117 b forBN OB @R@w@@@’mr@@@1#@5@911@@7,&@;@3’@87@%@@@ fSA 8D562and/or rs129128
for HEM) Freis canditions sLebrasehutnedimited tamyacaspialinfamctionAMh) «multipleselsrosis (MS),
or psorlla%1@1 @s%”e %Earz%; oo SNRB mymy%%%q{asw%ﬁw yagl\@%@'@gkég%%éégwngp (for
example ST n I’S(m c I and/or
e S

DRBl*I50 "tor MS; rs6859 or esﬁi’ma%lng an individual's
risk of rest&Ed &g 8%%7}‘?3 r‘b?”ﬁ%l(glgeLgi)sc}F %87%&”6?@%%%”@@%@)‘9@%@ hsteir GNBEEIERSMple,
rs6904723:1rs28G0478 ret026732, and/or rs9296249 for RLS; rs6840978, 1S11571315, rs2187668,
and/or D@W)30hDQBIX03P R fatdC ekDpdEREpmstaie caRee-iRG) QUIRIPUS KSR, s 243, 4, or 5
16901990 o o a0 T e,
rs and/or.rs S S
DRBl*O3%7)?9(§n]td7gSrc rIIS:)%FIQOn hmﬁ qjca A}é i efg?)r%g%lr%aﬂtll%w%r? Iy} %}\%g%a]i%%l?%? r%]%gésaﬁgof macular
degeneraW&r?S(AWlﬁ)) SSFFH%?F\%W&WP t{‘F‘%A‘?”“I‘*"?‘”?" A7 BFeIEPE. Hidy et {df8kample,
rs10737680, YsPOLARIOR et Bairgdiicatisp 28010 0ks1OS1 T G aemebiu 8 F3R N 30 bR TAINVID 788679677,
rs1120336dys6 4576 balyDRE* 01 k-DRBIDA0L) @riar. BRRBA 04684 f6i:BA) ek estimating an

individualgdifetimgarisk. @él@@%%ﬁ%@@ (B ols 261345,115@190%3 <NBa may bs, H&%ﬁoﬁfor example,
r83803668\14§g§)8§bﬁ %ngzp%scaioﬁ&ﬁ% F'u%ig (:;lﬁs g§%7 pgzg'n(%’f)c?% Srf’s 03662). For

estimating an individual's lifetme ris ase etes ), 1,2,3,4,5,
6,7, 8, 9, 10" fidéﬁﬁéoﬁ%ﬁvit%%c{‘ié%alﬁ&F‘é@%&"ﬁ?ﬁ?@ “F%%b%@ﬁ% 55“&%?@’:% 1883865 7517234657,
r$102103673 (36888642 S PEBOBSO30IS100014 3 et BPIHL?, csREUP 1SS rmifor s LOTB 859 for CD;
rs13266634r4:845 QEE0 opyELedh22 400y 0470690 254t O83A BN T2 PEANE S, 18808 (3186,£181111875,
rs4402966448821boandior, 5&l80 182:Kars 7250 1+l i sogmerembegimentss. he SN Rs.Hsse.as a basis for
detenninipg q‘%é“% e in linkage disequilibrium with the SNPs as mentioned above, or other SNPs,
such asin U ubllcatlon No. 20080131887 and PCT Publication No. WO/2008/067551. [0061] The
phenotypB Profifd B AR Rl FroRI M8 B RS T RURIBETS P REHO BATEES | S HAIRERS the
assessmERE A PratientdsTiskestcdisaasiesrotheidondititns Sodkias IRé yearugiresponse including
metaboliseyeefticaoyoagdior Saiety, tayhthie imethods gisolpsedhheraeinyaiewstompsagnesie or
diagnostiganalysisQksuscaptibilit. e RRLIOS0SIRGHIBS g@@@{ﬁ@@m@qwg pleudnrelated
diseases gnecangiiensiis, b yalamalic. plesymplemale L asymplomal 'n%oégua's

including carriers of one or more dlsease/condltlonfgsre ISposin es. Accordi ese methods

provide fOF GehBral 48 SRag A ERCar K iPaRT AP S atidedh %H&J‘%&”ﬁﬂ%&l&‘é’@%ﬁ‘&f’&% Sﬁ"\?\lﬁﬂﬁout any
preconceﬁ?%‘%‘iﬁﬁ’dﬁ“@f tetirrgrsrarsp éSTidaisebe e Beitrtons s FerdmiptBodheuhethods disclosed
herein allow for assessment of an individual's susceptibility to any of the several conditions listed in US
Publication No. 20080131887 and PCT Publication No. WO/2008/067551, based on the individual's
genomic profile. Furthermore, the methods allow assessments of an iridividual's estimated lifetime risk
or relative risk for one or more phenotype or condition. [0062] The assessment provides information for -

2 or more of these conditions, and can include at least 3, 4, 5, 10, 15, 18, 20, 25, 30, 35, 40, 45, 50,

100 nr avven Mmore of thece conditinne A cinale riille for a nhenotyvne mMmav be annlied for monoaeanic



[0068] In some embodiments, "field-deployed” mechanisms may be gathered from individuals, and
incorporated into the phenotype profile for the individuals. For example, an individual may have an
initial pheno‘\{}p rofile generated based on genetic information. The initial phenot roflle
generated mclg(‘fgé r?g???gctors for different phenotypes as well as sugge&g%/?tség?%@ﬁ?

preventative measures, reported in a personal action plan. The profile may include mformatlon on
available medication for a certain condition, and/or suggestions on dietary changes or exercise
regimens. The individual may choose to see, or contact via a web portal or phone call, a physician or
genetic coungelo an@obgmm@émwwmaﬁ&ﬁ lewihRe.individualmay.desideriodakeAaertain
course of getion, for,examp Jsjoé%&ﬁ%medications change their diet, and other possible actions
suggested on their person actlon e individual may then subsequently submit biological
samples t8"38s €48 SHARGALH ﬁﬁ@ﬁymy%we%%ﬁﬁﬁ AT PUSSHIeERAMGE: ifERTAESts. 100691
Individualemaychbve thdle Aam gésrehiste i Hudiby (eir é Sty subiinifg Bitggitabsdmples to the facility
(or associateddaciitySlieh as anfagiityeconiraeted bytherentibngensratingihagenetie, prefiles and
phenotypg.p ﬁﬂﬁé@%&b@& ﬁ%@&?%ﬂ}f‘c&%@ 9&&%@@&&&%@3@&@9@@%@ Rrafiies Alierpatively, the

|nd|V|dua|§1 él%%e %01‘ xam W 10T calpbc Cl’le] %?r-g%‘lll'?) thl% ngll‘g gal]q;low ST:’;‘Ilt t Ir Sa“va
blood, or otahe lologica sar Ige intb a detection device at the ome, analyze yat |rd party, and

the data t?&ﬁ%ﬁéﬁf‘f%@f ift ?ﬁ‘%?gi\g)da‘lﬁ%éé)n&ﬁﬁ%ﬁ?ﬂﬁ@ﬁ@aﬂfgﬂigﬂﬁégf %’Qﬁ’fﬁﬁl@h"é‘hgﬁ‘fﬁﬂﬂdual may
have recefPediiHiamsh ehdstypeoee portbaded Bmensit enkin damMapsitgire i dividudittaving an
increaseddifgtimerisiothrnyosaraiald ifarption: (Mi)ghlhége portc-mayialacch adeisuggestnsan

preventative,meastes.ioieduas: ihedisk-ehMbisuch as.ehalesisralianeringdrags.and ghange in diet.

The indivigal Ma.1a9ss (q00iac! & gRNSIC SAMDE RL SLBNSIRNIS Siseis the oot and the

preventative measures and decides to change their diet. After a period of being on t
individual TRAYPSBE thiBi D& raGHAE Shsrel ‘édnq‘l.‘éﬂﬁél‘{?g“fhé?ecﬁﬁ’@é g I%’H&?é\lWéfE@bFé‘a‘“W%bﬁ%\ﬁ

informatidhrfE ot SecroPIEEP N IR 2T R0I0Z0DP IP CT MR S209/0Be 7o sedtarsmiteat (for
example, adavihédnternet) th the entity with the genomic infonnation, and the new infoil anon used to

generate gaew oa%mamnafpiﬂ@yﬁqmﬁmw H@'ar’e@’iﬁhdafﬂﬁyihé@é&%ﬁ?@iﬁ]f?r1§@é&’9&ﬂﬁgi%lujﬂfﬁ§0ti0n
and/or other conditions;- 919@311041“}% rh’ idugl, '31% %%yé‘én?cm})ecan deple %Qstﬂ@%'il??'%%n% direct

mechanlsmﬁ to determine their |n Vi ua response o specific medicat |ons For example, an individual
may have thaiF TeSFEhEE 0 % WG S g AR i RSTRATSN T Betused {0 RtErHine more
effective tH&atPheEuNrelSIRaBPIFfETITRLITH inelitidh Bl eSS hbeRnTe S, Mbtabolefeyeiss glucose
levels, iorPiexéd8offor éxaimpieraalaitifind SRR, potassiiind, Dhonjpiamnirsydolood:Calb egunts, body
mass ind%&%Md)anﬂiﬁiﬁb&%\j@@eﬁﬁﬂﬁﬁﬁ@k|@t§i§xmaﬂ1{aa§€eeﬁ'ﬂé asifde.datenm Q%Q;@Mé&lﬁkh ods
readily avalablecand SA AR JRCHIBENIGAR IO ﬁnmego“% BRine Wi iniiahgengmic proflies t©

determlne modl led overall ris estlmatehs e rlzs estimate score maé/ Cl scare. Genetic
Composite’l %%%ﬁmfﬁfﬁﬁq fn fc,aém(me’;m(‘b1 ‘““ o irtorRTAtIoh BRSUFHE A 438L AN gﬁ(b‘faﬁﬁultlple
genetic m%m@éF%?@%Rraﬁ%ﬁlﬁ%fwhﬁe@ﬁesmﬁb}@m%él"éef%w%mﬂa}%wé&%ﬂ%@ad&ﬁ@ Hiigiyzed to
produce a@GenatioBorpositédaded:(GRlyscbre: FUr ékendflenthe GOscoremmayinderporate one or
more oddsyatipg afid eladivenrskeitrony theipresanseiorabsanes,af different.gensticivarianis for a
phenotypg, The GQ 85956 PRYINGOIRP %%@}aﬁ?(%k%pﬁsm‘h PRt éiaﬁa&%%&ﬂ%cf oS rsglative

risks from %%glg S geeggt(!g vt%qgm tﬂL 0(9 N, hIS ?Sgrga inct leorates }nown risk gctors as ‘well as other
informatich SHd AsSUMPHonS StR A tHE Aidfs HEGTERYES SRERS Pra0aIeHEE o 4 di8&ase. The GCl

can be u%@ltagqﬁ’a%ﬁaﬂtu\?éweé%?ﬁ%\fé% %%%F&‘F%W@f%’a‘f%‘a@eiﬁrﬁéa@@ﬁéﬁﬁ]bﬁswm’fftﬁ@héé?ﬁb|ned
effect of ardetiotfigEnetibiptarkersihe GCI score can be used to provide people not trained in genetics
with a religioha) (i.Lsak@b usd)nundeisiandable; AReioF iiivess phseel whatitheirngividualkask of a
disease 'sgﬁemgregr IQ:AJEIRMARL @gﬁ{é@ﬂ%&%ﬁ dm%%maa%spng%;@@e%e[%% ;fhe GCl
score may e HeedioAeneRle ScLhlinscores, The methods dclosed erein encompasses using
the GCI sC Jone 6 in SRill i e aft will Tea iy recognlze the oI BAE Scores or
variationsFeRISY eﬂ?b?&@é“’éf@’éﬁ?%?@?%‘ﬂ%’%?fﬁé@%?fe W@CIW%&@F@ Hayeettain all the
GCI assurptiths,tinchuding pisteisgrohaaselifetinrg. riskragésdefihet prevdlenaerandioy a¢ge-defined
incidencesof dhewenditiony Thedifetimedtiskstes the ddividuatmrytiende oaleslatedas.alaé) Plus

score Wh'§Qn&§£mqfﬁ'ﬁﬂﬁwgaﬁf}%éBﬁ@ébﬂlﬂaﬁ'ﬁ@&%@@ﬁ% QAM'QE%@&&%&@E%@Q&&%S%%% The
average GCI score géy }éllgecr eter d fr m a §§ ofl dIVI ual |m|(; ra I background for

association a orme sam CXO éSS ora
example a group oFCALS sians, AS|a P rother group hacommon ar‘ﬁcestral

backgrouﬁ%f ft%“ﬁéﬂﬁ@‘fﬁ&?"é?o%b?@%‘)%%% ?é%%% 10, 15, 20, 25, 30 35 40, 45, 50, 55, or 60
individuals. In some embodiments, the average may be determined from at least 75, 80, 95, or 100
individuals. The GCI Plus score may be determined by determining the GCI score for an individual,
dividing the GCI score by the average relative risk and multiplying by the lifetime risk for a condition or
phenotype. For example, using data from US Publication No. 20080131887 and PCT Publication No.
WO/2008/067551, GCI or GCI Plus scores for an individual can be determined. The scores may be

1iced to Adanarate informatinn on adanatiec ricke crirh ac actimated lifetime rick for one Ar mom



17 WO 2010/030929PCT/US2009/056720 RR, there is little m no effect of incorrectly estimating the
prevalence on the final rank score; provided that the same model is applied consistently to all
individuals for which a report is generated. [0079] The methods descrlbe(% S take into
account enV|rc§4r\llmepr[ta(i?ﬁéejhaworalldemographlc data as additional "loci.' r?gf[r?eé? @(F‘ ﬂﬂod such
data may be obtained from informational sources, such as medical or scientific literature or databases
(e.g., associations of smoking w/lung cancer, or from insurance industry health risk assessments).
Also disclosed herein are GCI scores produced for one or more complex diseases. Complex diseases
may be inflpencadhyHnuiiRIe gensriemy mmea@htaqteralsagtqethatﬁm@gasttpmwﬁs lakge number of

Possible isiAClONSBAKAESAL RS ARANFRAMNER BILAVING GOMPIRs RSRRER. L RIQERALE used to

correct for multiple comgé]rlsons such as the Bonferroni correction maé he used to generate a GCI

score. ABFRHVENERE IFELE B BRI TR Sa B RoRFET i BUR/RT EigHimesd e &R THED known
as the "farhilywisereiYorstey whét the festsmrbsindep endentre fexib it a’ spédial e ordependence
(Sarkar SinAsmSiats 265:494-b0h (1008} Bintes!sstesbrefects diie glotatanulbly pothe Sistthat all K
test-specific. Ruh hypathese s-aie. tiue diptktrkiKon anyolifadiy ot (Sines, IRo: be Biometrilat 73:751-754

(1986)). [Q0801 QI0&L, ?B”*BQQ&E‘%%”%%} 13LEPR E’n% '7%?‘?9@'31 Haez&adt% QTs!“ﬁHtiE\%sg%% A

multiple- enwronmenta1 factor analysis confrol the false-discovery rate that s, the ex §ected proportion
of rejected KT HYPEIRESEL AP {aﬂrcé PRTS S 58 R P RS B prodds e TIsA %’ir |cﬁla‘ryaﬁseful when a
portion of tRE nTiF FypEtHEsEBR A %%@@ﬂﬁﬁe’ﬁ‘%‘fs}é Ihyihag %%‘éﬁﬁ&gﬁ %Hﬁé‘s"TBWﬁW‘e’t‘%ﬂlﬂ {Jenet.
Epidemicti@op86idity(2003) hpropdsedcavariantoftherBerjaminpantk Hookbebg! (b RaStat. Soc. Ser.
1157:289:300:61228)) Stepnuppresadu e ihal contralsiihe-falserdiseoxennratenvhendesting a large

number of pessibie,ens asns (leiRsions dnoulllacks asasiatian s e Reniamini and

Hochberg#)rocedure Is related to Slmes S test settm k*—mas such qﬁ Qo< ak K |t Jects all k*
null hypotti&tes CoresBiding T 45 Trefad ofier SR IREE Y M OChBER prsEadirereduces to
Simes's t@ﬁ?ﬁ?@ﬁ@ﬁ%ﬁﬂhﬁﬁ‘ﬂ%p‘ﬁ?ﬁ%@%@“&’@t@ (Beﬁfé‘ﬁﬁ?ﬁl%fﬁﬁ W@t&iﬁéﬁq"ﬂrﬁh C‘St%t“?@a. ﬂ%ﬁ‘ 1188
(2001)). [c081d Alsbphovidedvhiefeiniisaraitking ofiarsirdivithy ahlwherse an dindividepiisraxdked in
compariseshie:RapaRiNaliom et indivslualsbaseast endhe trdrﬂtaﬁraeﬁﬂaaeasaore @ produema final rank

score, Wh!ﬁt}r&l%yﬁ@;ﬁ%&'é%ﬁ azfanlsin IngoeRuIation, sieh.as 1169 a@rml}et@r 99th, 98th,
97th, 96th94th, 93°d, ]g%atc%i?ﬁv%th 89th, 88th rth 86th, 851h, 84th 83rd %018#“% §0111

79111, 784 7ot PR M A AT B Tt T@bsth 1, 40th,
40th, 35th’f§6FH’T?‘?9fhC?@fﬁﬂ)@iﬁedéfhhe&ﬁW]ﬁ%ﬁ?iféseﬁ'ﬂ‘é’m?(‘s&tﬂ?krﬁ‘a'?cﬁép8@6%@&“&@% range,
such as threcd@SYE8 OBapertentiesthd@6trtoc8bih peroehtié Hhren8B1d 1atee GOtlepecentiiepor any
sub-rangedhetwerkthe 20Qth-ane hipercantile «hbepindividuai:can also be ranked in quartiles, such

as the topfséfn %é%ﬁt!%%ﬁ&ﬁ&i&?%%%@%ﬁtﬂ@gtﬂm{tlﬁé&%y'%@i CRILARE-RE FRNkad R Lomparison to

the mean or medlran score, of the opulation. 1 a]e mbodi Q}tyhgg)%lg,ggulatlon tohwhlch the

bsiant: ortl ort C THIC Sequence (%821(19,}81 110N

individual s comp TS inchidesa arge ero rom various geo raphl?: and ethnic
backgroufitfs %ﬁéﬁ”&@‘%ﬁ@?&?ﬁ&tﬁpﬁﬁb{ﬂﬁt ?‘nm%i‘té?f?a‘t?\i‘él&}l’“fﬁé’fb%ﬁbﬁﬁtf&‘ﬁ‘t&‘%ﬁ’i@i‘lﬁﬁs NESaEEl is
comparedteridiitnited fo.d/pardcdtar igadtaphylameestnyiethhicityceserd agentfor bxdnmpied fetal,
neonate, ghildscaclaigseant-deennge k.adulhgetattiekondiseaseataial (fanexamale-aymptomatic,
asynptomalig, Carrier Satlyensel. Jris m%aepﬁgmeommmm%@sttﬁmau@ %tguwa igh the
individual %g\ég %e%%) Eg?yego arﬂhrlrr}g%g tlog-drece\irteﬂ in pu {trgncaersr r|v @ |nb matronal
sources. { fs ore’can enera usl mufti- step process. or e é’ initially, for
each condiALIS BESHIGRAE e TelATVS AERLHoR fﬂ@gba&&rgﬁb@raﬁe@aﬁé%ﬁw&éﬁ‘égc markers i
calculatedyiortieyéry PreMaleités Yaluep20.000.02,...,0.5, the GCI score of the HapMap CEU
populatiompiggalatttatechiiased phtae: prevalepee-andhyon204 840329 GRS 2008/056:¢ 20 on the
HapMap %&%L%}@@%ﬂ%e'ﬁrﬁﬁ% %B§§%%l%@lmﬂag@% YRR the: g@JAﬂ%ﬁtﬁé@lﬁ%@a then the only

assumptron tak n.intp account is ha ther is tlp icative mod Oth%rwrsg it is gleterbmlned that
the model |s %eﬁs?tlve st:ootrhle reva enéaésep h)eargﬁatsﬁ/e rrsﬁs ancfotrﬁ elaxlstr utron : the scores in the

HapMap p6pt I%Tti‘d’lﬁf‘alfﬁﬁc’awrﬁglﬁﬁﬁﬁ‘?ﬁtfdﬁ@gtﬁ RGPS s U B Db ETREHS %]rneaé"éh Hedtdividual, the
individual'ssees ivkeohipdidt porthebizgMad distributidreandetind rissultinghsednrois thg lindividual's
rank in thig:popuation:ichiked asel utipeokine ihe patiediscdike, teaydié:10my tkiadioidte assamptions made

during the,pracess. u;Elae raehrﬁtattrw ee/illbhecraertktmactmtaeqlumﬁastgﬁe@nms)wmdcme Fepested bin

would be the eénw ich thg ivi ﬁs rank @Is The number be d| erent fordlfferent
O1aC SC uenc 18 11’1 WIGUE }ements COTTCS DO H‘Ila‘ll

diseases based on considerations such &s the resolution of the scorel?or ach disease. In case of ties
between tHE BeBrES G Uit R apRISE TRV IR AS tE ﬁt?é‘?&‘é‘@‘ PR Bie TRl YO BE R Bhigher
GO score can be interpreted as an indication of an ihcreased risk for acquiring or being diagnosed with
a condition or disease. Mathematical models are typically used to derive the GCI score. The GCI score
can be based on a mathematical model that accounts for the incomplete nature of the underlying
information about the population and/or diseases or conditions. The mathematical model can include

at least one presumption as part of the basis for calculating the GCI score, wherein the presumption
inchidece hiit ic not limited to° 2 nreaciimMmntion that the odde ratin vvaliiee are Aanen: a nreciiMntion that



100851 The GCI score can be computed under the assumption that the risk attributed to the set of
genetic markers is the product of the risks attributed to the individual genetic markers. Thus, the
different genetic markers attribute independently of the other genetic markers to the risk of the

disease. Fo%%ﬁﬂ/ﬂvﬂ:é%z are k genetic markers with risk alleles ri,...,rk and EEALCANETES n. In snP I,

the three possible genotype values are denoted as r.r.,nr. and nn.. The genotype information of an
individual can be described by a vector, (g1' "g/d , where g. can be 0,1, or 2, according to the number
of risk alleles in position i. Denoted by 24, the relative risk of a heterozygous genotype in position i

Corzparg%‘}% %WQ%MQQH&@%J §5L§g %&@@rﬁ&ﬁa?@ﬂﬁc@%@ﬁﬁntweAﬂgfﬁ%dg Qﬂﬁé)é%@ékj %ng;[(ed

as Ai - ni atthe r Wi en is

- ,gr.x}?-inﬁgﬁﬁﬁaa%.%nﬁ%d% D0 Hk 00 01Dt EATOLTORE 5 ORI T another

embodimBF Ao H%‘R%C‘?&?F d’f?f’é‘fréﬁ[f’ﬁ‘é’ﬂﬁhé%?k%?@%%ﬁmﬁ%ﬂ%lﬁﬁ?ﬁlﬁﬁ@ﬁf & model can

be used for biskréissesSitentuHewevenciphisGRis@fbbuintems tevslvirfagsociativargtticies, the study
design preventsdhe epering-of dhe melative:fiaks: da-semecasa-aentiobstudies the relative risk cannot

be calculgipd,difestly:fram-the. datauithaut fusther.ASsLMRHANS: Q%Iﬁa@ qfagpeting.the, telative risks,
itis C“StomaEX—lt?éEes?%t tlboewﬁ’dn%% ¥a“° (OR).of I &9%&‘{?%? Sty g%'slﬁ &4h %cﬁ’aqz%%eo C§ éﬁéh”@ the

disease sk genotype (either rr-or 2 n.rJ s not car isease glven
the risk gERSH/PER G A %}Soéﬁlm"l@f’ﬁeif’ 998 demebi ﬁ(’ﬁel’)mﬁ(@faﬁk}r §) sy ﬁﬂy gtﬁt SRYB(ES

P(.1)1n))1) an individual’s birthplace, parents and/or grandparents, relaiives” ancesiry, location of residence, ancestors’
location of residence, environmental conditions, known health conditions, known drug interactions, family health
conditions, lifestyle conditions, diet, exercise habits, marital status, and physical measurements, such as weight,
height, cholesterol level, heart rate, blood pressure, glucose level and other measurements known in the art The
above mentioned factors for an individual’s relatives or ancestors, such as parents and grandparents, may aiso be
incorporaied as data elements ard used to deterine an individual’s risk for a phenotype or condition.

[06042] The specific factors may be oblained from a questionnaire or from a health care manager of the individual.
Information from the “banked” profile can then be accessed and utilized as desired. For example, in the initial
agsessment of an individual’'s genoiype correlations, the individual’s entire information (typically SNPs or other
genomic sequences across, or taken [fom an entire genome) will be analyzed for genotype correlations. In
subsequent analyses, either the entire information can be accessed, or a portion thereof, from the stored, or banked
genomic profile, as desired or appropriate.

Correlations and Phenotype Profiles

[0043] The genomic profile is used 1o generate phenotype profiles. The genomic profile is typically stored
digitally and is readily accessed at any point of time to generate phenotype profiles. Phenotype profiles are
generated by applying rules that correlate or associate genotypes with phenotypes. Typically the rules are applied
using a computer. Rules can be made based on scientific research that demonstrates a comrelation betwesn &
genotype and a phenotype. The correlations may be curated or validated by a committee of one or more experts. By
applying the rules to a genomic profile of an individual, the association between an individual’s genotype and a
phenotype may be determined. The phenotype profile for an individual will have this determination. The
determination may be a positive association between an individual’s genotype and a given phenotype, such that the
individual has the given phenotype, or will develop the phenotype. Alternatively, it may be determined that the
individuzal does not have, or will not develop, a given phenotype. In other embodiments, the determination may be a
risk factor, estimate, or a probability that an individual has, or will develop a phenotype.

[$4044] The determinations may be made based on a number of rules, for example, a plurality of rules may be
applied 10 a genomic profile fo determine the association of an individual’s genotype with a specific phenotype. The
determinations may also incorporate factors that are specific fo an individual, such as ethnicity, gender, lifestyle (for
example, diet and exercise habits), age, environment (for example, location of residence), family medical history,
personal medical history, and other known phenotypes. The incorporation of the specific factors may be by
modifying existing rules to encompass these factors. Alternatively, separate miles may be generated by these factors
and applied 1o a phenotype determination for an individual after an existing rule has been applied.

9



2 P(Dlin,l) I'-P(1)17,1) [0087] Finding the relative risks front the odds ratio may require additional
assumptions. Such as the presumption that the allele frequencies in an entire population a=f ,b--f, ,
and c=1 are known or estimated (these could be n.nnr.r T. 7 777 estimated from current datasets
such as the 1’-‘|’8p2|9/}3’838%%%set which includes 120 chromosomes), andior tﬁgﬁﬂ%Wé@%@ﬁce of the
disease p=p(D) is known. From the preceding three equations can be derived: p = a.P(Din .6
)+b.P(DInr .)+c.P(1)Ir .r.) z OR P(DI niril) 1- P(O nin ") = P(Djnyd) 1- P(131 n fril) Ok2 =P(.01 H) 1-
PCDI 2 PM n1- P(A [0088] By the definition of the relative risk, after dividing by the term pP(DIn i) , the
first equafigis OB RVIREARS: any At MbAICThiloF uR(RAGiINDR ARAIRELRIONS « tRIAGKANO,FQUatioNs
can be rel%vsgg%%é] 1‘(‘?‘ as : ag ﬁé%)nﬁc& Cgt.hgr) ;I)%)c:notypes that may be included are physical and mental traits, such as height,

weight, hair color, eye color, sunburn susceptibility, size, memory, intelligence, level of optimism, and general

disposition. Phenotypes may also include genetic comparisons to other individuals or organisms, For example, an

individual may be interested in the similarity between their genomic profile and that of a celebrity, They may also

have their genomic profile compared to other organisms such as bacterta, plants, or other animals. Together, the

coliection of correlated phenotypes determined for an individual comprises the phenotype profile for the individual.

[6046] Correlations between genetic variations and phenotypes can be obtained from scientific literature,

Correlations for genetic variations are determined from analysis of a population of individuals who have been tested

for the presence or absence of one or more phenotypic traits of interest and their genotype profile. The alleles of

cach genctic variation or polymorphism in the profile arc reviewed 1o determine whether the presence or absence of

a particular alleie s associated with a trait of interest. Correlation can be performed by standard statistical methods

and statistically significant correlations beiween genetic variations and phenotypic characteristics are noted. For

example, it may be determined that the presence of aliele Al at polymorphism A correlates with heart disease. Asa

further example, it might be found that the combined presence of allele Al at polymorphism A and allele BI at

polymorphism B correlates with increased risk of cancer. The results of the analyses may be published in peer-

reviewed literature, validated by other research groups, and/or analyzed by a commitiee of experts, such as

gencticists, statisticians, epidemiologists, and physicians, and may also be curated. For example, correlations

disclosed in US Publication No, 20080131887 and PCT Publication No. W(O/2008/067551, both of which are

hereby incorporated in its entirety, may be used in the embodiments described herein.

[0047] Alternatively, the correlations may be generated from the stored genomic profiles. For example,

individuals with stored genomic profiles may also have known phenotype information stored as well. Analysis of

the stored genomic profiles and known phenotypes may generate a genotype correlation. As an example, 250

individuals with stored genomic profiles also have stored information that they have previously been diagnosed with

diabetes. Analysis of their genomiic profiles is performed and compared 1o a control group of individuals without

diabetes. It is then determined that the individuals previously diagnosed with diabetes have & hi.gher rate of having a

particular genetic variant compared %o the controi group, and a genotype correlation may he made between that

particular genetic variant and diabetes.

[0048] = Rules are made based on the validated correlations of genetic variants to particular phenotypes. Rules may

be generalod based on the genotypes and phenotypes correlated as disclosed in US Publication No., 20080131887

and PCT Publication No. WO/2008/067551, and some rules maybe incorporate other factors such as gender or

ethnicity to generate effects estimates. Other measures resulting from rules may be estimated relative risk increase.

The effects estimates and estimated relative risk increase may be from the published literature, or calculated from

the published literature. Alternatively, the rules may be based on correlations generated from stored genomic

profiles and previously known phenotypes.

[0049] Genetic variants may include SNPs. While SNPs occur at a single site, individuals who carry a particular

SNP allele at one sile often predictably carry specific SNP alleles at other sites. A correlation of SNPs and an allele

predisposing an individual to disease or condition occurs through linkage disequilibrium, in which the non-random
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a+(b-p)Z +c.X2(1)OR?-2(a-P)C2a+b.Al + (c-p)Z2 [0089] Note that when a=1 (non-risk
allele frequency is 1), Equation system 1 is equivalent to the Zhang and Yu formula in Zhang and Yu
(Jinl414, 28Q;1690- 1691 (1998)) which is incorporated by reference in its entlretg In contrast to the
Zhang and W(}ormﬁqa Some embodiments take into consideration the aIqu}H% e(ncy in the
population, which may affect the relative risk. Further, some embodiments take into account the
interdependence of the relative risks, as opposed to computing each of the relative risks
independently. WO 2010/030929PCT/US2009/056720 [0090] Equation system 1 can be rewritten as

two quadralicieiations, with @ﬁﬂ@%cﬁ%&@ﬁ%@%ﬁ%ﬂ% s ghadient deseentRlggthm:gan be
used to sglye tl ?ese equations the starting point is set to be the odds ratio, ii e.g., 21=0ORil, and
01 TMALTO re‘com ma

k2=0122 009 For examp SR1L (a+(b-p PA.C+4)-Xii.(8-p)+O11+-CA.12.) (X X2) =

01212.(0 ?5’3\ I;+?éb‘5)&fjl°2fc(1(‘§$§riﬁ 2 OB TR R ST BRAESR &ikHEns is equivalent

to finding emimieRuTiherIbe Ao et ST be(asueZjed PRI KO FhePRbResAfor22FIPIEA. 2

).1,-(X2 -@RAt2E Mt N 2dbAkd Reke paotiRd HeépriBP2diplnkage disequilibrium with the nucleotide
insertion, A rule i1s made based on the correlation between the SNP and the phenotype. A rule based on the
correlation between the nucleotide insertion and the phenotype may also be made. Either rules or hoth rules may be
applied to a genomic profile, as the presence of one SNP may give a certain risk factor, the other may give another
tisk factor, and when combined may increase the risk,
[6051] Through linkage disequilibrium, a discase predisposing allele cosegregates with a particular allele of & SNP
or a combination of particular alleles of SNPs. A particular combination of SNP alieles along a chromosome iy
termed a haplotype, and the DNA region in which they occur in combination can be referred to as a haplotype block.
While & haplotype block can consist of one SNP, typically a haplotype block represents & contiguous serics of 2 or
more SNPs exhibiting low haplotype diversity across individuals and with generally low recombination frequencies.
Anidentification of a haplotype can be made by identification of one or more SNPs that He in a haplotype block.
Thus, a SNP profiie typically can be used to identify haplotype blocks without necessarily requiring 1dentification of
all SNPs in a given haplotype block.
{0052] Genotype correlations between SNP haplotype patierns and discases, conditions or physical states are
increasingly becoming known. For a given disease, the haplotype paticrns of & group of peaple known to have the
disease are compared to a group of people without the disease. By analyzing many individuals, frequencies of
polymorphisms in a population can be determined, and in turn these frequencies or genotypes can be associated with
a particular phenotype, such as a disease or a condition. Examples of known SNP-disease correlations inchude
polymorphisms in Complement Factor H in age-related macnlar degeneration (Klein ef al., Science: 308:385-389.
{2005)} and a variant near the INSKG2 gene associated with obesity (Herbert e al, Science: 312:279-283 (2006)).
Other known SNP correlations include polymorphisms in the 9p21 region that includes CDKN2A and B, such as )
stch as 1510757274, 152383206, rs13333040, 132383207, and 510116277 correlaied fo myocardial infarction
{Helgadottir et al., Science 316:1491-1493 (2007}, McPherson et al., Science 316:1488-1491 {2007);
[0653] The SNPs may be functional or non-funictional. For example, a functional SNP has an effect on a cellular
function, thereby resulting in a phenotype, whereas a non-functional SNP is silent in function, byt may be in linkage
disequilibrium with a functional SNP, The SNPs may also be synonymous or non-synonymouns. SNPs that are
synonymous are SNPs in which the different forms lead to the same polypeptide sequence, and are non-functional
SNPs. If the SNPs lead to different polypetides, the SNP is non-synonymous and may or may not be fimetional,
SNPs, or other genetic markers, used to identify haplotypes in a diplotype, which is 2 or more haplotypes, may also
be used to correlate phenotypes associated with a diplotype. Information about an individual’s haplotypes,
diplotypes, and SNP profiles may be in the genomic profile of the individual,
[0054] Typically, for a rule to be generated based on a genetic marker in linkage disequilibrium with another
genetic marker that is correlated with a phenotype, the genetic marker has a 12 or I)' score {scores comumonly used
in the art to determine linkage disequilibrium) of greater than 0.5. The score can be greater than approximately 0.5,
0.6,0.7, 0.8, 0.90,0.95 or 0.99. As aresult, the genetic marker used to correlate a phenotype to an individual’s
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dA; 1dg dx =2f2(A.1,A.2).c. (A. rOR 1)+2f i(k 1,A,2)(2c2.2-frbk1+a -OR2c-p+ OR2p) 2 [0093] In this
example, by setting x0 =OR1 ,y0 =OR?2 . set the values [epsilon]=1040 to be a tolerance constant
through the al orlthm In iteration i, define rmfin{0.001, dg [epsilon]+10 dlf&3 silon]+101(xi-I dk") i4)1
12 v dg de&%ﬁ 0457 2ki-1 The iterations are repeated until g(xi; L ?%?3‘1’{?: 7\5{/here
tolerance is set to 10 in the supplied code. [0094] In this example, these equatlons give the correct
solution for different values of a,b,c,p ,OR

genomic profile may be the same as the functional or published SNP correlated to a phenotype, or different. In
some embodiments, the test SNP may not yet be identified, but using the published SNP information, allelic
differences or SNPs may be identified based on another assay, such as TagMan. For example, a published SNP is
181061170 but a test SNP has not been identified. The test SNP may be identified by LI analysis with the published
SNP. Alternatively, the test SNP may rot be used, and instead, TagMan or other comparable assay, will be used to
assess an individual’'s genome having the test SNP.

[0055] The test SNPs may be “DIRECT” or “TAG” SNPs. Dircet SNPs are the test SNPs that are the same as the
published or functional SNP, For example, the direct SNP may be used for FGFR2 correlation with breast cancer,
using the SNP 151073640 in Europeans and Asiang, where the minor allele is A and the other allele is G (Easton ef
al., Nature 447:1087-1093 (2007)). Another published or functional SNP that can be a direct SNP for FGFR2
correlation to breast cancer is rs1219648, aiso in Europeans and Asians (Hunter ef al., Nai. Genet. 39:870-874
{2007)). Tag SNPs are where the test SNP is different from that of the functional or published SNP. Tag SNPs may
also be used for other genetic variants such as SNPs for CAMTAL (rs4908449}), 9p21 (rs10757274, rs2383206,
1513333040, 152383207, rs10116277), COL1AT (rs1800012), FVL (rs6025), HLA-DQA1 {xs4988889, rs2588331),
eNOS (rs1799983), MTHER (rs1801133), and APC (rs28933380).

F0G56]  Databases of SNPs are publicly available from, for example, the International HapMap Project (see
www.hapmap.org, The International HapMap Consortium, Nature 426:789-796 2003), and The International
HapMap Consortium, Nature 437:1299-1320 (2003)}, the Human Gene Mutation Database (HGMD) public
database (sec www.hgimd.org), and the Single Nucleotide Polymorphism database (dbSNP) (see
www.ncbinlm.nih.gov/SNP/), These databases provide SNP haplotypes, or enable the determination of SNP
haplotype patterns. Accordingly, these SNP databases enable examination of the genetic risk factors underlying a
wide range of diseases and conditions, such as cancer, inflamimatory diseases, cardiovascutar dissases,
neurodegencrative discases, and infectious diseases. The diseases or conditions may be actionable, in which
treatments and therapies currently exist. Freatments may include prophylactic treatmenis as well as freatizents that
ameliorate symptoms and conditions, including lifestyle changes.

[60587] Many other phenotypes such as physical traits, physiological raits, mental traits, emotional traits, ethnicity,
ancesiry, and age may also be examined. Physical traits may include height, hair color, eye color, body, or traits
such ag stamina, endurance, énd agility. Mental traits may include inselligence, memory performance, or learning
performance. Ethnicity and ancestry may include identification of ancestors or ethnicity, or where an individual's
ancestors originated from. The age may be a determination of an individual’s real age, or the age in which an
individual’s genetics places them in relation to the general population. For example, an individual’s real age is 38
years of age, however their genetics may determine their memory capacity or physical well-being may be of the
average 28 year old, Another age trait may be a projected longevity [or an individual.

[6958] Other phenotypes may also include non-medical conditions, such as “fun” phenotypes. These phenotypes
may include comparisons 1 well known individuals, such as foreign dignitaries, politicians, celebrities, inveniors,
athletes, musicians, artists, business people, and infamous individuals, such as convicts, Other “fun” phenotypes
may include comparisons 10 other organisms, such as bacieria, insects, plants, or non-human animals. For example,
an individual may be interested to see how their genomic profile compares to that of their pet dog, or to a former
president,
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, and OR2. Robustness of the Relative Risk Estimation. [0095] In some embodiments, the effect of
different parameters (prevalence, allele frequencies, and odds ratio errors) on the estimates or the
relative risks is measured. In order to measure the effect of the allele frequency and prevalence
estimates ontREtHIAE%EYisk values, the relative risk from a set of values%fﬂ PAYESHS ratios and
different allele frequencies is computed (under HWE), and the results or these calculations is plotted
for prevalence values ranging from 0 to 1. Additionally, for fixed values of the prevalence, the resulting
relative risks can be plotted as a function of the risk-allele frequencies. In cases when p=0, =0R1, and

2,2=0R2, GidWhEN P b THY g%@m&m&;ﬁﬁgsﬂdﬁ%ﬂéﬁﬁ&g@ Bga%eﬁ%{)%tgﬁ)&ﬁe. Addiignally, in some
embodlmggégla\{vhedgt; rg{élsual%gngQO/OfOQwFigT/US_ 009/0567 a}jele frequency is high, XI gets

closer to a ear function, SO STk e@%n\]/lé‘?ﬁ)ﬁ({?ﬁc%n P BSOS 8N E BéTiave. In
the limit, Wifairéxduas seororpiledRe 24Ty ORIOR 14 JHoRIFORCR 1 hterideséto a linear
function astivelts. Wiven Gisk-alléleafire§iie noyidiawy2il andX2apgfoachtithechehaviarafipie function
Up. In theqlims€iRd @R heroes dieslaphPLRRRAR ridk-REpARws TRis-da dicate s-thatder high yisksallele 12

frequencigg,.IncprRet ARllmatesofihe, pre valenee willnel tigrificenly-alfenthe sesulting felative risk.
Further, f%aLng {rllﬁ“lé-%llele f{le uency, if a prevalence v%Iue ﬁf%}:c%p is substituted for th%c,orrect

prevalencé P then the L TesuItng relaive skl ’be off By & Tactor 8ia st most” E3fcfating The GCI
Score [0058 R DHELHBSHTH N RE BETIsCCdfethatea iy Lasniy e rerbierics &eeiaitapréednts the

relevant pspuiation. This reference set may he one of the populations in the HapMap, or anther
genotype @ed@Setlic estimated risk for a condition may be based on the SNPs as listed in US Publication No. 20080131887

and PCT Publication No. W(/2008/067551. In some embodiments, the risk for a condition may be based on at least
one SNP. For example, assessment of an individual’s risk for Alzheimers (AD), colorectal cancer (CRQ),
osteoarthritis (OA) or exfoliation glaucoma (XFG), may be based on 1 SNP (for example, 154420638 for AD,
156983267 for CRC, 154911178 for OA and 152165241 for XF(G). For other conditions, such as obesity (BMIOB),
Graves” disease (GD), or hemochromatosis (HEM), an individual’s estimated risk may be based on at least 1 or 2
SNPs (for example, 159939609 and/or 159291171 for BMIOB; DRB1#0301 DQA1*0501 and/or rs3087243 for GD;
131800562 and/or 1129128 for HEM). For conditions such as, but not limiled to, myocardial infarction (M),
multiple sclerosis (MS), or psoriasis (PS), 1, 2, or 3 SNPs may be used {0 assess an individual’s risk for the
condition (for exampie, 151866389, 151333049, and/or 156922269 for MI; rs6897932, 1812722489, and/or
DRB1*1501 for MS; 168359018, 1311209026, and/or HLAC*0602 for PS). For estimating an individual’s risk of
testless legs syndrome (RLS) or celiac disease (CelD), 1, 2, 3, or 4 SNPs (for example, 156904723, 152300478,
181026732, and/or 159296249 for RLS; rs6840978, 1511571315, rs2187668, and/or DQA1*0301 DQB1*0302 for
CelD). For prostate cancer (PC) or lupus (SLE), 1, 2, 3, 4, or 5 SNPs may be used to estimate an individual’s risk
for PC or SLE (for example, rs4242384, rs6983267, rs16901979, 1517765344, and/or rsd4430796 for PC;
1512531711, 110954213, 1s2004640, DRB1*0301, and/or DRB1*1501 for SLE). For estimating an individual’s
lifetime risk of macular degeneration (AMD) or theumatoid arthritis (RA), 1, 2, 3, 4, 5, or 6 SNPs, may be used (for
example, rs10737680, rs10490924, 15541862, 152230199, rs1061 170, and/or rs9332739 for AMD,; 156679677,
1511203367, 156457617, DRB*0101, DRB1*0401, and/or DRB1*0404 for RA). For estimating an individual’s
lifetime risk of breast cancer (BC), 1, 2, 3, 4, 5, 6 or 7 SNPs may be used (for example, rs3803662, 152981582,
154700485, 1s3817198, 1517468277, 156721996, and/or rs3803662). For estimating an individual’s Lfetime risk of
Crohn's disease (CD) or Type 2 diabetes (T2D), 1,2, 3,4, 5,6, 7, 8,9, 10, or 11 SNPs may be used (for example,
152066845, 195743293, rs10883365, rs17234657, 15102103072, rs9858542, 1511805303, 151000113, 1317221417,
1$2542151, and/or 1810761659 for CD; rs13266634, 154506363, rs10012946, 157756992, 1510811661, rs12288738,
rsSGSOBG, rs1 111875, rsd402960, 185215, and/or 11801282 for T2D). In some embodiments, the SNPs used as a
basis for determining risk may be in linkage disequilibrivm with the SNPs as mentioned above, or other SNPs, such
as in US Publication No. 20080131887 and PCT Publication No. WO/2008/667551.

[0061] The phenotype profile of an individual may comprise a number of phenotypes. In particular, the
assessment of a patient’s risk of disease or other conditions such as likely drug response including metabolism,
efficacy and/or safety, by _1hc methoeds disclosed herein, allows for prognostic or diagnostic analysis of susceptibility
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[0097] In this embodiment, the OCT is computed as follows: For each of the k risk loci, the relative risk
is calculated from the odds ratio using the equation system 1 or as described below. Then, the
multiplicative_score for each individual in the reference set is calculated, which is the Product of the
relative risks'0var All18& The multiplicative score implicitly assumes that Hitkrartrgtabehave an
independent effect on the disease or condition, but the model can be extended to cases where some
interactions are known. The OCT of an individual with a multiplicative score of s is the fraction of all
individuals in the reference datasel with a score of s'cis. For instance, if 50% of the individuals in the

reference,sgthgvaamultinlicalive scere.smalenthansdhelinalGGhscars: ipdividual would be
0.5. The Gg‘lﬁ% l:j)lledggneraljzedfto accou 1Sf%£e§NP SN Ee élntgractigns if the S tElatlos or ({elatlve

d

i a Mg calriers ol-0ne OF more ondifion sing alleles  According ese metijods

risks are known [%or the different gj:znot /pe or apTo ombinations fthese car be found in the
)

type

literature FPEEATY EHEBL) S {HOSEI NS ¢ SRR e FrShiERHASHIGRRY ExrPIEPREREr to in the
OCT scores!ipiowtssiéns iothercrisdetssarayobétiysebeforahdeplirpodedstiddterhiimingitbe (G Ghsoore. Other
suitable napdetsiintiudeuutibtieynotdimitedto: 0028} dhaAdditise Modead: Ynderthe sctditivemodel,
the risk obgmnAividuakpihasgoNONRE dOhc in@kkisiK RIBSHPRALIORGHFGIY e mBhFLINP1001
Generalized Adive, Moicl, tinder,Ine gencralised addiive model, i presumed that here s a
function fk such that theof an mém ual with a genotype &:]I <)S &E’%l,.f}@‘k?: mon Harvard
Modified $88He (Rt =TI SEOPA WS BB fr o ol cPal (CaRrPe At i Conrlts,
11:477-488 (2000%), WhireH %< hétel Adipicorp orated thesitsoehtivesty Fhelchst Scorbchywssenthally a
generalizethiadditivensgaicptatthgug Mire fanciion d epetates-grithe-addscatienvaieiesinstead of the
relative rigksichismryRe-UseincanssWherethe.relative sk s.diffisult ta.estimatesdn.erder to
define thep i%@l%ﬂ%%%@iﬁmﬁénh%gé%%% function g, is defined as: WO 2010/030929PCT/US2009/056720
0 1<x-5.1.09 5 1.09<x-5g1._4§ 101.49<xS2.99 252.99<x5.6.99 50 6.99<x k hel=. IP het"1) 1=1 g(x)=

[0063] Foliowimg an initial screenmg of an individual patient’s genomic profile, updaies of an individual’s

genotype correlations can be made (or are available) through comparisons to additional genetic variants, such as

SNPs, when such additional genetic variants become known. For exampie, updates may be performed periodically,

for example, daily, weekly, or monthly by one or more people of ordinary skill in the field of genetics, who scan .

scientific literature for new genotype correlations. The new genotype correlations may then be further validated by

a committee of one or more experts in the fieid.

{6864] The new rule may encompass a genotype or phenotype without an existing rule. For example, a genotype

not correlated with any phenotype is discovered to correlate with a new or existing phenotype. A new rule may also

be for a correlation between a phenotype for which no genotype has previously been correlated to. New rules may

alse be determined for genotypes and phenotypes that have existing rules. For example, a rule based on the

correlation between genotype A and phenotype A cxists. New research reveals genotype BB correlates with

phenotype A, and a new rule based on this conrelation is made. Another example is phenotype B is discovered to be

associated with genotype A, and thus a new tule may be made.

[0065] Rules may also be made on discoveries based on known correlations but not initially identified in published

scientific hiterature. For example, 1f may be reporied genotype C is correlated with phenotype C. Another

publication 1eports genotype D is correlated with phenotype D. Phenotype C and D are related sympioms, for

example phenotype C may be shortness of breath, and phenotype D is small lung capacity, A correlation betwesn

genotype C and phenotype D, or genotype D with phenotype C, may be discovered and validated through statistical

means with existing stored genomic profiles of individuals with genotypes C and I3, and phenotypes C and ), or by

fiurther research. A new rule may then be generated based on the newly discovered and validated correlation. In

another embodiment, stored genomic profiles of a number of individuals with a specific or related phenotype may be

studied to determine a genotype commmon to the individuals, and a correlation may be determined. A new rule may

be generated based on this correlation.

[0066] Rules may also be made to modify existing rules. For example, correlations between genotypes and

phenotypes may be partly determined by a known individual characteristic, such as ethnicity, ancestry, geography,

gender, age, family history, or any other known phenotypes of the individual. Rules based on these known

mdividual characteristics may be made and incorporated into an existing rule, 1o provide a modified rule. The
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1001021 Next the quant s calculated, wherephet is the fibquency of heterozygous individuals in SNP
I across the reference population. The funct on f is then defined as f(x)=g(x)lhet, and the Harvard k
Modified Score (Het) is simply defined as Ef(ORg) i=1 1001031 The Harvard Modified Score (Horn).
This score i&ﬁ’r%ﬂ&%?ﬁ% Het score, except that the value het is k replac%%TWM@@aﬂ@’ horn=
Ephomg(oRi) , where p hOis the frequency of individuals with homozygous risk-i=1 allele. [00104] The
Maximum-Odds Ratio. In this model, it is presumed that one of the genetic markers (one with a
maximal odds ratio) gives a lower bound on the combined risk of the entire panel. Formally, the score
of an K ingiyiduahyithaenRYPES: @ LKL BN @nvaKFIARgLINOLIS] A somnarison between
e Scores B e SariRen B AP L AN G 2l S0 S RO I8 0R3eT1080 I JARIE,Gy Fxtending
the Modelto an Arbitrary Number of variants [5%1&1 lf%e mbdel tan be extended to the sitiations
where angStBitPafy HEWBEr o psdbik v AR artdudiripreforis eslikileratibRS dearwith situations
where thererefétiuias hossiblenyardetd indivitun) "Geherallyiivhénamolt-8NRIadgsoeigtian is known,
an arbitragyenambesafvatants may:he ippnd mndhenpamaatinn.&osmexamplerwheB.anyiRteraction
between fyp &enrtinmatkessis,assRaalarwibasondiion.ersaening rassibig,wagiants. This
results in (%g-rhngn%gfbea@cp (Enos uglsésr(%t :Ia%?eg gcl:llilc%%b profiles. New rules may be added and applied to genomic profiles,

as the new rules are developed, or they may be applied periodically, such as at least once a year,

[0667] Information of an mdividual's risk of disease can also be expanded as technology advances allow for finer

resolution SNP genomic profiles. As indicated above, an initial SNP genomic profile readily can be generated using

microarray technology for scanning of 500,000 SNPs. Given the nature of haplotype blocks, this number allows for

a representative profile of all SNPs in an individual’s genome. Nonetheless, there are approximately 10 mitlion

SNPs estimated to oceur commonly i the human genome (the International HapMap Project; www.hapman.org),

As technological advances allow for practical, cost~efficient resolution of SNPs at a finer level of detail, such as

microarrays of 1,000,000, 1,500,000, 2,000,000, 3,000,000, or more SNPs, or whole genomic sequencing, more

detailed SNP genomic profiles can be generated. Likewise, cost-efficient analysis of finer SNP genomic profiles

and updaies 1o the master database of SNP-discase correlations will be enabled by advances in computational

analytical methodology.

[0068] In some embodiments, “ficld-deployed” mechanisms may be gathered from individuals, and incorporated

into 1ke phenotype profile for the individuals. For example, an individual may have an initial phenotype profile

generated based on genetic information. The initial phenotype profile generated includes risk factors for different

phenotypes as well as suggested treatments or preventative measures, reported in a personal action plan. The profile

may include information on available medication for a certain condition, and/or suggestions on dietary changes or

exercise regimens. The mdividual may choose to see, or contact via a web portal or phone call, a physician or

genetic counselor, {o discuss their phenotype profile. The individual may decide fo take a certain course of action,

for example, take specific medications, change their diet, and other possible actions suggested on their personal

action plan. The individual may then subsequently submit biological samples to assess changes in their physical

condition and possible change n risk faciors,

{00691 Individuals may have the changes determined by directly submitiing biological samples to the facility {or

associated facility, such as a facility contracted by the entity generating the genetic profiles and phenotype profiles)

that generates the genomic profiles and phenotype profiles. Aliernatively, the individuals may use a “field-

deployed” mechanism, wherein the individual may submit their saliva, blood, or other biological sample into 2

detection device at their home, analyzed by a third party, and the data transmitted to be incorporated into another

phenotype profile. For example, an individual may have received an initial phenotype report based on their genetic

data reporting the individual having an increased lifetime risk of myocardial infarction (MI}. The report may also

have suggestions on preventative measures to reduce the risk of M1, such as cholestero! lowering drugs and change

in diet. The individual may choose to contact a genetic counselor or physician io discuss the report and the

preventative measures and decides to change their diet. After a period of being on the new diet, the individual may

sec their personal physician to have their cholesterol level measured. The now information (cholesterol level) may
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[00107] To generalize the initial formula, it may be assumed that there are k+1 possible variants a0'.
.,a, with k frequencies f I'k , measured odds ratios of 1,0R1...,0Rk, and unknown relative risk values
1,X ... 01" Further it may be assumed that all relative risks and odds ratios are measured with respect
to a0' and thit® PIAIF)p(D , and OR. = P(Dlao)P(D a,) 1- P(Dia;) Based8r24¥\*i¢BDlaa) p=
fiP(Dia i), i=0 It is determined that WO 2010/030929PCT/US2009/056720 Efil117

be transmitied (for example, via the Internet) to the entity with the genomic information, and the new information
used o generate a new phenotype profile for the individual, with a new risk factor for myocardial infarction, and/or
other conditions,

[66470] The individual may also use a “fieid-deployed” mechanism, or direct mechanism, to determine their
individual response to specific medications. For example, an individual may have their response to a drug
measured, and the information may be used to determine more effective treatments. Measurable information
mciude, but are not limited to, metabolite levels, glucose levels, ion levels (for example, calcium, sodium,
potassium, iron), vitamins, blood cell counts, body mass index (BMI), protein levels, franscript levels, heart rate,
etc., can be determined by methods readily available and can be factored info an slgorithm to combine with initial
genomic profiles to determine a modified overall risk estimate score. The risk estimate score may be a GCI score.

Genetic Compaosite Index (GCI)

[0671] In some embodiments, information about the association of multiple genetic markers or variants with one
or more diseases or conditions 1s combined and analyzed to produce a Genetic Compostte Index (GCI) score. For
example, the GCI score may incorporate one or more odds ratios or relative risks from the presence or absence of
different genetic variants for a phenotype. The GCI score may incorporate at least 2, 3, 4,5, 6,7, 8,9, or 10 odds
ratios or relative risks from various genctic variants,
{6072} This score incorporates known risk [actors, as well as other miformation and assumptions such as the allele
frequencies and the prevalence of a discase. The GCI can be used to qualitatively estimate the association of a
discase or a condition with the combined effect of a set of genetic markers. The GCI score can be used to provide
people not trained in genetics with a reliable (i.e., robust}, understandable, and/or intuitive sense of what their
individual risk of a disease is compared to a relevant population based on current scientific research.
[0673] The GCI scare may be used to generate GCI Plus scores. The methods disclosed herein encompasses using
the GCI score, and one of ordinary skill in the art will readily recognize the use of GCI Plus scores or variations
thereof, in place of GCI scores as described herein. The GCI Plus score may confain all the GCT assumptions,
inciuding nisk (such as lifetime risk), age-defined prevalence, and/or age-defined incidence of the condition. The
lifetime risk for the individual may then be calculated as a GCI Plug score which 18 proportional to the individual’s
GCI score divided by the average GCl score. The average GCT score may be determined from a group of
dividuals of similar ancestral background, for exanmple a group of Caucasians, Asians, East Indians, or other group
with a common ancestral background. Groups may comprise of at least 5, 10, 15, 20, 25, 36, 35, 40, 45, 50, 55, or
60 individuals. In some embodiments, the average may be determined from at least 75, 80, 95, or 100 mdividuals.
The GCI Plus score may be determined by determining the GCI score for an individual, dividing the GCT score by
the average relative risk and multiplying by the lifetime rigk for a condition or phenotype. For example, using daia
from US Publication No, 20080131887 and PCT Publication No. W(O/2008/067551, GCI or GCI Plus scores for an
mdividual can be determined. The scores may be used to generate information on genetic risks, such as estimated
lifetime 1isk, for ong or more conditions m the phenotype profile of an individual. The methods allow calculating
estimated lifetime rigks or relative risks for one or more phenotypes or conditions. The risk for a single condition
may be based on one or more SNP. For example, an estimated risk for a phenotype or condition mey be based on at
least2, 3,4, 5,6,7,8,9,10, 11, or 12 SNPs, wherein the SNPs for estimating a risk may be published SNPs, test
SNPs, or both. '
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OR k E21/47- 1=0 Further if it is set that C= :R.., this results in the equation: C. OR i C-p+OR, and
thus, k C=/7,C-p+OR i=0 or k OR 1- E C-p-FOR i=0 1001081 The latter is an equation with one
variable (C). This equation can produce many different solutions (essentially, up to k+1 different
solutions). StAdSY"SBtFhization tools such as gradient descent can be YoM losest
solution to CO=.. 0 1001091 A robust scoring framework for the quantification of risk factors us also
provided herein. While different genetic models may result in different scores, the results are usually
correlated. Therefore the quantification of risk factors is generally not dependent on the model used.

EStimating)dgtﬁlagv&@%egﬁ% &%@a‘é‘a |f(§ g:lgjﬁﬁease or condition of interest. These GEI scores may be collected
to form a risk profile for an individual. The GCI scores may be stored digitally so that they are readily accessible at
any point of fime to generate risk profiles. Risk profiles may be broken down by broad discase classcs, such as
cancet, heart éisea.ée, metabolic disorders, psychiatric disorders, bone disease, or age on-set disorders. Broad
disease classes may be further broken down into subcategories. For example for a broad class such as a cancer, sub-
categories of cancer may be listed such as by type (sarcoma, carcinoma or leukemia, etc.) or by tissue specificity
{neural, breast, ovaries, testes, prostate, bone, lymph nodes, pancreas, esophagus, siomach, liver, brain, lung,
kidneys, ete.). Further the risk profiles may display information on how the GCI scores are predicted to change as
the individual ages or various risk factors are adjusted. For example, the GCI scores for particular diseases may take
into account the effect of changes in dict or preventative measures taken (smoking cessation, drag intake, double
radical mastectomics, hysterectomies, and the Tike).

[0675] A GCI score can be generated for an individual, which provides themn with easily comprehended
miormation about the individual’s risk of acquiring or susceptibility 1o at least one disease or condition, One or
more GCI scores can be generated for a single disease or condition, or numerous diseases or conditions. The one or
more GCT score can be accessible by an on-line portal, Alternatively, the one or more GCI scores may be provided
in paper form, with subsequent updates also provided i paper form. The paper form can be mailed to an individual
or their health care manager or provided in person.

{0076] A method for generating a robust GCI score for the combined effect of different loci can be based on a
reparted individual risk for cach locus studicd. For example, a disease or condition of interest 15 identified and then
mformational sources, including but not limited to databases, patent publications and scientific literature, are gueried
for information on the agsociation of the disease of condition with one or more genetic Toci. These informational
sources are curated and assessed using guality criteria. In some embodiments the assessment process involves
multiple steps. In other embodiments the informational sources arc assessed for multiple guality criteria. The
information derived from informational sources is used to identify the odds ratio or relative risk for one or more
genetic loci for each disease or conditicn of interest.

[8077] In an alternative embodiment, the odds ratio {OR) or relative sk (RR) for at least one genetic loci is not
available or not accessible from informational sources. The RR is then caleulated using (1) reported OR of multiple
alleles of the same locus, (2) allele frequencies from data sets, such as the HapMap data set, and/or (3}
disease/condition prevalence from available sources {e.g., CDC, National Center for Health Statistics, ete.) to derive
RR of all alleies of interest. In one embodiment the ORs of multiple alleles of same locus are estimated separately
or independently. In a preferred embodiment the ORs of multiple alleles of same locus are combired to account for
dependencies between the ORs of the different alleles. In some embodiments established disease models (including,
but not limited to models such as the multiplicative, additive, Harvard-modified, dominant effect) are used to
generate an infermediate score that represents the risk of an individual according to the model chosen.

[6078] A method that can be used analyzes multiple models for a disease or condition of interest and correlates the
results obtained from these different models; this minimizes the possible errors that may be introduced by choice of
a particular disease model. This method minimizes the influence of reasonable errors in the estimates of prevalence,
aliele frequencies and ORs obtained from informational sources on the cslculation of the relative risk. Without
being limited by theory, because of the “lincarity” or monotonic nature of the effect of 2 prevalence estimate on the

17



1001101 A method that estimates the relative risks from the odds ratios of multiple alleles in a
case-control study is also disclosed herein. In contrast to previous approaches, the method takes into
consideration the allele frequencies, the prevalence of the disease, and the dependencies between the
relative risksof HEUHTERNt alleles. The performance of the approach onpﬁm{i%f)g%'ﬂégg@-control
studies was measured, and found to be extremely accurate. Methods [00111] In the case where a
specific SNP is tested for association with a disease D, R and N denote the risk and non-risk alleles of
this particular SNP. P(RRID),P(RNID) and P(NNID) denote the probability of getting affected by the
disease givendbatiaPsraomis: Bemazvapusfarhe.liskalele. NRIRIAZYEQUS., QR bamazygousfor the
non-risk alicje respectively. RN AMLING S ysedlo denote e frequencies of the three
genotypes in hepéaopufénﬁon. ,Ysmg these cie?lnlt!ons, the rezfatlve risks are defined as P (D RR) ER
P(D N1V)IB78 - Bamyhed frarited 'e coto/65092 sises T A1 300615 Pt 00 T2 W'Y G4sB-control
study, thedditiores PIRRID Yo RERRIVDY, cmh b estitnateded Gontirdofregereheyob RRbamongde cases and
the contrglsmnas:welhias &2 (RMR)s R(R MR d{ BiNRkandiENMEDY; fren ithe-fiequangyhefiiRiNkand NN
among thg casesanddhe.coniralsinasderip sstimatadhad slative figk. Bavas:lawcan bessed to get:
2 PRRIDI, PINNID) TR 2 (D RAN ARAT BID NIVAIRR 00113l Thus, I he lisguegeies of the
genotypes are known, one can use those to calculate the relative nsks. The ?requengles of the

genotyped FitHer BN AH GBS CaibiH e THITH HH8 Eh bbb St a HEEl SHitePthey depend

on the prevaterrceschdisehsBarfahe! soputiatiorny Ity padticetersit i brovaléliverbithdieidease is p(D),

then: test can be used to control the overall significance level (also known ag the “familywise ervor rate’} when the tests
are independent or exhibit & special type of dependence (Sarkar S., Ann Siat 26:494-504 (1998)). Simes’s test
rejects the global null hypothesis that all X test-specific null hypotheses are true if pgy< ok/K for any kin 1,., K
(Simes, R.J., Biomeirika 73:751-754 (1986)).
{0080] Other embodiments that can be used in the context of multiple-gene and multiple-environmentai-factor
analysis control the false-discovery rate—that is, the expected proportion of rejected nul! hypotheses that are falsely
rejected. This approach can be particularly useful when a portion of the null hypotheses can be assumed false, as in
microarray studies. Devlin et al (Genet. Epidemiol, 23:36—47 (2003}) proposed a variant of the Benjamini and
Hochberg (/. R. Stat. Soc. Ser. B 57:289-300 {1995} step-up procedure that controls the false-discovery rate when
testing a large number of possible gene x gene interactions in multilocus association studies. The Benjamini and
Hochberg procedure is related to Simes’s test; setting & =masxk such that P af/K, it rejects all & null hypotheses
corresponding 1o py,. ..?p{;). In fact, the Benjamini and Hochberg procedure reduces to Simes’s test when all nult
hypotheses are true (Benjamini and Yekutiell, Ann. Stat. 29:1165--1188 (2001)).
[0081]  Also provided herein is a ranking of an individual, where an individual is ranked in comparison to a
population of individuals based on their intermediaie score to produce a final rank score, which may be represented
as rank in the population, such as the 99® percentile or 99" 98" 97" g6 958 94% 937 927 91% 9o go™ BRF
R7®, 86™, 85™, 84%, 83", 82™, 817, 80™, 79", 78", 77%, 76", 75%, 74%, 73, 722, 717, 70%, 697, 657, 60%, 55%, 507,
45M 40 40 35% 30% 25% 20™ 15% 10%, 5% or 0% percentile. The rank score may be displayed as a range, such
as the 100" to 95™ percentile, the 95% to 85% percentile, the 85 to 60 percentile, or any sub-Tange between the
100™ and Oth percentile. The individual can also be ranked in quartiles, such as the top 75% quartile, or the lowest
25" quartile. The individual can also be ranked in comparison to the mean or median score of the population.
[6082] In one embodiment, the population to which the ndividual is compared to ncludes a large number of
people from various geographic and ethnic backgrounds, such as a global population. Allernatively, the popuiation
10 which an individual is compared to is limited to a particular geography, ancesiry, ethnicity, sex, age (for example,
fetal, neonate, child, adolescent, teenager, adult, geriatric), or disease state (for example, sympiomatic,
asymptomatic, carrier, early-onset, late onsct), In some embodiments, the population to which the mdividual is
compared to is derived from information reported in public and/or privats informational sources.
[0083] The GCI score can be generated using a muiti-step process. For example, initially, for each condition to be
sindied, the relative risics from the odds ratios for each of the genetic markers 1s calculated. For every prevalence
value p=0.01,0.02,...,0.5, the GCI score of the HapMap CEU population is calculated bascd on the prevaience and
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fRR = P(RR D)p(D) + P(RR H D)(1- p(D) [RN P(RN F D)p(D)+ P (RN H D)(1 - p(D)) fv", = P(NN |
D)p(D) + P(NN H D)(1- p(D)) [00114] When p(D) is small enough, the frequencies of the genotypes
can be approximated by the frequencies of the genotypes in the control population, but this would not
be an accurdt& S&Hh 3éﬁt'é?/vhen the prevalence is high. However, if a refer® E@Jaﬁ%{%@ﬁgﬁglven (c.a.,
the HapMap [cite]), one can estimate the genotype frequencies based on the reference dataset.
[00115] Most current studies do not use a reference dataset to estimate the relative risk, and only the
odds-ratio is reported. The odds-ratio can be written as P (RR | D)P(NN H D) OR - -RR P(WN F D)P

(RR H D)on the Eajgﬁcji}! zlllgg %Qc}b’\la@ I% (%ng) Q:\J Ne'fn@%'ﬂ}hﬁﬁ?g \[89131%?&“‘];@8@9 q‘gﬁ iﬁ@%% are typlca”y

advantageous smcet ere is usuaLX no need 9 have an e nate of the allele re uencie |nt e
1:1(51 n mio, accP 1 lf t 1s a ;%hcative erw1se ‘c 13 deteﬁgl\me th I;
population: "0 o calculate the S ratios |ca TEHSEdeY S ThE geno ype freuencies in

the case§‘§ﬁ8vﬁf"tﬁ’é I&Eﬁ’ﬁl‘?’&ﬂ‘é benfflffr\]qﬂ%mﬁ‘éhgﬂlas%% Ctﬁéegféﬁféwﬁe HetMaedemisippiavailable, but
the sumnranpigeita, Suehriawtive. oddguatioSarechvailabledhige sithaicds ecovhie rompetal-@nialysis is being

performedibasg dianresulis fromupreuarsarsadcantialstudiass dnthis.case -howmita &od the relative

risks fromdhe adds raties iav(éﬁm@{aeyateghmgame% 2aLY @Jewerﬁe egmgnm%%mﬂgémg(D)-
ARP(D RR)+ T?P I%b N)+ P(D Nl\ala fthls %uahtlon dIVI dngNN [ ]]e g[%t E(AD}) l(E)) NN)-
ARR fRNg\ A s]a bWS 1’0130 S }%%78% Oebee %lﬁ e‘xﬁnlch 1 s tattk falls wmber ol bms

may be different for d;fferent diseases based on considerations such as the 3esolut10n of thc score for each disease.

In case of ties between the scores of different HapMap individuals, the average rank will be used.

[0684] A higher (;CI score can be interpreted as an indication of an increased risk for acquiring or being diagnosed
with a condition or diseasc, Mathematical models are fypically used to derive the GUl score. The GCI score can be
based on a mathematical model that accounts for the incomplete nature of the underlying information shout the
population and/or diseases or conditions. The mathematical mode! can include at least one presumption as part of
the basis for caiculating the GCI score, wherein the preswmption includes, but is not imited to: 2 presumption that
the odds ratio values are given; a presumption that the prevalence of the condition is known; 2 presumption that the
genotype frequencies in the population are known; and/or & presumption that the customers are from the same
ancestry background as the populations nsed for the studies and as the HapMap; a presumption that the

amalgamated risk is a product of the different risk factors of the individual genetic markers. The GCI may also
include a presumption that the mutli-genotypic frequence of a genotype is the product of frequencies of the alicles of
each of the SNPs or individual genetic markers {for example, the different SNPs or genetic markers are independent
across the population).

The Mul&nlicative Model

[0085] The GCI score can be computed under the assumption that the risk attributed to the set of genetic markers
is the product of the risks attributed to the individual genetic markers. Thus, the diffarent genetic markers attribuie
mdependently of the other genetic markers to the risk of the disease. Formally, there are £ genetic markers with risk
alleles Fysely and non-risk alleles Myl In SNP i, the three possible genotype values are denoted as
I and B The genotype information of an mdividual can be described by a vector, (gl""’gic) , Where g;

can be 0,1, or 2, according to the number of risk alleles in positien i. Denoted by Kll, the relative rigk of a

heterozygous genotype in posttion 7 compared to a homozygous non-risk allele at the same position. In other words,
i PDn rg

A = —) Similarly, the relative risk of an rr genolype is denoted as ,1— = P(DIn, ‘l)

— Y Under the
1 P(DInn)) 2 PDInn)’

multiplicative model, the assumption that the risk of an individual with a genotype (g1 prens k) is
ko
GCI(gI,...,gk)ﬁ H}Xgi
=

Estimating the Relative Risk,
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WO 2010/030929PCT/US2009/056720 ORRR = P(D RR)(1- P(D INN)) A 7; &LI1% P(DINN)(1- P(D
RR))- RR p(D) PPINN) AD) ARR A .1 RRA RR fRN Riy- P(D) RR f RR AAR fRN ARN AN R(D)a
RR By a similar calculation, the following system of equations results: AR ARE fRN ARAI
LTA,- p(0) BERERYER A.RR f RN RN fNN .12(D)ARR ~ ARE f RN ARNUFBEI S BRR- IV ARN
[OR 'LIM+ fRN ARV AN p(D)2Equation 1 1001181 If the odds-ratios, the frequencies of the genotypes
in the populations, and the prevalence of the disease are known, the relative risks can be found by
solving this set of equations. [00119] Note that these are two quadratic equations, and thus they have

a maximypgsef feuLsalutiongdawever:as.shawr:kelondhat tharssisdvRicalyoneprgsibie.solution to
this equatiggg32 1001201 Note that when, INN =1 E%lé%go ).System Lis equivalent to the Ml%}pg and Yu

ﬁq used for 118 sTssr]rgen. owever, 1 'soT S Thvoiving association studies,
formula, however, here the allele frequency in_ the population is taken into account. Furthermore, our

method t4RER MTF LR TRTE THEE TRAT HE v &P rEMtRAS HERE Fasish B OR EEEHbIfBr e BigVious
methods §ugtjdsrmchedrapiitsve Sethico fsanidesives'ersied irndape d exiye [6R6L 2 1] cRétmevéorsre /or
multi-alletie taai rdfionoit sharlsersyor, otiter matit-allelivagtianis dxescensiderad shencaleisiationois
complicated slightly. a0,al,...,ak is denoted by the possible k+1 alleles, where ao is the non-risk allele.
Allele fregrigfitiBs K TF20" i i the SRt R H o tHEIEPEp 6LLiRE: alleles are assumed. For allele i,
the relative risk and oddsj—ra}j{;)ﬁl gr;b dle_fipgﬂ ,gﬁ_lf’(Da) P(D | ao)

OR! ,
P(Dinz]) 1-P(Dnz)

. PDirr] 1-PD{nn)
OR? = . ‘
" P(DInn)) 1= PDirn)

[6087] Finding the relative risks from the odds ratio may require additional assumptions. Such as the presumption

that the allele frequencies in an entire population awffn . ,bﬁfn » and cmfr L e known or estimated (these could be
i ii ii

estimated from current datasets such as the HapMap dataset which includes 120 chromosomes), and/or that the
prevalence of the disease p=p(D) is known. From the preceding three equations can be derived:

p= a‘P(DinI.n i)+b ‘P(Dﬁniri)mi“c-P(Diriri)

op = PO 1P nn )
T POIn]) 1= PO nr)

og? = FOIrr) 1= PO nn )
" PDIna)) 1= PDIn

[6088] By the definition of the relative risk, after dividing by the term pP(D[ninz.} , the first equation can be
rewritten as:

H i
1 a+b?\,l +C}\f2
P(Dlninj)m Iz

and therefore, the last two cquations can be rewritien as:

OR' = i_(a”p)'%'b/li'i'cjjz
’ a+(b—p)A +ch,

8y
- (a=pY+bA +ck
a+bA +(c— ),
{60897 Note that when a=1 (non-risk allele frequency is 1), Equation system 1 is equivalent to the Zhang and Yu
formulea m Zhang and Yu (JAMA, 280:1690-1691 {1998)}, which is incorporated by reference in its entivety. In

contrast to the Zhang and Yu formula, some embodiments take into consideration the allele frequency in the
population, which may affect the relative risk. Further, some embodiments take into sccount the interdependence of

the relative risks, as opposed 1o computing each of the relative risks independently.
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OR. =P(D al)(1- P(D I au))1- P(D ;) P(D ao)(1- P(D I ai))1- P(D I a.) The following equation holds for
the prevalence of the disease: p(D)=fir(D | a) i=0 Thus, by dividing both sides of the equation by
p(Djac), we get: ;E')/ Las P(D | Resulting in: P(D) OR, = A, to ER- 2p(D) WO .
2010/0309281%"?‘ 0%/01056720 By setting C = Lf2, the result is = C OF. VPHt, 85°tHe definition of
C, J.0p(D)OR,+p(D) f PRI p(D)OR,+ C - p(D) frm [00122] This is a polynomial equation with one
variable C. Once C is determined, the relative risks are determined. The polynomial is of degee k+1,
and thus we expect to have at most k+1 solutions. However, since the right-hand side of the equation

is a stricthy@dgrreasing asa.UnGionofife. ID6Ie SARBRICAILO WM ReRResellan tofhisequation. A

solution Isgrtag%gtfeg:gn a g?olgtgmacgnl ea {1 eg %asggvré’tﬁésg%%uta%gng% é}ggéssta%)éfgnp%% is s%‘}\{g%ggnec(:)ld snra io,

e.g. A =0}, and ky=OR,
[0091] Yor example:

. L o
1,00 o) = OR; (aHbpIN +eho)hy (@pyHbh +chs)

2 i ioad i i
fz(Ri,kz} = OR; (a+bh) Hep)hn)-ho ((@pythh tehs)
{80692] Finding the solution of these equations 1s equivalent to finding the minimum of the function
-~ 2, 2
Thus,

dg B ; R homt
@ 2, Oy Mg b-(hoy-OR Y421, (b oy Y2 b +a-OR, b-p+OR, p)

98 O bk - :
G 20y AogheChy -OR V421, (s )2k, +BA, +a-OR, c-p+OR p)

[6693] In this example, by setting x0=()R =OR2. set the values [epsiloﬂ]wl()_lo 10 be a folerance constant

170
through the algorithm. In iteration 7, define

Fi1 Vil

1

y=min {0.601, , then set

_ dg v  dg i
fepsilon]+10] dkl 'xz‘—l’yzll)! [epsilon]+10} d?uz(ximl’yimlji

e !
WS Yd?ni{xiwl’JH)

C B
YT ya’?\.z(xi-l”vz‘-})

i

The iterations are repeated until g(xjyf)<folef~an5'e , where folerance is set fo 10_7 in the supphied code.

[¢094] In this example, these equations give the correct solution for different values of a,b,c,p,OR1

, and ORZ'

Robustness of the Relative Rigk Estimation.
[0095] TIn some embodiments, the effect of different parameters (prevalence, allele frequencies, and odds ratio
errors) on the estimates of the relative risks is measured. In order to measure the effect of the allele frequency and
prevalence estimates on the relative risk values, the relative rigk from a set of values of different odds ratios and
different allele frequencies is computed {under HWE}, and the results of these calculations is ploited for prevalence
values ranging from 040 1. Additionally, for fixed values of the prevalence, the resulting relative risks can be

plotted as a function of the risk-alicle frequencies. In cases when p=0, 7\1 =0R T and ?L2=OR e and when p=1,

}\.17"7\,2“’(}. This can be computed directly from the equations. Additionally, in some embodiments when the risk

21



C = OR, . [00123] Robustness of the Relative Risk Estimation. The effect of each of the different
parameters (prevalence, allele frequencies, and odds ratio errors) on the estimates of the relative risks
was measured. In order to measure the effect of the allele frequency and prevalence estimates on the
relative risk \%‘Pu%)é?/t%gg?glative risk was calculated from a set of values ofp giﬁg%ﬂ?%ﬁéﬁ??atios,
different allele frequencies (under HWE), and plotted the results of these calculations for a prevalence
values ranging from 0 to 1. 100124] Additionally, for fixed values of the prevalence, the resulting
relative risks as a function of the risk-allele frequencies was plotted. Evidently, in all cases when p(D) =

0, "ARA QRRR o0 = QRRNmADFhWNERRIDLF ], XRBSKRN7 Qv This sanhe sampyted

directly from Equation 1. Additionally, when the risk allele frequency is high, ARR approaches a linear

behavior, and/KRN:RPR eaehas.acencavedrnsiiopmith a,paunded seoand)derivative,Mhgn the
risk-allele frequency is low, XRR and kRN approach the behavior 6f the, funetiqro®, /p(D).' This means
that for highriskgliele frefency. wrang esiimaies el pisvelence wilypisalinotalfectie
resulting relative risk by much. [00125] Odds Ratios vs. Relative Riskin eptdemiology literature, the
relative risk is often considered as an intuitivexapd informaitive measure of risk. However, the relative
risk canndtberdivedity balcliatedhim the T ol Studieriysgem érdiicand-wkble-genome
association studies. The relative risk can usually He estimated through prospective studies, in which a
set of hedithyemdividwalstisstudiediovervadongy Perodofdunie aaccbntragtpo ditsratibs reéadsmally
reported iR asecaNtRLsiudies,Fhe.eddst atip-sthe ratioletveentbe pddsef gaktying the risk allele
in the cases vs. the controls. For rare diseas?s, the odds ratio is a good approximation of relative risk;
however, forcarminon tiseaiés offfe olldsrrdtjoricauld result in a misleading estimate of risk, where the

odds ratios mayé:)e uti_te t}igh e\{gn when the increase in risk is minor. 1001261 Relative Lifetime Risk
vs. Relative Risk%@é%{%n%tly assumes that none of the controls currently has the disease.

This is rel@¥ht WirancrrereHabillty '0f rivirie the tre e AT R CStifATETT SIS WE VaT, FF RFIBYESE s in the
risk estim@tioriacnossithey spar of tke hfetimieron thaikifdtimer askeofcaryimdiaidual to develop the
condition gherfasi thakthrisemeofine conirelayileventdally. developtae, disrase.issiaken into
account. The [lpti Hsme.diak is defined,as e rafia.netueendhe skl daxeloping s, gendition

through the life of an individual carrying the risk allele r and the risk of developing the condition through
each.mdavidyal 1n the reference,set is caicula he éorodléc‘ﬁji the 1F]ﬁ,t]we Tﬁl%s over ailloci, The .
IS IS different thah the standard use of relative

the life of AR inaividtaT E5Fyig Hie RERHER Allele. |
risk in casBLEBFFOICSHIti &% AN 1S B dse e GrrpraVal ke aniffsprgior cgobe disease or condition,
2010/0304¥% 9 ©F9¢) G2 6080567 ROOVRH Denoted-Bysal:; adown, dkéSitHepossibled wilalleles, where
ao is the pERWitkAlRle. Mlslebrequansiasifexfidbhis ifkhintbe.Ranptlation facdhe k+d. nessihls.alleles are

assumed et ZSMEY 5, al sl ind sl cen e s 0 Ib1ce roups, G, Y, and 2
CA denotes the cases, while Y anti Z are controls. As opposed to indivi ua]s_ from Z, it Is assumed that
individualS =Rl B?/%ﬁﬂ&ﬁ%‘e“\?’éi’(%6‘3{}%@188?1‘&ﬁ“&ﬁ‘f“}k%’oglﬁ%ﬁﬁ?é&‘eﬁ%‘i‘%1f§hﬁq°éiqj FioH Gf Y and Z,
and by D W Hiien 8f Yardoc JHikscassnphed THap'PhiRa lCoTs40ry HEs)cavbrerany st E'frdietien of
controls thatavitdevelop the condition within their lifetime. Note that a is upper bounded by the
average lifguigpe Lisk-RPossiblys a.maype smallerthandieaveragedifelinacderending.eaithgyage of

onset of the disease. And.IheA965.9 hecaniols (001283 The relativs,lisk.anditheqgds ratios can
now be re%)resented as: P (CA Y 01CO) P (a0 1CA)P (a, | CO)

5+ vY a) P (CAvY a0) OR Pe}a . 1CA)P (a :
The odds!fatids C4r e Writteh ag BRPUVTRIP (0L "BIE= SR TG Ve 1f8)P a0 12) , =
P(@ CAP(a,ICO)P (a0l CA)aP. (a0 Y)+(I-a)P (a0 Z)P(CAa,)aP(YaO0)+(1-aP (Za0)=
presumed to he GCI{gl,...,g’,‘)ﬁ b 7‘8’,
i=1

[06300] Generalized Additive Model. Under the generalized additive model, it is presumed that there is a function /
L
=
100161] Harvard Modified Score {Het}. This score was derived from Colditz et al. (Cancer Causes and Conirols,
11:477-488 {2000)}, which is herein incorporated in its entirety. The Het score is essentially a generalived additive
score, although the function foperates on the odds ratio values instead of the relative risks, This may be useful in

cases where the relative risk is difficull to estimate. In order to define the function f; an intermediate function g, is

defined as:
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P(CAla0)aP (Ya)t(1-aP (Zla,)P(CAla)oP (CAla0)+ (1-a)P(Z1a0) P (CAal)aP (CAa
1)+ (1- a)P (Z la) The derivation from the first to second line is based on Bayes law, while the third line
is based on ;[{}8 ;gcé[ tg(%t CA and Y are essentially the same population, ﬁTt}& E%@I%‘i) = P(Yla).
Now using the fac { at %’Q(Z)a) = 1-P(CAlal), resultsin: OR =P (CAla,) (2a - Jg%-"? Z\ a0)+1-a-2
(2a-1)P(C A la0)+1-a,7 P (CA ao) (2a- 1)P (CAla A+ 1- a(2a- 1)P (CA a,)+ 1. - a As before,
P(M=ELFTDhere p(D) is the average lifetime risk. Thus, using the i.0 p(D) equality C= Ef , and the
odds ratios can here P (CA ao) i=0 I ten as: OR-2 (2a -1)P (D) + (1-a)C (2a-1)P (D)2, + (1- a)C
Thus, if C is given, the relatjvg life.e kgk can be found by assigning WO
2010/030929PCINS2009/05657 2<x<1.49

glx=" 101.49<x<2.99

252.99<x<6.99
50 6.99<x
k

[00102] Next the quantity her= 3. p;e i‘g(ORII) 1s caleulated, where plh - 18 the frequency of heterozygous
i=]
individuals in SNP i across the reference population. The function /is then defined as flxy=g(x)/het, and the Harvard
k i
Modified Score (Het) is simply defined as 3 fORy ) -
1.=1 i
[00103} The Harvard Modified Score (Hom). This score is similar to the Het score, except that the value fier is

ko . .
replaced by the value hom= 3. P;qomg(ORzl) , Where p;om is the freguency of individvais with homozygous risk-
f=]

allele.
[00104] The Maximum-Odds Ratio. In this model, it is presumed that one of the genetic markers (one with &

maximal odds ratio) gives a lower bound on the combined risk of the entire panel. Formally, the score of an
E [
individual with gerotypes (gz,...,gk) 18 GC[{g}l,...,ngmaxi:lORgi

(0165} A comparison between the scores is described in Example 1 and GCI score evaluation is described in
Example 2.
Extending the Model to an Arbitrary Number of Variants

(#0160} The model can be extended to the situations where an arbitrary number of possible variants ocour.
Previous considerations dealt with sitmations where there were three possible variants (nn, ). Generaily, when a
mult-SNP association is known, an arbitrary number of variants may be found in the population. For example,
when an interaction between two Genetic markers is associated with a condition, there are nine possible variants.
This resulls in eight different odds ratios values.

[00107] To generalize the initiai formuls, it may be assumed that there are &+1 possible vanants a g with

frequencies f O’f peeedd P measured odds ratios of 1,OR1,...,OR PR and unknown relative risk values l,?uz,.‘.,?\uk

Further it may be assumed that ail relative risks and odds ratios are measured with respect to a o and thus,

_ P(D|a,) OF - P(Dja) 1-P(Dla,)

;= , a1l = . Based om:
P(Dla,) P(Dja,) 1-P(Dla,)

k
= Y fP(Da),
=0

It is determined that
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(1-a)C OR,2. =(2a-1)P (D)(1 -OR,) + (1- @)C C can be found by solving the equation f (1 - a)0 R
1=k fitk a =i=0(2a- 1) p(D)(1 - O R r) + (1 - a)C One can verify that by the definition of C and the odds
ratios, C> (2a 1% é §9 R - 1) . Therefore, the right hand side is a decreasing function of C, and it can
be found byvaV[S)p yi) nary search. [00129] Lifetime Risk Estimate Bagecfgﬁ%% &Gl
essentially provides the relative risk of an individual compared to an individual with non-risk alleles
across all associated SNPs. in order to calculate the lifetime risk of an individual, the product of the
lifetime risk of the individual with the average lifetime risk can be taken, and divide this product by the
average lifetime risk across thg population. This calculation is consistent with the definition of the
average lifetime risk and of th& y@lative risk. In order to compute the average lifetime risk, all possible
genotypes are enumergied, mﬂ_thau relative risks that are calculated as the product of the relative
risks of their variants in €ach smgle SNPs are summed up. Environmental Genetic Composite
Index (EGO) [00130] In som: Sdlments an environmental factor is incorporated into a GCI score
generating an Envwonmentaf Genetlc Composite Index (EGG!) score. The EGCI score may be
computed or defriinéd ibyeabeomputer tEnvirbnméntaldiaetors may include non-genetic factors, such
as, but not limited to dietary factors! factors from exercise habits, and other lifestyle or personal
choices, such as personal retationships, work and home conditions. For example, smoking (frequency
and/or amount of smokir of nicotine intake, and the like), drug use (type, amount, and
frequency of drug use), and alcohol intake (amount and frequency, for example) may be environmental
factors incorporatédunto a GCI score to generate an EGCI score. Other environmental factors may
include the type of food, apnount; andfgequency of intake. Other factors may include the exercise
regimen of an individuak @phagngteﬁ%ﬁ type, length, and frequency of certain types of physical
activity. [00131] Yet othev%nwr@n)méynta actors may include an individual's living environment, such
as a rural area, gn urban setting, or city of a certain population density or pollution level. For example,
an individual's residence, Eucr& /s the smog levels or air quality of an individual's work of home
environment, may be taksninto/account. An individual's sleep habits, personal relationships (for
example single or marrlegpggrpnl%r%er of close relationships, friends, familial relationships), social

status, e”IBRXF*ﬁQ‘i (Q&QML‘%‘Q&&%%% L%‘é%%f?(%@%&%ﬁéﬁ&%éﬁgﬂ%% %df@éﬁcﬂ%ﬁ!ﬂﬁ% with

co- Workers an superi dag th Sglul % 3[0 mem'%}en n‘ﬁo Cc:c:ou&nit td013t2 Tbus e
. i+
environmé ?ai’:‘td? an' BE™ D Toe)llml?eﬁ ARG AVE B RO IES S TSR AR P S ilency,

lifestyle c@ndi@s@nsqldm t@&@fcﬁsfe hablts and personal relatlonshlps The environmental factor can also
be a phyS|caI measurement of an indjvidual, such as hody mass index, blo ressure heart rate,
glucose 16Vl e fRBBItE 8% gfmi%“noievoéfhwéiannﬁcaﬁlé’?gcflﬁ%f“ fi Omttésr?)iﬁg\?eid‘i; ifsih teve SBIB8H cell
count, prcﬁf‘é‘ﬁ’f‘lé\?éflsa‘??d HARSEF I PE relEPrPHE ety @aﬁs'éﬂ’éb‘*ﬂﬁ’iﬁbﬁ?o %eﬁﬁ@ﬁ@maﬁlﬁﬁéoéﬁfﬁ%n mental
factor, forfexanydecatifeastepsrdeBoddib&pd®] dBd. 15, 20, 25, or more environmental factors. WO
2010/030929P Cii{152Q02/056 ¥ 20JAQ t33l-Thrwenvironmental factor may be independent of one or
more gengi fRGiGaiR GRHRUATAJR . sk oh.a lsaase Ol Fanlfien Lhe, ga\w%}ﬁpa%%n@ctor may

also be |nqepe 95 of one or more other enviro ntal {a&tq{rs in contrjbutln nsk of a disease
OS(‘B herein. ontrast wop ﬁVIOUS & 1’0?10 GS tle es 1mnig C(% 1deratl n CNCICS,
or condition. 1N some embo iments, the environmental factor may not be indep St one or more

genetic fa Ef@’f%"ai?f‘ﬁfé’(fm’ic%B@cﬁﬁf@?ﬂ%‘ie{ﬁ’ésé’ﬁv‘fﬁﬁ?ﬁé‘ﬂ‘ta‘{"’fﬁé"tb?fﬁh%\?ffﬁf?flbf’él‘iﬁﬂeB’éndent of other
environmenfahfactorsi<ihgerivironmiendal factoranayinotbedndependemdod btlhercgeneticrar.
environmental fagi@egs but when incorporated into an EGCI score, the environmental factor may be

assumed i [, 'ﬁ%&%&%ﬁl@}f:‘%’L]%&fﬁ%ﬁ@s%é&%&é%ﬁﬁlﬁﬁ'lﬁ{ﬁ9d(&li&rbaﬁ Qﬁ%@&éﬁ?&gtﬂé J;‘si@mp'e 5).In

some em dlme enviro t ran |n ivi e.thato
individual's srfaﬂrsnlf“’ye]?orr;lexa mple, a%@mﬁ%%@%ﬁ 1 fic )ée 1’0? esf}ﬁhﬁ/ %mnﬁﬁeﬁﬂda vidual's
family's offrfefitrseaetons: @ﬁ?@iéﬁ’ﬁ’ﬁ?@gc‘aﬁfﬁ’nﬁ‘ﬁﬁﬂ alfellﬁa?“B%Z}ﬁﬂ\‘Pg%ﬂ‘?%ﬁiEnf?ld?‘fa?ﬁ f*member
who smokése asdahval. the fexpdduretosshokecm iy bavarcenviforineatadtfactor incorpereted in the
individualissim@ikzke definitions, the relative risks are defined as

_ P(DIRR)
" P(D NN
_ P(DRN)
" P(D|NN)
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[00134] The environmental factors incorporated into the OCT to generate an FOCI may have a relative
risk factor of at least approximately 1.0 for a disease or condition. The relative risk factor may be
between ap rgxzig?%el 2% or 2, or at least approximately 1.1, 1.2, 1.3, 1.4P1T§ S’}(()S /10'?5 10.8, or1.9.1In
some embodiménts, thé relative risk factor. may be at least approximatelyﬁ, éj 21“:3' é‘lf 8,9,0r10.1In
yet other embodiments, the relative risk factor of the environmental factor may be at least
approximately 12, 15, 20, 25, 30, 25, 40, 45, or 50. [00135] In some embodiments, the environmental

factors incorporated into the GCI to generate an FOCI may have a odds ratio (OR) of at least
apgrOXimﬁltﬁM]h@a@ge%&iﬁﬁ?ﬁ@ygﬁﬁ@mm@ﬂ(@b@(R@haﬁy%ﬁi%‘%f;%ﬁ%ﬂu%%h?%@ﬁ‘é&’?@fkﬁ@@(ﬁéimat?:y 1
or 2, or atleast a ximate : : 1 : 1.9, In some embodiments, the
OR may ts Cp IRl X e driplatdb b p ek fo g R O of the
environmen B FHiragP B & i Rkt é‘b%iﬁ‘é%}ﬁ%f&ﬁ? P refiv ?’Cf]‘zy%?yéi)‘?‘ééa,“fﬁ}%%}"é?%o. [00136] The
FOCI may be generateg for 8$étiddser conditions in which the heritability of the disease or condition
may be less than approXimakej?05%/ln some embodiments, the FOCI is computed for diseases or
conditions which have a herﬁ@qimﬂess than approximately 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%,%@%W 75%, 80%, 85%, or 90%. Personalized Action Plans [00137]
The personalized action plans disclosétl herein provide meaningful, actionable information to improve
the health'FHHelinedsthstaafRelrviehi srmabrssoaseaoncisesg sidbaie p rafie s eVt albThe action
plans profidecasréés ghaghisithap@niioe neficiat telahiddividbatin viewshdypatticidearigenotype
correIatioabp@f%%mxrgm&d@oaﬁmiaﬁm&g&g&merﬁﬂﬁtﬁmgrﬁ@gpﬁmkmiw&ﬁ&@és@Qasa,m@al needlof
treatment or effects of treat ingJifgsstyje £h in diet, exercise, and other persona
D S LS A Ry

habits/activities, which’ éénmbe e ased on a genomic profile into a personalized
action plan. Alternativefx,%’,V Eul @J&fﬂﬁf 6@%.%4%)21 ;‘)é’@ﬁlar rating that is based on their genomic

profile, and in addition,/aptonaily, liRthide-oféinfoliatignt23uch as family history, existing lifestyle

habits angh@eaarapiy oS UchAS-BLNAL HRILad L WOEk.GORQILIANS . WRKGSRYEPAMEDLRELSPNAl
relatlonsmlgsbatg}gme}.gpwronrqent nd ot ers. Ot or ted.lnclyde ethnicity,

: he cantrol po i!llauon, UL LS WoultrI 1%"; gg‘%ﬁ%ﬁg’égﬁg&s@@(@%ép t%gr eva?énce is bigh. © ~ .
gender, an ageyfJ he odds raﬂc?_o?_varlous dietary and exercise prevention strategies and their
associatiot Vit Fetfiiy TkS oF disBAses 5 CBMarIoHE-Can Al B iEsrBo Bty s R e tating
system. [00h88fmarcaik@rtiple, the personalized action plans may be generated based on an
individual{so Q& Mot B@&H saireddarthermabrectledqsersenalizat-acion plans mayibednadified or
updated fop ARiingividualfor.example, 30 WO 2010/030929PCT/1JS2009/056720 environmental
factors for an individual may bﬁ%ﬂ}?@ ?g]@\rf Hpg?ted, generating an updated EGCI score. The
personalized action plaig, pa Be Hi r updated for an individual, such as resulting from the
updated EGCI score, or from fe1Set f)% 5téd GCI scores generated from new scientific information
regarding genetic inforgation Befng| Ebfreldfed 40 diseases or conditions that were not previously
known. [00139] Modified or updd{éd PePsBnatiZéd action plans may be automatically sent to an

?nfj_iV::jUa'[@ﬁi@?ﬂé&@@@@&ﬁ%fﬁe@g&@ﬁg%&wi&ﬁg@&ﬁ@%@ﬁ;&?ﬁ@d@@ﬁyi%%k@{o%‘%éfab&@lﬁé}t&ﬁ&%&ﬂﬁgag%r had
initially requested automatic updates such as with a subscription plan. Alternatively, the update
peraomal el e B B R care
manager S HEHET S HHIEFEABR BRnay be modified or updated based on a number of factors. For
example, I8 Ynidividuabayhdeemorecgenssd conterativrs Rnbihpesand havesiliscdded® modify
existing receamingndetion s add additionaldeconmenddtions bord emeves fecomrmendationson the
initial persralized.Reiienplansin somarmbedimentsiAR-Rdividihalimay have ehanged gertain

lifestyle hﬁ\)ﬁi)tsll%r%\é{{a%mgﬁg,_ or have more information regarding family history, existing lifestyle habits
and geograprﬁ/, such as, but not IirEnRi}{ d{o,P o%voondig ns, work environment, personal relationships,
home environment, anfl'others, or wa it HiﬁclhdéTﬁ@ir ﬁddvé\féd age to obtain a personalized action
plan that ihsrporares diddd BhERGES. Eaifexample, an individual may have followed their initial
personalized action plansy@pch gs(;ﬁ%técin cholesterol in their diet, and thus their personalized action
plan recommendationsmrﬁof' “of #héir fiskeor predisposition to heart disease reduced.
100140] The personalized action plans may also have predicted future recommendations based on an
individual following the recommendations on a personalized action plan or other changes an individual
may make B ARV S SEU TR R MEBP X ERBIR e Hdividuals' increase in age would lead to an
increase in risk for osteoporosis, but depending on the amount of calcium or other lifestyle habits such
as those in the personalized action, the risk may be decreased. 1001411 The personalized action plan
may be reported to an individual, or their health care manager, in a single report with the individual's
phenotype profile and/or genomic profile. Alternativ&ly, the personalized action plan may be reported
separately. The individual can then pursue the recommended actions on their personalized action
plan. The individual may choose to consult with their health care manager prior to pursuing any actions
on their plan. [00142] The personalized action plan provided can also consolidate a number of

condition specific information into a consolidated set of action steps. The personalized action plan can
conenlidate farctore inchiidina hiit not limited to the nrevalence of each conditinn the relatinvie amorint



as following a personalized lifestyle plan, including an exercise regimen and diet plan based on
anindividual's genomic profile. 1001441 The personalized action plan recommendations can be of a
particular rating, labeling, or categorizing system. Each recommendation may be rated or categorized
by a numeri@g‘?%‘)&%‘}?oé)g%/or letter scheme or value. The recommendatioﬁgﬁgﬁﬂﬂgnéﬁ%‘borized, and
further rated. Numerous variations, such as different rating schemes (using letters, numbers or colors;
combinations of letters, numbers, and/or colors; different types of recommendations into one or more
rating schemes) may be used. [00145] For example, an individual's genomic profile is determined and
based on their genom c profil§ recomm %q ions for the jnglividyal on a personalized action plan are
categorized into 3 group’,; A= rsé. i ets; "N" representing neutral or no
significant effect, and "B" rep?pég g DeRticta! or po%W@‘e‘ff‘Q& * Using this system as an example,
therapeutics categorized as A R;orvﬂ&émqﬂm&uaﬁvﬁ,@u’rd?ﬁﬁblude drugs that the individual has an adverse
reaction to, those categorized agdwaulg hothave iy Significant positive or negative effect on the
individualgand. those.categarizesas B wauehehenefigial to the individual's health. Using the same
categorization system, a dietary plan can also be grouped into A, B, N. For example, foods which an
individual is allergic to, or should p r%cuLar yquri (for bﬁxmple, sugars because the individual is
predisposed to diabete@Ry eatsiti etatedori A. Foods which have no significant effect
on the individual's health may be’€a i7é8ras'N. Fo6d&%vhich are particularly beneficial to an
individual may be categgrizedigs | i Wi i=Tal, idual has high cholesterol, foods with low
cholesterol would be categorized/as'B *Exefeiseregifiéh4or the individual can also be based on the
same system. For example, an indivigidadtmay be predisposed to heart problems and should avoid

intense Wik ti-and s LUnning.may hean.A activitk. whereas Walking QLIggging. afa.cefain pace
may be cgte\g}g)rtkz%qa% aE. %(%nglr}l% gor qlvgeg}llgd‘ of time may be an N for one individual, but an A for
another individual predisposed oO\L/Laric%Ss()e Ve ins 46 Bjﬂaélimlﬁ—‘urthemiore, within each category of A, N,
or B, ther@Uaf! Pe'fithErsfete e redtde e ArsUeh s P augRS? HOm BRESEtOHIgHESE impact.
For exampeyrartherapduticshaydie categdiizedas Ahadhichidndicates a slight negative effect, such as
minor naysragwhereas-A wouldipdicatesthae thespperticompulthcanse vomitingowdehas #eS

the rapeu%ﬁe!’é’%éﬁeﬁ%%%&&%%%% Rdyer sfoharto N SCHAS APRPDYIRGHS:Sh 9&%&@9%{ %@43413‘?_ 131
would have a Bllght §2§)§IUV% effe(i;[ 0#1 an.individual Qgreas 135 would h%v? si mﬂcaﬂlt. positive

. relative ris 3 O eacn other, hile Previous hgt\%l g gu st 10 com Ll%b‘ ch 0f the refative Tisks

impact onWﬂe individual” For example, It an‘individual 1S pr%‘%:?lsposeﬁ oefung cancer, or was exposed to
second h&HEPEHiBke while growing up, the individual not smoking may be a B5, whereas an individual
not predidpdg&dirlngscelmoer/mayiadve theactorascasBd: (00147 Thedifferentidatégbries can also
be repyesgnteﬂi&ysdﬁﬁ@emémigr@. f&ragxamplﬁmo%m@mb@cseammmeaje&mekfheréegm&em-h@wamhigh effect
on an individwaks,.Bealth cthe shades.cansangediam plight 1n.dark red.tanes, ightrepresanting low
negative efﬂect&g&sgrgrk reddrgl%[jeassenting severe adverse effects on the individual's health. The system

£

SK an 108 are Qe
can also be a continuous spectrum of colors, numbers, or letters. For example, rather than have A, N,

and B, and/or subcateg@aegﬁlﬁn’b, the categorization may be from A through Cr, wherein A
represents foods, theraﬁeuﬁé@,[ fiféstyle habits, environments and other factors that severely negatively
impact an individual's h& It:hP{\lhma(as B(feprgsents fautbis:that have minimal effects, either positive or
negative, and G would represent highlyApeneficial tothrgindiyidual's health. Alternatively, rather than
have A th%gygﬁoghng@pgg or (glglgs r@glgnag%pﬂggggeagent the WO 2010/030929PCT/US2009/056720
continuous spectru’f‘nqo? ood)s, therapeuticslifestyle ﬁa%its, environments and other factors that impact
an individual's health. [9@33“_ Jnfﬁ@m,%}embodiments, a particular therapy, pharmaceutical, or other
lifestyle element in a personalized action plan can be categorized, labeled, or rated. For example, an

individualmay-have:a persqralized-actionplanithatdreludes an exercise regimen and a diet plan. The
exercise regimen may incgy)c;e one or more ratings or categorization. For example, the ratings for the

exercise regimen can r 8o E, such as in Table 1, wherein each letter corresponds to one
Or more types of exermsge 4 clading information regarding the types of activity, length of time,
number oRtindies i a given timeframe, that falls under each level, and thus, the recommended exercise
regimen for the individual. Tablg,1: Exercise Regimen: Cardiovascular Activity Rating Option 1 Option
2 Option 3 Option 4 Briosg wgl ‘ Ov.@ﬂrﬁr}ﬂ% times a week, for 20 minutes

N

X fik = Ap(D)

=0
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Swim 4 laps, 3 times a week Cycle 5 mph, 3 times a week, for 20 minutes Brisk walk 2.5 mph, 2 times
a week, for 20 minutes Cycle 5 mph, once a week, for 20 minutes Jog 3.5 mph, 3 times a week, for 20
minutes Swim 6 laps, 3 times a week Cycle 8 mph, 3 times a week, for 2Q mi 0g 3.5 mph, 2
times a Weewqulﬁdy’fﬂ?%%tes Cycle 8 mph once a week, for 20 minutes ﬁ%’ﬂgr%gﬁ ]%%g{%nes a week,
for 20 minutes Swim 8 laps, J times a week Cycle 10 mph, 3 times a week, for 20 minutes Run 4 mph
2.5 mph, 2 times a week for 20 minutes Cycle 10 mph, once a week, for 20 minutes

:
R
By setting (' = Z fiA theresultis 4, =C- O . Thus, by the definition of C, it is:
il PIDOR, + C— p(D)
& k
OR.
=Y fd=d——d
e im0 PIDYOR, + C - p(D)

[00122] This is a polynomial eguation with one variable C. Once C is determined, the relative risks are determined.
The polynomial is of degree k+1, and thus we expect fo have at most k+1 solutions. However, since the right-hand
side of the equation is a strictly decreasing as a function of C, there can typically only be one solution fo this

equation. A sofution is then found using a binary search, since the solution is bounded between C=1 and

k
C=> OR,.

=0

[00123] Robusiness of the Relaiive Risk Estimation. The effeci of each of the different parameters (prevalence,
allele frequencies, and odds ratio errors) on the estimates of the relative risks was measured. In order to measure the
effect of the allele frequency and prevalence estimates on the relative risk values, the relative risk was calculated
from a set of values of different odds ratios, different allele frequencies funder HWE), and plotted the resuits of
these calculations for a prevalence values ranging from 0 o 1.

{00124} Additiomally, for fixed values of the prevalence, the resulting relative risks as a function of the risk-allele
frequencies was plotted. Evidently, in all cascs when p{D) = 0, ARR = ORRR , and 38N = ORRN , and when p(D} =
1, ARR = ARN = 0, This can be computed directly from Equation 1. Additionally, when the risk allele frequency is
high, ARR approaches a hinear behavior, and A&N approaches a concave function with a bounded second derivative.
When the risk-allele frequency is low, ARR and ARN approach the behavior of the finction 1/p(D). This means that
for high risk-allele frequency, wrong estimates of the prevalence will typically not affect the resulting relative risk
by much,

[00125] Qdds Ratios vs. Relarive Risk. In epidemiology literature, the relative risk 1s ofien considered as an
intuitive and informative measure of visk. However, the relative risk cannot be directly calculated 1o the context of
case-control studies in general, and whole-genome association studies. The relative risk can usually be estimated
through prospective studies, m which a set of healthy individuals is studied over a long period of time. In contrast,
odds ratios are normally reporied in case-control studies. The odds-ratio is the ratio between the odds of carrying
the risk allele in the cases vs. the controls. For rare diseases, the odds ratio is 2 goed approximation of relative risk;
however, for common diseases, the odds ratio could result in 2 misleading estimate of risk, where the odds ratios
may be quite high even when the increase in risk is minor.

[00126] Relative Lifetime Risk vs. Relative Risk. Relative risk implicitly assumes that none of the controls currently
has the disease. This is relevant when the probability of having the disease is estimated. However, if interest is in
the risk estimation across the span of a lifetime, or the lifetime risk of an individual to develop the condition, the fact
that the some of the controls will eventually develop the disease is taken into account. The relative lifetime risk is
defined as the ratic between the risk of developing the condition through the life of an mdividual carrying the risk
allele r and the risk of developing the condition through the life of an iIndividual carrying the non-risk allele. This is

different than the standard use of relative risk in case-control studies, which is based on prevalence information
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Run 5 mph, 3 times a week, for 25 minutes Swim 10 laps 3 times a week Cycle 5 mph,3 times a week,
for 30 minutes Run 5 mph, 2 times a week for 25 minutes Cycle 15 mph, once a week for 20 minutes

tz.1 Run 6 { g@g week, for 30 minutes Swim 12 laps, 3 times a \g(,%qlfﬁg 0,1_..(57 ph, 3 times a
week, for 40 minutes Run 5 mph, 2 times a week for 30 minutes Cycle 15 mph, once a Week for 40

minutes [00149] In one embodiment, based on the genomic profile of the individual, the personalized
action plan may having an A rating for an individual, and therefore the individual's recommended
exercise regimen would be to select from the choices in Row A in Table 1 for their cardiovascular

workout. Gimitanhsae snalogoussystemdorweight trainingoanmberpastial theindyiduals exercise
regimen, gnd WeIGHL IAINING.QRIONS fOLA0A FAHAG WA MR- LQLUARANIR Gl 240056720
can be divided mto three groups: CA, Y, and Z. CA denotes the cases, while Y and Z arc controls. As opposed to
individuals from Z, il is assumed that individuals from Y will eventually develop the condition, Also denoted by CO
is the union of Y and Z, and by D the union of Y and CA. It is assumed that |Y|=alCO=0f Y +Z|), where ¢ 1s the
fraction of controls that will develop the condition within their lifetime. Note that o is upper bounded by the
average lifetime risk. Possibly, o may be smaller than the average lifettme, depending on the age of onset of the
disease, and the ages of the controls.

[60128] The relative tisk and the odds ratios can now be represented as:

_P(CAVYia) |
T P(CAVY |a,)

_ P(a, |CAYP(a, | CO)
' P(a, |CA)P(a, | CO)

The odds ratios can be written as;

_ P(a,|CAYP(a, |CO) _ P{a,|CA) aP(a, |V)+(1~)P(a,|Z) _
" Play, |[CAP(a, |CO) Pla,|CA) aPlay |)+(1-0P(ay | Z)
_P(C4|a) oP(Yla)+(-a)P(Z]ay) _
T P(CAla) aP(Yla)+(1-d)P(Z |a)
_P(CAla) aP(CA a,)+{1-a)P(Zay)
T P(CAla,) oP(CA|a)+(-)P(Z a)
The derivation from the first to second ling is based on Bayes law, while the third line is based on the fact that CA

and Y are essentially the same population, and thus P(CAJa;) = P(Yia;). Now using the fact that P(Zja)) = 1-P(CAla;),

resuits in:

_P(C4|a) Qa-DP(CAla)+]1-a A_(Za—l)P(CAfao)Hwa
TP(CA a,) Qa-DPCA|a)+l-a ' Qa-DP(CA|a)+] -«

£
As before, p(D)EZ fP(Dla), where p(D) is the average lifetime risk. Thus, using the
i=0

D
_pD) Z [/, and the odds Tatios can be rewritten as:

equality C =
P{CAla,) o,

iy 2a-DP(D)+(1-a)C
: Qa-DP(D)A+(1-a)C’

Thus, if C is given, the relative lifetime risk can be found by assigning
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be recommended for the individual. In some embodiments, factors such as, but not limited to, an
individual's existing diet, exercise, and other personal habits/activities, optionally other information,
such as fam&y 53 Qo gélstlng lifestyle habits and geography, such as, b%[% @J}%Q 17% work
conditions, w 0k envwonment personal relationships, home environment nicity, gendﬂer age, and
other factors may be incorporated with an individual's genomic profile determine the individual's
exercise regiment rating. Furthermore, as an individual's lifestyle habits changes, or more factors
become known and are incorporated, the individual's rating can change, for example, if an individual
follows the recommended activities on the persqmalb;)gd @g{tlon plan, starting at an A rating, the
individual may request an updated pje WWWI luates and determines the
individual is now at a B rating. Alternatively, a i%dlwdual" personalized action plan may offer a
timeline féroghsiethetnuivieRibdsBAEEId consider moving from an A rating to a B rating to maximize
their health. 1001501 The personﬁffq acgion plan may alqu}ave a rating system for a dietary plan.
For example, the ratings for the i B EmhatTanges from | to 5, wherein each
number corresponds to particular gPouplng”?)?‘?g?ts fﬁers protéins, sugars, and other nutrients the
individual is suggested to have in their diet, particular portion sizes, number of calories, and/or
grouping Qithaathernfoeds thatamindididunalishodidiave astheilgig?)BESed)ofkthéogenerale profile of

thg méﬂ'v';m e Qegageau%%gll%ypél M@emx Qh‘ﬁ@t?r ng;@n@% Egim@@e@%v'dual and thezrefft)re the
individua nen dietar selection of dietary choices r rating.
100151]I 1%%0&1?13% ] r?]néar% %JO ividual §s rﬁgcnbékcjrfel%ﬂ}zje% alt—“(ficrrg%atlr:] %Hg%u?lndlwdual
given a Zm%ﬁdﬁlﬁjg’éﬁ@éf"%%ﬁ@%‘&&é 11"’5%&3 a’ﬂésaqeb’[%}’gbr‘eeaea@ FlEge ﬁa}fﬁrﬁﬂﬁ rghdicific
vegetables, mezsts). fraitsddienihaiidiothekhtrynbeidategb tizetkag d2iwhite otietskaptnf-dgrigéxample,
asparagussayrhens vegetabledbatiscacsyhergasdeetsaredsoanddhrraions thesdindiddwal should
include ma&%aga&emryatmromé@eg@etﬁs&n thea@e&&gﬁ&taz;v&gg@%@emmgpgugaa@t an individual
is given a suggested ratlng pe ofg fo follo t at IS bre Cil n qf the t of nutrients of
ualan\(al d%‘l as,ihe uet ol the re atwen%

are ST 11ve 1is 13 .are, caltlial i
the type of fodd the in ave in their diet, ased on their aenomic pro ile. ﬁiwhe rating may

be in the f’&?ﬁ‘i‘tﬁfléa\ﬂ’s‘ﬁ&erﬁé‘iﬂe%}?ﬁéﬁﬁéﬁnﬂﬁ%ﬁ‘iﬁcludes shapes, colors, numbers, and/or letters. The
rating magzuécryd : gprEgeitation that includes shapes, colors, numbers, and/or
letters. Fqnfaxampdanmlﬂaﬁimmu,ahl&mbmamlﬂaet@fedjamsaeht@t@ﬂtm cancef-antkdiabetes, and is

given a S)ﬁﬂlﬂgﬁﬁﬁﬁl@&%@é@%ﬁ&%&@&q@tﬁﬁ)‘?&ﬁéﬁ%@Ebﬂﬂé&&%ﬁﬁ}l @JH&%B@E@&’HAQM@Q tyRes of food
the |nd|V|duaI shomdld have q}helr diet. ng erent tlycfg ?aé?f foo ﬁéﬁ“%ho%ml%%t@%t'm ed to sfg)ecmc

a%‘l AV mﬁen d’l ACTOrs may inci non 1) ‘LB
fruits, veget es, car rates, meats, ro UCtS an e are represen yt e same

scheme. Igﬁﬁdécwhﬁa%é&%ﬁﬂ%hgﬁﬂbﬂl Qﬁﬁfiﬁhﬁﬁcﬁ?ﬁé}ﬁ?%‘%ﬁ%ﬁégﬂﬂ’?ﬂﬂﬁlwﬁﬁ‘i‘é fiffBfividual would be
recommendetifoods farthie indiid (dat00 1880 ngomesembedimentsiddetortisuah B kbt not limited
to, an indiiguad' syexistingtdist fexercyse dap dsothar rersonakdrabiisiact vitipsy@ptionatycothebe
informatian,suech-as fRmimMistera exstng lifestylehabits A 98RIGRRYLSHERAS: RLLRaLIimited to,

work condjligns, wotk.enviranment, persenalelationshins, home. envisonment, etnidily, gender. age.
and other actors ma e Incor ted with an |nd|V| ual's genomic profile to create a personallzed

action plaﬁdlaﬂ?f]tﬁﬁ@ TR PRRRPGiER TEP AR M ETUAIUEMS o BBEYG ptER Eurthermore, as an
individual$0ifdstyrediubinschaeie Scorsmior éfhctorsidasme kKo wh mnaearetifics puBrated, the
individualistratingnean ehangerkosexamplensdhan jndivd iatfaltews:the, rmecammmendediactitigs on the
personali%egimasq@qghag{, Slaring.alA-tivating {Rndistany almemwh ighy is. anextremelyuloyy cholesterol
diet, the inchyidusl may.equest an updaled. ersonalized.action.plan. hatncomporaies e changes in
lifestyle habits uﬁe In ual has such'that the dividual has an imp roved cholester ﬁevel the
updated PEFAGNET ST RGBS SR T TRUIOTHUETnaY ?J‘*W@ﬁzb*hw Job seiistion
2010/03099PET WS2009/8867S O paite et Bultedtey Al tesvaietary blans under rating 2, or can
choose frowen shie tany, plansimigtingscbrands2 . bilter natively amindividuialigrinitial, persendlized action
plan can QJE%E@;Iim@ﬂ%&%&%ﬁ@&&h&ér&%&@&i@%ﬁ@%ﬂ%ﬁ@ﬂﬁ&g&ﬁpm%mﬂvﬁ&m&d} rRipeiQia 2 rating,
o1 vary. inglsian plans. bassd on seheduie. batveen dtsientdlelanaalens undst. diferent aings,

to maximize their health. |‘[f he ratings in a ersona ized action plan may be for a combination of
different rﬁ?ﬁﬁb‘%’y&%%?? B?J’evg‘iéﬁl?%ﬁ R %fé’rﬁé?éée"reédlﬁﬁ%ﬁ KyBiRT Tt ﬁ"f’éﬁﬁh&?ﬁ”tﬁ BBl E and
dietary plénnssystayrivithe M Gan Plin RSOGPr S ca Ben fse artg Give dnaeivia cdrals Alsadihg it their
personalizeth gction Jlan.of hereioientierdntlividual is recommended to follow the exercise regimen of
the A rating and the dietary plan of the 1 rating. Alternatively, a single rating system can be used for
the exercise and diet regimen. For example, an individual may be given a particular rating such as a C
rating in a personalized action plan such that the re¢ommended exercise and dietary regimen for the
individual is both under the C categorization. In other embodiments, other types of recommendations,
such as other lifestyle activities and habits, are also included. For example, other than exercise and
dietary regimens, other recommendations, such as therapeutics, type of work environment, type of

social activities, can also be encompassed under a singe rating system. Alternatively, different rating
cvveteme fcan he 1iced for nther recommendatinne Enor evamnle letteare mav he 1iced for recommendead




100161] The on-line community can also provide incentives for an individual to improve their health, by
progressing through their personalized action plan and/or improving their GCI scores, decreasing their
risk or predisposition to diseases. Incentives can also be provided to individuals not in an on-line
community. r 8% %9 an employer sponsored online community mayp&zfé?sa%%ggﬁ%7%ian that the
employer subsidizes more of, provide extra vacation days, or contribute to the health savings account
of the individual, when the individual reaches certain goals, such as by improving their GCI score for a
disease, thereby decreasing their predisposition to WO 2010/030929PCT/US2009/056720 a disease.
Alternativighys i e:cQmmLRIL. d08s RO Rave o.ke: onliRe, and dhedndividualsubmits thelrimproved GCI

score to a designated person that processes the health plans for the employer. L00162 Other
incentive§ 155 A8 & u JEH TS BRI AR IEeIIAITSRRAE: ‘x‘x’é"f’ﬁé’fr”%?é%?%"‘o‘i? BrSUnG tR&ir cel
score, and/ertiiitveg gt gedormaliy echdictionnplar. drgiidutlsharayrereiie tnttodddeem for
rewards Wwhgrntheywfeach eettaigaaisSch astinpraxingth e &Ghseona hyia asrtaindgpercentage or

numerical valug. QL ARG fFaLene cateear L iR-3nRie s Hghatrisk R lQWer sigk).QtPy-achieving
certain goals in the ersoq)aliz d actionapggn Foﬁééﬁmﬁe the individt%qjama a%Qiagve a GCI score
e

emfuonme Tal Tactors, but.w nmcfmgor mF[]o an B score, the env&'onmen clor; %une L
decrease of a certain numerical value, to achieve w%reatest ecrease In risk to a disease within a

certain tiffafPEHR! 10GER SIS GoET Y (Re s enan, Bd et bl FiToBt {5 9EEsHhih the most
goals on enpersonaliZzed: sstivpritd frr 2004i6@1:Peieihd Sefaitiy ndindigisdmploersamay offerpdints
and/or rewars; pertapsshy purchasing-themiand affering: thenmn sastante Wakddepth eni tdivitleial that
improves, fheir GGl S¢arehAGaYeS.a0als:an thai persanalized.actisnRiany.dpdividuals may also
receive pglg&g/e}}\é\@cﬁqﬁgg rg)a%@%ggi a goal befare another person, such as another co-worker, or group
of friends, fami y, or mem’%elr% of an on-line community with the same goal. For example, the first to
achieve d¥BRY dEofe RGBS S e CARSHR (HRER I VARTET TS FAHEvEthi yrantsse GECHEREY in risk to
a diseasea\titiirperasortgdly titefraisrescter erdtnmplidh algivalisagne parsoalize draston phanér to
accomplishathasmaestgaalsyan.a.persanalizedsactiars pltarm. Theirdividdalrayd etaieigashioror points to
redeem for.cash..as tewas.ihen rewardsomayoingludeRharmiasertical preduets healimproducts,

health club memberships. g (rgaiments, Miedical pracadufes, deyicesfo monitor health, genetic
tests, trips, and others, such as subs Iptions to services described herein, or discounts, subsidies or

reimbursd MR T6rehETRRIaTEGTEE TRTHE. FO0T SR PHEH EEHEY 5 1945 H8 SHOHErEY B friends,
family, ardeednplioyers.obh Eemapauticat s dihisanitsah exithddiob s rredivareebiie tomphities spas, and
others maypalsesgpnsor, ineekitvasrokheisiponsorship maysbesin. exchange foradvettisingOmhe
recruiting ploLg<amniey Rhamacgutical alubs may:he.interestecinebiaining the.gapome profile of

individualg,or, dat@: oL ElNiSAL IR, FurneImere, e incentiues,may hegised to encourage individuals
to participate In communitie's that motivate individuals to.lm%rove their health, such as the on-line

communitd34b SBRBEG! By ER B R RS T NP B i R A A P THOLEB B¥8ports
containingthésdenbmivpirsiiecis Aghoty e p rofikd Ber oth EFfrifo HiTaion feIdterctotrejdanotype and
genomic profil@sesuetiiagipersenatz egradtiorlpéns(has becprovidedtostie ipdividuan Headlth care
managersana promders,, seh Bs, caegivers, physicians, and genetic counselors may also have
access to}r;% rgtp%@.nfgpsdgports may be printed, saved on the computer, or viewed on-line.

Alternatively, the profiles and action plans may be provided in aper fo%r]n.‘ hex_m%y_ be in paper, or
computer[Pé/]af’&EgFé RGP RRAt S T AR BN 5 A T PEAM A “Whth stBSEG e TR URES B SVidEd by
paper, cohiptiteridaerapletoitidirdhoined Thesesons et Gerdrated dhereinpiitteddiia
computercohheyptandpehstorednaivia comipditairbadablef medium:. J00166]-THeige romic profike,
phenotypepeafileiasmribasiRersonalizeddstionplanscande acerssiblerhy an-anlinepatal, a
source of jpfqumation which 9&&@5ag%%ﬁfiyp%ﬁeaﬁ%%%gﬂgggWﬁi%@l ibreughibse.tagamputer and

intennet website, telephone, or other mer%nsdthat allow similar access, to information. The on-line portal
may optiofSHy Bes4 BRGNS BoRAT 6 LieHERa T My Brovite RS 1o Gther SeRiPe Ad
non-secuféihidbrsitessabireianpraviiree psacdréichetsie Wit AeNIRTarepretst/paBrofile, or
to non-setisenwvsbsnegsuhas anwssage. bodrd, fof indmigd alsrsharngtarspeckicywhenotype. 37 WO
2010/03092QR & kbS200 IR G H20-EQ8] 6.4 hiRep onts-may-De.oh amndnaividuals Gtk seexay,GCl Plus,
or EGCI sgare (a3 %@5%‘?&9s'9%%edﬁva§9n‘[§ﬁ%ﬂrﬁ9«%&%@[#%Hﬁ&!%ﬁg!@?ﬁ!ﬂ@&%@ﬁﬂﬂg%i%f reporting a
0
d

GClI, GC1 Plus an % GCl scorg%. For e>ﬁangple, the s%ore, for @ne or more conditions, can be
. . Orcducm TISK$ O 136336& O congitio carha S0 DO MCOrpora 110 the atmg s¥stfzm.. .
visualized Using a dispiay. A screen fléuc as a computer monitor or television screen) can be used to

visualize A5 BrA TStk B E P e FORERS With bRet@ St Rite (Ttor YIS ahioté réiibotitfient, the
display is astatiordiSpleyssubrés @ printedaphgecding diaplasd feap indiidie!, foutismbt limited to, one or
more of the following: bins (such as 1-5, 6-10, 11-15¢ 16-20, 21-25, 26-30, 31-35,36-40, 41-45,46-50,
51- 55, 56-60, 61-65, 66-70, 71-75, 76-80, 81-85, 86-90, 91-95, 96-100), a color or grayscale gradient,
a thermometer, a gauge, a pie chart, a histogram or a bar graph. In another embodiment, a
thermometer is used to display the GCI score and disease/condition prevalence. The thermometer can

display a level that changes with the reported GCI score, for example, the thermometer may display a
colorimetric chanade ac the CCl ecernre incraacec (erich ace crhanaina from bliie faor a lowear CGCl ceore



WO 2010/030929PCT/US2009/056720 estimated lifetime risks for a number of conditions may be in a
"Quick View" option, while more information for a specific condition, such as prostate cancer or
Crohn's disease may be other viewing options. Different combinations and variations may exist for
different weWﬁ %8%& [00171] The phenotype selected by an individudl ‘AR & e("nfg?ﬁ/cal condition
and different treatments and symptoms in the report may link to other web pages that contain further
information about the treatment. For example, by clicking on a drag, it will lead to website that contains
information about dosages, costs, side effects, and effectiveness. It may also compare the drug to

other treatments. L NeksIte Wd@iﬁ%?@@@&l{édi&lﬁﬂ%é&%&%ﬁﬂ@ag [H@a@%%ﬁ?s@%e’f& website.
Another link ma ,¥Qrowde an option.for th Wﬂpggto a egaﬁ) armacg)gten mlctproféle(generated
u

actiop plans may also b modz T an TRQIVE such as re i
which wollid inc de Information Such as th e|r y response to the drug ba on their g genomic
profile. LiRRE 5 BReFASREYts Tﬁ‘é"ﬁ‘?%i’g‘ ﬂé&’}’ﬁfs%%’é“ﬁ? VRYEd, %ﬁ&ﬁ&?@?@?f@ﬁfﬁ%@%@ﬁ?ﬁﬁ‘ such as
fitness ardfuvedginiosscamdttihks itorgiet sudplanibntssrdiot plraessiakigto. nearby health clubs, health
clinics, hqalthoanebanelinessiproyiders-daytpasand thedlikemmayyalsodhe piovitdad: kdtieational and
informatiqg&@tﬁé@@gesm%ﬁyeri% aliavailaple-reaiments.psshieremedies:And9enetalats

recommen ayso“Q ma Sms%nbeapr%\{&qqegvl%q 72 Th ﬁc(?r@{rllgi‘l% gegl%g may : als rcoq\éu%Ie Ilnks to schedule

in- person p ysiclan or etiCc counselin ts or to access an on netlc counselor or
B o e gt eoun
phenotypkssfofileniinke tGenslider geneliceodistihte alnt physisinicgoedtionsambisediss e prowded
on the ondinle repostn{06l £33}y anatherdembodimeéntxthe:teporhdnayshe ohadfitnphendbype, such as
the similafﬁéyngfamfmgmgcumng%om L&weﬁ!e&e&ﬂa@%e&eaag% individal sueh assAlbert Einstein.

The repot mawdisplay, a ereehiade smilaitn beeen iheindividuals.genomic prafie,fg that o
Einstein's, "and may further display a predict eal Eifstein’and that of the individual's. Further

|nformat|c§Hdi’1‘i‘ér>p‘|1ﬁI&€I’h18’é“FPo1\‘/\7 R Q‘@’H%ﬁ’i?c‘ﬁ%ﬁ’ileﬂé’fl’i‘ﬁet GEREAI OB o SR A IASIF Y E8mpares to
that of thethsividtrar & bl ihstehdxcd oo 17 an arodiezehibisdiriie At throreptettinayaispialoall
phenotypes:thiat hanevhieamganel attdvto the individuaks-genomigapyofite d feoitigy @siBedirents, the

report may.digplayanlyibe Rheneeadhalateresiivelys carralaleshwith aa- individuals.genomic

profile. In,0 hger{({orgpealg%uthde individual may choose to display certain subgroups of phenotypes, such

as only me |ca enotypes or onI actionable medical Phenot pes. For example, actionable
phenotypE4hd ﬁ?é’?%B?Pé"fgﬁé‘éob% ALY TCEE CrE L HEe 498 (5T &n HBEWIIRIL23R and
CARD 15%iivyise Hhediatierexi{tent elatesss Wi tac D)o passte shietated MEABR BT hsoriasis
(HLA-C), mulkipleesclésosign{idlBe DQATLYsGraves idgeased HidAs RRBI:) s helthiatoidqothyidisut
(HLA-DRELndiyhe 24iabetes Ll ok d-Dreast ancallBREAZ 1calon canak APt apispdic
memory (KIBRA), and osteoporosis (COL1A1). The individual may also choose to display
subcategorles of phenotypes in their rep ort, such as onl mflammatorz/ diseases for medical
conditiond™8# 8l rﬁ%% FUHE R HE %"e‘”‘&“”é‘&? EORdISIE 18 S5 e S MBEdRasHts " the"fdividual may
choose td"@ﬁ’éwﬂél‘lﬁééﬁd’ﬁlﬁﬁé Wé@ﬂ?ﬁ’é’ﬁéﬂaﬁ%’%ﬁfﬁ%"&&?&ﬂ st Er eyt vrERIBAIBYE RigPIiRting those
conditionsyahightightt epenty e oftditidngiwithnaieetevaidd rskuomosn]ycdonditibrispwith-gzeé duiced risk.
[00175] Infermationisimitiechby.and conveyedita.an individual prayiba.sessis antheopfidential, and
access to §atdch information may be controlled by the individual. Information derlved from the complex

genomic pﬁr'?glze ma§ bens1 r1pé)lletd to the |nd|V|duaI asre gi%t0£¥ \ r}cgn roved, ul der;s,tgngoable
medically Feleta MR8 Fig A TR A A RO SO T 5y AE5he S SRt YL SR ot

med|ca||yare1e95¢%?4ﬁ7b??ﬂ%iﬁaﬁw@anTBep§e‘é@Péw %ﬁ%%ﬂ%@ﬂ%@*% R?fauwﬁﬁydg@\}éwh&ea?%qﬂduding,
but not restrictedetos of portahiiterfdcecand/onamailivgin MedeAOI2RL0/08002IRTFEAYS2009/056720
preferablyscinfermatientiscsaam ely(ik sarelecieddbythedindiviekal pravided taithesindividual by a portal
interface, &%@%@ge‘m'yﬂgﬂ HE5,S661Pe. AN Sonfidentiah %999%% §&&Jﬂﬁ£&&%ﬁ fageig.preferably
provided Qly o(gb ine, intemet we SI ? access, ?‘ﬁﬁ“ e altel[lnatlve te ‘”Suaf or othﬁr means that allow

private, secure, gﬁr reaaﬁVmQﬁa% 1tSC(‘£e gtsa gﬁ%ﬁ'\lc prorti Ies eno maé Pro 2185, and reports

are prOV|d’ée&1fB"%iﬁoﬁfﬁﬁﬁléfﬁ§lsﬁWtﬁ@+F %ﬁ&ﬁlﬁé‘r@%&ﬁ}i&& 6@%@%%%%131 %?W%t%\f BYet Enetwork.
1001761 Kceordimdhypics. represéntadivee xarmplieddgitodelsice through which a repoit may be generated
can compyisei® Carppsielisysiem (oh digialdevies)dbalrecaivesandsiare genamigqrofiles, analyze

genotype coyrelations. gensrais tuesibasedanibe analvsis of genaivne.corslations: apply the rules
to the genomlcderoflle qld prodyce. aghenofgypei ofclle a Q% rsoglallz adc or%aplan a d report. The

PIEveE suc wvigual predisposed to 1m0 oc 14 CcHON, al
computer system ha be understoo ical apparat at can d‘mstructions rom media

and/or a r?%‘t%&ﬂ?tbé W?théﬁﬁcbgﬁ’ffé‘ﬁ‘ﬁi ﬁ‘i"ﬁeIﬂﬁﬂﬁ%@fééil%@éﬁ?’éillﬁﬁ\?ﬁﬂﬁ‘T&&d"ﬁﬁ‘@ﬂiﬁ‘“ﬁ*ﬁé‘%ﬁ}stem
can include a CPU, disk drives, optional input devicgs such as keyboard and/or mouse and optional
monitor. Data communication can be achieved through the indicated communication medium to a
server at a local or a remote location. The communication medium can include any means of
transmitting and/or receiving data. For example, the communication medium can be a network

connection, a wireless connection or an interne connection. Such a connection can provide for
commiiniceatinon ovvar the \World \Wide \WWeh It ic envicinnead that data relatina to the nrecent diceclaciire



[001821 Genotype correlation information can also be used in cooperation with genetic counseling to
advise couples considering reproduction, and potential genetic concerns to the mother, father and/or -
child. Gene%(g%naﬁ]%gg may provide infomiation and support to IndIVIdl*{:!é% Ytyé%{gthggﬁra/pe profiles
that display an'increased risk for specific conditions or diseases. They may Interpret information about
the disorder, analyze inheritance patterns and risks of recurrence, and review available options with
the subscriber. Genetic counselors may also provide supportive counseling refer subscribers to
community or state support services. Genetic counseling may be in eluded with WO
2010/030929R6l¢ WR20R2/006¢20- ppacifit. shbscHplian-plans Lienelie:counselngmpiians can also
include tkg%qn;p t.Are scheduled within 24 hours of request and available during non-traditional hours,
such as evenings, Saturda /S, Sungays and/or holidays. f[00183 An.in |\équals ortal can also
facilitate A8y SRS PO H R AR SR BASISE S i R S AR S 558 B %informed
about neW e it HEEETEAES HrabFETEE T6APRIE Efé‘?%éﬁ%l}lﬁ‘éﬂe‘t‘i’@bf‘@?f% SR a8 ATt Tation on new
treatmentthorpreverttnsstrategiesfortheid tuhentdr Potential conditions sThErevirgdigsdveries may
also be delivered tortheihealibsaramanagershangadiscovalies sandbeaireorporated into updated

or reV|sechn%l;r'gﬁglghgg1 &‘Qﬁﬁ%oﬂlao%omﬁn@gdh’é%ﬁlﬁa%yﬁ?é& healthcare providers can be informed of new

genotype o gIatons N0 no 127 carch ot e prenonypes e indiiduats phenotype profiles by
e-mail. F&t &% plé, e=malls 01‘ ﬁeheno pes can be sen 10N uafs xample an e-mail

may |nforf?f‘tﬁé]ﬁ‘?dfﬁﬁ?ﬁtﬁ’éf?‘“g‘éﬁﬁﬁ%?é‘}ﬂriﬁﬂ%of?hﬁéﬁ (B AHE AT S/ RIS hoSHESH hat further
informaticrvissavaitaiite: vigsn Ohsinesportak 00184 sGomputérecde fHmmotifying wobiseribers of new or
revised costriatiopssnevheiievisatkulesaand nevwserreisedireRor s o axamplewithnrw prevention
and welingss information.Jniermation.abahRe Wb erapigs.ndevsienment a@mrmm@ws

avalable, s alse prgyiced orel, £ SYem.of.compuler code or generaing et lgs, modiying
rules, corfibt ng rutes perlo dating tHe Tole set With new Fules, main aining a Yatabase of

genomic PrEIESEES FEISECHFIRA ﬁ@“fﬁea m?@?ﬂﬂaﬂfé“g%ﬂ B?ﬁfeﬁﬁ%fﬂ@s“tg &ét@ﬁﬁi‘ﬁﬁpﬂ?n BAGYPE profiles,
generating: persdnalizéctaction plarsand repons! isoatsorplovidetbbyudépraisetrdigetdsered imcluding
computer&odes forsanting.differemntalevelssof acoessmand:-optionsfasindividuals smithadifferent

subscriptigns, QUDSGHRIIQRS QQ&% clm@ﬁmwb&m @S0 ghﬁﬁl@@(@m@@@@g@nmrﬁ@or&ﬁ Includmg

personallzed Ctlpn nl \013112? Fya ehglh %trm th fgsrvm.g owc alg telo tw%{‘ld gr(])rg[: as xcru'ie or
example mfﬂllduas may Inciu é er mammals such as bovines, e UI es, ovmes canines, or

felines. AFFRRfeRA ‘ﬁ’i}é‘yjb% AGEPRSHEHEE BRSSP E &t ’ﬁﬁié‘;f‘%éﬁ?ya?"pﬁféﬁ?fﬁ?‘bfitlon plan
to increadeahedizalthnd Neblbngevityeot thekope tnthdividumis, row their hadity careemaniigers, may be
subscribejg s deserga-hane i, SuhsaEe rshaRhdig an dpeivitalswhphs ubhSanbedady sesyice by
purchaseQr hayment for.oneQx: mgg,&@gy&qggfwge@ﬂges may include, but are not limited to, one or
e o Il R L Eh L aa oL RIS THeR AR e Subaplbeia.clidar po
genomic determined, taining henot e rof‘fj aving eno dated and
obtaining '}’é‘fﬁlélt’é By ﬁh‘?ﬁ?ﬁ?ﬁé‘ﬁ%l %Yr‘?ﬁ"’?ﬂ r‘i‘d]fffﬁ@‘ﬁi‘bﬁl‘é bﬁf@ ’ﬁﬁﬁﬁ%&dﬁspzeﬁ?ﬁfgﬁ Std’tlon plan.
[00186] Stissicrikrirs ¢iien) elboseite providertresgénoricrdisepherotypécprofifesisy repbits to their
health carenimanagesspsuchvas Epkysiean Orgenatitoteunse losphiheligencamicarddgphepotype profiles

may be d%&aﬁmggwgom{vmmlanmwa@%a% @yv&aﬁdsﬁmg%@rcgﬁimm&%@mw to be given

fo the heallhcars raanagen orave dkeclly.senh s e healtieare manngerraual g pgline
portal, such as t roug alink on the on- f eport. 06f87 Aé%gnerae roflfe may be generated for
subscribePS SR RO ﬂ%é@ﬁb@§%&%ﬁ‘i@ﬂ itAI et SOEEEE 1S ME HREHSY PE FIST&End reports

may be liritethedgetsseriders. For example, access to at least one GCI score is provided to a
subscribe ot ot tifien-suasarber ssthanothery ayidtionloaths Stlbserifiers antengnesehsaribers may

access th%Hr&%%%z%ﬂ@f@ﬂ%ﬂ%ymm@lfﬂ%&;@L{BJ@(&Jm%@&&%ﬁgﬁmﬁﬁeﬁ limiteghreport

generatedef?gﬂzgn 1n (l)'l“p %e(?gl:a we f; e\é\{shlgr gs@zll%%rgssqu df el’lsea &F %t% %natged n@%Xqu%\{%aﬂhf%report
generated. In another embodiment, oth su scrlbers and non- -subscribers ma)éohave full access
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caregivers, phyS|C|ans and genetic counselors may also have access to at least one of an individual's
GClI scores. [00188] In some embodiments, access to EGCI scores may be limited depending on the
various subscription levels. For example, an individéal may subscribe to have their GCI score, but
have limited access to their EGCI score, or limited access to specific conditions or diseases with FOCI
scores. Alternatively, GCI scores may be provided to non-subscribers and FOCI scores provided to
subscribers. Subscription levels may also vary depending on an individual updating or modifying their

environmental factors to generate updated or revised FOCI scores. For example, an individual may
niirerie an nnanina <itheecrintion to have 1inlimited accace tA 2 ovetem t0 11indate thair envvironmaental



that of other individuals, such as celebrities or other famous people. The information on similarity may
be, but not limited to, percentage homology, number of identical variants, and phenotypes that may be
similar. These reﬁorts may further contain at least one GCI score. [0019311 CC,)I‘thgggo%isosngﬂbased on
subscriptionWeQ/é Wgﬂf?ﬁ%lude links to other sites with further information 'on the p‘heno ypes, links to

on-line support groups and message boards of people with the same phenotype or one or more similar

phenotypes, links to an on-line genetic counselor or physician, or links to schedule telephonic or
in-person appointments with a genetic counselor or physician, if the report is accessed on-line. If the
report is in, PARSE fprmydhe dpfeimatien:may.hethewebsiteleaation el theaferementioned links, or the
telephonemgil‘gmugpsrhaﬁgladdress of the genetic counselor or physician. The subscriber may also choose
es to Include in their phenotype profile and what information to include in their report.
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[00149] In one embodiment, based on the genomic profile of the individual, the personalized action plan may

having an A rating for an individual, and therefore the individual’s recommended exercise regimen would be to

select from the choices in Row A in Table | for their cardiovascular workout. Similarly, an anaiogous system for

weight fraining can be part of the mdividual’s exercise regimen, and weight treining options for an A. rating would
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be recommended for the individual. In some embodiments, factors such as, but not limited to, an individual’s
existing diet, exercise, and other personal habits/activities, optionally, other information, such as family history,
existing lifestyle habits and geography, such as, but not limited to, work conditions, work environment, personal
relationships, home environrment, ethnicity, gender, age, and other factors may be incorporated with an individual's
genomic profile determine the individual’s exercise regiment rating. Furthermore, as an individual’s lifestyle habits
changes, or more factors become known and are incorporated, the individual’s rating can change, for example, if an
individual follows the recommended activities on the personalized action plan, starting at an A rating, the individual
may request an updated personalized action plan that evaluates and determines the individual is now at a B rating.
Alternatively, an individusl’s personalized action plan may offer a timeline for when the individuals should consider
moving from an A rating to a B rating to maximize their health.

[00150] The personalized action plan may also have a rating system for a dictary plan. For example, the ratings for
the dietary ptan can be a system that ranges from 1 to 5, wherein each number corresponds to particular grouping of
fais, [bers, proteing, sugars, and other nutrienis the individual is suggested to have in their diet, particular portion
sizes, number of calories, and/or grouping with other foods that an individual should have as their diet. Based on
the genomic profiie of the individual, the personalized action plen may give a 2 rating for an individual, and
therefore the individual’s recommended dietary plan would be a selection of dietary choices under a 2 mting..
{00151) In another embodimemn, individual foods may be categorized. For example, an individual given a 2 rating
should select specific foods that are also categorized as 2. For example, specific vegetables, meats, fruits, diary, and
others may be categorized as a 2, while others not. For example, asparagus may be a vegetable that is a 2, whereas
beets are a 3, and therefore the individual should include more asparagus rather than beets in their diet.

[00152} In another embodiment, an individual is given a suggested rating for what type of diet to follow that is
breakdown of the types of nutrients of the type of food the individual should have in their diet, based on their
genomic profile. The rating may be in the form of & visual representation that includes shapes, colors, numbers,
and/or letters. The rating may be in the form of a visual representation that includes shapes, colors, rumbers, and/or
letters. For example, an individual is found to be predisposed to colon cancer and diabetes, and is given a symbol
that represent the proportion of different nutrients in the recommended types of food the mdividual should have n
their diet. Different types of foods, such as, but not limited to, specific {uits, vegetables, carbohydrates, meats,
diary products, and the like are represented by the same scheme. Foods with rated with a symbol that most closely
resembles that given the individual would be recommended foods for the individual.

[60153] In some embodiments, factors such as, but not limited to, an individual’s existing diel, exercise, and other
personal habits/activities, optionally, other information, such as family history, existing lifestylc habits and
geography, such as, but not limited to, work conditions, work environment, personal relationships, home
enviromment, ethnicity, gender, age, and other factors may be incorporated with an individual’s genomic profile to
create a personalized action plan, and thus affect the rating given for the individual’s dietary pian. Furthermore, as
an individual’s lifestyle habits changes, or more factors become known and are incorporated, the individual’s rating
can change, For exampie, if an individual follows the recommended activities on the personalized action plan,
starting at a | rating for dietary plans, which is an extremely low cholesterol diet, the individual may request an
updated personalized action plan that incorporates the changes 11 lifestyle habits the individoal has had sach that the
individual has an improved cholesigrol level, the updated persenalized action plan may show that the individual may
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be better suited to now follow dietary plans under rating 2, or can choose from dietary plans in ratings 1 and 2.
Alternatively, ar individual’s initial personalized action plan can offer a thmeline for when the individuals should
consider moving from a 1 rating to a 2 rating, or vary their dietary plans based on a schedule, between different
dietary plans under different ratings, to maximize their health,

[B0154] The ratings in 2 personalized action plan may be for a combination of different rating systems. For
example, an exercise regimen system with ratings A through E and dietary plan system with ratings 1 through 5 can
be used to give an individual an Al rating in their personalized action plan. Therefore, the individual is
recommended to follow the exercise regimen of the A rating and the dietary plan of the | rating, Alternatively, a
single rating system can be used for the exercise and diet regimen. For example, an individual may be given a
particular rating such as a C rating i a personalized action plan such that the recommended exergise and dietary
regimen for the individual is both under the C catogorization. In other embodiments, other types of
recommendations, such as other lifestyle activities and habits, are also included, For example, other than exercise
and dietary regimens, other recommendations, such as therapeutics, type of work environment, type of social
activities, can also be encompassed under a singe rating system. Alternatively, different rating systems can be used
for other recommendations. For example, letters may be used for recommended exercise regimen, numbers for
dietary regimen, and colors for pharmaceutical recommendations,

[00155] In some embodiments a binary rating systems is used, such that types of recommendations are grouped into
pairs. The system can be similar to the Myers Briggs Type Indicator (MBTI) system. In the MBTI system, there
are four pairs of preferences or dichotormies, and an individual is piaced into one of each pair. An individual’s
preference is 1) extraversion or introversion, 2} sending or intuition, 3) thinking or feeling, and 4) judging or
perceiving. A variaiton in the system can be used in determining recommendations for an individual to improve
their health and well-being that is based on an individual’s genomic profile.

[00156] For example, an individual may be cither an A or a B for diets, wherein A represents a certain type of mix
of nutrients and B 1s a different mix. Aliernatively, specific types of foods may be grouped into A or B. The
individual may have another binary categorization for exercise regimen, such as ¥ or L, where H represents that an
mdividual should participate in high-impact exercise, and L represent low-impact activities. As such, an individual
may be categorized as an AH. Another binary categorization can be for social contact. For example, an individual
can be genetically predisposed to being social (S) or unsocial {U), and as such, recommendations may include the
type of activities or groups of people the individual should avoid or seek to reduce stress and increase their heaith
and well-being.

[40157] The personalized action plans can aiso be updated to include factors based on information as they become
krown, including scientific information, or information from the individual, such as “field-deployed” or direct
mechanisms, for example, metabolite levels, glucose levels, ion levels (for example, calcium, sodium, potassium,
irom}, vitamins, blood cell counts, body mass index (BMI), srotein levels, transcript levels, heart rate, etc., can be
determined by methods readily available and can be factored into the personalized action plan when they are known,
as they become known, such as by real time monitoring. The personalized action plan can be modified, for example,
baged on an individual following the plan, which may also affect the predisposition an mdividual may have for one
or more conditions. For example, the GCI score of the individual may be updated.

Communities and Motivations
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[00158] The present disclosure provides phenotype profiles and personalized action plans that are based on an
ndividual’s genomic profile, such that individuals are well informed about their health and well-being, and the
customized options individuals have to improve their health. Also provided herein aze communities, such as on-line
conmmunities, that can offer support and motivation for an individual to pursue their personalized action pian.
Motivation for individuals to improve their health, {or example, by following their personalized action plan, can also
include financial incentives.

[00139] An individual may participate in a cormmunity, such as an on-line community, where the individual or their
health care manager has access to the individual’s genomic profile, phenotype profile, and/or personalized action
plan. The individual may choose to have genomic profile, phenotype profile, and/or personalized action plan
avallable for all of the community, a subset of the community, or none of the community to view, through a personal
on-tine porizl. Friends, family, or co-workers may be part of the on-line community. For exarple, on-line
communities such as www.enmeon.com and www.changefire.com are known in the arts, for motivating individuals
10 achieve their goals. In the present disclosure, an individual participates or is a member of an on-line community
that supports and motivates an individual to improve their health and well-being, using as a baseline their phenotype
profile, such as GCI scores or by achieving goals on their personalized action plan. The on-line community may be
Iimited to an individual’s friends, family, or co-workers, or a combination of friends, family, angd co-workers. The
individual may also include other members of the on-line community they had not known previously, The on-line
community may also be an emplover sponsored community. The individual may form groups with others with
similar phenotype profiles, action plans, and motivate cach other to achieve their goals. Individuals may sct up
competitions with others in the on-line community, %o improve their GCI scores and/or achieve goals on their
personalized action plan.

[00160] For example, an individual’s report, such as their GCI scores and personalized action plan, may be
viewable by an individual’s family and fricnds in the on-line community. An individual may have the choice or
aption of seieciing who may view and/or access their report. The on-line version may comprise a checklist or
milestone measure conlaining items on the personalized action plan, where the individual may mark off
accomplishments or the progress of their personalized action plan. The GCI scores may be updated as the progress
or accomplishments and reflected on the report on-linc. The individual may also input factors that may have
changed, such as lifestyle changes, exercise regimen changes, dietary changes, and others, which may also alter the
report for the individual. Family and friends may view the progress of the individual, as well as changes in the
individual’s life, and how they may reflect or alter the individual’s GCI score. The on-line portal may allow the
individual view initial and subsequent reports. The individual may also receive feedback and comments from their
friends and family, Family and friends may leave supporting and motivating comments.

{00161] The on-line community can also provide incentives for an individual to improve their health, by
progressing through their personalized action plan and/or improving their GCI scores, decreasing their nisk or
predisposition to diseases. Incentives can also be provided fo individuals not in an on-line commumnity, For
exatnple, an employer sponsored online community may offer a health plan that the employer subsidizes more of,
provide exira vacation days, or contribule o the health savings account of the individual, when the individual

reaches certain goals, such as by improving their GCI score for a disease, thereby decreasing their predisposition to
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a discase. Alternatively, the community does not have to be online, and the individual submits their improved GCl
score to a designated person that processes the health plans for the employer.

[00162] Other incentives may also be used to motivate an individual to improve their health by improving their GCI
score, and/or following their personalized action plan. Individuals may receive points to redeem for rewards when
they reach certain goals, such as improving their GCI score by a certain percentage or numerical value, or moving
from one category to another (ie. higher risk to lower risk), or by achieving certain goals in the personalized action
plan. For example, the individual may achieve a GCI score decrease of a certain numerical vatuc, to achieve the
ereatest decrease in risk to & disease within a certain timeframe, to accomplish a goal on the personalized action
plan, or to accomplish the most goals on a personalized action plan.

{06163] Friends, family, and/or emplovers may offer points and/or rewards, perhaps by purchasing them, and
offering them as a reward 1o the individual that improves their GCI score or achieves goals on their personalized
action plan. Individuals may also receive poinis/awards for reaching & goal before another persen, such as another
co-worker, or group of friends, family, or members of an on-line community with the same goal. For example, the
first 1o achieve a GCI score decrease of a certain numerical value, to achieve the greatest decrease inrisk to a
disease within a certain timefraine, to accornplish a goal on the personalized action plan, or to accomplish the most
goals on a personalized action plar. The individual may receive cash, or points to redeem for cash, as rewards.
Other rewards may include pharmaceutical products, heaith products, health club memberships, spa treatments,
medical procedures, devices to wmonitor health, genetic tests, trips, and others, such as subscriptions 1o services
described herein, or discounts, subsidies or reimbursements for the aforementioned items.

[60164] The incentives may be sponsored by friends, family, and employers. Pharmaceutical companies, heaith
clubs, medical device companies, spas, and others may also sponsor incentives. The sponsorship may be in
exchange for advertising, or recruiting, for example, pharmaceutical clubs may be interested in obtaining the
eenome profile of individuals for data, or clinical trials. Furthermeore, the incentives may be used to encourage
individuals to participate in communities that motivaie individuals to improve their health, sucl: as the on-line
communities described herein,

Accessing Profiles and Personalized Action Plans

[86165] Reports containing the genomic profile, phenotype profile and other information related to the phenotype
and genomic profiles, such as personalized action plans, may be provided to the individual. Health care managers
and providers, such as caregivers, physicians, and genetic counselors may also have access to the reports. The
reports may be printed, saved on the computer, or viewed on-line. Alternatively, the profiles and action plans may
be provided in paper form. They may be in paper, or computer readable format, such as online at a certain time,
with subsequent updates provided by paper, computer readable formal, or online. The results can be generated and
outputted by a computer. They can be stored on a computer readable medium.

[00166] The genomic profile, phenotype profile, as well as personalized action plans can be accessible by an on-line
portal, a source of information which can be readily accessed by an individual through use of a computer and
mternet website, telephone, or other means that allow similar access to information. The on-line portal may
optionally be a secure on-line portal or website. It may provide links to other secure and noa-secure websites, for
exampie links to a secure website with the mdividual’s phenotype profile, or to non-secure websites such as a
message board for individuals sharing a specific phenotype.
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[60167] Reports may be of an individual's GCI score, GCI Plus, or EGCI score (as described herein, to report a
GCl score will also encompass methods of reporting a GCI, GCI Plus znd/or EGCI score). For example, the score,
for one or more conditions, can be visualized using a display. A screen (such as a computer monitor or television
screen) can be used to visualive the display, such as a personal portal with relevant information. In another
embodiment, the display is a static display such as a printed page. The display may include, but is not limited to,
one or more of the following: bins (such as 1-5, 6-10, 11-15, 16-20, 21-25, 26-30, 3135, 3640, 41.45, 46-50, 51-
55, 56-60, 61-65, 66-70, 71-75, 76-80, §1-85, 86-90, 91-95, 96-100), a color or grayscale gradient, a thermometer, a
gauge, a pie chart, a histogram or a bar graph. In another embodiment, a thermometer is used to display the GCI
score and disease/condition prevalence. The thermometer can display a level that changes with the reported GCI
score, for example, the thermometer may dispiay a colorimetric change as the GCI score increases (such as changing
from biue, for a lower GCI score, progressively 1o red, for a higher GCI score). In arelated embodiment &
thermometer displays both a level that changes with the reported GCI score and a colorimetric change as the risk
rank ncreases

[00168] An individual's GCI score can also be delivered to an individual by using auditory feedback. For example,
the auditory feedback can be a verbalized instruction that the risk rank is high or low. The auditory feedback can
also be a recitation of a specific GCI score such as a number, a percentile, a range, a quartile or a comparison with
the mean or median GCT score for a population. In ong embodiment, a live human delivers the auditory feedback in
person or over a telecommunications device, such as a phone (landline, cellular phone or satellite phone) or via a
personal portal. The auditory feedback can also be delivered by an automated systemn, such as a computer. The
auditory feedback can be delivered as part of an inleractive voice response (IVR) system, which is a technology that
allows a computer io detect voice and touch tones using a normal phone call, An individual may interact with a
central server via an [VR system. The IVR system may respond with pre-recorded or dynamically generated audio
to interact with individuals and provide them with auditory feedback of their risk rank. An individual may call a
nuinber that is answered by an IVR systemn. Afier oplionally entering an identification code, a security code or
undergoing voice-recognition protocols the TVR system may asks the individual to select options from 2 meny, such
as a touch tone or voice memi. One of these options may provide an individual with his or her risk rank.

{00169] An individual®s GCI score may be visualized using a display and delivered using auditory feedback, such
as over a personal portal. This combination may include & visual display of the GCI score and auditory feedback,
which discusses the relevance of the GCI score to the mdividual’s overall heaith and possible preventive measures,
such as their personalized aciion plan.

[60170} Different report options may be accessible 1o the individual. For example, an online access point, such as
an online portal may allow an individual to display a single phenotype, or more than one phenotype, based on their
genomic profile The subscriber may also have different viewing options, for example, such as a “Quick View”
option, 1o give a briel synopsis of a single or multiple conditions. A “Comprehensive View™ option may also be
selected, where more detail for each category is provided. For example, there may be more detailed statistics about
the likelibood of the individual developing the phenotype, more information about the typical symploms or
phenotypes, such as sample symptoms for a medical condition, or the range of a physical non-medical condition
such as height, or more information about the gene and genetic variant, such as the population incidence, for
example in the world, or in different countries, or in different age ranges or genders. For example, a summary of
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estimated lLifetime risks for a number of conditions may be in a “Quick View” option, while more information for a
specific condition, such as prostate cancer or Crohn’s discase may be other viewing options. Different combinations
and variations may exist for different viewing options.

[061773] The phenotype selected by an individual can be a medical condition and different treatments and symptoms
in the report may link to other web pages that contain further information about the treatment. For example, by
clicking on a drug, it will lead to website that containg information about dosages, costs, side effects, and
effectiveness. It may also compare the drizg to other treatments. The websile may also contain a Hnk leading to the
drug manufacturer’s website. Another link may provide an option for the subscriber 1o have a pharmacogenomic
profile generated, which would include information such as their likely response to the drug based on their genomic
profile. Links fo alternatives to the drug may also be provided, such as preventative action such as fitness and
weight loss, and links to diet supplements, diet plans, and to nearby health clubs, health cimics, health and wellness
providers, day spas and the like may also be provided. Educational and informational videos, surmmaries of
available freatments, possible remedies, and general recommendations may also be provided.

[00172] The on-line report may also provide links to schedule in-person physician or genetic counseling
appointments or o access an on-line genetic counselor or physician, providing the opportunity for a subscriber o
ask for more information regarding their phenotype profile. Links to on-line genetic counseling and physician
questions may also be provided on the on-line report.

[60173} In another embodiment, the report may be of a “fun” phenotype, such as the similarity of an individual’s
genomic profile to that of a famous individual, such as Albert Einstein. The report may display a percentage
similarity between the individual’s genomic profile to that of Einstein’s, and may further display a predicted 1Q of
Einstein and that of the individual’s. Further information may include how the genomic profile of the general
population and their IQ compares to that of the individual’s and Emsten’s.

[00174] In another embodiment, the report may display all phenotypes that have been correlated to the individual’s
genomic profile. In other embodiments, the report may display only the phenotypes that are positively correlated
with an mndividual’s genomic profile. In other formats, the individual may choose to display certain subgroups of
phenotypes, such as only medical phenotypes, or only actionable medical phenotypes. For example, actionable
phenotypes and their correlated genotypes, may include Crohn's disease (correlated with TL23R and CARD 15),
Type 1 diabetes (correlated with HLA-DR/DQ), lupus {corrslated HLA-DRB1}, psoriasis (HLA-C), multiple
scierosis (HLA-DQAZ1), Graves disease (HLA-DRB1), rheumatoid arthritis (HLA-DRB1), Type 2 diabetes
{TCEF7L2), breast cancer (BRCAZ), colon cancer {APC), episodic memory (KIBRA), and osteoporosis (COLLAL).
The mdividual may also choose to display subcatcgories of phenotypes in their report, such as only inflamamatory
diseases for medical conditions, or only physical traits for non-medical conditions. In some embodiments, the
individual may choose to show all conditions an estimated risk was calculated for the individual by highlighting
those conditions, highlighting only conditions with an glevated risk, or only conditions with a reduced risk.

{00175] Information submitted by and conveved to an individual may be secure and confidential, and access to such
information may be controlled by the mdividual, Information derived from the complex genomic profile may be
supplied to the individual as regulatory agency approved, understandabie, medically relevant and/or high wnpact
data, Informeation may also be of general interest, and not medically relevant, Information can be securely
conveyed to the individual by several means including, but not restricted to, a portal interface and/or mailing. More
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preferably, information is securely (if so elected by the individual) provided to the individual by a portal interface, to
which the individual has secure and confidential access. Such an interface is preferably provided by on-line,
internet website acoess, or in the alternative, telephone or other means that allow private, secure, and readily
available access. The genomic profiles, phenotype profiles, and reports are provided 1o an individual or their health
care manager by trangmission of the data over a network.

[00176] Accordingly, a represertative example logic device through which a reporl may be generated can comprise
a computer system (or digital device) that receives and store genomic profiles, analyze genotype correlations,
generate rules based on the analysis of genotype correlations, apply the rules to the genomic profiles, and produce a
phenotype profile, a personalized action plan, and report. The computer system may be understood as a logical
apparatus that can read instructions from media and/or a network port, which can opticnally be connected to server
having fixed media. The system can include a CPU, disk drives, optional input devices such as keyboard and/or
mouse and optional monitor. Data comrmunication can be achieved through the indicated communication medium to
a server at a local or 2 remote location. The communication medium can inclide any means of transmitting and/or
receiving data. For example, the communication medium can be a network connection, 2 wireless conmection or an
internet connection. Such a connection can provide for communication over the World Wide Web. It is envisioned
that data relaiing 1o the present disclosure can be transmitted over such networks or connections for reception and/or
review by a parly. The receiving party can be but is not limited to an individual, a health care provider or & health
care manager. [n one embodiment, a computer-readable medium includes a medivm suitable for transmission of a
resulf of an analysis of a biological sample or a genotype correlation. The medium can include a result regarding a
phenotype profile of an individual and/or an action plan for the individual, wherein such a result is derived using the
methods described herein.

[00377] A personal portal can serve as the primary interface with an individual for receiving and evaluating
genomic data. A portal can enable mdividuals to track the progress of their sample from collection through testing
and results. Through portal access, individuals are introduced to relative risks for common genetic disorders based
on their genomic profile. The individual may choose which rules to apply o their genomic profile through the
portal,

f00178] In ome embodiment, one or more web pages will have a Jist of phenotypes and next to each phenotype a box
in which a subscriber may select to include in thelr phenotype profile. The phenotypes may be linked to information
on the phenotype, to help the subscriber make an informed choice about the phenotype they want inchuded in their
phenotype profile. The webpage may also have phenotypes organized by disease groups, for example as actionable
diseases or not. For example, an individual may choose actionable phenotypes only, such as HLA-DQAI and celiac
disease. The subscriber may also choose to display pre or post sympiomatic wreatments for the phenotypes, For
example, the individual may choose actionable phenotypes with pre-symptomatic freatments (outside of increased
screening), for celiac disease, a pre-symptomatic treatment of gluten free diet. Another example may be
Alzheimer’s, the pre-symptomatic treatiment of statins, exercise, vitamins, and mental activity. Thrombosis is
another example, with a pre-symptomatic reatment of avoiding oral contraceptives and avoiding sitting still for long
periods of time. An example of a phenotype with an approved post symptomatic freatment is wet AMD, correlated

with CFH, wherein individuals may obtain laser treatment for their condition,
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[00179] The phenotypes may also be organized by type or class of disease or conditions, for example neurological,
cardiovascuiar, endocrine, immunologiczal, and so forth. Phenotypes may also be grouped as medical and non-
medical phenotypes. Other groupings of phenotypes on the webpage may be by physical traits, physiological traits,
mental traits, or emotional fraits. The webpage may further provide a section in which a group of phenotypes are
chosen by selection of one box. For example, a selection for all phenotypes, only medically relevant phenotypes,
only non-medically relevant phenotypes, only actionable phenotypes, only non-actionable phenotypes, different
discase group, or “fun” phenotypes. “Fun” phenotypes may include comparisons to celebrities or other famous
individuals, or fo other animals or even other organisms. A list of genomic profiles availabie for comparison may
also be provided on the webpage for selection by the individual to compare to the individual’s genomic profile.
{06180] The on-line portal may aiso provide a search engine, to help the individual navigate the portal, search for a
specific phenotype, or search for specific terms or information revealed by their phenotype profile or report. Links
to access partner services and product offerings may also be provided by the portal. Addmional links to support
groups, message boards, and chat rooms for individuals with 2 common or similar phenotype may also be provided.
The on-iine portal may also provide links to other sites with more information on the phenotypes in an individual’s
phenotype profile. The on-line portal may also provide a service 1o allow individuals to share their phenotype
profile and reports with friends, familics, co-workers, or health care managers, and may choose which phenotypes to
show in the phenotype profile they want shared with their friends, families, co-workers, or health care managers.
[00181] The phenotype profiles and reports provide a personalized genotype correlation to an individual. The
genotype correlations used to generate a personalized action plan that provides individuals with increased
knowledge and opportunities to determine their personal health care and lifestyle choices. If a strong correlation is
found between a genetic variant and a disease for which treatment is available, detection of the genetic variant may
assist in deciding to begin treatment of the disease and/or monitoring of the individual, In the case where a
statistically significant correlation exists but is not regarded as a strong correlation, an individual can review the
information with a personal physician and decide an appropriate, beneficial course of action, Potential courses of
action that could be beneficial to an ndividual in view of a particular genotype correlation include administration of
therapeutic treatment, monitoring for potential need of treatment or effects of treatment, or making life-style
changes in diet, exercise, and other personal habits/activities, which can be personalized based on an individual's
genomic profile into a personalized action plan. Other personal information, such as existing habits and activities
can also be incorporated into a personalized action pian. For example, an actionable phenotype such as celiac
disease may have a pre-symptomatic treatment of a gluten-free diet, and provided in = persoralized action plan.
Likewise, genotype correlation information could be applied through pharmacogenomics 1o predict the likely
response an mdividusl would have 1o treatrment with a particnlar drug or regimen of drugs, such as the likely
efficacy or safety of a particular drug treattent.

[06182] Genotype correlation information can also be used in cooperation with geneiic counseling o advise couples
considering reproduction, and potential genetic concerns o the mother, father and/or child. Genetic counselors may
provide information and support 1o individuals with phenotype profites that display an increased risk for specific
conditions or diseases. They may interpret information about the disorder, analyze inheritance patterns and risks of
reciurence, and review available options with the subscriber. Genetic counselors may also provide supportive
counseling refer subscribers to community or stafe support services. Genetic counseling may be included with
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64% [2 1] obtaining a phenotype profile, having the phenotype profile updated, and obtaining reports based on their genomic

and phenotype profile, including a personalized action plan.

00186} Subscribers may choose to provide the genomic and phenotype profiles or reports to their health care

managers, such as a physician or genetic counselor. The genomic and phenotype profiles may be directly accessed

by the healthcare muanager, by the subscriber printing out a copy to be given o the healthcare manager, or have it

directly sent o the healthcare manager through the on-line portal, such as through & link on the on-line report.

[00187] A genomic profile may be generated for subscribers and non-subscribers and siored digitally, but access to

the phenotype profile and reports may be limited to subscribers. For example, access to at least one GCI score is

provided to a subscriber, but not to non-subscribers. In another variation, both subscribers and non-subscribers may

access their genotype and phenotype profiles, but have Hmited access, or have a limited report generated for non-

subscribers, whereas subscribers have full access and may have a full report generated. In another embodiment,

both subscribers and non-subscribers may have fll access iniiially, or full initial reports, but only subscribers may

access updated reports based on their stored genomic profile. For example, access is provided o non-subscribers,

where they may have limited access to at least one of their GCI scores, or they may have an initial report on at least
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one of their GCI scores generated, but updated reports are generated only with purchase of a subscription, Health
care managers and providers, such as caregivers, physicians, and genetic counselors may also have access to at least
one of an individual’s GCI scores.

[00188] In some embodiments, access to EGCI scores may be limited depending on the various subscription levels.
For example, an individual may subscribe to have their GCI score, but have liited access to their EGCI score, or
limited access to specific conditions or diseases with EGCI scores. Alternatively, GCI scores may be provided to
non-subscribers and BGCI scores provided to subscribers. Subscription levels may also vary depending on an
individual updating or modifying their environmental factors to generate updated or revised BGCl scores. For
example, an individual may pursue an ongoing subscription to have unlimited access to a system to update their
environmental factors. Alternatively, an individual may choose not to have an ongoing subscription, but pay each
time they update their environmental factors 1o generate a new EGCI score, The updating of EGCI scores may also
incorporate new scientific information, such as new correlations discovered between a genetic polymorphism and a
diséase or condition, or other genetic factors and their associating with one or more diseases or conditions.
Individuals may also have the option to generate EGCI scores based on environmental factors they may want to
change. For example, an individual may be contemnplating moving fo a certain city, and the individual may mput or
select certain environmental factors associated with the city o see the effect on their EGCI score.

{06189] Other subscription models may include one that provides a phenotype profile where the subscriber may
choose 1o apply all existing rules to their genomic profile, or a subset of the existing rules, to their genomic profile.
For example, they may choose to apply only the rules for discase phenotypes that are actionable. The subscription
may be of a class, such that there are different levels within a single subscription class. For example, different levels
may be dependent on the number of phenotypes a subscriber wants correlated 1o their genomic profile, or the
number of people that may access their phenotype profile.

[00196] Another level of subscription thay be o incorporate factors specific o an mdividual, such as already known
phenotypes such as age, gender, or medical history, to their phenotype profile. Still another level of the basic
subscription may allow an individual to generate at least one GCI score for a disease or condition, A variation of
this level may further allow an individual to specify for an automatic update of at least one GCI score for a disease
or condition 1o be generated if their is any change in at least one GCI score due to changes in the analysis used to
generate at least one GCI score. In some embodiments the individual may be notified of the antomatic update by
email, voice message, lext message, mail delivery, or fax.

[08191] Subscribers may also generate reports that have their phenotype profile as well as information about the
phenotypes, such as genetic and medical information about the phenotype. Different amount of information that an
individual may access can depend on the level of subscription they have. For example, different viewing options an
individual may have could depend on their Ievel of subscription, such as a quick view for non-subscribers or a more
basic subscription, but a comprehensive view is accessible to those with a full subseription.

[00192] For example, different levels of subscriptions may have different variations or combinations of
accessibility 1o information including, but not limited to, the prevalence of the phenotype in the population, the
genetic variant that was used for the correlaiion, the molecular mechanism that causes the phenotype, therapies for
the phenotype, treatment options for the phenotype, and preventative actions, may be included in the report, In other
embodiments, the reports may also include information such as the stmilarity between an individual’s genotype and
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1002011 The GCI ROC curve is compared to a theoretical disease model. This disease model
assumes that the disease is affected by both environmental and genetic factors, and that the two
factors are independent. The phenotype P is denoted by P=G+E, where G is the genetic risk and E is
the environnTERAENHERPhe first model, also referred to as the continuous’ ﬁ%&éﬁn Bt that G and
E are normally distributed with standard deviations a0 and Ca respectively, and that an individual will
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individual 1s a true case and its genetic variable |s greater than ¢ can expressed as: ,
correlations via e-mail or other electronic means, and if the phenotype 1s of inferest, they may choose to update their

phenotype profile with the new correlation. Subscribers may choose a subscripiion where they pay for each update,
for a number of updates or an unlimited number of updates for a designated time period (e.g. three months, six
months, or one year). Another subscription level may be where a subscriber has their phenotype profile or risk
profile automatically updated, instead of where the individual chooses when to update their phenotype profile or risk
profile, whenever a new rule is generated based on a new correlation.

[00195] Subseribers may also refer non-subscribers to the service that generates rules on correlations between
phenotypes and genotypes, determines the genomic profile of an individual, applies the rules to the genomic profile,
and generates a phenotype profile of the individual. Referral by a subscriber may give the subscriber a reduced
price on subscription fo the service, or upgrades to their existing subscriptions. Referred individuals may have free

access for 2 limited time or have a discounted subscription price.

[06196] The following examples illustrate and explain the embodiments described herem. The scope of the

disclosure is not limited by these examples.

EXAMPLES
Example 1: Fvaluaiion of GCI
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e-x2 /2agl (0.5 - 0.5 erf(yf(h) - g(h)x /-12-Gg))dx /- V2rcat;., where f(h) and g(h) are some functions of
the Pax heritability. Substituting, I= x/ Aff,Gg into this equation we can see that mgagdt = dx.
Therefore, P ‘1‘210> c and G + > a) can be expressed as:e-12 (0.5 - 0. 5erf(717§?§ &ﬁ}%dt/ -frs 134/
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than cie P no (0 > c and G + E <= = [00209] Therefore, the true positive fraction for any given [3 only
depends on h and ALTR since: TPF=P (0>cand 0 + E > a)/ ALTR. [00210] The same is also true
for false positive fraction since FPF =P (0>cand G + E <=a)/[1 - ALTA]. Hence, the total area under
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the large BH&W BRI shaf ﬁ%ﬁ?%ﬂ%‘@?r‘éﬁﬁéﬁ"cr@?‘é}@cﬁxed then the area under the ROC curve for the
discrete model only depends on the heritability and the average lifetime risk of the disease. , 1002121
A result similar to that for model 1 is obtained for disease model 2. In particular, if the relative risks of
SNPs known to be associated with a disease and the risk-allele frequencies (pi) are fixed, then the
total area under the ROC curve depends only on the heritability and the average lifetime risk of the
disease. In this model, the genetic variable is G = Zia; + 01. Here 01 - N(0, GO and the Xis are
distributed accordlng to a Blnomlal 48 WO 2010/030929PCT/U82009/056720 dlstrlbutlon B(2, pi),
where pi isabireailedis froag siusicleat 12 - ' ‘

g SBRNE the g dleng g Rheym Aitbaisk allele
ies in-an-ndividual-atlocus V'— O me n._, homozygous . allele s—]_Fmeaﬂsj—
ﬁgi)e?;zygote ano? %— 2 meansrfs'lomozygouastl BPF%(;k Lﬁ%’aluve‘léhsgrﬁ%rin ‘Plr\%ﬁlac Qe re pres%lﬁrtlgtﬁfe
unknown genetic component. As before, th&"8HvironmentafVariable E is &80 normally diStributed with
mean 0 ant@ystaitiaxtdevisionEs’ The phetdtype is gvéh by P = G &5B&nd individdedd with P > a are
diseased whereas the restane @eritrols, a isoghosen suctrthat the fractien of diseaseddandividuals
equals the average lifetimg, kigk ©f the disegasg. [002113] ieritability fog ghis model isgh z{a512 72242
Pi(l - P)J/[ a512 ae2 /2?SJ%SP|r§960p|)] Letiq%(sssume gﬁ% the relativ Ji 911(9 of the kr})os)g/&) SNPs for
heterozygous genotypes are fixed and ¢enote these M. By def n|t|on the relative risk of
heterozygote is given by! FRIEBr(0 + EXFEI X: = 1) I P (0 +E>al%¥0)=[ERMETH E> - z}-
Ki)Pr(W = 2))/ [EPr(G1 + [EsR1Z)P(W = z)];\ tohere W B3 Xi for all jjroédjual to i.| Pt &t denoteé the
error function and erfc deratecthe’ 2 1.3609 1.1176 0.1167 0.6667
159494266 1.4909 ' 1.2296 0.0169 0.0847
Crohn’s Disease | rs1000113° 19102 1.5354 0.0000 0.0667
rs16216302° 1.8433 1.1890 0.3000 0.5000
1510761659 15461 1.2287 0.2333 0.6333
1s10883365° 16154 1.1989 0.3000 0.4000
13118053037 1.8525 1.3875 0.1000 0.3833
1517221417° 19118 1.2883 0.1000 0.5167
1817234657 2.3053 1.5360 0.0667 0.2000
152542151° 1.9997 1.2980 0.0500 0.2833
1s9858542° 1.8316 1.0895 0.0333 0.4167
Rheumatoid s10118357° 1.7278 1.3152 0.2712 0.5254
Arthritis 1513207033% 1.7559 13258 0.6667 0.3167
rs6457617° 5.0847 23414 0.2167 0.5667
156679677 3.1672 1.6847 0.0000 0.2833
| rs6920220° 17023 1.1965 0.06000 0.3500
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complementary error function (i.e. | - erf(x)). Since 01 + E N(0,+ Al(cy)) the relative risk expressed in
terms of complementary error function is given by: EO.5erfcRa - z - ki)/ 42(602 + ae.2) |Pr(W = z) /
EO.5erfcRa - 2)/ \12(ce )]Pr(W = z). Thus, if kis with disease cutoff a represent the solutions for the
SNPs for soMie &HSiEd %J?(Gglz a e2) (these may or may not be unique), thel YI&¥R8 @toff of La will
necessarily be solutions if the standard deviation of Gl and E get changed by a factor of L. This follows
because z is always a linear combinations of Xis. Therefore, X/ 4(al2 + 0,2) and y = gi2 ae2) are
independent of ii(c5 gi2 + Cc2) and depend on heritability and ALTR alone. 1002141 By definition,

h(ao 2 az, Fpc)dlaR)17VPdkhedld:d R0 g S HDErGIORRIMERDS, J%?tasf%ﬂéc%ﬁ‘&ﬁere%ez h - (1-h)

YE2242pi¢l TiRi)Mi{RARhaa)s Singekiikaomparddobandmi gsgiadependent of ikagi2+ ae2),

0.31208(?; Xyaislte mﬁeﬁhrﬁgiehéﬁrﬁbmwaﬁd ALTR alone. Let Z = EkiXi and V denote the vector of Xi
2%/ 3-1‘?7132‘/"l B%0-= b(h, ALTR, v) is.a function of the heritability, ALTR and v gi

values.
alone antglszyg Q@Q St&ﬁngffﬂfg ;EQ‘B? 5,1,%%" t?ﬁ%égoilt&%oo#actlon is defined as: Pr(G>e & U + B>

a) / Pr(G # Baa)ywhere-€ tdenstesdthe citoff forgenetic variable. Let p = ¢ 1a51. The numerator for

TPF can Befcaloetated. ASE QDO ERP N By (208Y)5 209125 €' 2 /20e2dy/M127tae)dx/Al27cagi
9. Kyogoku et al,, Am J Hum Genet. 75:504-7 (2604).

[06198} For each of these SNPs, the relative lifetime risk is computed as described herein based on the empirical
distribution of alleles found m the WTCCC dataset, and the GCI formulation was used to calculate an estimated risk
per individual. Some of the known risk varjants are not present on the Affymetrix 500k GeneChip array that was
used by the WTCCC, and therefore the predictability of the GCI is expected to be likeiy better than what is
presented in the analysis below.

[00199] The Receiver Operating Curves (ROC) (The Statistical Evaluation of Medical Tests for Classification and
Prediction, MS Pepe. Oxford Statistical Science Series, Oxford University Press (2003)) is used to evaluate the
ability of the GCI to serve as a predictive test for a condition. For a perfect test, a threshold ¢ would be chosen such
that all individuals with a score larger than 7 would develop the condition, and al} individuals with a score less than ¢
would not, However, in practice, for any given threshold there is some fraction of false positive and false negative
assignments, The ROC curve graphicaily depicts the relationship between false positive rates and true positive
rates, and thus it can be used to guide the tradeoffs between tost sensitivity and specificity. The area under the ROC
curve (AUC) is used as & quantitative measure to compare different risk estimate scores. The AUC can also show
the relative benetil of any score as compared 10 the opiimal scenario in which the genetic causes of the condition are
fully understood. In general, the larger the value of the AUC, the betier the score for the classification. I
classification is done randomly, the AUC is expected to be 0.3 and for the optimal score {i.e. a score Function for
which the true positive fraction becomes 1 and false positive fraction becomes 0 at some threshoid) the AUC is
equal to 1,

[06200] In order to have a baseline for comparison, the logistic regression to caloulate the best model that leverages
interactions between the SNPs to fit the data is used. If the SNPs are s, 8,....,5,. then the mode! assumes that the
logitis X = a;8; + assyt.. a8, T 2128+, ) nSno py WheTE 8; 15 the interaction between s; and s;. The fitted
probability is used as an estimate for the risk, and generates a ROC curve for these risk estimates.  This model takes
into account pairwise interactions between the SNPs, and it should therefore be at least as accurate as the GCl score,
which typically does not consider them. Furthermore, if there is linkage disequilibrium between a pair of SNPs,
logistic regression may have difficulty accommodating this correfation, while the GCI typically ignores it. Thus
comparing logistic regression analysis models to the proposed GCI score allows the ability to measure the effect of
various assumptions on the predictive power of the GCL. FIGURE 1 shows the ROC curves for alt three disease
scenarios, and Table 3 gives their AUCs. The AUC for the GCI and for the logistic regression are quite similar for
all three diseases (Table 3), leading to the conclusion that SNP-SNP interactions do not add substantial information
for the risk assessment, at least not for these diseases and these SNPs. Therefore, it can be justified that the
assumption that the SNP-SNP interactions can be ignored as fong as there is no evidence for such an inieraction

from previous studies.
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ficso-z14cs5i 2 + Ge2 XZ [00216] Using the error function o express the cumulative distribution -
function of the normal distribution, Pr(G>c & G+ E > a) is: EPr(V =v, Z =e'/2c"2 (0.5

261010305 S5CHUSI

ALTR)x/15,c5d)dx/1)27-ccse, where 13C7g1-Z WO 2 790
9/056720 r and s are some functions. Substltut|n81f MEBE Mo this

equation, we can see that-s5Ggidt = dx. Therefore, P (G> c and (Ti + E > a) can be expressed as:
EPr(V =v, Z =2z)J e2(0.5- 0.5 erfir(h, ALTR, v) - s(h,ALTR)tpdt /Cr 4,-)-b(h,ALTR,v) [002171 Similarly,
the probability that an individual is a true control and its genetic variable is greater thanci.e. P (G>c

and G + sk e BERHMIT MR GZ062 (0: 21t Qi DS EH R AL Rd )i s (R kA RMRE /1/1C

/14)-1)(11,ALTR,v) [00218] The ALTR = P (G + E> a) and Pr(V=v, Z=7) is fixed if pis are fixed.
Therefore R¥estrue positive frattitiy forempgivierp only @epends on théH and AEALThe same is also
true for false positive fraction since FR¥si= Pr(G > ¢ and Getein [1 - ALTRE So,|tRe:asea: under the

3 '%@%qﬁ]ise gmﬁfﬁf and FPFaat possibig yadges ufgi3 s mdepengent of
a" cr,, angki 450”2“ Se "“(g for XHAHGgt-2-+a2 )1 %%,\””h(u,aea }=AL1-h}E2X2n(1
pl)/(1)(ak 5 % 0.0 cr--|A ? c‘?t\i! ;FZW H m( -h)) Since LHS is P\Nays lelss than 1_Solutipns tbr
all kJ 4(ae§§e&’§ﬁ%‘b obtaired%iritanediidhrby using tH&4bllowing itardfie prolédiire. 1002201
Initially, detebniine the+ (3)2) for each SNP assuming that it is the only SNP prgsen assuming Ki=0 for

all j not equaldaitli SLhiSGanHaDL U NG DR ahy-SGALE

Jefween 0 and

[60201] The GCI ROC curve is compared to a theoretical disease model. This disease model assumes that the
disease is affected by both environmental and genetic factors, and that the two factors are independent. The
phenotype P is denoted by P=G+E, where G is the genetic risk and E is the environmental risk. The first model, also
referred to as the continuous model, assumes that G and E are normally distributed with standasd deviations 6g and
o5 vespectively, and that an individual will develop the condition in his lifetime i1f P >0, for a {ixed 0. Since the
heritability % is known for many complex diseases, Ga, Og, and o is fixed using the constraint that A=657/(04" O5°),
and that the average lifetime nisk is Pr (P >0). Since the heritability and average lifetime risks are known for each of
the conditions being tested, the parameters of the models can be set according to the discase. 100,000 random
samples from the distribution P based on this model is generated. (G is assumed to be known for each individual {but
E and the disease status are unknown), and a ROC curve 1s generated based on G. This represents the optimal
scenario where the genetic risk 1s enfirely understood and can be measured correctly for every individual. For this
disease model, the AUC for the optimal scenaric onty depends on the heritability and the average lifetime risk of the
disease, and not on the choice of o5, O, or @

[06202] The theoretical maximum of the area under the ROC curve for this first model depends only on the average
Tifetime risk (ALTR) and the heritability of the disease. Let o, denote the variance in the environmental variable
and &, denote the variance in the genetic variable, In this model, both genetic () and environmental (E) variables
are normally digiributed. The theoretical maximum of ROC curve is obtained when the genetic variable is known
exactly while the environmental variable is unknown. An individual is a true case if G + E > o and a true control
otherwise. For any cutoff chosen for the genetic variable, the individuals who are above that cuioff will be
considered as cases and the rest as controls. The true positive fraction {TPF) is the fraction of true cases that are
called as cases and false positive fraction (FPF) is the fraction of true controls that are called as cases. The TPF
versus FPF for different values of cutoffs gives us the ROC curve.

[60263] The probability that an individual’s genetic variable is greater than some cutofl (¢) is given by:

F 2
P(G>c) = Ie_x fzcgidx/x&nc;;, where B = ¢ /G,

fos

{60204] The probability that an individual’s genetic variable is greater than the cutoff and the individual is a true

case Is:
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11h /(21.); (1 - TOG - h)) since RN increases with 2g/ )1(a + 1002211 These values are initial guesses
for Adif(6812 + ce2) . Then, 1) Determine kiliGgi2 assuming that2) for other SNPs are equal to what
was calcula revi . 2) Determine 22\ X2/ e assuming that ki/i(aglze2).for other SNPs are equal
to what was ca ?ﬂ?ﬁ@ﬁ%%/eviously. 3) gl Determine A/11035,:2 +assumingpﬁ%r &4 %ffgg'.;0+ a?) for
other SNPs are equal to what was calculated previously. If all RN; values are sufficiently close to
observed values, stop. If not, go back to step 1. [00222] Thus, two sets of optimal ROC curves that
would result if all of the genetic, hut not environmental, variability were known and modeled are
presented. The first model assgmes that there;are many small genetic effects that are cumulative (and
thus the geeticiefiaetis ropreberted by a nojneally tistrih(ed xandfmoarinkle): while. thessecond
model assumes that there ar@a; small nygmgggpetic variants with large effects in addition to many
others with small effects. Both models take into account the heritability and lifetime risk of the
condition [ressitingaiy Aiealistic-axtiapalation afithe msﬂ&m&g%aﬂ%ﬁg%fm%&é based on the

currently ones. FIGURE 1 shows the Rgc curves for these scenarios and Table 3 gives their
areas. Th@@g{r a%ré%aﬁﬁﬁ"(}ret ta‘éléﬂéu’r\!;e & (%0 $0'10/030929PCTMS2009/056720 less than the optimal

theoreticadY&AeHE METa R~ WHRGPEtGH &5TS Wit Har - RISSw A2g emEtiedBiamte dharerifitsiaktions are
expecteddo affeqt thesehdiseasagbution function of the normal distribution is giver by 0.5(1 + erf (v/ ‘\E Gs)), the
integral mside the brackets is 1 - 0.5(% + erf (y/ ‘\}56::)) = (1.5 — .5erf{(] W{‘\/ng + 0 — x]/'\/_j()'e J. Thus, the

probability that an individual is a true case and its genetic variable is greater than ¢ can expressed as:

[eoo)

I g’ 12 (0.5 -0.5erf(vf(h) — g(hyx/ '\Eﬂg))dxf 2R Ge, where f(h) and g(h) are some finctions of the
Boe

heritability, Substituting, 1= %/ \/Eﬁg into this equation, we can see that ‘\ECS’gdt = (x. Therefore, P (G>cand G+

E>0) canbe cxpressed as; | & (0.5~ 0.5erf(yi(h) — g(h)t))dt/
B2

[002068] Similarly, the probability that an individual is a trae cortrol and its genetic variable is greater than c e, P

oo
(G>candG+E<=ay= | e (0.5+0.5erf(vf(h) —g(t))dt /T

B2
{00209] Therefore, the true positive fraction for any given [§ only depends on h and ALTR since:
TPF=P{G>cand G+E>qg)/ALTR.
{00210] The same is also true for {alse positive fraction since FPF =P (G > cand G+ B <= ) /[1 - ALTR]. Hence,
the total area under the theoretical ROC curve, which is based on TPF and FPF at all possible values of , is
independent of &, and G,
{00211] In the second model, or the discrete model, a variant of the previous model, it is assumed that G = IAX, +
Y, where Y is normally distributed with standard variation oy, and X ~ B(2, p;} is Binomially distributed. Fn this
case, X; corresponds to SNPs with large effects, and Y represents many other smali genetic effects; if there are
enongh small genetic effects, it can be expected that the asymptotic behavior of their sum would be accordmg to a
Normal distribution. By sctting the parameters A, Gy, and p appropriately, the relative risks of the large effect SNPs
can be controlled. These parameters are chosen such that the relative risks are close to values observed in real data
(see Table 4). Similar to the previous model, if G 1s known (but E is unknown) and the relative risks of the large
effect SNPs and risk-allele frequencies are fixed, then the area under the ROC curve for the discrete model enly
depends on the heritability and the average lifetime risk of the disease, .
{00212] A result similar to that for model 1 is obtained for disease model 2. Tn particular, if the relative risks of
SNPs known to be associated with a discase and the risk-allele frequencies () are fixed, then the total area under
the ROC curve depends only on: the heritability and the average lifetime risk of the disease. In this model, the
genetic variable is G = TiX; + G1. Here G1 ~ N(D, Og:) and the X;s are distributed according 1o a Binomial
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[00223] Based on FIGURE 1, improvement in predictive modeling that will most likely only come
through the discovery of additional genetic variants for the three conditions discussed herein. It is
useful to know what percentage of the genetic factors have been captured to date. An estimate of this
guantity usin‘ﬁ(mglﬁéﬂ?zé’urves approach is developed with the main assﬁrﬂyﬁjéﬁ RAPEHE major genetic
factors have already been discovered, and that there are many other undiscovered genetic factors with
lower relative risks. [00224] The potential number of additional independent common (minor allele
frequency 10% or greater) variants, where each such variant contributes a relative risk of 1.1 for the

homozydgusilal AKansand 4 OaJerdbeRiriRaouSHaaRt.e: SRimaiRd, s aslimalgessentialy

prOV|d|ng number of such va[(lants 6WI|| SE fice to 0 taln a %C}Gc}yrv?n\{glth an AUC as(large as

the theoréticaliy optimal w‘c’)lulﬁada't 00225 For éach of the | Pégoggrsl oris, the genef:1 CY&cors re

assumed o3& KRR BHEE S HRT Ak é“?‘}allVP‘é?aHﬁF@ﬁ‘EB‘%@ﬁi@l?}ﬁ‘ﬁhWW@ﬁ?ﬂéﬁnk 8f variants with
low relativelriski-Basedentdinmiltions:of k06000sindivituial sicaetrly 1606 delditioral Variants are

needed tqexRI3INshe-gqNetie wiﬁm&amdﬁp@l@ Piabelese LIS IS ultive. .Asthe Al G abivbe 2

diabetes is te IO\)g_\r/ Wlth rren g g%s ite thc%[h gﬂh h%rni%plléty value of 64%. For Crohn's
i uz .
disease anc? Lgﬁeﬁﬁwaat%llo art qﬁatlfg t ez‘Fle%?J ts aa”ré e\fgﬁaﬁ%olre striking, since 13 958 and 6,237 additional

genetic 480313 dfuiasedte it pE B tiRd Credpativtly P drero e, 6&%@@1 e Geratic Ydriants
account for 4%4iv¢ 49 of tthénatabyBreticvaratnoforitese todditchs skaecTalble. By dEhesa.results
however aradanditionad:paacthe faect that no other large effects are expected to be found, while in

fact theregtill &@%qrgemlgr%gtt%c;%m@t@[e due o SNPSNE ar INBsenyirenment nteractions or

other less studled variants %3{ y number variants, rare variants, epig enetlc variants). Table 4:

EstimatedAtnbal 8P1swW et |?f’§ﬁ§ﬁaéllﬂé Hit §éﬁﬁﬂﬁ‘1‘8 P ’?J‘Eg%i]saé’g e Estimated

number O&MI}MQWBy\é%ﬁG&%’foEE@&HO%&9%‘1@@%%@&@@@ ﬁﬁalamfi Ty varas inecludeddn;the model
Type 2 Diabetes 1600 7% Crain-1's Disease 13958 4.4% R elimatoid Arthritis 6237 14.4%

terms of complementary error function is given by:

Y08erfel(o -z - MY 1/2(6 ; +0G ez) IPo(W =z) [/ E0.5erfel{c. - z)/ 4 } 2(c, 4 Gcz) Y|Pr(W = 7). Thus, if A with

discase cutoff o represent the solutions for the SINPs for some choice of 4 f{G g12 +C 32) {these may or may noet be
unigae}, then Liss with cutoff of Low will necessarily be solutions if the standard deviation of G1 and E get changed
by a factor of L. This follows because z is always a linear combinations of ks. Therefore, A/ 1}((5 glz +a 32) andy=
o/ 4/(G glz +6,”) are independent of /(G g12 +6G_") and depend on heritability and ALTR alone.

[00214] By definition, hio,,” + ¢.7) = (1 -~ h)E2A% py(1 - pi) + 6", This therefore means that;

Su¥(07 62 = T - (1-0) JE2A7p(1 - pif (0% + 0.F). Since Ay/4{(G ;" +,”) and py are independent of

Ao glz +0 SZ), 6, HG," + G} is a function of heritability and ALTR alone, Let Z = ZAX; and V denote the

vector of X; values, Then, if Z=zfor V=v, 2/ ‘\EGgi =b(h, ALTR, v} is a function of the heritability, ALTR and v

2
alore and is independent of4/(G + O ez) .

{00215] The true positive fraction is defined as: PriG > ¢ & G+ B> o) / Pr(G + B > o) where ¢ denotes the cutoff

for genetic variable. Let § = ¢ /6. The numerator for TPF can be caleulated as:

SPH(V=v,Z=z) |e* = | &7 4y /af2mo)dx I 2m0

Poa-z o' + 6 —x—z

[66216] Using the error function to express the cumulative distribution function of the normal distribution, Pr(G > ¢

& G+E>q)is:

TPV =v,Z=z2) j g 20w’ (0.5-0.5erffr(h. ALTR,v) —s(h, ALTR)x / N20a])dx (26, where
Bﬁgi—Z
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*each with homozygote relative risk of 1.10, heterozygote relative risk of 1.05, and minor allele
frequency of 0%. Example 2: Theoretical Effect of Unknown SNP-SNP Interactions [00226] The GCI
score is based on the assumptions that all SNPs are independent of one another and that they have
independent‘%ﬁ@g{g%ﬁgﬁe risk for the disease. As shown in FIGURE 1, tﬁgmf%?émé’%ﬁ?fﬁes studied
here show no significant difference between the CrCl model and a model in which pairwise
dependencies among the SNPs are included through logistic regression. There are some known
examples in which SNP-SNP interactions do exist in other diseases and have to be taken into account
(for example, Zheng eta?,, N g%?t J Me__gl}.{/?ﬁﬂlo-%m 2008)). If thes}(le interactions_are known, they
can easily B (AEOPOrAedThtS the GO modél HENWVE 1P & i S BHART IO e Sh A e EtiE ct of
unknown ENPSNPHiRtetactidnsconstikatisk estimates. WO 2010/030929PCT/US2009/056720 [00227]
In order to explore the issue of ideractions in greater detail, datasets are simulated under an
interaction Mistet wheralthe relative tisks dfeSnol raBpéntiERRio) a ¥l ot 8ftPs in the dataset
The simulated case-contdh@atatodIGRROC curves based on two approaches for risk assessment is
used. Firshothe relative isk.afandndividualapcarding (o.lhe.interagtion modelis calcylated. ghen, the
relative risks according to the GCI approach are assigned, which assumes a multiplicative model. As
observed i >F‘i@€J?2EE2<,=a°HcT in Table 5, the ROC curves differ substantially only when the interaction
factor is v igh. Table 5: The area.under the curve (AUC) for the different interacgtion scenarios.
Simulateos{gfé\r}g%ﬁo ﬁzzﬁctor 2" ﬁnulated?r%grégﬁglus@aé%of%ﬁ "I%&T%Hqﬁai?}zgﬁmate GCl risk
estimate (Multiplicative) drachitv Hekbellimate GCI risk estimate

[00218] The ALTR =P (G + E > @) and Pr(V=v, Z~z} is fixed if pis are fixed. Therefore, the true positive fraction

for any given 3 only depends on the k and ALTR. The same is also true for false positive fraction since FPF = Pr(G
>gand G+E<=q)/[1 - ALTR]. So, the area under the theoretical ROC curve, which is based on TPF and FPF at

all possible values of B, is in¢ependent of o, o, and As.

[00219] Solving for 1/4(G " + 6 1), 1 - (0, (b(o, " + 0. = (1-h) Z22pi(1 - pi(h(Se? + 6)). So,
0 <= /af(6,°+6,7) <= 4[n/(2p,(1-p, M1 —h)) since LHS is always less than 1. Sofutions for all

\ 1, 2 o . Lo
M/ Al(G ;" +6,7) can be obtained simmltancously by using the following iterative procedure.

[00220] Initially, determine the A/ 1}(6 g12 +0 32} for each SNP assuming that it is the only SNP present {i.e.

asswming A0 for all j not equal to 1). This can done using a binary search between 0 and

'\/h /(2p.(1—p,)(1—h)) since RN, increases with A/ -;J(G‘ giz +6.0.
[00221] These values are initial guesses for A/ /(G g12 + Gj) . Then, 1) Determine h/+/(G g}z + 062) assuming

that Ay/4/(G g12 +0 52) for other SNPs are equal to what was calculated previously. 2) Determine

Ao 4 (G g12 +6.") assuming that A al(c glz + Gez) for other SNPs are equal to what was calculated previously. 3)

Determine A/ /(G ‘+o 52) assuming that Ay —\} (o g12 +Q :) for other SNPs are equal to what was calculated

previously. If all RN; values are sufficiently close to observed values, stop. If not, go back to step 1.

[00222] Thus, two sets of optimal ROC curves that would result if all of the genetic, but not environmental,
variability were known and modeled are presented. The firgt mode! assumes that there are many small genetic
effects that are cumulative (and thus the genetic effect is represented by a normally distributed random variable),
while the second model assumes that there are a small number of genetic variants with large effects in addition to
many others with small effects. Both models take into account the heritability and lifetime risk of the condition,
resulting in a realistic extrapolation of the unknown genetic risk factors based on the currently known ones,

FIGURE 1 shows the ROC curves for these scenarios and Table 3 gives their areas. The GCI area under the curve is



(Multiplicative) Crohn's Disease 0.676 0.664 0.833 0.727 Rheumatoid Arthritis 0.709 0.699 0.843
0.761 Type 2 Diabetes 0.633 0.619 0.709 0.646

WO 2010/036929 PCTIUS2009/056720

less than the aptimal theoretical generic models, which suggests additional unknown genetic variants and/or
mteractions are expected to affect these diseases. _

[00223] Based on FIGURE 1, improvement in predictive modeling that will most likely only come throngh the
discovery of additional genetic variants for the three conditions discussed herein. If is useful to know what
percentage of the genetic faciors have been caplured to date. An estimate of this quantity using the ROC curves
approachl is developed with the main assumption that the major genetic Factors have already been discovered, and
that there are many other undiscovered genetic factors with lower relative risks.

j60224] The potential mumber of additional independent common (minor allele freguency 10% or greater) variants,
where each such variant confributes a relative risk of 1.1 for the homozygous risk variant and 1.03 for the
heterozygous variant, is estimated, the estimate essentially providing the number of such variants that will suffice to
obtain a ROC curve with an AUC as large as the theorefically optimal bound.

[00225] For each of the three conditions, the genetic factors are assumed to be the known ones (as in Table 2), in
addition to some unknown number £ of variants with low relative risk. Based on simulations of 100,000 individuals,
nearly 1,600 additional vatiants are needed to explain the genetic variants of Type 2 Diabetes. This is intuitive, as
the AUC of type 2 diabetes is quite low with current knowledge, despite the high heritability value of 64%. For
Crohn’s disease and rtheumatoid arthritis the results are even more striking, since 13,958 and 6,237 additional
genetic factors are expected to be found, respectively. Therelore, currently known genetic variants account for 4%-
14% of the total genetic variation for these conditions (sce Table 4}, These resulis however are conditioned upon
the fact that no other large effects are expected to be found, while in fact there still may be some large effects that
are due to SNP-SNP or SNP-environment interactions or other less studied variants {e.g., copy number variants, rare
variants, epigenetic variants).

Table 4: Estimated number of low effect senetic variants missing for three diseases.

Disease Estimated number of Fraction of genetic variation
unknown variants* explained by variants

included in the model

Type 2 Diabeies 1600 7%
Crohn’s Dhsease 13958 4.4%
Rheumatoid Arthritis 6237 14.4%

*each with homozygote relative risk of 1.10, heterozygote relative risk of 1.05, and minor allele frequency of 10%.

| Example 2: Theoretical Effect of Unknown SNP-SNP Interactions

[06226] The GCI score is based on the agsumptions that all SNPg are independent of one another and that they have
independent effects on the risk for the diseasc. As shown im FIGURE 1, the three examples studied here show no
significant difference between the GCI model and a model in which pairwise dependencies among the SNPs are
included through logistic regression. There are some known examples in which SNP-SNP interactions do exist in
other diseases and have to be taken into account (for example, Zheng et al., N Engl J Med. 358:910-019 (2008)). If
these interactions are known, they can easily be ncorporated ito the GCI model. However, it is important o

understand the effect of wnknown SNP-SNP interactions on the risk estimates.
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l. The two columns correspond to the case where there is a SNP-SNP interaction in which the effect of
a certain combination of genotypes has two times the product or the marginal effects 2. The two
columns correspond to the case where there is a SNP-SNP interaction in which the effect of a certain
comblnatlon%f’ﬁgjr%‘lgfﬁ‘@% is 10 times the product of the marginal effects. 11%’6?%?%8%@% such
strong interactions between pairs of SNPs are likely to have been discovered in genome wide
association studies and that it would be exceptional to find that two SNPs entering into such a strong
interaction do not have detectable main effects. Particularly, whole-genome association studies often

report thah M 1R NE. 1t %5&@(@5&&@%&%@&%@%@1@?&@8& f&’a!tEQQsthQ%ﬁﬂ&iﬂﬁ@e%(%@raﬁ%{re“ etal.,

Nature Gen(?tl ﬁoreg 2 961ve 1 8 9?1)2 11 %Eeefn({c i%l(\)lr sm o SUCPS%Se{naﬂ%tlgdta {a¥§: sgze rggorted in the
literature Tor a Set 0 1S Unil SSification accuracy of the Simple muitiplicative test

will differ %ﬁ%ﬁﬁééﬂ@}%gﬂ?ﬂﬁ‘ﬁ{“b‘ﬁfﬁ%‘ﬁﬁ’é’ ﬁﬁ’Bﬁé‘Fﬁﬁ&Fﬁﬁ‘él ﬁ?ﬂ‘éﬁ?ﬁéﬁ‘&é‘ﬁ‘oﬁ?‘l‘é@?@%%@s"?the effect
of unknowriSHR SiRHatefzctionsdateld asethuneth 8ol twirigimodekiscsimetated denotenthe relative
risk of the.diseasg, foria paricidan combinationiohgenetypesrtgirand, pdenois: the.ereragerobability
of developing the disease (6., ietime Fska. By dgfinifign of relative risk, ki = P(disease I gi) /
P(dlseasera%%) Here, go denotes t otype #X;tgtgpg&m}glégﬁ%gﬁ@ance of developing the disease. In
the simpl 1o} ) ' multiplied to get the total relative
risk. Thug, Ki =where X,Jdenotesndaid e FRaty .askzfor the Jib Iocg&ldm;mmageﬁagﬁ@rbmdel itjis

assumedithata pat tictat H%i'ac‘ﬁi)ﬁ?i@d € ';Wﬁlsflgﬁrﬁ"lﬂ””h aﬂﬂé{*a&fio%?fs'}%" Pc°('%ﬁ%§k"€éuﬁ1a‘t’é 6itimes
larger than the product of the relative risks; this number is referred.to as the interaction factor. For all
other SINPs. relative risks af& 3%5umed to b8 iRAAEERdent. Thus t8F exaniple, M ENPEE End v
interact, theiheltrative risk $67the pair, K = 244%or certain conffgidfations of (gb, §;’%, and K=2,1]2,i2
for other combinatians. [The totaorisk in this casesaould be ki = WE3 0.761

2010/0309293@;5,{&482009/056720 [00230] Based on this model, disease status labels for 100,000

randomly¢ drawh "ab“c';[“ S-S agg‘gncu The P.ub#g:l.' ty-that+g ass:%%'* to-ath ...d.v.dtbug' is-a-easeito be P
(disease Lg ?\p g Eimrp Cisa nnrmalmnn factor_and 2t | is the ‘relative risk of individual i based on

the mteral:t@’? BHRNTE S %%iaqﬁé]go 38§§112%ﬂ{61§} ycvy e lvieligely FAih &re eSS 16 average
ifetime riskrat The ishaSEn LIS dsﬁﬁ% 9%&@%‘%&(&% Alaleases ARl Hadgs the
interactionomasiebsbxample:3: Maeasuingdne:Absohteikrepeda. the Risk Estimate [00231] The ROC

curve serves as one metric for evaluating a diagnostic in that it provides a quantitative measure of the
ability of tHE*EELE " Elistipigli FSAMB EtREACh AT v SRR ViR MR OYFE P éstifhating
lifetime riskdtheR@E sudreanddiirnordiél arcidedbmoasuiéif theSt@rrectiprobabifisticrestimate is not
used. In patieulalidon any givemnpaiiptscarefinetionsnbl{@and&(@othadRQEcupRsef the
functions ygll. @ﬁp‘%%%ﬁ@l@v%&@&@&f%&@n@&@&%%g Q:ﬁfﬁ@n’%'@% RGN Of fzn QL INSIANGS oyve could
simply assij éSZ(T(EQ g‘gtglen)‘) agd in tpls ase by usin ) h%s&or,L f%and l1‘2 §Stltmat? rlsk we will
get exactg Same BOC Qe g\‘f‘\‘ie}%r S S eSS Ay giveVary ditfereit probabilistic
risk estimAteLt6FiARIAS THUE htﬁ%f%@&ﬁ%\?@gf%yﬂﬂwh%@é?gﬂaf YHER 6 INERSE for tests
that reporthprobalsiistec:eivks. For probabilistic risk assessment a more informative test would be the
average ghgolytecdifierente: bawesn e sue Hekpabahilitvand theasimateetrisikRrebability.

[00232] Sipce. the JigRIQRARUIYIQL %?X&!RQ&ELQ BAUREATSS Fe%' QY}QS' «f SEENRANIG. Nawhich

case-control data is used to calculate the OCT parameters e relative risks) Is S|mulated and
then appIi%@%h‘&@éd?v§i€%%%ﬂlﬁé¥éq§sfélﬁnBﬁﬁlé‘}elﬁﬁé&éﬁl&%ﬁw %ﬂ’ﬁﬁiﬁféﬁ%%pﬁ%‘?ﬁf(ﬁﬁe e fféssge model
for the simulatiors assunestizatabies gehaterfaisto riofthicdideasdieande. dedomposedtimtezavsmall
number of large effects and a large number of small effects that are approximated by a Normal
distributiofcdss Hesitibedabeves) oS st dissHbestare diggitbsousiat ﬁ lite, e dgéewstonset of
the disease to the model is introduced. For each individual that has been determined to develop the
disease basethipn thiefmbedljdhe age ofonset odkhe: disease isabasedthan somdistritittionfor the age
of onset (Neiiliakdistribudigrmithnnean: 7 HQandeSkmnd Bledifiusiindhe shnwlationnseme.efthe
controls may H%:?%%&Q%&%&%S Hll%h@ﬁ’ e Ak heen diganosed /1A .Gerainpoint-4, U %?ex];%)?er gate a

realistic simulation of an age-matched case-contro] study, the genetic and environmental factors, as
well as thd 9gé Bf 6i&&tfo ?ﬂﬁﬁﬂﬁﬁ‘é&“ﬁ% 'repestadty™ MI?&W@“&%‘&B‘%@ it fAktels from a
uniform dist butlon between 0 and 100 is_chosen. This is re eat until 10,000 cases are obtained.
For each OF tH&sE SR TP iR rhisti aﬂébﬁrﬂ%f%y‘?(i?ﬂﬁ eif ddeind simulating the genetic and
environmental factors of individuals until one of them was found to be a control is generated. This
process gives an age-matched case-control dataset with 10,000 cases and 10,000 controls. The odds
ratios for each SNP based on this case-control datasis estimated and then used to calculate the
relative risks for each SNP associated with the disease, using GCI methodology as described herein.
[00233] These simulations are used to test the risk evaluation obtained. 500 individuals are generated
according to the true disease model. Since the disease model is known, for each of these individuals

the correct risk to develop the condition is calculated. These 'true risk estimates' are used as a
hacaline for the acciiracyy meaciirea The GO rick ectimatece are eomnared to thice hacealine ac well ac a



WO 2010/030929PETTUS2009/056720 42% and heritability of 57% (Figure 3b). These values roughly
correspond to the lifetime risk and heritability of Type 2 Diabetes and myocardial infarction. There is a
difference between the GCI when using the relative risks and when using the odds ratios. This
difference w8HEHEBE Hoticed when ROC curves are used to quantify tr%'écgé!é%w&%f" the risk
estimates. The errors incurred by the GCI are nojutally not above 5%. This is under the assumption
that all genetic risks are known and that that the disease model adequately represents reality.
Example 4: Genetic risk assessment and Family History [002351 As opposed lousing the genotype
Informathmge%umg&@%%@L&&M&&%@@B@% %@%gaﬁg @A@{F@hﬁ%&tip&m@ysaiamﬂy history to

estimate di eag e fm B%uesq?n%arzse about the ad e val sing genotype infoimation as
compared to Fami K BTASFIS A G 888 s Gas |6)ns S RAnD T RIS Bararith  tisease

status inférﬁw‘aﬂ@ﬁ%ﬂkﬁ%&?\?ﬁl@'ﬁﬂﬁul%é omhelintigdiformTtionsieisded ashastestcfohiniidualisirisk for a
disease. The falsscpositiveranditrue positivedates ahihiswest are: canipared.ta thesanesachieved by
the genotype: test:1002368}Lhe discrete disease model is used in simulations. Random genotypes for
100,000 rpother- tk;]%asgalrstﬁcggrq (0 the alle{ekfﬁegmenmes at each SNP location for the diseases
are generated. The genotype 1610 be thdependent across the loci. For each trio, a child is
generatedotna ramaiory @h@@mmgame a&ela’dfem@aefn pasentiintepensentty fofeach doguscclde

genetic Ngrmaksompaneptetihechildis @W)&J@&@%ﬂ@hﬁ%&@&é%&f%%@ B@t{ﬁmék and the

envwonmg}n CtOI’ is a mb| on of th aren S' nv1 onm nt% fac OI‘S ap ar [l'l endent
CIIVE 1A n() measu:rel C(%m‘ﬁ P10 Stlc ((:js 18 n 1cu d
environmental fa t

ctor. us, I t e enotypes o ather an e mot er are
respectivaVINETEIE g aéiae fv%éahsmewemhsawlwvwewg et
distributioROPQRE GO SIS Y i @ RO G- are ol Nornaipokétiblned gematcdrscenbironmental
factors) thengthe schild!s.ph notypetisigsstmiegtodadRie sadeR (GhhaGmiN2:verafiek tomhaidkEc, where
Ec - N(O, ﬁ&glnepseaem%maﬁ@eeg@aa@aa@wmam variablerof the.child, apgkXedsifhe.genetic
faCtorS atyriputed. 1o he.lares %If%?ombh%f?e{ ifabll } O%Q&fﬁ%g%’ﬁda'sté%@%efq‘?E%%Sretﬁ‘l 0819&”5%39' Ntepl + b2 =
ren

Thus, the parameterbdetermlnest e effect of the parents’ environment on t =1, the
parents SRVIFOT et aUEE Nt et tRe @ﬁl‘i‘é‘?éﬁk BﬁBf‘Wﬁ%?‘%m‘@cfH‘ea@ﬁﬂfﬁé’ﬁ"ga@ﬁ@lronment is entirely
determind0BiAtREs dremisrBasEl b dhesesirtitetioli st raecpusitive i fetsecpaisitive fraction is
calculatedstoracsimpioelassification tostiwhere axchilcs israbeletas-a pase iftaitheisbidhis:ar her
parents aig.sase&anekis,cansidared.acantiobathemise foT&@sﬁ%ﬁEﬂx@ntEk@ufﬁéﬁ éﬁ th@geﬁéﬁ&%ﬁmko%f%?]
This test s gomRRd IR e R suue dialiepriasponda.e.hehepislieal It alagngtype based

test, as described above. As shown in F 4, the sensmwt specificity oft am| y history
test heavify o é“pn%é‘?‘fagyoanfﬁm‘ﬂ STEESP fﬁs d‘ﬁ?&ﬂ%ﬁ%éﬁ‘é"ﬁ b. E‘Fewségﬁ‘@lﬁ%Fﬁ%@"é&‘ﬁe&lﬁi&rrﬁleﬂf‘rd?ﬁ Hiese
graphs. Firsesi i Bralietirae foraithraerdissastrmsstiad tiarebarbacase deirpiitie taelfamily history is
inferior todikesGEkiesthandithdrearef othesithstsdn whigh ihissuperionj«déperding Basthe value of b.
In most caseshowevesh he tve tests.ghe-quitasinilakresulisoHoweayel the-sensitivieand specificity
values of the. familyJlisteny, mﬁl&@ma%@n@mﬁm@ bxed. i Ine:DeRUIaens, while [hs ‘ah%&' test

allows for a Whole rar%?e of sp eC| ICI and senS|t|V|ty values For mstance .in the example of Crohn's

Disease, By a BWing flev\?méirce aselrﬁ%lé‘? B2 SRE AN McreXes e HIMS&r b iridBE4tie to close
to 98% uefﬁ@ﬂﬂ*ré é@ fese! rnnditideir fiepositive: feTsr s histsh festissto (i édat65%.
Example &KhigWwihcemvirormaeniaFfactory innprove. predictionsd (00238 filiozesiimateihenpaiential
contribution ghkrawn-envipmentat factarsiiedisease.predicion.hothhenvisenmenialandgenotypic

data are g, 4@&@9&%&%@5&%&%@%&& %ﬁEWH(S?}'}'JQ&%%'zm@ééné‘igO%ﬁeEX@%d%opﬁ hetes,

Crohn's ?L%se and Rheumatqi g Arthritis, wh | t havea very dllfferent herltalg)llgty and_average lifetime
risk WO 5369 ﬁﬁﬁ"ifj‘g @%@%n?%jva 88 M R Gt Rt IS S e e eRE S cross all
SNPs as Willssiseros2a(6F e AHeRtartaeidts are independent. This assumption does not
necessarilyorsi ot s dessrtzacdurtiae tho ghbww athvisoisohtaingDifY tolaffedt thesesulissuidstantially.
Based ondthis.assasmptian, he.GElifardhadcasewhere eoyvionnentaliastarsamg: takendnteaccount is
generahzeg-@Qa&g%mm%@a@ agaf%%aaa&%% @ea%@o@%p%@aqm%%ve& Ylues for a
set of 100 (%Ouggéyhdréja)l}s Qra e lont dlgenot e and B en og/&e reguencies in tp‘E popL ulation are
simulated. A disease statis gEhese A SDASEG oM e it CativE el 19988 §i%ed. [00239]
The pure GEHEHEBEEE EEY is compared to the new generallzed FOCI. The ROC curves for Type 2
Diabetes,[@ZShiNsHN88HSS aindRhewmdtbidbdrithritisucairdheifound o FBURE Sscihe dddedivalue of
environmegtal{fagtorssis aateiamagicr farQrphn's.Disease antRhvumateidAdkritisihoweer it is
substantial for Type 2 Diabetes. This is driven by the fact that Body Mass Index is crucially affecting
the risk for Type 2 Diabetes (with a relative risk of 42.1 when BMI > 35). Note that for a disease such
as Crohn's disease it is not expected environmental factors to play a major part, since the heritability of
this condition is roughly 80%. Example 6: Error in the Assumed Lifetime Risk of Disease [00240] The
Human Genome Project, the HapMap project, and related initiatives have resulted in a reference

human genome sequence, a catalog of common genetic variation, and a haplotype map of several
rafarence nontilatinne Eirirthermore thic informatinon combinead with coct-affactinvie teachnoloadiec tN tact




~ [00243] The error between GCl-based average lifetime risk and the true average lifetime risk of the
disease as a function of the assumed risk used in the calculations is plotted as shown in FIGURE 6A.
The absolute error between GCl-based average lifetime risk and the assumed average Ilfetlme risk as
a function of 1R HEETMEY average lifetime risk is also plotted as shown ih FIGURE'S gé
2010/030929PCT/US2009/056720 [00244] While preferred embodiments of the present dlsclosure
have been shown and described herein, it will be obvious to those skilled in the art that such
embodiments are provided by way of example only. Numerous variations, changes, and substitutions

will now ogeunia.dheseskiled imdhe a1t ﬂ@%ﬁ%&@@%&mﬁt&m%ﬂ Qt@gtq%webttt§bpuld be

understoqd t vgegjts)lélle aItern tlivei%r tgt efheegg%%cgr@ents QJJQ@% %ls&@s yre des ejtgugeerrs in,may be
owmg claims ¢

employed i ﬂpractlcm e embodiments. It is intended that the ne the scope of the
disclosurd ¥Ry %‘tﬁ@ﬂ%‘ -aid PTERS T ES WS AY €A oPE ST Hh SEE R HTSHIMETRE Y their
equivalertesuye cdvisradr ehidnaby . TE ERMS WA AT IS E I RIMER SO VAR thdtifisugiendrating a
personalizedwatiioh.plancfotaniindivitiual-basedianta desrenthiat seprese nis«isks af:8aid individual to

develop agpt_w@tynenth@r RetRed cAMRAIBIAG History () generating a genomic profile from a genetic
sample o[ ﬁﬂ |nd|V|du%I wherehn said ge omic profile i gienerat usmgn%gllgm%ens@ymcal}m

spTg The gEN0 il orma,tm 0 Etma exisease Tisk, 1t s a ¢ ]gf
microarray, R DNA se uencing analysing sai genomic profile for genotype

correlatiofs’ ’tlé’*’ﬁﬁé‘Fﬁffi?’tﬁe%%éor?%a&dtgf‘éﬁ%‘ ngiiefg?uéﬁlégeoﬁb dghe Sg‘t‘téﬁ(‘felé}%fsmg geﬂorype(c) obtaining
at least oF& @RV IEREECTRCISELTBIFTS ald IEVIdaer swhrer SN seid sataiRse o erviieriertal factor
has a relativs irigknoti@ddswatios fonsaid phenobfpeiation is used {6} geReratindg & scardframsaid odds ratio
or relativeriskiinsteRe{nl and,said-adds f atia.ar.relative-aakdn Sie RLe) 4SiNgAaRMRWERS; and

(e) genergling a-Rersonalized actionRlanifa nﬁﬁﬁ%ﬁldﬁ’m%%' Dased.on EG&@%&%%%SWE%E?JE%}P‘?

personalized action plan includes treatments and preventative measures for the phenotype, wherein

the treatn’t%“ﬁt‘é‘”éﬁ?i“ﬁré%ﬁt&‘t‘r\z‘éﬂlﬁ%&%ﬂ%@?&t’é“gé‘lé‘%ft%&dttﬁ%*é"d%ﬁcfﬁ%"%%o“}%‘f &’Enﬁ%%%%’étﬁ&&“%dr claim 1,
wherein saft rekpgusti sk ot Blde riticid giteastdls geerated by radqmly chogsige @e allag: Gap gk 15 20, 25,
30, 35, 445, @ks8dBtT e meihed dhclanaydNwhé reiirsaid ditHeast onengnvicenmentdlfactoer is
selected from thepgealpconsisting:efaaiddndividuabsbitbplaceslpcationehtesidensy difestyle habit;
diet, exergise DabIts, PAYRIGA MGASHIEMENLAN RersPRRLLRIANIANRNIRRe: are P, and Py respoctively,

where Pr = X+ Gp+Ep, and Py=Xg; + GytEsy, (where X is the Binomial genetic distribution, and G~N(0, o5) and

E ~N(0, o) are the Normally distributed genetic and environmenial factos) then the child’s phenotype is assumed
10 be Pr= Xe (Gp"tGM)/\Q + a{Ex+Ey) + bEq, where Eeo ~ N{0, &) represents the independent environmental
variable of the child, and X is the genetic factors atiributed to the large effects. The heritability of the conditions
forces the constraint 2a” -+ b* = 1, Thus, the parameter b determines the effect of the parents® environment on the
children, Ifb=1, the parents’ enviromment does not affect the children, and when b=0 the children’s environment 1s
entirely determined by the parents. Based on these simulations, the true positive and false positive fraction is
calenlated for a simple classification test where a child is labeled as a case if either of his or her parents are cases
and is considered a control otherwise. This test s the family hisfory fest.

[60237] This test is compared with the ROC curve that comresponds to the theoretical limit of genotype based test,
as described above. As shown in FIGURE 4, the sensitivity and specificity of the fanuly history test heavily
depends on the choice of the parameter b. A few conclusions can emerge {rom these graphs. First, it 1s clear that for
all three disease models there are cases in which the family history is inferior to the GCI test, and there are other
cases in which it is superior, depending on the value of'b. Inmost cases, however, the two tests give guite similar
resulis. However, the sensitivity and specificity values of the family history test depend on b, which is fixed in the
populations, while the GCI test allows for a whole range of specificity and sensitivity values. For instance, in the
example of Crohin’s Disease, by allowing a few more false positives, one can increase the number of frue positive o
close to 98% using the GCl test, while the true positive rate for family history test is bounded at 65%.

Example 5: Known enviropmental factors improve predictions
[00238] To estimate the potential contribution of known environmental factors o disease prediction, both

environmental and genotypic data are used to estimate risk. Here the utility of envirommental factors across Type 2

Diabetes, Crohn’s Discase and Rheumatoid Arthritis, which have very different heritability and average lifetime risk
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4.The method of claim 3, wherein said Iifestylé habit is smoking or alcohol intake. 5. The method of
claim 3, wherein said physical measurement of said individual is selected from the group consisting of:

body mass index, blood pressure, heart rate, glucose level, metabolite leyel, io Iev‘%ch eight, height,
cholesterol I‘g\?e?,(}%/?fgsr‘?ﬁ level, blood cell count, protein level, and transcﬁﬁr (g\%fe%. %élomethod of

claim 1, wherein generating said score uses at least 2 environmental factors. 7. The method of claim
1, wherein generating said score assumes said at least one environmental factor is an independent
risk factor for said phenotype. 8. The method of claim 1 wherein said phenotype has a heritability of

less than 9% s Sendhe-methad.ef claim Lar.8.whesein saidiphenslypehas.a herilabilipuek less than
5%, 10%, 1506, 20%,, 2226, 3070,3570, 402053230 RO20a2%0a00ar B0 (0%l 2518s BAHRB5%, OF
90%. 10. The method of ¢ aim 1 or 8, w%ereln a third party o%tains said genetic sample or generates
said gendPRfETBroTRE 4T e et SF RAT Be 58 “RB FaTh et G ERBHE LAl 18 BIYADE RNA.
12. The reetipdsgfrstaiindl Bressviheraihaaidcfanticddmpldlis fremiba Biotgriaesakpier détected from
the groupecangistingofi-klogd] dhaie, skinpsaliacsemengurine; fetapmaitariak: siveltdandibuecal
sample. 13, T henmethadefalaim.d @ slaimS«-wheiain saidgenomic profile comprises a single

nudleotidnaslymerplim. trcation, e, Aelelion ohiepeal: 1, W Melag pheiaim 1 or 8
further comprising upd Dt_mg sa{jl Ricore vguAr;L h%g_dltloga} ordmolggggﬁgla%;}v%d résdks or ofdoﬁs ratio for
. ™ i
envir onmgﬁf’éﬁefa § Disease an sumato 15 can be found m . The added value o
environmental factors is not dramatic for Crohn’s Disease and Rheumatoid Arthritis, however it is substantial for
Type 2 Diabetes. This is driven by the fact that Body Mass Index is crucially aftecting the risk for Type 2 Diabetes
{with a relative risk of 42.1 when BMI > 33). Note that for a diseasc such as Crohn’s disease it is not expected

environmental factors to play a major part, since the heritability of this condition is roughly 80%.

Example 6: Error in the Assnmed Lifetime Risk of Disease

[60240] The Human Genome Project, the HapMap project, and related initiatives have resulted in a reference
human genome sequence, a catalog of common genetic variation, and a haplotype map of several reference
populations. Furthermore, this information combined with cost-efTective technologies 1o test associations between
variations throughout the genome and traits and diseases of all sorts, has resulted in dozens of common variants
shown o be unegaivocally statistically associated with risk of common diseases. These common variants can be
used much like population-derived environmental risk factor data in assessing probabilistic pre-symptomatic risk of
disease.

[00241] The GCT, like all estimates of a particular quantity, requires a set of assumptions that may bias the risk
estimatcs. Particularly, the assumptions made by the GCI score are that the allele frequencies of the causal SNPs
and effect sizes are known, and that the SNP-SNP inferactions are known. Furthermore, the assumption s that the
average lifetime risk is known. These assumptions might be violated in practice, but as described herein, slight
deviations from these assumptions do not change the risk estimates considerably, Particularly, as shown in the
previous examples through simulation studies and by the analysis of the WTCCC data, weak SNP-SNP interactions
have almost no effect on the GCI, and that deviations in the lifetime risk estimates do not alter the accuracy of the
relative risk estimates (see also FIGURE 6),

[06242] The ROC curves are based on the assumption that the average lifetime risk of diseases is known and this
value is used to calculate the cutoff for assigning discasc status in the theoretical model of the disease. However,
estimates available from population data may be inaccurate and such errors can greatly mfluence the GCl-based risk
of getting the disease. In the calculations herein, the average lifetime rigk is assumed equal to these rough estimates
(LTR).

{00243] The error between GCl-based average lifetime risk and the true average lifetime risk of' the discasc as a
function of the assumed risk used in the calculations is plotied as shown in FIGURE 6A. The absoiute error
between GCl-based average lifetime risk and the assumed average lifetime risk as a function of the assumed average

lifetime risk is also plotted as shown in FIGURE 6B.
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[00244] While preferred embodiments of the present disclosure have been shown and described herein, it will be
obvious te thase skilied in the art that such embodiments are provided by way of example only. Numerous
variations, changes, and substitutions will now oceur to those skilled in the art without departing from the present
disciosure. It should be understood that various ahernatives to the embodiments of the disclosure described herein
may be employed in practicing the embodiments. It is intended that the following claims define the scope of the
disclosure and that methods and structures within the scope of these embodiments and their equivalents be covered

thereby.



CLAIMS

WHAT IS CLAIMED IS:

1. A method for generating a personalized action plan for an individual based on
a score that represents risk of said individuat to develop a phenotype, the method comprising:

(a) generating a genomic profile from a genetic sample of said individual,
wherein said genomic profile is generated using a high density DNA microarray, RT-PCR, or
DNA sequencing;

(b) analysing said genomic profile for genotype correlations to identify the
odds ratio or relative risk for one or more genetic loci;

(c) obtaining at least one environmenta) factor from said individual, wherein
said at least one environmental factor has a relative risk or odds ratio for said phenotype;

(d) generating a score from said odds ratio or relative risk in step (b) and said
odds ratio or relative risk in step (c) using a computer; and

(e) generating a personalized action plan for said individual based on the
score, wherein the personalized action plan includes treatments and preventative measures for
the phenotype, wherein the treatments and preventative measures are selected based on the

SCOore.

2. The method of claim 1, wherein said relative risk or odds ratio is at least 1,
1.1,1.2,1.3,1.4,1.5,2,3,4,5,10,12, 15, 20, 25, 30, 35, 40, 45, or 50.

3. The method of claim 1, wherein said at least one environmental factor is
selected from the group consisting of: said individual's birthplace, location of residency,

lifestyle habit; diet, exercise habits, physical measurement and personal relationships.

4. The method of claim 3, wherein said lifestyle habit is smoking or alcohol
intake.
5. The method of claim 3, wherein said physical measurement of said individual

is selected from the group consisting of: body mass index, blood pressure, heart rate, glucose
jevel, metabolite level, ion level, weight, height, cholesterol level, vitamin level, blood cell

count, protein level, and transcript level.

6. The method of claim 1, wherein generating said score uses at least 2

environmental factors.
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7. The method of claim 1, wherein generating said score assumes said at least

one environmental factor is an independent risk factor for said phenotype.

8. The method of claim 1 wherein said phenotype has a heritability of less than
95%.
9. The method of claim 1 or 8, wherein said phenotype has a heritability of less

than 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, or 90%.

10. The method of claim 1 or 8, wherein a third party obtains said genetic sample

or generates said genomic profile.

11. The method of ¢laim 1 or 8, wherein said genetic sample is DNA or RNA.
12, The method of claim 1 or 8, wherein said genetic sample is from a biological
sample selected from the group consisting of: blood, hair, skin, saliva, semen, urine, fecal

material, sweat, and buccal sample.

13, The method of claim 1 or claim 8, wherein said genomic profile comprises a

single nucleotide polymorphism, truncation, insertion, deletion, or repeat.

14. The method of claim 1 or 8, further comprising updating said score with

additional or modified relative risks or odds ratio for environmental factors.
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