METHODS AND SYSTEMS FOR PERSONALIZED ACTION PLANS CROSS REFERENCE TO
RELATED APPLICATION [0001] This application claims priority to U.S. Provisional Application No.
61/087,586, filed August 8, 2008, which application is incorporated herein by reference in its entirety.
BACKGROUND [OOﬁF@éﬂgﬁﬂé’rﬁﬁ&% FOR SERSIARASERPASIAGTE Fldtieotide polymorphisms
(SNPs), mutations, deletions, insertions, repeats, microsatellites and others, are correlated to various
phenotypes, such as a diseGB&%Y RERERIBYC T AL FaaiEPaARRIdA2 1N individual can be identified
and cauelptadlitesleteminethedadividual's. predispasitipnitaidifiesent/ plienotyeisscreatin goas,
persongiizeghRNaRON R, Aol (P00R) Ar.iadiduals-henotype profil provides a personalized
assessment of an individual's risk or likelihood of having a certain phenotype, and the individual may
be interested in medical, as well as lifestyle,qptig Oggﬁ]geducing or increasing a risk for a particular
condition. An individual can benefit from a personalized action plan that integrates an individual's
genorfi®proffectirizrréa Hds fpes: BRkomTsss O rehepRkisTs, @W%’dﬁ“&ﬂg?saﬁﬂegﬂ}% nt
enviranmentalrenedifestyleddictors] [0604 1T husslagdarsenalizedrattion pranprciitesca cudtsmized
approggh.fasan ingividuak.grdhrihealth rarermnanagar.te.makedMpeardandapp srigishoices in

promotigg the@r eagth and well-being. Thus, there exists a need to provide individuals and their health
10 different phen e§, creating a persoralized p enﬂ Ype Pro:ic. . . .
care managersp With 2 system that integrates théir personal genomic profile to make ap‘proprlate

medicKP&Hd oS eibitadhes B Lo %A 8575 oo R NG B Gt PAIY 0%
incentdiésvioccractivatepbmindivichdahtorbiioveltheir personsdiy édnzdiioh @I&f@ll'ﬁhéife‘mbomﬁiﬁ@n@f
disclogag-herginsatisly ihesenepss.anc-pravidesisiatedadyanagesi welsSklMIIARY, {005] The
present disclosure provi Ea%smgébﬁg%,%ﬁ%,%%ﬁ% fon, 9&{%@@&%@{%9&2%%@ Agtianplans hased on

an individuars genomic profile. A rovided are methods and systems for motivating individuals to
lead HE4RTEHITELIgABE eI i &tHtds that promote individuals in pursuing their action plans.
[0006]08e4lordimg) topamcaspeteobtheapreseldtdpventiovrethareossipfovideelidating systdnsifoeacvariety
of recommmendationsimapeisonalizedastionglapowheeiteaehnhsaid reaammendatiorsss given a
rating, wherein each of,said [afinds fofresponds (o8 fAind.ivania anindividual, yherein,said rating
given to said Individua |s.d5eterm|ned by a computer based on a genomic profile of said individual.
[000681°AkcBratAg RPRsiHe rEdsE s e e e BT AT MePE s BFovided & ratiRg S48 for a
varietymireltorimviendationsdmatpersonafizetied ctiéniprahcintvereiied chiof bl résormdintations is
given gsatingnsdiereitenchRisald palings eoisespandsdasavating given to an individual, wherein said
rating given to said individual is determined by a computer based on a Genetic Composite Index (GCI)
or OCT Plus score of said individual. [0007] Tdie\igtig:can be a number, color, letter, or combination

thereof, Ay the 1210, 33008 or 8 2netal Iecaninenaalons, sl AL ORL AL 208 o
more non:-pharmaceutical recommendations. non-pﬁ%rmacéftmaf_ recommendation can be an
exercibdividyiricsrneRiseieleactivhyr aidtddieoratodt BemsiFaticH ooy THEHBI-BHE IS ical
recomimeniationutan attedenuikentsinsirgldsitypesief teodgjovitdamins, and the like. Furthermore,
the ratiggsranbeRast of fatgsystem shatds iepesented RyRobinary systed-far examplenadating
may b ORSaLe desidnations 2008l Accardng (o enolel aspecl aliie PIRRE T IRYE RN fhere is
provided a method of providing a rahng or'recommendations In a personalized action plan to an
indivicash ebirigraing: yotRining A saRTcoToME dhehBmER B0 4MAS) et irtig i st one
rating dee:saiddhdividumliontneréin saiconatingfis détadnmdieduly a computer based on said genomic
profilejeahsh (QLeRNNGSAHY Hatigeupyited fipnsaldicamppienda saigipdikduabok healthgare
manager.of said indiidual. [0008al Accerding.to.angihetaspedt oL s presentinveniignaifere i
provided a methog of pr%w Ing a rating’for recommendations In a personalizéd action plan to an
individtah ebrrTaiRg (AT MEY &tih G APEEB O T BN CKIETE ¢ fRa%itadr g dsihButer; (b)
deternginingjrat lsastoonetsating forasaic indvidusils irerdinisaidating sodaetenmmddidlsaid computer
basedgygaigd GEne M Gd FlsrecQrgs-alek:(G) LeReMNehSaldsating Ruited e saicheamputer to
said indiidal or heall,care, manager,of said ngvigyal, 0908 Acsording.ig.anainer aspeckpf the
presenf invention: there is provided a met anfeor_ motivating an individual to improve their health
comprRYREg Y T tATATE 2 oA SRR BRGRIE RS SARF InchIRT AR B -G Rl A P RREBHa BT 8ktion
plan fortgais-individealubingracomputer {s) bssudtatinychtlaasts oheddrcemtiviesfordhidikadividual with
an achievement of a recommendation on said personalized action plan generated from the computer
in step (b); and, (d) granting to said individual saidiincentive when said achievement is accomplished.



[0009a] According to another aspect of the present invention, there is provided a method for motivating
an individual to improve their health comprising: (a) obtaining a genomic profile for said individual; (b)
generating at least one OCT or OCT Plus score for said indjvidual usm %%)ﬁ?%ssouatlng at
least BHETHESFAtRR FEPSSRY AR RTINS A SR T Y SRPETRBISE Y 5? one %& S4core
generated friomp Jastwomputer in step (b); and, (d) granting to sald |nd|V|duaI sald incentive when said
impron@menkisaghiaveds. 104k | o serpeembodinenis dhe inaentyeds@rovitgediny amemployer,
friend, of f%%&xb%%%%%%mma 4541 50MS, RO AMEALS [ Al isan PRRlaXeRyARd dOgiincentive

may be a contribution By an employer of said individual to a healt savings account, extra vacation
days, 16‘?‘1’#156‘%&{}%66@%8%? L§ﬁf’6§fﬁy‘f8}g§f§idafﬁdf\%’&%l “r’%“rallca an: g%?ﬁ‘”t‘he et ‘May also
be cabiizd phainaseuticabrodubt(ca keafte srooutes 2 HeHiA &nsrb%ﬁq@é\%@ aifradhitditdiow-up, a
medicakgeyeanaRtdaiadi@Gdior OCT Plus score, an updated personalized action plan, or

membgrship L%c%rlgp t'?;'; oggmtgémtymm%mn@@ap&p IRENS,HhRdpcava m@;@g@qntnﬁgmldy or

reimbursement rmaceutical product, a hea th product, a health clu dg&mb(% P, 2 medlcal
foIIovv“?fﬁmﬁ“?’i’tjé"ai’ééf‘ﬂ%?ﬁ@@n%lﬁeﬁﬁﬁ‘&fe‘aab'ﬁﬁné?dﬁe* Iﬁﬁﬂnsj e T AL L8 Sha a0 Sition plan,
or a nfensbérstiiprite! astr-kmerctsmthudityoiniset dthe prarbioe |f?féﬁt%“l‘ﬁe14\*ﬂ%eﬁ’tﬁ?@‘1§3t‘ﬁéa§%ﬁort
obtaingg thiQy gga A QaPine ceBIMUAILGHNEC QRAARATON BY REFERENGE]00d2tAibpublications,

patents, ; Qt atent applisationsmentioned.in bis shegifigation are herein incorporated by reference to
the same extent as If each individual ublication, patent, or patent 4lcatlo%o\%qé r_I_IglemflcalI\%l}and
individ4% ingrextisa 18 B‘e’lﬁ%&?ﬂ?ﬂa(tg&%ﬁrfé?% é’nvgnﬁmBF?fé?f: ’f)ggﬁfg EBRANINGS
[0013bdifiduriovébfeatutiey dfdHeenmbotintoraaig ssstomer einikrE st oy ith PAsetR8Ain the
apper}&i&dnﬁi&ismact&rbgﬂﬁrf&tnﬁersﬁandim efitpea featpres andadvaningesof the disolosuke will be
cbtaingd Py (p(srencg i e folaningdeiales desciplonhabsels.oubdiusiiaive. ambodimants, in

which the pr prlnC| ples of the disclosure herein are utilized, and the accompanying dawmgs of which:
WO 26115@@(:[3/’5‘?6#&?ﬂ?@ﬁ@b@@%ﬁﬁaﬁdﬁfﬁcﬁgeI“ismésairap OFHhe RATSIVRY Eperatlng
Charalft¥fistie (ROE) turseborGrom S DiseaseinTHEBofiSH ndtilie spBrtETrIBH S Pectation
~and thedioRding coasrespandsimthegraiicaloxpeatatiansnahe pilit: genetidndariable(is danowing Fhe first

middle line, correSpeRds iR Gid whiles HH&@&QP&%QHQ%&&@P @ptte%ngﬁgié tem&mwel@@t@flm by
logistic regression. [0015] FIG. 2 is ag ﬁ? C curves for T%/ |a e es. Theé}1 ttam line
In

corres‘ﬁ%‘ﬁ’&%atd"?gﬁﬂB?Hr‘é‘ﬁ?ﬁ’éﬂ'tﬁ%ne%g ‘(}f?he 8p e CorFeSHonas 1 1'&tﬂiatletlca e>f(i|ro§ectaxt| $When the
genetigharigbiadsdihodiridpheif istamitiddirad srpesport s ST lwhile the second middle line
correspongs tosthe cupverabiainedhbylogistie ragiessiomiRPoiiG oBimdygrapbeofthe, RO@wwurves
for Rh?&ﬂé@ﬁ%?éﬂﬁﬁ@ ri'x’itﬁmm? pattemyline.cotiespondsie randam expasiation,andtadten dingid

corresponds to theoretical expectations Whentthe d%enetlc varia IEe i Oerog/gQSi Tq% flsrs m 9\9 e ]lne
corresPSREEYICAFIRiIRE TR SEC8RY FadRAINE Sorredponds to {W)e e obtamed by’ oglstlc
regressigisa{0@17] FIG. 4 represents a rating system for an individual based on their genomlc profile.
A) repr@gents & faedratinginsa perstnalizesacticn ptatior amindindual:pretdispusedntbecbior cancer

and d'%Q&E%Pfoﬁavt%prg%&téaﬁde@y RuEges WK NG Rien Mstrtgot@s{@m@)&%mhga teResrAts:broccoll
using this rating system; and D resents a?o%f%ple u kngcghltlsver%tlpg Xusi;tembs[lgo FIG 5 represents

asché?ﬁﬁ‘ﬁ?:r%lfpams?}’s?gnﬁnﬁ)cf}tn 1 Al And transmission of genomic and phenotype o profiles. and
persorf@ﬂpz@@ra@%malar@u@fvehealth@f%ﬁk ﬁEﬁ‘T&I{WB@S@mPTF@F@I[@SW]“B%&% Hr&iftare

methoglsaanigystencs fok gene rating:pe rsonalizedatiianaplansibasedignamindindualisugénomic
profile, AlsProvided areimatbeds aad systems datamrtivatnedndividualsitp lead healthier lifestyles,

including methods that promote individuals in pursuing their action plans.
INCORPORATION BY REFERENCE

[0012] All publications, patents, and patent applications mentioned in this specification are herein incorporated by

reference to the same extent as if each individual publication, patent, or patent application was specifically and

individually indicated to be incorporated by reference.



Gettonzic Profile [0020] An individual'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 r ' leatide r ingle and/or multiple nucleotide
T S S e

deletions, microsatellite repeat all numbers of hucleotide repeats with a typical 5-1,000 repeat
units) [t cip rere'rEpurts ot cekedmsattciieated degiiehtetdathafierramteiin dubmPrradi€location
and dujlicatiohdteapyenumiberol dkdtions dotilossand Haiisiatuspeiific dbeihcdhd tiecikerw Other
genetigyaniatignsincluds.chramosamahduilications.andtansiocaians. as.walkas egniremeric and
telomeric.re eats. OO%]fA Geno%lges rgrgx,alsofiggglc de haplotypes and diplotypes. In some
embodiMents, genomic profies may have &t least 100,000, 300,000, 500,000, or 1,000,000
genotypes. In some embodiments, the genomic profile may be substantially the complete genomic
sequence of an individual. In other embodiments, the genomic profile is at least 60%, 80%, or 95% of
the complete genomic sequence of an individual. The genomic profile may be approximately 100% of
the complete genomic sequence of an individual. Genetic samples that contain the targets include,
but. are WO 2010/017520PCT/US2009/053216 not limited to, unamplified genomic DNA or RNA
samples or amplified DNA (or cDNA). The targets may be particular regions of genomic DNA that
contain genetic markers of particular interest. [0022] 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 limited to, blood, hair, skin, saliva, semen, urine, fecal material, sweat,
buccal, and various bodily tissues. 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 care specialist, such as
a phlebotomist, nurse or physician. For example, blood samples may be withdrawn from an individual
by a nurse. Tissue biopsies may be perfommd by a health care specialist, and commercial kits are
also readily available to health care specialists to efficiently obtain samples. A small cylinder of skin
may be removed or a needle may be used to remove a small sample of tissue or fluids. [0023] 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 instructions for an individual to directly
collect their own sample, such as how much hair, urine, sweat, or saliva to provide. The kit may also
contain instructions for an individual to request tissue samples to be taken by a health care specialist.
The kit may include locations where samples may be taken by a third party, for example, kits may be
provided to health care facilities who in turn collect samples from individuals. The kit may also provide
return packaging for the sample to be sent to a sample processing facility, where genetic material is
isolated from the biological sample. [0024] A genetic sample of DNA or RNA can be isolated from a
biological sample according to any of several well-known biochemical and molecular biological
methods, see, e.g., Sambrook, et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
Laboratory, New York) (1989). There are also several commercially available kits and reagents for
isolating DNA or RNA from biological samples, such as, but not limited to, those available from DNA
Genotek, Gentra Systems, Qiagen, Ambion, and other suppliers. Buccal sample kits are readily
available commercially, such as the MasterAmpTm Buccal Swab DNA extraction kit from Epicentre
Biotechnologies, as are kits for DNA extraction from blood samples such as ExtractNAmMpTM from
Sigma Aldrich. DNA from other tissues may be obtained by digesting the tissue with proteases and
heat, centrifuging the sample, and using phenol-chloroform to extract the unwanted materials, leaving
the DNA in the aqueous phase. The DNA can then be further isolated by ethanol precipitation. [0025]
For example, genomic DNA can be isolated from saliva, using a DNA self collection kit from DNA
Genotek. An individual can collect a specimen of saliva for clinical processing using the kit and the
sample can conveniently be stored and shipped at room temperature. After delivery of the sample to
an appropriate laboratory Rm processing, DNA is isolated by heat denaturing and protease digesting
the sample, typically using reagents supplied by the collection Icit supplier at 50C for at least one hour.
The sample is next centrifuged, and the supernataat is ethanol precipitated. The DNA pellet is
suspended in a buffer appropriate for subsequent analysis. [0026] RNA may be used as the genetic
sample, for example, genetic variations that are expressed can be identified from mRNA. mRNA
includes, but is not limited to pre-mRNA transcript(s), transcript processing intermediates, mature
MRNA(S) ready for translation and transcripts of the gene or genes, or nucleic acids derived WO
2010/017520PCT/US2009/053216 from the mRNA transcript(s). Transcript processing may include
splicing, editing and degradation. As used herein, a nucleic acid derived from an mRNA transcript

refers to a nucleic acid for whose synthesis the mRNA transcript or a subsequence thereof has
1ltimatealvy carnnsed ac a temnlate Thiie a DN A ravvaerce tranceribed from anmn mMRNA a DNA amnlified



WO 2010/017520PCT/US2009/053216 Affymetrix, Santa Clara, CA (incomorated by reference);
Sentrix(r) humanHap650Y genotyping beadchip, lllumina, San Diego, CA) A high density array can be
used to gen%%teﬁ?o%%%mic profile that comprises genetic variations thatParTef S’:\rlops' %:3%5 example, a
SNP profile can'be geriérated by genotyping more than 900,000 SNPs usiﬁg € x%me?rix Genome
Wide Human SNP Array 6.0. Alternatively, more than 500,000 SNPs through whole-genome sampling
analysis may be determined by using the Affymetrix GeneChip Human Mapping 500K Array Set. In

these assays, a subset of the human genome is amplified through a single primer amplification
reaction yging restrictian.enzymedigested.adapiarigaied RWN0-E8 AR MHERNALYPically.ihe
amplified PNA, 5 hen fragmented.and Joe akalit of e sample.delermined gt denaldng and
labeling the sample for hybridization to a micrommy with DNA probes at specific locations on a coated
quartz suffaBee TRE S bnt B FGHE Pt STTRBA A o 8l RpTord BE i Etisrnertha Bhtilied DNA
sequenceigiRsdhitlesc wastelsy yielding sequence information and resultant SNP genotyping. [0031]
Use of highvdensity airayspisofsd oo wnvinitheyas tshanakdf Thtained sommerciallyrasiearried out
according.{g-theomanifastuercs-ARIan s&alaxamplebse-p it BrmetixGenelhip tamavolve
digesting isolated genormic RNA with £ither 2 Nap! or Syl resitigtion endonuclease, The digested DNA
is then ligaled with a Nspl or Styl adaptor oligonucleotide that respectlveTy anneals 1o either the NspT
or Styl re&tricted DNA. The adaptor-containing DNA following ligation is then amplified by PCR to yield
amplified B fFighEmtepeavdeR YosiebolarurtiedoBastis padikvies Esnfrmad e garon
electrophevesisicP @Riprop et scirapaiie et thecamiphification standardratie purificdkaneh (qantified for
fragmentatian. Fbe.R&R-preductsarad agmented. with LXNasslifor.eptialRNAyahiphybridization.
FoIIowingrgégegmgntation, DNA fragments should be less than 250 base pairs, and on average, about
180 base pairs, as confirmed by gel electrophoresis. Samples that meet the fragmentation standard
are then I3Deted With SPBISHR “COMpOtRA Usihg I8 HnG GBS HEISBR P War st Erase heYabeled
fragment$2ire meRtyeHEed rstPapantRet! bk eadisnesd GerecHiy 250k b Eolrowihgplan
hybridizationgtheharay: isistained priostdo; SCamnings radiresngtep piocesscensiBtingesha streptavidin
phycoerythin (SARE) stainyfelowed by an antibody amplification step with biotinylated,
ants-strepigigin ARToRK(aRal. andk inal.otaln wilh sERLYIAINBAYEARRIN,SADRL Afler 1abeling
the array Is cover d with anarra E]oldln uffer and then scanned, for example with a scanner such
as the Aﬁ%ﬁb TiX Gene 17i‘|30 gcanner (f."fﬁ‘ﬁ%dé] Analysis of data following scanning high density
array can be performed according to the manufacturer's guidelines. For example, with the Affymetrix
GeneChip, acquisition of raw data can b& %f/Ad%EDo?Fﬁg@%Hé@hip Operating Software (GCOS) or by
using AffyfEtHXEErsETBCEHRRRIEESHEBIE . SPTEERGUIRSHIBIZST FERRaES TOStRERFONGEH by
analysis with:@GeneBhiple eneitigdinginady sis Softwwdren(@GRYR )i SanhpldsithlBiGTiéREs.call rate of
less than aeariain-peicanagasmayiba.exeludad.fanexamples.a call rate of less than approximately
70, 75, 80, 85, 90, or 95% may be excluded. Samples are then examined with BRLMM and/or SNiPer
algorithméaegglyx_cs.gsd Seamples with a BRLMM call rate of less than 95% or a SNiPer call rate of less
than 98% d. Finally, an association analysis is performed, and samples with a SNiPer
quality ind&Bf BsErisHeDs 450 aRE RSP TAE KPRTISE WRITABIERG YW Al i eSS e ocd oDerictte excluded.
[0033] Asvarr@ttenativerto(Gritcaddition o DNA-nigroarag anslysisngenetitivariatiopsssuch as SNPs
and mutatignscean hedatecied by atherhvhiidizatienbased methedsnsuchras:the: use-ohdigaMan

methods and YA AHORS SHELGAT. AAMRNECRiRIAINE LAIMaR. ?e%%tl %‘%ﬁi\é%%%f@ﬁﬁ@gi tgp ZI PCR

(RT-PCR), such as those described in Link et al, Nature Genet., 9 o) a |
Genore HEE V1 SE5, S0 0T et KR B BTG BORG s TURSGOTSEATE n the
methods StIGBeEmEElo? msdRisEnbtmmerts, probes for e egencneliartions sukn as
SNPs, arélabededtvfonrmsiagMaiprobes] Tnecgrobes! arestypivall ysapProximatelycatdedstcd2, 15, 18
or 20 basegairs in length. They may be between approximately 10 and 70, 15 and 60, 20 and 60, or

18 and 23age Qalls0 1&‘?55& i;m&r%%g@s@m&ggmw A lsporigrdabel, such.as.a-flugrorhgre, at the

5'end and er of the | at d. The reporter lagbel may be any fluorescent molecule
that has i tast %%%e%%%h%@’f)n ’|[S)&R)§L oerG%0,0ﬁJe] %ﬂ\ﬁﬁms' qg SQME en%ogumml?/ tPf: ge or\xl'nc Wis ma

. Itéd or quenched when in close proximity, stich as’ eTen.ét  of the
probe, to TS UE e RS CSear &S MR T Bt A B BEPiBrap MG Sueh Sl is at least
6-carboxyfitie FéYeei ASH A, ctetrattrotorflusraseino{ TETYY gnaeFivatives « brefdofizabrorthesgquredicher
tetramethydohrodamisap{didddf), ssitnysdsocyclapysraloirdaiesimprplide Mo B) 10 detivatiwesthereof.
[0034] As the reporter fluorophore and quencher are in close proximity, separated by the length of the
probe, the fluorescence is quenched. When the probe anneals to a target sequence, such as a
sequence comprising a SNP in a sample, DNA polyierase with 5' to 3' exonuclease activity, such as
Tag polymerase, can extend the primer and the exonuclease activity cleaves the probe, separating the
reporter from the quencher, and thus the reporter can fluoresce. The process can be repeated, such
as in RT-PCR. The TagMan probe is typically complementary to a target sequence that is located

between two primers that are designed to amplify a sequence. Thus, the accumulation of PCR product
ran he correlated t0o the aceciimiilation of raleaced fiinronhore ac each nrohe fcan hvvhridize to new/iv/



[0037] The individual's specific factors such as physical data, medical data, ethnicity, ancestry,
geography, gender, age, family history, known phenotypes, demographic data, exposure data, lifestyle
data, behaV|or data, and other known phenotypes may also be incorporated as data elements. For
example, fack (}a‘? |?T’t?|ude but are not limited to, an individual's blrthpré?(%[’wﬂ%én&ﬁd/or
grandparents, relatrves ancestry, 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, chgl%%r@rnbleyﬂphe@ﬁerar@e ﬁi@%ﬁf@@ - Qlusnse.evehandsther-measutaments known in

the art The pve ment oned a&@r,&for n individual's re tlves1 or ; ncestors such as parents and
cuiar re 10]:' 1’1{111110 dgen flC ar}(e T8 O 118!

grandpare’a ts, ma be mcorporate Sta elements and Lsed to determine an individual's risk
for a pherﬁ%e%ﬁ’%ﬁdr%ﬁﬂ’ﬁ%@ﬁ%@f ‘Fﬁ@lgﬁé‘@ﬁi’éﬁfgﬂ’dﬁ’glﬁ‘i’é\? 58 talidrero s idstivARaire or from
a health caredmignadér bbtradrdivigiaiudof bt Sanfrondtbedbariked! profildBantherPbé. astessed
and utilizedias:desitethibos axampie -nithedniiaha ssessmenbobanindividualissgenoiype earrelations,

the individuals eatiredniarmation (mies el AS Qe ORROMIG SAHHUSRGES, PREASS. B jaken from
an entire ggnmne) i e snalyged (oL 9enetype sorTelaions,In subseaert ahises, affer e entie
t

information can be acces or a portio ereot, from the store genomic profile, as
desired of*&B[5tSish aiéﬂ%r?era.mrg &dl %%ﬁbf&’ip‘@%r‘&fﬁ é‘&‘[@@%@]’hﬁﬁ 4 éfeﬁ?ﬂlﬁ %faﬂrée}%%sed to
generate pherrstypedsrofilesnaie gendntiecpfofie iscoypicalihsteredrdigitstiyarsdristieadilyfaccessed at
any point«@itisresta-genprate:phenatypenprofiles.Rivnotypa:profiles-aterganerates hynappling rules

that COrfer';@&%@&@%%%ﬁ@é%@%&i&’&bé&%?M%eﬁﬂ@%@)ﬁ?%&i]ﬁl&'@ﬁa&ﬁﬂcQPe M&@Mﬁﬂ@&%ﬂﬁﬁc
research hal,demonstiaies & corslafion hetieen adenolvpe and a.phengiype;, e qarrelations may
be curated or validated y a committee of one or more experts y app ying the rlles o a genomic
profile of gﬁ%drvrdual the association between an individual's genotype and a phenotype may be
determind#2¥hSpirdotypeprsfiie for anmndiidn aldyitlupay Exthits deterhin storr Thretdetermination
may be agpositive@ssoeiatinn betveern anpirditidualsyganetype and . aigivien.phaenatype dsuech that the
individualcb@eamargwmgwawﬂhﬁmalen&@a a%mty%&uemaﬁva% dkday.be determined
that the individual does. Jaalve or will not deye 19% 9]% ! La%n Re, Inspt rkeimbodlrn nts, the

il

RS{ruciions ( T dl AV 0 fequ 1S5 qamp p¢c1a1
determlnatlon ma% earls factor, estimate, or a proba at an individual has, or WI evelopa '

phenotyp& a0 FHE Tt R%%"f?é’%ﬁé?} %Baﬁéfaa%“"ba&?&d)ﬁéfﬁ‘%yn‘t‘fﬁf%?681“%fﬁé@“ 5t 84lfiple, a
plurality o¥eiiegmheldiewpishdancna tanontiee profiheste getedivinathulasss safiomoran aividual's
genotype awithpia spesifie phapnotypegchie determdination sunayealsiognderpgrate factors that are specific
to an indivighigl, SuchiRs.efieib 08 RAQI cdif %Mﬁrﬁ%ﬁ&%ﬂﬁﬂﬁﬁﬁé&ﬁ?&%@@%@&@&hﬁge

e ot AL FANDIR. JosRlion. oL eRREel. (R meclogh Bistary, BEfagnRl medcp) history, and
other known henotyp he incorporation of the sp eC| IC factors may ¥ modi mg existing rules

to encompis “fﬁ%éla’?ééfg?éd ?Kifﬁn{ﬁfﬁfélly‘fb% Sarae ru(f'e!‘% ey b@“éﬁ‘é?gi’éga B9 fhasetiHors and
applied tG*HiBHE R aesET R aIGRe T Afr ﬁﬁﬂff\ﬁm&lﬂéﬁéraa%%nh@l R e s BdEHappied. [0041]
Phenotypesiméytincite Gnyain Casur aplentraif@enchataotenstitssualias Suseeptibilitystoaeditain
disease ofrasRORsAtR:AdEneaiment: e npheraiynesdbalmaybednduded.are physical and
mental tf%ﬂ&&%&ﬂg]% ne QQRQOWQA%%QJ %%?%%%F %Eé%?r&%%’?i%@&@#"ﬁ% f% %&%ﬁr&%ﬁ color,

sunburn suscelptrb I'E;‘)IHSIZ(-Zl memor intelligence, level of optimism, an eneral dis OSItIOﬂ

PhenotypBs MY 4156 T ae Jenetis Hrp%?ﬁ%’ér?ée f&*”%ﬁﬁ"é‘? MRS S STHRNEPRE R8P Skample, an
|ndrvrdual"iﬁﬁla‘fr‘%EP}PPﬂ‘ér?a%‘t@éi“r“ﬁ1 m@‘tﬁ?hiraﬁ?}‘?’@@ﬂ/@é‘é‘ﬁﬂﬂhé??@éﬁ@h@%ﬁo%ﬂ?e“&ﬁﬁ‘tﬁﬁtf‘of%eé&@bnty They
may also haviethefntenoimic profilecdormyérechto other organisms such as bacteria, plants, or other
animals. Teggthes, dhegellectinnmi comslatedaianatypesdetenmingd farandrdiviguat comprises the

phe”Otyp%e‘HB%ﬂ'eA‘i%&ﬂ%dQQM 9'&%@& }%94%&?5&%%9 W%Qﬁﬁ‘ﬁ’%%&%ﬁ@ GYR '&H%%aﬂ{ﬂ?i phenotypes

can be obtalne om scngT (Ij&i |terature Corre ation o([ enetlc varraQons are eternLned from
\Y;

analysis o %E’%%%Uiaf‘étﬁr% TS RS RV Bedh Tested 1ot the Preetrtd B BB Sente 6Fone or
more pheﬁb%ﬁ%&r%‘Mt@r@‘étbaﬁﬁﬁtt%ﬁ%’éﬁG&Hét‘pfﬁ)ﬁlléf’.q*ﬁéh%ﬁ@}é‘é BPEHEH FEEBE Fariation or
polymorphispiciibilie pribfiterdrestediewed toidetdnmime wheifre sthe preseneeridreabsdrice of a particular
allele is aggesiatads withagaiboldnteresh Correlatiopaan he petfapmeadhyrstandarchsiatistical

methods %ft%ﬁ'ﬁﬁwe%&@ﬁé‘%%{}&fé ?JE’IEQr%'érQﬁ%‘ﬁ%e%’a&%@%ﬁ@‘éﬁ'ﬂ&k%&%ﬂﬁ%%@ﬁ‘ﬁ’éyp'C

characterl§t|c§ grfe ngﬂlﬁg %] Eie ) tke qeetgm equthgt the re§ence tof allele Al at
polymorpnlsm COHaTates With heart disease. A& further exam“mfCrlp Snﬁlmnicf)% found that the
combined ESERES BIHREIR RS BON R SHBER %&dérﬁaarraefﬂefcar ‘p@%d\‘p‘ﬁ?é‘?ﬁ BEFFERtes with
increased risk of cancer. The results of the analyseg may be published in peer-reviewed literature,
validated by other research groups, and/or analyzed by a committee of experts, such as geneticists,
statisticians, epidemiologists, and physicians, and may also be curated. For example, correlations
disclosed in US Publication No. 20080131887 and PCT Publication No. WO/2008/067551 may be

used in the embodiments described herein. 100431 Alternatively, the correlations may be generated
from the ctored nenomic nrofilee Eor avambnle individiiale with etored caenomic nrofilee mav alen have



[0047] Through linkage disequilibrium, a disease predisposing allele cosegregates with a particular
allele of a SNP or a combination of particular alleles of SNPs. A particular combination of SNP alleles
along a chromosome is termed a haplotype, and the DNA region in which they occur in combination
can be referréd £8'4¢ gsﬁgplotype block. While a haplotype block can conkfst’ g?%ﬂqgf‘éﬁ%ﬁ typically a
haplotype block represents a contiguous series of 2 or more SNPs exhibiting low haplotype diversity
across individuals and with generally low recombination frequencies. An identification of a haplotype
can be made by identification of one or more SNPs that lie in a haplotype block. Thus, a SNP profile
typically ogap,be hﬁﬁﬁﬁ Igdéiﬁ,ﬂ&f)y HaRletypR.lacks Without pecessasily 5&9&@&51%9!?%“{1@%&%&@ all
SNPsin a ﬂ'venm %Iot lock K. 100481 G({arrépy e corre atlé) 0s hetween NthP hgﬂ\otg atterns and

d th {frans rqi) 1C aCl 5E 5 n
diseases, con itions or p yS|caI States are ncreasm ecoming Kno or a given se the

haplotype? AR OREHT 8t B b BRI %@fh%@%‘é%@%ﬁ@‘iﬁ%ﬂ%ﬂ%@%ﬁp of people
without thiéMNdiseabecdBymathaNAingzniany dirdivicd sl freeudiieidNeY:. polymoighism$dn dpopiation can
be deteimingd;pargiin durk these frequenciesar genatypes cabeassasiate davithnaparticalar
phenotypeg; gue ff}@%@g@@%@ Qb @sznaiﬁt!fag thg?(,@ﬂé@il@ﬁ’ alkprwn SNR-diseasecrpelations include
polymorphismsn omplement actor tin o macular degencration (lein, et &t Science:
308:385-389 (2005 )an a variant near the %I& ene associated With 6 eS|ty Ibeyrt et at,
Science: @fé’”z7‘@“‘?8%8%%%?50%Ff&?yﬁéﬁc?\iéﬁ‘*‘é.W@&%Fﬁf&ﬂ@‘lﬂﬁd&é%%%ﬂ%?ﬁ i fHE 9p21
region thaeelofes TN DNatid B, sutfedby )y stehead rstodsTam4e! 383206 ¢Sl 3883040,
rs238320axaanid, Is k624 gy cotrelatet: o payocardialinfaretion (e lgadotiirraial; -Seientess,
316:14913493 (2007 ¥dMeRhesson &lial. Seencs:316:1483:142142007)) [Q049)The SNRS may be
functional,or ”C&“z?“”)%bz 'mﬁz% %P‘a\}“c%%‘,q%af“é‘ t%”?s’o?’ﬁ é‘%}%r} e‘?ff%&{’;\%&%"“"?}r function,

thereby resu tmg inap enotype, whereas a non-functional SNP is sifent in function, but may be in
linkage did&efiBHdm WitR 4 %&%ﬁgﬁ%ﬁ’ﬁmﬁh‘g Wée?ﬁéﬁ?f&@odﬁ‘é%@rrﬁh%ﬁoﬁ%%‘?eﬁon -Synonymous.
SNPs that-&Fe851oi)hib G8%Ars SRPS 3 Whiehdtehdiffdiens fenamstitsd detoit hiersiaamies polygpeptide
sequencenantkake Mgnspoactional SNPs. If the SNPs lead to different polypetides, the SNP is

NON-SyNORYIRP USHRACL AR Ay hedunatiansl z@&é@%&@&tt&@lﬁ&%%&%&@ewﬂ yed to identify
naplotypesi SRIGNRS, IS HOLIIE NAPIOMPAS, 117 S>fhe f SHARELI SPEGAE phenotypes

associated with a diplotype. Information. about an in Iplotypes, and SNP profiles
may be irf the’ bélra%f"n}m S RRa S e dnaiidtial 16 0%8]F %l‘gélﬁ/“fg? 61&’ {6 e‘g%gré?l‘brated based on a
genetic MRS IMRaGE HoetMiSPRR FFRITET BN BYHEl getietic mdrkérth st I8 o frel &téd Rt o40)
phenotype;dHOYeResn, smarkershabiaar2nar Rssqgoien(seoresqommaonly. ksedindhean tongdetermine
linkage diggesaibrinea,elgseaterhanAs @heEsers can be greajesnt E}@ﬂeﬁmﬁ@&mﬁtﬁ%&@ 0.6, 0.7,
0.8, 0.90.9,85960,9% s fesul, e ganelip markeryised lacougiale aoher ﬁ&gﬂ %,{0 an individual's

genomic rofile may be the Same as the functjonal orp blished COI’I‘G late enotype or

different. 1R Sa e SMBSEIHEML HEES SN TREY d]ﬁ’(l)atcc‘%‘fnbam%@ HBGBN Gsingth 0Taubllshed SNP
informatici 24} é%ﬂ%@)é@&me‘ﬁéz@m@u@é@%é@%fe Giferercsot NP mrayhe itfentified
based on4ndthwrasSay UstiCh.asT a¢Mars, HForsxampleja.@ablishetvBMNR iscrgboft ba@iut a test
SNP has rethesnddentifiededhadesicShit-may heddeatified by, LR analysis withsthe soublished SNP.

Alternatively,the tesk 3NFs la¥aeiPesused..and H@@@%TW’}P%&Q%%WP%QP&&@?%‘V' will be
used to a ses an. md’mdual s genome having the test SNP. 100511 The lest SNPs may be "DIRECT"

or "TAG" yi:fil?reec SNPs are the test SNPs that are the same as the published or functional SNP.
For examB@?lh@ﬂﬁ‘“é‘t‘ﬁngf\PFgel‘iﬁ’W peilset o PraER2sEsrBlatisrcwifr bréastcrancsr ysitiy the SNP
rs107364nivEnropeansiant Asiansriatverethadndndnalietet isnicandniNe sthercalléleds & (Easton et
al.. Naturecddel :iEobR03 2R84} Anpthar.published RlytngtionatSNRsthabsanhenadsikect SNP for

FGFR2 c 5! br a%&a 5?5&8&}9 B REMISA [Res.ynigr et al., Nat.
Genet. 39: 4%)}9( 07 &C@‘{ Eg)ffﬂtr?é teercEN |sﬁ§ﬁfer§’ritn%%it%§g of thgele?‘unctlonal or

publlshedS @Nﬁ? Ps ?ﬁaat ate use oro Searn enetic vairlan’tes:r s?ﬁ% s?ﬂ&rdéAMTAl
(rs49084419‘)139@2?3(@1@?@?%&@%%%?%8111?31%8’3%dﬂé@éﬂ@%‘ﬁ)‘?""@%ﬁ@?ﬁ)’ TOBIAL
(rs1800012)xBadlin(Ks60 26y it QAL -3 4938889 (152588831 oM OB:{rstdBIA8E) MTHFR
(rs1801133hoald ARG S2323 3380 ) [00h2 R atabasesial SNBscaw. ) vhalish:, aviailalbie fiema for

example, the Jnternational HapMapsRraiest (see www.hapmap.org, The International Hapillap

Consortlulrglhgg'O re 426:; 781? %911&20 1@\ and The Int rnaglogltal Hapilla E on ortlum Nature

437:1299 %%bﬁg ?he umarr Gené f\?yu(iantlon S EXL’)C) public 1f‘fata‘bés’s‘iére(see

WWW. hgrr?&r‘ﬂi?ﬁrfl%}ﬁEinH@'Sfﬁ’@]é\ﬁ%’f@6ﬁ’ﬂ@b‘&lﬁﬁ%?ﬁlﬁﬁﬁ%’é%ﬁ%@%@ﬂﬁ%@mﬂ
www.nebinlm.niltgov/SNP/). These databases provitle 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, inflammatory diseases,
cardiovascular diseases, neurodegenerative diseases, and infectious diseases. The diseases or

conditions may be actionable, in which treatments and therapies currently exist. Treatments may
inchide nronhvlactie treatmente ac weall ac treatmente that amelinrate evvmntome and conditinne



rsl 026732, and/or rs9296249 for RLS; rs6840978, rs11571315, 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 jndividual's risk for PC or SLE (for example, rs4242384, rs6983267, rs16901979,
rs17765344 SN &I8VHF430796 for PC; rs12531711, rs10954213, rs2004550 BEETRAHL, and/or
DRBI*1501 for SLE). For estimating an individual's lifetime risk of macular degeneration (AMD) or
rheumatoid arthritis (RA), 1, 2, 3, 4, 5, or 6 SNPs, may be used (for example, rs10737680,
rs10490924, rs541862, rs2230199, rsl 061170, and/or rs9332739 for AMD; rs6679677, rs11203367,
rs6457617RRBILA PR %mﬁ%omq@@a@&m%@mamﬁgp@s@sm@gm @eraqu,iw@%aas lifetime

risk of breastcancer ( or 7.9 2y, be U for examp ple, I rs3803662

rs298158 mrsf% ? 5% %s%} din % §§§97 rS6 7%1&56 an%?gr (r%é %8 %Gg%g%otr eslﬁr%aitslng an
|nd|vudua|‘§ah‘f&’tﬁﬁg“n§?€ WW&%@&%‘E&%@%E@j“&?‘?‘ilﬁe%‘?’%%f%@e(ﬂ“ﬂ?fofo‘és’épsﬁ%g 87,8, 9,10,
or 11 SNP&meydestrsed ifistiaxamipieArs2 086 8481rs57 3RG3 s FOBBE3EEs typ734652:1¢10210302,
rs985854 2y 805303y $d 00O 3] g 1hRANAATyrksRAbd 26 Lip analamgbtis61652Hfor B DInrsd3266634,

rs450656@4}%1@%@9&@16@%@5@&% PAARRIAGLL81 2285750 SARRANIAISIA LTS 02900,
190215, A0diel (300505 [0 L6l S0me RO ARRNle. dos ¥ SEed A5 3 BRRiR Lo ARlermining
n t

risk may be 1n Tink age se uifiMium wi tioned a ove, or o SNPs, suc ch as in US
Publicatich N o%ﬁ)ﬁqﬁlﬁ fﬁ@’?‘*&?ﬁ‘d’ PRI S NTS. t%?’ﬁ@é%ﬂ%"f%‘?f“fd@%ﬁ%’é E)W@lnotype
profile of BN 4ritipbid efaPerifly csinprise eofieimbier o plseAblypes! M ipatieulapridiesaa ssisrment of a
patient's riskioh diseaseGediher cordait cnesuchl, astikehediugaesponserincludidgemietalsstism, efficacy
and/or safetyythe methods disclosed herein, allows for prognostic or diagnostic analysis of

susceptib o multiple, unrela | e condit ther in symptomatic, pres mptomatlc
yi&).‘lﬁ {Hy H‘%gﬂ&é {% m%?s%&%ﬁﬁno%ﬁ% 91‘1 51!8 H%bt\év ne% Commercu}ﬂ}] 18 Carre out accoré{

or asymptomatic individuals, including carriers of one or more disease/condition pred |sposmg alleles.
Accordmd‘t&}h‘fﬁé‘%%‘é‘fﬁb@%CW@ Eﬁfé?fﬁ%@?b‘ﬁéffmﬁ‘o%?%@2?’6‘18%\%@é“‘?B?gd%O}f‘éﬁ%%%%%ssment
of an indiAtitiars: sifsee pav ity tbrefiseisssreshititionwithtdtany iplse datelved nduda Sttesting for a
specific diseasel@condition:ikapexainpiesthe tiethodsdiscioseduhisreiMall Gl fdrmssessment of an
individualisrsugaeptibilibyite amnekineseyewdl conditiepsilisinddrdfublicaion e 209803 31887
and PCT publicatio &%éé’@@?%&%ﬁ 2k pazedandhe, indy ‘{L‘é‘é%ljﬁf%ﬁ%{!i&%oiﬁ%t éé themiore,

the methods allow assessments of an |nd|V|duaI s estlmated lifetime risk or relatlve risk for one or more
phenotyp&“8F CShGHIBE TB0ES] The a8 SR &R BrEVIHAS THIOR AN TOFF ST e BITEEEBonditions,
and can ifefayesaenstagoy DYAfpergusgouhbaes Sgr 3 bag pAL, B9 o1 oG srcefer MbPesofttese
conditionss Argingiebyule dfortanphrenotypeimaytbecapphedfor:morogediopheriotipesiiMoreithan one
rule may alspdsiappliehfen asingle-phenalipessuch asBirMstigeNic phenalype Aanmonogenic
phenotype M&%uam%@a'ag%@aagn\gernngwgm%gng'%%% 2ligels ihe pehahlily afhaving the

phenotyp e 0059 FoIIOW|n an initi reenin |n IVI atient’s genomie_profile, . up. ates of
an individidl ¥ GeRGHpe & rre aXons ]Egny ﬁm% B8 or)asltraéna\‘?a THe18Y TRFEUYH CBt hﬁﬁ?“é%ﬁ 16" additional
genetic vaﬁa%mgﬂcﬁ“a%r @N‘F"B" HHYSeeh-aaditeTageetienrRidariy ‘f?é’é@’rﬁésﬁﬁ‘gbvﬁﬁ%r example,
updates rréglie (performed perodicallyayfordamplend &ty sweeklipr oramontiilybyoneseh mdre people
of ordinaryskillir theetielssefngeneatics, who scan scientific literature for new genotype correlations. The

new 98“01%% CQURAloNE MAKIRILE f&éﬁ‘i@ﬁ%WW%&Q@M&%&%@Q)%%Q;M%ﬁépserts in the
field. [0060 ]’1e ngw rule ma rﬁcgf ass 8@9 ty e or&oana%yge Wi h%ut an{e ing 1L rule. For
el

Or 2Xa; emx COLUIS 1L

example, & Genotype Aot Lorrelatsd wi SIGR OV oec A Hew or
existing pRewd f‘fﬂﬂﬁéﬁﬁﬁﬁb@ﬁ%gﬁ&%&%@%ﬁx 5*"6’6 EATBT e rasr & ﬁatvw@%?rwm@h o
genotypeth@éqﬁmmwlbwth@m@md}tmwgwﬁmﬁesb@Wata@’ﬁé’ﬁ)et@nmimm(@éﬁ@twﬂes and
phenotypes:ihradshaveseuishingfiles fohexample, - wile:hased eactha.cone laiionrihatyaegenotype A
and phengfyped %%m%%\év&%é&ﬁmﬂxﬁﬁﬁﬁéﬁgﬁmy% %&%@L@W%){Y&@I@@Q@%}é%ﬁn id a new

rule based g {hls POYRRIGN P e, Aol exatiple i phenoRe B discoy ds%gal?e gssociated

with geno ypgl,& and thus a fiew rule may be made. ules may a &'made on disCoveries
based on RISRIT RS FRREBEt NS TR o httied ﬂﬁaﬁa’bﬁ%é’ﬂiﬁl’éﬂ?@mﬁ%ﬁﬁ%@or example, it
may be refgorted: gerotypesChig edvhelatedwitlkdhenotype C. Another publication reports genotype D is
correlatedoith phenatypei. FPhenatmpe © Bnd caselatedssymptamsudar sexanyiesphenotype C

may be shoriness AhPreat Wh%ﬁr&%&%&éé@ﬁé%&y%@%QJEXon&RE&Q@E{%s aWERR.gENotype

C and ph t t | t th h
it TP A SRIENRE Pl enomlc B e RO S YRR g
Shenoty pBU ki DVEF Byt ler {odo 4 R %wm%%mﬁ@ﬁebe'@é AT BTN Y mowy

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 common to
the individuals, and a correlation may be determined. A new rule may be generated based on this
correlation. [0062] 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,
crich ae athnicitvy ancectryy nenaranby aender ane familvy hicetoryy or anvy other known nhenotyvvnec nf



WO 2010/017520PCT/US2009/053216 used to generate a new phenotype profile for the individual,
with a new risk factor for myocardial infarction, and/or other conditions. 100661 The individual may
also use a fleéj ded?llged mechanism, or direct mechanism, to determing the|r |nd|V|duaI response to
3218
specific medications. For example an individual may have their response Mo 4 %zrug measured, and the
information may be used to determine more effective treatments. Measurable information include, 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, transcript levels,

heart rate; @lcm o hedelenmined %Q&%ﬁ%ﬁ&ﬁ@%ﬁ%ﬁﬁ?ﬂﬁ&& g@%@%@@nmmrﬁ%ma@@ algorithm
to Comb'%og}“ého'm%&mg &m%el?f%i pmﬁgs%%t [ ﬁ&@?&'%% athaS [( £stimate tﬁ?%%é){ne The risk
0

estimate score may T score enetlc omiposite In 067 In some embodiments,
mformatld??%%ofh"m@é% }iﬂ:“(ﬁ‘ﬁloalfip&fxﬁﬁ’ﬁtﬁi{) 1d §eri&tic mPRers Bt a?faﬁt@l% BHe BT Mo diseases or
conditiongis b iAed bt aralyedbtd prd dit b e Guretiche driesite dyradw @ t)8datdeThis score
incorporatesdridwsaprisk factors basiwilbas-atherndaiormation dndeassumpiioriosyetrias thenallele
frequencigssapdxtheyPeavalence of & disease ke, Qfkk:Cab: batsed.lo-pualitativelyrestimate the

associaiq ol Alsgae L AOnAan S compRea.Siiea:al & oelal f@en%tégfn;%lﬁefs The OCT

Score can e]iLfse fo I’OVI ep eogenottrame IN genetics with are ilable (i.e,, robust

understarfddists; ‘Sidre lf‘ylﬁk{fﬂ?ﬂ}lgeé ANE D IVSEE RIS TRk SE SSEL SEETEGEHHIBEFEH to a
relevant goPdiatisnpaseE SN EmEntSIEHERE Y8 Searst Pgues Frre OCTc degteofipite bed to
generate D@FERussperdsd. THemethodsdistiosedrheseincencorhpassesusing:thengCiNgcore, and one
of ordinarysiill inihe il weasily resegnizedhewse ol GEIRMsERr eSOk VAT Iatlignsthereef, in
place of QG SCRIG:R gﬁéﬁ%@ﬁ@%& r&g}ramget@%\;ﬁon@ﬁo%ﬂ% q@%ﬁe??ﬁl{%ﬂ all fhe QG assumptions,

including risk (such as fetlme risk), age-defined preva ence, and ora e-defined incidence of the

condition ﬂ‘f"h‘é&"ﬁfe&%}é“ﬁ%ﬁ% RS dtai\/f'ahaﬁsrlr]}%{{/[ theri b& d& %&?&8‘*&% DG BRISERER Yhich is
proportiofasto e N dividuars Getrsasre wivitiedbyiHe avéiagertict seties ThHesdlersye ®®T score
may be detéfidinetldronbacgraeipdof irdiadugdsoobsirkilar dncestral baekgrobindy fehekampleia group or
CaucasiapscAsiams. fzast] ndines.0f Qlhesgroup with.acommanancestiabhackaroundedaraups may

comprlse}gfd@ltgllggzg(r1 %ﬂ%&%e@%s@h%gﬂa?& aéllétyggﬁ WDQL 1@0 individuals. In some embodiments,
j or 10 individuals. The OCT Plus score may

the averz;g %a\(} e, determined f r%ﬁdt ?,s 1‘_’n§0

be determingd by daferminifg the Ot TLEs Yoran i Rl viding the IEF SR BY R average
relative riSREHHAROTHEWARGCST the EtA eIk oAb %?1W€W®WB@OFBWM%@2@§? ng data

from US Peblrestion iNip:-20086181887oemidnRCFRubhcationNOHIO2008/08:4£564; G@derar 4CI Plus
scores foran. individuabsarsbesdetermingd; The s6ores maydauseditagansiale ifarngiion on

genetic rigg,,SUgh. &%H%%tgﬂﬂﬁ%ﬁ&{éﬁﬁ o 206, MR %&%ﬁ%%@%ﬂ@é&%lpcnﬁ@&%qsngrof"e of an

individual. T e methods all latin es ted I|fet| risks or re |ve ri one or more
phenotyp@s or condi Siﬁl%m%‘ﬁéﬁ or ﬁsnndt%agmdn %lor%mnr%% }l“#ssﬁlgrécea (Grdhe orgrﬁ 57E8*SRB. For

example, fénf\é‘gt’h‘i’éfe’& H&K Wg)p%‘f’féfﬁléwé‘idc%ﬁﬁﬁ%ﬁ?‘ﬁ@%&g{é}@%‘&t(@ﬁ?{@eg’“@éj 8,7,8,9,
10, 11, oradi#i@hsr. Wihe tifY Uit (BN Racfdt, edtinating @risksmayehé ipoblidhe A SNRSc1egt BNPS, or
both. 10068]:A@T Stargcarmegenerated for each disease or condition of interest. These OCT
scores mayHe C&u@%@%&%@%&&%&&@@@ éQ&ﬁQdQﬁ‘MH@ The.Q [Eu?c‘?f ESMRLRestared digitally

so that thg are readl acce55|pn[§ at t any P%@t of t|m enerate o |Ies |sk roflles may be

broken do ?‘8%0 tisease cfa csgnél S B }B‘i%% TE5659/65 ﬂ%ngancer heart
disease, ﬁﬁ@%dﬁ‘éi‘di%d?&é?%’?eﬁﬁémé’ﬁ?éiﬂ?sq&‘ralé‘@%‘&ﬁ@ra%éégé‘*&i‘eab]é’%H%@P?ﬂ%?ﬂ’@l’%mﬁ’road
disease clasSsescatiapderfrthesotokenidowibattr selbcategor esidgrekeamplesfokacbraddisiass such
as a cancgipsdbeaiegariesiicantermanhelistec:such:asiaiypedsarcemas eaiciama agleukemia,

etc.) or by fissue %@QE&%%%@L@g@@gém(%@&%ﬁkteﬁ%@eq@ﬁ%l;m G dHRRMNAPBRRANCTeas,

esophagus, storiach, yer, braun, lung, dogys, etc), Euriher the sk profiles may display infiniation
on how the |S ores are pre icted to ¢ an e as the in ual ages rvarl us risk factors are

adjusted. qk&F%&é?ﬁﬁFé’“‘fH“é 9 %E‘E}FB%’?SP‘B%’WHEH%F‘%‘T% ﬁ@@geﬁfﬁ)}i‘iéﬁ'é AT ACEBHTPhE Bifect of
changes igrfier-Ovpratenitative MPasanéBetdken(smokimiysessatidt: drugimakactddubie radical
mastectomiessrhy Stareeitimisisy anthdh eslike) {09, i0hAb s corancmn e generated-far asgdividual,
which proyiges 6{?QWH%%UYS&‘B%WE%QQﬁ@émﬁ’ém@é%&b&w mg&@ﬂw&wa&&a&%&@f@%iring or
susceptiblify (9,3} Iegst.one diseass,or sondiion. One grnote, G sqres ¢ap be generated for a
single disease or condition, or numerous dlseases or conditions. The one or more GGI 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 in papér foil. The paper form can be mailed to an
individual or their health care manager or provided in person. [0071] A method for generating a robust
GCl score for the combined effect of different loci can be based on a reported individual risk for each
locus studied. For example, a disease or condition of interest is identified and then infosniational

sources, including but not limited to databases, patent publications and scientific literature, are queried
faor information nn the acenciation nof the diceaace nf condition with one or more acenetic lneci Theace



WO 2010/017520PCT/US2009/053216 [0074] The methods described herein can also take into
account environmental/behavioral/demographic data as additional "loci.” In a related method, such
data may be oé)talned from informational sources, such as medical or smE ff(ﬁ %ﬁﬁ%% or databases
(e.g., associations of smoklng w/lung cancer, or from insurance industry health'ris assessments)
Also disclosed herein are GCI scores produced for one or more complex diseases. Complex diseases
may be influenced by multiple genes, environmental factors, and their interactions. A large number of
possible interactions may need to be analyzed when studying complex diseases. A procedure used to

correct formuliple compasisnbs.sHebasie Bonfarenisarestionimarleasd e genekate a GCI

score. Alttekrjrga c%g@ﬁe{ém% e%??e%‘%ﬁ&?@ used to control the overall significance level (also known
as the "familywise error rate") when the tests are mde!%endent or exhibit a special type of deépendence

(Sarkar S"ARn SepSuME4 %tfﬁff%%ﬁf“@%@%‘té&t B GIOBEPHEIF RV H SRESLHiEI S K
test-specifie Frmthhlygteﬂhéeérglateltﬁite*rrtﬁmﬁﬁapat@/tewaﬁyfk%ﬁ»ﬂ}.@?}réﬁ {ginkdayer delappsiaibttika
73:751-7 54 $10986))y 0L @t hemembodimentsdbat-cafid exusgd imtherep téxic-dfumwtiplésgehe and
multiple-envirgpmenial Jastacanalysiscontalihedfalsardiscoveny nateithat isidhe.expacted proportion
of rejected aull Q%’BQEgncéeaJm%h%% fals %%&E%%%Jﬂ?t%n%RBEQ%QM%&%%&%%%Q'%HMM%%W' when a

portion of the nu patheses can be assumed false, as in microarr udies. Devlin et al. (Genet.
EpidemiciP 8 HBO0 ) SR SL G S VA BT (LB A eGP By T AT Soc. Ser. B
57:289- 3@@8{199@7)‘%&&%}9%%% Blf@dtWﬁ‘t"&’@rﬁi‘b@%ﬁéﬂtat’s‘é’léﬁ’s‘@%?’éﬁﬁ?%l’fé‘%h’éﬁ testihgba large
number ofspassiblergéiiexsgeneimdtedadtionsinsmulitooussagse prationstadigsrdfvenBerfatwin' and
Hochbergpsperaurs isdelates tedilins' @iest-seting@amaxesueh-tbabpacalkitcn it rejects all g null

hypothesrots%?fra%rt?étapactap@y e AR Bgh [he Beniamini and: Heehbera procedure faguces to
Simcs's test when all othés s are true gBen!%mm{t d Yekutlgll Ann. tat %gmmgS 1188

(2001)). [GO7B] RIS rOmrlo\e/l(§’ela‘ehe RS R RiAG BradnY IVI&%JaJ foré A mmGdUL A %nked in

com pans@%ﬁef@jlanb%fﬁae%ﬁuelnﬁat?/waafrs%@%%ﬁh@%%f@nﬁeaﬁt@%&@t%w&%ﬁ %Hfhal rank
score, whichmiaydoerrepresentede foman staseramkeinvihe: poputdtiorosuch @sdhee89th percentile or
99th, 98thu8+£theBoHn9Rth-94ttind 3rel 92 @hd DR 8Q881h: 8 fthioS 6th&A 3:0831S2heh, §18:80", 790,
78th, 77th,. 161, 730, 140 d F At 715t 700 69" 9 65", 60th, 550, 50th, 450, 40, 40th, 35th,
30th, 25th, 20111, 150, 10", 5th, or Oth percentile. The rank score may be displayed as a range, such
as the 100" to 95" percentlle the 950 to 85" percentile, the 85" to 60" percentile, or any sub-range
between tH&raleteps gn; A E&ftile. The individual can also be ranked in quartiles, such as the top
75th quarttl@?br”fheghnwesb@ﬁla i usftitezcehaee individerat ddes albodomrankelddn comparisoh to the mean
or medianiggare.Rf the.pepuwation: {0007} it onexrmbediprentythedpepuiation jopwhiehthe individual is

comparedgéalmgdwaﬁagqtgtgﬁs @Hmpreraefcp%@&@mmty@y@uﬁ )gae%@pmﬁla@tt gthinig backgrounds,
such as a globallgoguhathldct)& Alternatively, the Dopu lation fo Wh&c rplan |nd|v11q1ual s compar d tois

maonsirates a corelatio ecn a eno IC an CaOtype clations 'ma
limited to a partlcu ar geography, ancestry, e hnrcrt % example, fetal, neonate, child,

adolescerftrEb TG SHUIE, GurLETe). °67 ﬂl@é’ﬁépg‘t‘at@}(iﬁé’i“ REH Me@ﬁﬁﬁﬁﬁt&ﬁ?ﬁﬁﬁ/ﬁ?ptomatlc
carrier, earfy-dreehelmteconsetyrrsome emBodimemtsotiepopuationttoivdrichedhebinelividusl is
comparedigiissoler ied fremviniarnationrepaitad Th prblicrand/an ik vate intasmation atseurees.
100781 The G- m&gm@&w&r&%&a&g}awﬁﬁm mrpaegaemtmmal gaiRitially ofor each

condition tg be stu ed th relatlvg rcristks fro s ratios for ac of. t|c markers is
GI‘II&UVG it may be ’1é (ﬁbs D&T v, OF Wi

calculated. Eotrypever evalénce value &néj\ score 0 the ﬁa CEU
popuIatloﬁlﬁﬁﬂﬁutatﬂ%fﬁﬁ%mmh@ 5‘?‘8%1’@?1%%?156 éﬁsth%“%ﬁm& a’ﬁél‘@‘ﬁ@’&ﬂ’é‘rﬁ)ﬁ‘y‘nlf the GCI
scores aredivddnrt. undérdthidopanyitngtevalence, then the only assumption taken into account is that
there is amudiplicativeniedels ihemisam:itis tetermmineethabtheumadebisal W rules may be
2010/017320RGT/ %%99&49@8&96%%&%&9 tha PFEVAIeNGE! Tgaa}r@at}meartséefaprtmﬁpgistrébution of

ihe scores e Kankan opuiation, sy combinayon ol ieefall alues. re alaeg Fer each
new Ir]dIVIéUgj1 e |n IVI core Is compared to t e Ha p Istribution an e resu ting score is

the mdrvr&i&%t?%lerérﬂéﬁr? f’ﬁfé(’iﬁ‘b‘iﬁﬁt%ihé%‘f @Ph‘é"?@%‘lﬁﬁb?%’?t é“’?@i&’&ﬂ‘é&“@%?& WY BEigh e to the
assumpticersombdelidd fingrthenpetedesvT hepdipetatiorinsitbbigi pertitiomedints s antike$Y3-6 bins), and
the reportedibimaautadeithe aoannwhishibedndivduats rapefatis.s The nygmbecdibias maysbe
gifferent flardqgt%se?tadgs%@@g@é@@%a@mﬂ ﬁ@ﬂﬁ%&iﬂfﬁﬁi@%ﬁ&t@%ﬁ%hﬁg reigtw@m@t the score fo; eahcg
isease ties between the scores ifferent HapMap individuals .the average rank will be
used. [oo*%ﬁ fhﬁ?her%CTagcocrg ééﬁyﬁﬁaﬁ??§?8t20 %? ??r? %Mlcsg(t%lgrst Stlﬁ‘cgtr? llfnlcizrreoaseg for ac quiring
or being dfEHEs t@& e s B B EsRa R A RE R BRI BT B 5 6}3508&3{8 8erive the
GCl score. The GCI score can be based on a mathématical 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 (ICI
score, wherein the presumption includes, but is not limited to: a presumption that the odds ratio values

are given; a presumption that the prevalence of the condition is known; a presumption that the
neannthyvne freairienciec in the nantilation are known: and/or a nraciimntion that the crictomare are from



Similarly, the relative risk of an r r. genoP(D1.1) . Under thetype is denoted as A - 2 P(DIn )
multiplicative model, the assumption that the risk of an individual with a genotypeis k GCI(g 1,..=21.9
i=1 Estimatir\lig tgg ‘I]?Gel?ative Risk. 100811 In another embodiment, the relative risks for different genetic
markers are YRowh ahd the multiplicative model can be used for risk assgscwgﬁ?.ﬂwg\ﬁé\(?er, in some
embodiments involving association studies, the study design prevents the reporting of the relative
risks. In some case-control studies the relative risk cannot be calculated WO
2010/017520PCT/US2009/053216 directly from the data without further assumptions. Instead of

reporting {ReHEIAHIVAHISKS cdlolS Ghit MRy HMHE RO thefdldsrlia-LQR of the.genelyRge.which are the
odds of canying,ing disease, diven ihe fisk genotype (either v, o i v, the odds,of nof carrying the
disease gJV(]en '%e risk ggnotl}f/ipyes. Formair , 00, ‘%’(p)l n 1& f g& (n,n 5 I%?ﬁ)l1 nir,| 1P Ingl11) Ole
-= POD[ ff 4§ 4-"BO % Y dﬂﬁ‘ﬁ?@ﬁlaﬁyéfﬁ’f“[’d?férﬁ“ﬁmﬂi’ﬁﬁ; BGEAATRCHERDrIRTHE 8Hds ratio
may requiveedkdisonelicassiintprionsl 1Sebh as el anptivi. thatsheodieleifrdy Jeehes s an entire
populatiopobetforbstforrdnel obatre kirentnar festimated (beseies uktbb@otype profite for the individual,

[0042] Correlations between genetic variations and phenotypes can be obtained from scientific literature.

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

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

each genetic variation or polymosphism in the profile are reviewed to determine whether the presence or absence of

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

and statistically significent correlations between genetic variations and phenotypic characteristics are noted. For

exarple, 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 B1 at

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

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

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

disclosed in US Publication No. 20080131887 and PCT Publication No. WO/2068/067551 may be used in the

embodiments described herein.

[#043] Aliernatively, 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 previousity been diagnosed with

diabctes. Analysis of their genomic profiles is performed and compared to a control group of individuals without

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

particular genetic variant compared 1o the control group, and a genotype correlation may be made between that

particular genetic variant and diabetes.

[0044] Rules are made based on the validated correlations of genetic variants to particular phenotypes. Rules may

he generated based on the genotypes and phenotypes correlated as disclosed in US Publication No. 20080131887

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

cthnicity 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.

[0045] Genetic variants may include SNPs. While SNPs occur at a single site, individuals who carry a particnlar

SNP aligle 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 disequitibrium, in which the non-random

association of alleles at two or more loci oceur more or less frequently in a population than would be expected from

random formation through recombination.



n nn 7 1l estimated from current datasets such as the HapMap dataset which includes 120
chromosomes), andior that the prevalence of the disease p--p(D) is known. From the preceding three

equations c rived: p = a.P(1DIn in d+b.P(Din ir p+c.P(Dir i) OR! i)l i nin - P(D1
nic.1) 1- P(%\%ﬁigﬁi%g%@ 1- P(D1 nind) = P (P1 010,1) 1- P(D1 [00831%8?)%%%%?55%5 of the

relative risk, after dividing by the term pP(DIn a i) , the first equation can be rewritten as: i 1
_atbkl+cki2 P(Din .n .) ii and therefore, the last two equations can be rewritten as:

{0046] Other genctic markers or variants, such as nucleotide repeats or insertions, may also be in linkage
disequilibrium with genetic markers that have been shown to be associated with specific phenotypes. For example,
a nucleotide insertion is correlated with a phenotype and a SNP is in linkage disequilibrium with the nucleotide
insertion. A rule is 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 both 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
risk factor, and when combined may increase the risk.

[0047] Through linkage disequifibrium, a discase predisposing allele cosegregates with a particular aliele of a SNP
or a combination of particular alleles of SNPs. A particular combination of SNP alleles along a chromosome 1
termed a haplotype, and the DNA region in which they occur in combination can be referred to as a haplotype block.
While a haplotype block can consist of one SNP, typically a haplotype block represents a contiguous series of 2 or
more SNPs exhibiting low haplotype diversity across individuals and with generally low recombination frequencies.
An identification of a haplotype can be made by identification of one or more SNPs that lie in a haplotype biock.
Thus, a SNP profile typically can be used 1o identify haplotype blocks without necessarily requiring identification of
all SNPs in a given haplotype block.

[6048] Genotype correlations between SNP haplotype patterns and diseases, conditions or physical states are
increasingly becoming known. For a given disease, the haplotype patterns of a group of people known to have the
disease are compared 1o a group of people without the discase. 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 mclude
polymorphisms in Complement Factor H in age-related macular degeneration (Klein ef al,, Science: 308:385-389,
(2005)) and a variant near the INSIG2 gene associated with obesity (Herbert et al., Science: 312:279-283 (2 006)).
Other known SNP correlations include polymorphisms in the 9p21 region that includes CDKNZ2A and B, such as )
such as 1510757274, rs2383206, 1513333040, 152383207, and 7810116277 correlated to myocardial infarction
(Helgadottir et al., Science 316:1491-1493 (2007), McPherson et al., Science 316:1488-1491 (2007))

[0049] The SNPs may be functional or non-functional. For example, a functional SNP has an effect on a cellular
finction, thereby resulting in a phenotyne, whercas a non-functional SNP is silent in fimction, but may be in linkage
disequilibrium with a fumctional SNP. The SNPs may also be synonymous or non-synonymous. 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 poiypetides, the SNP is non-synonymous and may or may not be functional.
SNiPs, or other genetic markers, used to identify haplotypes in a diplotype, which is 2 or more baplotypes, may also
be used to correlate phenotypes associated with a diplotype. Information about ar individual's haplotypes,
diplotypes, and SNP profiles may be in the genomic profile of the individual.

[0050] Typically, for a rule to be generated based on a genetic marker in linkage disequilibrinm with another
genetic marker that is correlated with 2 phenotype, the genetic marker has a 12 or I’ score (scores commonly used
in the art fo determine linkage diseguilibrium) 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 a resuit, the genetic marker used to correlate a phenotype 1o an individual’s
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
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OR(@P)b21+C212a+ (b-p)X,+c2c(1)OR-X(a-p)tbc4d Y2a+b+(c-p)X;[00841 Note that
when a=1 (non-risk allele frequency is 1), Equation system 1 is equivalent to the Zhang and Yu

formula in Zhan?gand Yu (JAA114, 280:16901 691 (1998)), which is inem}porated t;y reference in its

entirety. In ORI TR Zhang and Yu formula, some embodiments take i %)89glsaélr%tion the allele

frequency 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 2010/017520PCT/US2009/053216 [0085] Equation system 1 can be rewritten as

two quadpatic.eguatinms nwithabmest faus pessikie.selutions. Heradientdeseentaeariiie ¢can be used
to solve thea8 GAuAUABWISIE e, Starting.Polntis 564 10,08 11,0008 139,18 kM 7y, 20
k2=0OR2 %%SGQ For example: ?1%%,2, 3 = OR (a+(b-p)4+c4)-k f?a-p)ﬁgk 472 1}35.1,?__ 2)=
OR1(a+bRAH(ESTREBe3 (EoTVbREA D) 1067 EifthinG INE'SORME A BPHRESEEHULASRETE Bauivalent
to findingsseniifividve cfegnanfebrethgimhe test SNP.
{8051} The test SNPs may be “DIRECT” or “TAG” SNPs. Direct SNPs are the test SNPs that are the same as the
publishied or functional SNP. For example, the direct SNP may be used for FGIFR2 correlation with breast cancer,
using the SNP rs1073640 in Europeans and Asians, 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 {o breast cancer is rs1219648, also in Europeans and Asians (Hunfer ef al., Nal. 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 CAMTA] (rs4908449), 9p21 (rs10757274, 152383206,
1513333040, rs2383207, rs10116277), COL1A1 (zs1800012), FVL (rs6025), HLA-DQA! (rs4988889, rs2588331),
eNOS (rs1799983), MTHFR (rs18031133), and APC (rs28933380).
j0052] 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 (20051, the Human Gene Mutation Database (HGMD) public
database {sce www.hgmd.org), and the Single Nucleotide Polymorphism database (dbSNP) {sce
www . nchinlm.nth.gov/SNP/). These databases provide SNP haplotypes, or enable the determination of SNP
haplotype patterns. Accordingly, these SNP databases enable examimation of the genetic risk factors underlying a
wide range of diseases and conditions, such as cancer, inflammatory diseases, cardiovascular diseases,
neurodegenerative diseases, and infectious disecases. The diseases or conditions may be actionabie, in which
treatments and therapics currently exist, Treatments may include prophylactic treatments as well as treatments that
ameliorate symptoms and conditions, including lifestyle changes.
[0633] Many other phenotypes such as physical traits, physiological traits, mental traits, emotionai traits, ethnicity,
ancestry, and age may also be examined. Physical traits may include height, hair color, eye color, body, or fraits
such as stamina, endurance, and agility. Menta! traits may include intelligence, 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 for an individual.
[@054] Other phenotypes may also include non-medical conditions, such as “fun” phenotypes. These phenotypes
may inctude comparisons to well known individuals, such as foreign dignitaries, politicians, celebrities, inventors,
athletes, musicians, artists, business people, and infamous individuals, such as convicts, Other “fiun™ phenotypes
may mnclude comparisons to other organisms, such as bacteria, 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.
[6055] The rules are applied to the stored genomic profile to generate a phenotype profile. For example,
correlation data from published sources, or from stored genomic profiles can form the basis of Tules or tests, to apply
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g(k.)=fr+fI"211'2 2I'2 Thus, dg "=2f(2,1,2.2).b .(k2- OR 2)+2f2(k 2)(212k i+ck 2+0R 1p? 11)) 2f (21'
, k2)-c-(Al.-OR1)+2f1 (2'.1' k2 )(20,2 +bk1l =a-OR2 c-p+OR2' v) dk22 [0088] In this example, by
setting x0=0R|,y0=0OR?2. set the values [epsilonfr 10-10 to be a tolerance constant through the
algorithm. It Fﬁﬁ?fﬂlﬂsaﬂefine dg xi=xi_i-y 0., (xi_ryi_1dg Ycrt,2(xi-1f9€%s?wgl{f§é’%é%ions arc
repeated until g(x.,y)<Thlerance , where tolerance is set to 10-7 in the supplied code.

0 an individual’s genomic profite, The rules may encompass the information on tegt SNP and alleles, and the effect
estimates, such as OR, or odds-ratio (95% confidence inferval) or mean, The effects estimate may be a genotypic
risk, such as the risk for homozygotes (homoz or RR), risk heterozygotes (heteroz or RN), and nonrisk homozygotes
{homoz or NN}. The effect estimate can also be carrier risk, which is RR or RN vs NN. The effect estimate may be
based on the allele, such as an allelic risk, an exampie being R vs. N. There may also be 2, 3, 4, or more loci
genotypic effect estimates {e.g. RRRR, RRNN, ete for the 9 possible genotype combinations for a two locus effect
estimate).

[0056] The estimated risk for a condition may be based on the SNPs as listed i US Publication No. 20080131887
and PCT Publication No. WO/2008/067551, In some embodiments, the risk for a condition may be based on at least
one SNP. For example, asscssment of an individual’s risk for Alzheimers (AD}, colorectal cancer (CRC),
osteoarthritis (OA) or cxfoliation glaucoma (X{F@G), may be based on 1 SNP (for example, rs4420638 for AD,
156983267 for CRC, 34911178 for OA and rs2165241 for XFQG). 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, 189939609 and/or 19291171 for BMIOB; BRB1*0301 DQA1*0501 and/or rs3087243 for GD;
rs 1800562 and/or rs129128 for HEM). For conditions such as, but not limited o, myocardial infarction (MI),
ryltiple sclerosis (MS), or psoriasis (PS), 1, 2, or 3 SNPs may be used to assess an individual’s risk for the
condition (for example, rs1866389, 151333049, and/or 186922269 for M1, rs6897932, rs12722489, and/or
DRBI*1501 for MS; rs6859018, rs11209026, and/or HLAC*0(602 for PS). For estimating an individual’s risk of
sestless legs syndrome (RLS) or celiac disease (CelD)), i, 2, 3, or 4 SNPs (for example, rs6904723, rs2300478,
151026732, and/or 159296249 for RLS; 156840978, 111571315, rs2187668, and/or DQA1#0301 DQBI1*(302 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, 1516901979, 1517765344, and/or rs4430796 for PC;
1512531711, 1510954213, 152004640, DRB1*0301, and/or DRB1*1501 for SLE). For estimating an individual’s
lifetime risk of macular degeneration {AMD) or rhewmatoid arthritis (RA), 1, 2, 3, 4, 3, or 6 SNPs, may be used (ior
example, rs10737680, rs10490924, 15541862, rs2230199, 151061170, and/or 59332739 for AMI); 186679677,
1811203367, 16457617, DRB*0101, DRB1*0401, and/or DRB1*0404 for RA). For estimating an individual’s
Tifetime risk of breast cancer (BC), 1,2, 3, 4, 5, 6 or 7 SNPs may be used (for example, 1s3803662, 152981582,
154700485, 153817198, 517468277, 156721996, and/or rs3803662). For estimating an individual's lifetime risk of
Crohn’s disease (CD) or Type 2 diabetes (1213), 1,2,3,4,5,6,7, 8,9, 10, or 11 SNPs may be used (for example,
152066845, 185743293, 1510883365, 517234657, rs10210302, rs9858542, rs11805303, rs1000113, rs17221417,
152542151, and/or 1510761659 for CD; rs13266634, rsd506565, rs10012946, 157756992, rs10811661, rs12288738,
$8050136, r51111875, r54402960, rs52135, and/or rs1 801282 for T2D). In some embodiments, the SNPs used asa
basis for determining risk may be in linkage disequilibrium with the SNPs as mentioned above, or other SNPs, such
as in US Publication No. 20080131887 and PCT Publication No. WO/2608/067551.

[6057] The phenotype profile of an individual may comprise a number of phenotypes. In particular, the
agsessment of a patient’s risk of disease or ather conditions such as likely drug response including metabolism,
efficacy and/or safety, by the methods disclosed herein, allows for prognostic or diagnostic analysis of suseeptibility
to multiple, unrelated diseases and conditions, whether in symptomatic, presymptomatic or asymptomatic
individuals, including carriers of one or more discase/condition predisposing alleles. Accordingly, these methods
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17 [0089] In this example, these equations give the correct solution for different values of a,b,c,p,OR ,
and ORo. Robustness of the Relative Risk Estimation. [0090] In some embodiments, the effect of
different parameters sjgrevalence, allele frequencies, and odds ratio errors) on the estimates of the
relative risks'1S MAXSUR. In order to measure the effect of the allele fre ﬂ&?zzg%ﬂfﬂ%]\?alence
estimates on the relative risk values, the relative risk from a set of values of different odds ratios and
different allele frequencies is computed (under HWE), and the results of these calculations is plotted
for prevalence values ranging from 0O to 1. Additionally, for fixed values of the prevalence, the resulting

rzelgti\c/;; gﬁ}@ig%rQ&QL@%‘@‘?@?&Z%%%‘T%%M’EE%&@%KBﬁkﬁ@é%@@ﬁ@%@?ﬁoﬁﬁﬁ%@%% %E%@t?ORlll, and
2= n n p=1, 1=7.2=0. This can be compu ire rom the equations. Additionally, in
some em'fcl)%1 Frﬁv%é%%nﬁy%edn f’éﬁ?igﬁea\flg ?6%6%1%55’@?3@%@@% /8%?2%?%%? requenc /1S igh' 2,1
gets closéf B EHEESAIFFEHGH ARG 2 6is s sartion coftave frhtraolmigd %o raees Kekbond
derivativelunidtiediheit VR 6515 2 'Re0 ROBpIHLIOR2Y's sapnie IDRI(OR )@ R ORI+ pOR, the
latter is clesestanas ineandudciior@sanellofthenriskatieladfreguentyisddgsnddrantkgh@tapproach the
_bed havior ﬂi@i}? 1@4_%%&%&@%9'@@& WRrhRthel gu;,nwg%ag&ﬁé?@aﬂ&rgfﬁpf&}ﬁ ge%‘i'xgigdl@a"f RQB%;,%TEH,S
indicates risks N uencies, incorrect estimates of the preyalence will not
significant}lg;}ajgfge%? %%’rgééﬁ fiﬁg%r%I@E\%écr‘igkl.llgﬁ?tﬁébr, for Tow “ris%kfﬁ%léu rggu \{nccfl,gffa ar(lt%?/alence value

of pl=ap i&_HRTIEEEF MeRpract prabAsnca h il dferRkditng T ale Tt Wil B2 off by a

factor of1multigenic phenotype or a monogenic phenotype wherein multiple genetic variants within a single gene afTects the
probability of having the phenotype.
[6059] Following an initial screening of an individual patient’s genomic profile, updates 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 varianis become known. For exampie, updates may be performed pertodically,
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 ther be further validated by
a commitiee of one or more experts in the ficld.
[00606] The new rule may encompass a genotype or phenotype without an existing rile. 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
aiso be determined for genotypes and phenotypes that have existing rules. For exampie, a rule based on the
correlation between genotype A and phenotype A exists. New research reveals genotype B correlates with
phenotype A, and a new rule based on this correlation is made. Another example is phenotype B is discovered to be
agsociated with genotype A, and thus a new rule may be made,
[8061] Rules may aiso be made on discoveries based on known correlations but not inttially identified in published
scientific literature. For example, it may be reported genotype C is correlated with phenotype C. Another
publication reports genotype D 1s correlated with phenotype 1. Phenotype C and D are related symptoms, for
example phenotype C may be shortness of breath, and phenotype D is small lung capacity. A correlation between
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 D, and phenotypes C and D, or by
further 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 rclated phenotype may be
studied to determine a genotype conumon 1o the individuals, and a correlation may be determmed. A new rule may
be generated based on this correlation.
[#062] Rules may also be made to inodify 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
individual characteristics may be made and incorporated into an existing rule, 1o provide a modified rule. The
choice of modified rule 1o be applied will be dependent on fhe specific individual factor of an individual. For
cxample, a rule may be based on the probability an individual who has phenotype E is 35% when the individual has
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a at most. Calculatinu The GC1 Score 100911 In one embodiment, the GO is calculated by using a
reference set that represents the relevant population. This reference set may be one of the populations
in the HapM%pO o({la/ntt}grngenotype dataset. 100921 In this embodiment, the GClI |sj com%uted

follows: For €ach of the K risk loci, the relative risk is calculated from the oad< g (?Si}r%é the equation
system 1. Then, the multiplicative score for each individual in the reference set is calculated. The GCI
of an individual with a multiplicative score of s is the fraction of all individuals in the reference dataset
with a score of s's. For instance, if 50% of the individuals in the reference set have a multiplicative

score smallekthan Sofhe-dinak Gitlanarerebinedndividus w&ylgdbﬁpléso}{ he rfé%&% lBe generalized

to aCCO““%L%Fats'&\tase%'é'ﬁh‘lg‘%%[l clions, gaém i w‘%'(%%at\%rotﬁt ! '{i.% tft1lee ks are denawn far the different

genotypeor haplotype combinations (these can be foun iterati= in SOme CAses). f 93] As

describedherd iﬂ%“wm HFBREARIE P BLEP i B LU i G Eser ShBFEY RoWEVER Bl models
may be u%%r’rﬂ?éi% Hetss ergelstarhidinky thiec G lics srde Srtbrarinsd fableimbtkdismeiude but are not
limited to:d{@08i4¢dThedddiiive Model.ctindernth@eadsktivelmadels thiadisk afvanl indivictglwikk, a

genotype K prasimed.loibIGE! (GRrey 85 Db LQ&%@L@%@{@J%@QSAQ@Q%MMH Under the

generallz%&?ditl Q?mgglgig 0 hr{tnlx 1{1"” | fszdi sta)c}agg] ]?a%gao%g' féilcna?\q%ao }9 !( o JJ_ hgéfhi (\:f(a;,[r?ge a ovs Sigcci:ic\)lli_cejual

with a genotype (

was denv@tﬁ‘f %ﬁ%ﬁ’ﬁ%ﬂ&%’ﬁ al ?:éfh@gﬂ%%osv At s Pﬁé"‘ﬁ”&?r? ﬁ%‘gafﬁbff@)‘i %S’Fﬁré’ﬁ%gﬁlérem
incorporatéerdiis iehttiesy Cf e dcPd s Bike ftimits Horerdlipbl dditive e nrevayagh the
function/operates:on: thadibads!idiiv valued idsitagofith &lselative, isksad igwnayddelusetishin cases
where thesrelativedighdiscaiffisut Joastinmiga @e%@l@&ﬁ@xﬁlﬁfﬂm@ﬁh@iibmtiﬁejéaammnemgdi@e function

g, is defingd as; 0O ;cﬁ)ﬁdv%n%cg%éx %op§<3§1b§l—g'o4%tﬁ99nﬁgs%h3%n o ard P8R 2 BT A WY
2010/017520PCT/US2
mICToarrays of i, 0()0 000 1 5{30 OGO 2,000,060, 3,000,000, or more SNPs, or whole genomic sequencing, more

detailed SNP genonnic profiles can be generated. Likewise, cost-efficient analysis of finer SNP genomic profiles
and updates o the master database of SNP-discase correlations will be enabled by advances in computational
analytical methodology

{0064]) 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 phenotype profile
generated based on genctic 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 individual may choose to see, or contact via a web portal or phone call, a physician or
genetic counselor, 1o discuss their phenotype profite. The individual may decide to 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 10 assess changes in their physical
condition and possible change in risk factors.

[0065] Individuals may have the changes determined by directly submitting biological samples fo the facility (or
associated facility, such as a facility contracted by the enlity generating the genetic profiles and phenotype profiles)
that generates the genomic profiles and phenotype profiles. Alternatively, the individuals may use a “field-
deployed” mechanism, wherein the individual may submit their saliva, blood, or other biological sample mio a
detection device at their home, analyzed by a third party, and the data transmitied 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 cholesterol lowering drugs and change
in diet. The individual may choose to contact a genetic counselor or physician o discuss the report and the
preventative measures and decides to change their diet. After a period of being on the new diet, the ndividual may
sec their personal physician to have their cholestero! level measured. The new information (cholesterol level) may

be transmitted {for example, via the Internet) to the entity with the genomic information, and the new information

14



ki 100971 Next the quantity het= E phog(oR 1) is calculated, where p het is the frequency of
heterozygous i=1 individuals in SNP i across the reference population. The function f is then defined
as f(x)=g(x)lhet, and the Harvard k Modified Score (Het) is simply deflned as E.AQ 0098] The
Harmed Momﬁe@]@%ﬁ;\z?Hom) This score is similar to the Het score, exce Spt SZ?OQ%%}&Fue h]et is
replaced by the value hom= Ek phiomg(ORIii) , where p hiOthe frequency of |nd|V|duaIs with
homozygous risk- i=1 [0099] 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 papel Fommlly, the seers.of andsindividual with O AQIYRER (B for SIS GHgrdon; alior
h)---rnameR | 00100] A comparison between the scores is described in Example | and GCI score
evaluatiof 18 escn%ed in Example 2. Extending the Model to an Arbitrary Number of Variants [00101]
The mod&P68n B Sdtafba s asetuSHoAS e re sy BrPaR FUTRDEY Bt Fol&mitEs Attants occur.
Previous isdnsidbratiossceedtinithiisiimtiorns swimme thaxd ietarthfee possitienvdriafie (nn,ne, re).
Generally,sadhien amidiSNRiassaciatien isikaewsa nan arbitrantaumberefwvariaintsrmaynbe found in

the populglion. £RLEXampiEs W%&&ﬂé%@ﬁ@%ﬁ&&b@&%% WG GeRelicmarkers @dﬂ%oonated with a
condition, there e are n|ne 0S l1 rian s OJ“S resu{{ts Ms ht dgfpvgggrggdg {%EE%? va r%% [00102] To

%%ﬁ ]1 VITAINNS, cmm otu T
generalizé the initial formula, it ma d that there are k+1 possible variants 0 ? , with
a

frequenci&sfsii? beﬁflﬁ?ﬁ%%f‘ﬁt??éﬁeﬂiﬂﬁée?&%%‘%]lﬁ‘i]%ﬁ 7 P SpFLAY %%8% PR 1\?5 Ues

1,2,1,...), keFurthepiteriaydreninssurné detnatrall vei ativs sl afe Bd S0 AF & e tdtéeFWith respect
to a and thus, 2.= P(Dla, and OR. = P(D ai) 1- P(DIc | a P(Dlac,)P(Dla 0) 1- P(Dia 0) p= E fiP(Dlai),
1=0 Genetic Compaosite Index (GCI)

[0067] In some embodiments, information about the association of multiple genetic markers or variants with one

or more diseases or conditions is combined and analyzed to produce a Genetic Composite Index (GCI) score. This
score incorporates known risk factors, as well as other information and assumptions such as the allele frequencies
and the prevalence of a discase. The GCI can be used fo qualitatively estimate the association of a disease 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., Tobust), understandable, and/or intuitive sense of what their individual risk of
a disease s commpared to a relevant population based on current scientific research.

[0068] The GCI score 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, i place of GCT scores as described hereint. The GCI Plus score may contain all the GCI assumptions,
including risk (such as lifetime risk), age-Gelined prevalence, and/or age-defined incidence of the condition. The
lifetime risk for the individual may then be calculated as a GCI Plus score which is proportional to the individual’s
GCI score divided by the average GCI score. The average GCI score may be determined (fom a group of
ndividuals of similar ancestral background, for example 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, 30, 35, 40, 45, 50, 55, or
60 individuals. In some embodiments, the average may be determined from at least 75, 89, 95, or 00 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. W(/2008/067551, GCI or GCI Plus scores for an
individual can be determined. The scores may be used to generate information on genetic risks, such as estimated
lifetime risk, for one or more conditions in the phenotype profile of an individual, The methods allow caleulating
estimated lifetime risks or refative risks for one or more phenotypes or conditions. The risk for 2 single condition
may be based on one or more SNP. For example, an estimated risk for a phenotype or condition may be based on at
least 2,3, 4,5,6,7,8,9, 10, 11, or 12 SNPs, wherein the SNPs for estimating a risk may be published SNPs, fest
SNPs, or both.

[0669] A GCI score can be generated for each disease or condition of interest. These GCI 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 time to generate risk profiles. Risk profiles may be broken down by broad disease classes, such as
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It is determined that EfiX117 i=0 i=0 s set that C= E,fik this results in the equation: WO
2010/017520PCT/US2009/053216 COR. i C-p+OR and thus, k CORiIfi C-= Ifixe- C-p+OR i=0i=0 Or
k OR I-C-p-FOR i=0 [00103] The latter is an equation with one variable (C). This equation can produce
many differe‘ﬁ’tos@U’[‘lé@"‘f’essentially, up to k+l different solutions). Stand g%ﬂm‘?g@ﬁ%%ols such as
gradient descent can be used to find

cancer, heart disease, 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 fisted such as by type (sarcoma, carcinoma or feukemia, etc.) or by tissue specificity
(neural, breast, ovartes, testes, prostate, bone, lymph nodes, pancreas, esophagus, stomach, liver, brain, lung,
kidneys, efc.). Further the risk profiles may display information on how the GCI scores are predicied 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 diet or preventative measures taken (smoking cessation, drug mtake, double
radical mastectomies, hysterectomies, and the like).

{0070] A GCl score can be generated for an individual, which provides them with easily comprehended
information about the individual’s risk of acquiring or susceptibility to ai 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 GCI 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.

[0671] A method for generating a robust GCI score for the combined effect of different loci can be based on a
reported individual risk for each locus studied. For example, a disease or condition of interest is identified and then
informational sources, including but not limited to databases, patent publications and scientific Titerature, are queried
for information on the association of the disease of condition with one or more genetic loci. These informational
sources are curated and assessed using quality criteria. In some embodiments the assessment process involves
multiple steps. In other embodiments the informational sources are assessed for multiple quality 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 condition of mterest.

{0072] In an alternative embodiment, the odds ratio (OR) or relative risk (RR) for at least one genetic loci is not
available or not accessible from informational sources. The RR is then calculated using (1) reported OR of multiple
alleles of the same locus, (2) allele fequencies from data sets, such ag the HapMap data set, and/or (3)
disease/condition prevalence {rom available sources (e.g., CDC, National Center for Health Statistics, etc.) to derive
RR of all allcies of interest. In one embodiment the ORs of muitiple alleles of same locus are estimated separately
or independently. In a preferred embodiment the ORs of muitiple alieles of same locus are combined to account for
dependencics 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 intermediate score that represents the risk of an individual according to the model chosen.

[0673] A method that can be used analyzes muitiple models for = 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,
allele frequencies and ORs obtained from informational sources on the calculation of the relative risk. Without
being limited by theory, because of the “linearity” or monotonic nature of the effect of a prevalence estimate on the
RR, there 15 little or no effect of incorrectly estimating the prevalence on the final rank score; provided that the same

mode! s applied consistently to all individuals for which a report is generated.
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the closest solution to C = Eft. 0 [00104] 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 am usuaII correlated Therefore the quantification of risk factors i I ependent on
the model used “E&iha fng Relative Risk Case Control Studies 100105 ff%]se %Ay %a 9est|mates 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 risks of the different alleles. The
performangespf {he.ARRrashon sy Laﬁ@&mmmh&m@@&wa@m@@%y%@a&fmﬁd&m be

e IR S N0GR O IS, ST eI ARG mNE I fested hfggr&mf%@t'on with a
disease D, R a denote the risk and non ns

alleles of this particular S SNP. P %(RNID) and
P(NN1D) "&8%?&% B BHEBITH S et e CteE by he afsdash Giten Iﬂ%‘ﬁfrﬁcﬁ%dr‘éggﬁ &fiofozygous
for the riskatielashetdroRsiiotis e b ZygiaR ISR & TN H SIS e Fé spestivélpmpRRIFAEand fINN
are used tendengteihe frequenaiessoithethiee fenstypgiesinithepopulationr. ushag:thessleefinitions,
the relaivg.iskaiedelinedas RUDIRRLER PUINNL RIRLANABIR(R HNLA0LTn 2

case-conygl st 11g ¥alugs RIERE cc %%@%%&Qgcgc mateskisk:, (e fiRgeRek L RR among
the cases and the c¢ controls as well as P %a RNHD D), and P(NNE- Y‘A‘ Le, the frequency

of RN an&Nﬁ”ﬁh”&??g}"tﬁé’%é@@éwéﬁgTﬁ’@ lc%lﬁfr(ﬂ?z % er“t%qéhétl fdmié“fﬁ Fé)faf'tf} ‘k E?a%fes law can

rejects the global null hypothc‘;ls that all X test-specific null hypotheses are true if pgy< ak/K for any kin 1,.. K.
(Simes, R J, Biometrika 73:751-754 (1986)},

[6075] Other embodiments that can be used in the context of multiple-gene and multipte-envirenmental-factor
analysis control the false-discovery rate—that is, the expected proportion of rejected null hypotheses that are falsely
rejected. This approach can be particularly useful when a portion of the null hypotheses can be assumed false, asin
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 (1993)} step-up procedure that controls the false~discovery rate when
testing a large number of possible gene * gene interactions in multilocus association studies. The Bemgamini and
Hochberg procedure is related to Simes’s test; setting & “=maxk such that Pas ak/K, it rejects all %" null hypotheses

corresponding o p(;),...zp(k 5. In fact, the Benjaml_m and Hochberg procedure reduces to Simes’s test when all nuil

[0076] Also provided herein is a rankmg of an individual, where an individual is ranked in comparison to a
population of individuals based on their intermediate score to produce a final rank score, which may be represented
as rank in the population, such as the 99% percentile or 99, 98, 979 96, 93% 94% 937 977 §1¥ 9™ go™ g8*
g7% 8e™ 85% 84® 837 g2 1% gg™ 79, 78%h 77E 76™, 75%, 74N, 739, 7274, 717, 70™, 69%, 65°, 60", 53%, 50,
4558 40™ 40% 35% 30% 25% 20" 159, 10%, 5%, or 0 percentile. The rank score may be displayed as a range, such
as the 100% to 95% percentile, the 95 10 85" percentile, the 85 to 60" percentile, or any sub-range between the
100" and 0th 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.
166771 In one embodiment, the population to which the individual is compared to includes a large aumber of
neople from various geographic and ethnic backgrounds, such as a global population. Alternatively, the population
to 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 diseuase state (for example, symptomatic,
agsymptomalic, carrier, early-onset, late onset). In some embodiments, the population to which the individual is
compated to is derived from information reported in public and/or private informational sources.

[0078] The GCI score can be generated using a muti-step process. For example, mitially, for each condition to be
studied, the relative risks from the odds ratios for each of the genetic markers is calculated. For every prevalence
value p=0.01,0.02,...,0.5, the GCI score of the HapMap CEU population is calculated based on the prevalence and
on the HapMap allele frequency. If the GCI scores are invariant under the varying prevalence, then the onty
assumpiion taken into account is that there is a multiplicative model. Otherwise, it is determined that the model 18
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ARN PCB NAIVRR WO 2010/017520PCT/US2009/053216 [00108] Thus, if the frequencies of the
genotypes are known, one can use those to calculate the relative risks. The frequencies of the
genotypes in the ulation cannot be calculated from the case-control stud%/ |tself since they depend
on the preva{‘f/%%‘gd?&lszgase in the population. In particular, if the prevalencé 312?% aréthse is p(D),
then: = P(RRID)p(D)+ P(RR1- D)(1- p(D)) f RA, = P(RN D)p(D)+ P(RN H D)(1- p(D) ,fA\N = P(NN I
D)p(D)+ P(NN H D)(1- p(D) [00109] 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 aCCUr%ﬁsﬁ%@ﬁ%ﬁé@%ﬂﬁh@h@@!(@@ﬁ%aj§dmgﬁlsmﬁ\lﬁ\é@Elaé%@&@f@[%%@éﬁlaﬁﬂ%@&hﬁe-9-' the
HapMap Lutglgétone can, % mgtaemto ? gecpc%txpgcﬁrneeg,ueﬁg i£3 based ¢ ua?he reference et. 1001101

dﬁ § Scofe 1§ kﬂm&)aré
Most current studies O not use areterence ataset to estimate the relative ris nd only the

odds-ratic RN aR ST Ed RIS R CR B A RO R P (NI HoRHE B{NN ID)P(RR I-
D) P (RNSDRAMRID)RE VPN K 1B fRRNi®) Tt gu Tt dessatibys avputyisicaii\paphvitivnsd 86us since
there is uguatlysromesy 461 haveanrdsiimalebelitheal slediaguencies’ indhdapohlationsinrotder to

calculate rH’d?Héqgéré@ﬂ@x%ﬁf&@@ﬂﬁe&!&%&éd%@Qﬁ%@:ﬁl@s@&&@iﬂ@ésﬁ%ﬂ%@ﬁ%&& the.crgesand in the
controls. 10011 Si)b§on|c situatio M};he 081 ata itself is not a\(lallﬁgle laut the summary data,

Case o ween the Sco mdw e average rafi
such as't e od S- ratlos are avaﬁa% |s is th case w en meta anaﬁ/ss IS elngP performed based
FUIHERE P&8IFhe odds

on resultd¥oth pré¢igULCas 8%%%‘?8}‘%%‘?%%5 ThtAIE AL “hiBiF s ittt
ratios is dehopEiamdr Gsiy thebraetitiarads follonitly egdstishvh SIS oy =frrSsRrRY# beP(D F
RN) + f PofRdoRMpdifthiscaquatiomisccividad by iR bawe gt pi)lying information about the

population and/or discases or conditions. The mathematical model can include at least one presumption as past of

the basis for calculating the GCI score, wherein the presumption includes, but is not limited to: a presumption that

the odds ratio values are given; a presumption that the prevalence of the condition is known; a presumption that the

genotype {fequencies in the population are known; and/or & presumption that the customers are from the same

ancestry background as the populations used for the studies and as the HapMap; a presumption that the

amalgamated risk is a product of the different risk {actors of the individual genetic markers. The GCl may also

include a presumption that the mutli-genotypic frequence of a genotype is the product of fequencies of the alleles of

each of the SNPs or individual genctic markers (for example, the different SNPs or genetic markers are independent

acrass the population).

The Multiplicative Model

[86807 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 atiribute
independently of the other genetic markers fo the risk of the disease. Formally, there are & genetic markers with risk

alleles Ty and non-risk alleles Ayt In SNP /, the three possible genotype values are denoted as

FEAL and R, The genotype mformation of an individual can be described by a vector, (gl,...,gk) , where g
can be 0,1, or 2, according to the number of rigk alleles in position i, Denoted by ;ul, the relative risk of a

heterpzygous genotype in position i compared to a homozygous non-risk aliele at the same position. In other words,
i PDin, rl)

i P(Dlny
e 2 117 Similarly, the relative risk of an P gerotype 1s denoted as ,’{m = -('—[Efiil

; . Under the
T PDinnf 2 P(Dinn)

muitiplicative model, the assumption that the risk of an individual with a genotype (gl,...,gk)
k

i
GCI(g a8y .H;‘g;
.

Estimating the Relativg Risk,
[0081] In another embodiment, the relative risks for different genetic markers are known and the muitiplicative
model can be used for risk assessment, However, in some embodiments involving association studies, the study

design prevents the reporting of the relative risks. In some case-control studies the relative risk canmot be calculated
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- RRARR + RA4 RA, p(D NN) This allows the odds ratios to be written in the following way: P(D
RR)(1 - P (D INN))alp) P(D) OR =- A P(/)NN)(1 - P (D RR)) RR p(PLDNN) A fRR)Ln iRNARAT fivn,
P(D) ER. it122 RR+ fRAI-p(D)2 By a similar calculation, the following system of e 09uat|ons resu.lts:
fnka, f RA, ARVAE"ORRR=A =~ RRTRRARR fkov f NAT - oRRA, F¥REBARAYSRAFARNP(D)
LRARR+ LEARN+ fAw 17(1))2RN WO 2010/017520PCT/U520091053216 Equation 1 1001131 If the
odds-ratios, the frequencies of the genotypes in the populations, and the prevalence or the disease
are known, the relative risks can be found by solving this set of equations. 1001141 Note that these

are two qmﬁgﬁ&@gyagmﬁl@nﬂrm%&ﬁ%&@vmmmﬁ@%@%@%chmgy%@&tshown

below tha there I3 HANFEY QRS QSTIRIG SOIMNON'Q LIS, SOMBNON: . viven the risk genotype (either 77 or

niri) vs. the odds of not carrying the disease given the risk genotypes. Formally,

opt - F@Inz]) 1- POl
"P(DIng) 1= PDIng])
. PDirr]) 1-PD|nnl
CT Py 1= P(D )

[0082] Finding the relative risks from the odds ratio may require additional assumptions. Such as the presumption

that the allele frequencies in an eniire population awf b f ancl c—f are known or estimaled (these could be
[ l

estimated (rom 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= avP(Dinini)-Fb-P(Diniri)+c-P(D}rirI.)

: P(Dgwp 1~ P(D] n.n,)
" P(Dm]) 1~ P(D{ n,r))

. P(Dirz) 1-PDnn)
- P(Dmnp 1= P(D| r,r))

f0083] By the definition of the relative rigk, after dividing by the term pP(D%ninI_) , the first equation can be
rewritten as:

i
1 a-i—bkl

POWp) p

i
+ch 5

and therefore, the last two equations can be rewritien as;
g (a— p)y+bA +ch,
Al i
a-+ (b~ p)A +cd,

OR; =

T

(1)

{a-py+bi +cX
a+bA +{c~ p)i,

[6684] Note that when =1 (non-risk allele frequency 1s 1}, Equation system 1 is equivalent to the Zhang and Yu
formula in Zhang and Yu (JAMA, 280:1690-1691 (1998)), which is incorporated by reference in its entirety, 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 account the inferdependence of

the relative risks, as opposed to computing each of the relative risks independently.
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[00115/ Note that when INN = 1, Equation system 1 is equivalent to the Zhang and Yu formula;
however, here the allele frequency in the population is taken into account. Furthermore, our method
takes into account the fact that the two relative risks depend on each other, while previous methods
suggest to cgir%pzﬁ%oe/ﬂeigscﬁ of the relative risks independently. 1001161 Refgtwgsﬁ% Dt hulti-allelic
loci. If multi-markers or other multi-allelic variants are considered, the calculation is complicated
slightly. ao,a,,...,ak is denoted by the possible k-i-1 alleles, where ao is the non-risk allele. Allele
frequencies f0,11,f2,...,fk in the population for the k+1 possible alleles are assumed. For allele i, the

relative riglyandmdasratios are defined.as:esauRiic RIRiaR) @R BR Qs iMD:@@hhs. Al- P(D ao)

P (01 BB ER s, e lallowing equation.nolds ar e prevaisnce. of e disgassi, p(D)= (D
¢ t=0 Thus, by |V|g§|nggoot ,sldles of the equation by p(litto), we get: p?f) -fi P (D cto) Resulting in:

-p(D) OR:.z,2, 70kl ka2, p{EX)
{0086] Forexample:

7

i P
ey ((a-pYbR o)

. 1 i
S0 hg) = OR; (a+(b-p)h e

. 2 i N i i
fz(al,hz) = OR; (a‘*“b?\,1+(C-p)fu2)—7»2-((a~p)+bk1+c?hz)
{0087] Finding the solution of these equations is equivalent to finding the minimum of the function
2 2
g(?"157¥2)=f1 (7\'15}"2) +f2(;“15}“2) .
Thus,

AL e 3 Vb -OR. b-
s 2f, (o blhoy-OR V421, O Do W2, b +a-OR bop+OR )

da
— % el - ¥ gy .
o 21, (0 sie)oe-(y-OR Y42 (b Mo )W26h bR +a=ORc-p+OR,,p)

[6088] In this example, by setting x O=OR1,y0=OR2. set the values [epsilon]=i()'w 0 be a lolerance constant

through the algorithun. In iteration 7, define
x;"—l Yiq

4 S de.
{epsiloni+10] Efl‘(xi_l,yl__l)[ [epsiloal+10] d}uz(xi-l Vi )

y=min{0.001, + , then set

_ g
EEAT d:kl(x:z 195.1)

R4
YiTra dkzixi—}’yz'w])

The iterations are repeated until g(xj,yi)(\m]emnce , where tolerance is set to 10_7 in the supplied code.
{0089] In this example, these equations give the correct solution for different values of a,b,c,p,()Rl
, and OR2 .

Robustness of the Relative Risk Estimation.

[0090] In some embodimerds, 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 risk from a set of values of different odds ratios and
different allele frequencies is computed (under HWE), and the results of these calculations is plotted for prevalence
values ranging from 0 to 1. Additionally, for fixed values of the prevalence, the resuiting relative risks can he

plotted as a function of the risk-allele frequencies. In cases when p=0, l] =OR1, and 7&2=OR2, and when p=1,

llml 2&0. This can be computed directly from the equations. Additionally, in some embodiments when the risk
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/=0 LOR, [001171 This is a polynomial equation with one variable C. Once C is determined, the
relative risks are determined. The polynomial is of degree k+1, and thus we expect to have at most
k+1 solution%éﬂﬁ\{\é%/ gﬁince the right-hand side of the equation is a strilg%;f/g%{(%?(;j&qéas a function
of C, there can typlcafl y only be one solution to this equation. A solution is then found using a binary
search, since the solution is bounded between C=1 and C == :OR, . i=0 WO
2010/017520PCT/US2009/053216 [00118] Robustness of the Relative Risk Estimation. The effect of
each of the different parameters (prevalence, allele frequencies, and odds ratio errors) on the
estimate%ﬁeﬁetheqﬁ@l@}timg}skls JasdRedsurre dnarderde neaswe theaifactat the.allels.frrauency and
prevalence estimates on the relative risk values, the relative risk was calculated from a set of values of
different qeldsaratiosidifferentallelerrequensigsuader HWE), apd plottéd thedesults of these
calculations for a prevalence values ranging ffom 0 to 1. [00119] Add¥ehaky féifixed values of the
pf?Va|en‘%€p 1the resuliing £elative disks As aduncioniel hig fisk-rligle freguengies Was pipHed.s
Evidently, in all cases when p(D) = 0, 'ARR ORRR , and ?,,RN = ORRN , and when p(D) = 1, Alm =
A.RN = 0. This can be computed directly fro¥fgquation @RAdditionally, when the risk allele frequency
is high, XRRuapjsrdacHedaiine sk psiaviorT b AR appFoachEssaréstedhe fuhiionwiitea bounded
second derivative. When the risk-allele frequencylis low, XRR and laN approach the behavior of the
function Xfp(B)¢Thigrenesars thiat Fobhithatiske aife et et trentyfisrormyestiratesvofithelprévalkence will
typically net affestthe-sesuling felative visk by»much «[Q0120]PddsRatips vscReativaeRisk In
epidemiology literature, the relative risk is often considered as an intuitive and informative measure of
risk. Howsyarnghdatedifreviske cdimotaserdirgétipehlculated in the context of case-control studies in
general, and wh%ﬁ-‘ggggrﬂe gﬁgc‘i}gtion studies. The relative risk can usually be estimated though

prospective stu : ‘ healthy individuals is studied over a long period of time. In
contrast, B84 &N SPROABRTANG Felid F i LR B o H Sttt FRESEHHES S TS AE o between
the odds Shiesnfryirg thenridk eftelelinntireiadases @s Hindlwortrolsr Ropyardadiseases, the odds ratio is a
good appraxinatiansefrelative tiskChpweverder commos disedses,thacadads taiio:esuid result in a
misleading, esfimate. afebals Wheta he QedRrafies.mapbenquite:bigh evenbeniheiRcreass. in risk is
minor. 106424 Relative Listme ik v2 Relptiue Riskc Relave sk impliety assumes foat.pone of
the contqus’ cur(entlgy has teh_é dlseaseg. This is relevant when the probability of having the disease is
estimated™ HbIFETAR TFRTEEFEERISIT the TisRB SRt HerHES tHE St P HetiTec o e lifetime risk
of an individuglity devetopdhetconditdnathelfactctiaithd sdmeoithetcdorrol s itk dvermgaityddevelop
the diseasguisdakendntasaeeauniicihede lativadiatinryiskds defined asitbainatio batvees the risk of
developing, the copdition hraughths life.of.an individual sarying the risk allele rand the risk of

developing, {\¢ condiiqn fhrouah e fe of an indhvidual camying dhe ponisk allle, This i, diferent
than the standard use O? reiative risK Iin case-control s UéleS, wnic

IS] ( f S Based on” f’re_va1ence
informatidti “fobT25} Dyanstel By a0 1 Sk T th & HosYibRic et 5 iteds WHETa AT tHe non-risk allele.
Allele fredUROALiéofkifRe Mikan théepbpdhition-forltife ksk bipogsibiéna tefes aretassymet)) Fisrther
assumed is that studied individua}cs can be divided into three groups: CA, Y, and Z. CA denotes the
cases, while,Y,and.¢ @ g.conirass-AS opposed to individuals from Z, it is assumed that individuals from
Y will eventually develop the don qtigh. Also denoted by CO is the union of Y and Z, and by D the
union of Yoand G, It s assymed hat \YIZGICOL-A2 Y Hg2). Whers 2 Is.the. raction of controls that wil
develop the condition within their litetime. Note that a is upper bounded by the average lifetime risk.

Possibly, a may be smaller than the average lifetime, depenging on_t ge of onset of the disease,
and the asguéé of the controls. 683%]}% %mr%fgtlvé"'r%& ahf %@’%H%}g r Wifo&sgfan now be represented as:

[0096] Harvard Medified Score (Het). This score was derived from Colditz ¢t al. (Cancer Causes and Controls,
11:4 7.77488 {2000)), which is herein incorporated in its entirety. The Het score is essentially a generalized additive
score, although the function f operates on the odds ratio values instead of the relative risks. This may be useful in
cases where the relative rigk is difficult 1o estimate. In order to define the function £ an infermediale funclion g, is
defined as:

0 1<x<1.09
5 1.09<w<1.49
glx)=9 101.49<x52.99
252.99<x56 .99
50 6.99<x



WO 2010/0175201CT/1152009/053216 A. P(CAvY la) P(CAvY l1a0)OR-P (a.CA)P(a0 I CO).
P(aOICA)P(a, | CO) The odds ratios can be written as: OR = P(a, F CA)P(ao | CO) P(a | CA) aP(alY)

(1- a)P(ao F ;ﬁ}t’(a F CO) P(ao ICA) aP(ao lY) + (1- a)P(ao F Qﬁ)ﬁé%ﬁ}s Y a0) + (1 -
a)P(Zla() P( lai)+ (1-a)P(Zlal) P(CAlaP(CA 1610+ (1-a a Al a0)
aP(CA 10+ (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 the fact that CA and Y are essentially the same population, and thus P(CAlai) =
P(Yla). Now using the fact that P(Ziai) = 1-P(CAlai), results in: OR P(CA |l a,) (2a- 1)P(CAla0) +1 -
a(2a-1)P(CAao) +1-a- k
[0097] Next the quantity het= 3. ph tg(ORi) is calculated, where ph txs the frequency of heterozygous
=]

individuals in SN { across the reference population. The function fis then defined as f{x)=g(x)/ket, and the Harvard

k i
Modified Score (Het) is simply defined as 2 j(ORg_) .
=1 i

[0098) The Harvard Modified Score (Hom). This score is similar 1o the Het score, except that the value her is

replaced by the value hom= 3, pfﬁomg(ORil} , where p;mm i the frequency of individuals with homozygous risk-
=1

allele,

[0099] The Maximum-Odds Ratio. In this model, il is presumed that one of the genetic markers (one with a

maximal odds ratio) gives a iower bound on the combined risk of the entire panel. Formally, the score of an
i
individual with genotypes (g ’""gk) is GCHg g mmaxl.(_ OR
1 1 =178

[60166] A comparison between the scores is described in Example 1 and GCI score evaluation is described in
Example 2.

Extending the Model 10 an Asbitrary Number of Variants
[00101] The model can be extended to the sitiations where an arbitrary number of possible variants oceur.
Previous considerations dealt with situations whete there were three possible variants (rnprrr). Generally, when a
multi-SNP association is known, an arbitrary number of variants may be found in the population. For example,
when an interaction between two Genetic markers 15 associated with a condition, there are nine possible variants.

This results in eight different odds ratios values.

[06102] To generalize the initial formula, it may be assumed that there are k+1 possible variants a 0 it A with
frequencies fo,fl,...,f Ja measured odds ratios of I,ORI,...,OR P and unknown relative risk values 1,3&1 reen e "
Further it may be assumed that all relative risks and odds ratios are measured with respect 10 a 0 and thus,
P(D|a) _ P(Dla,) 1-P(Dla;)
;= A ;= . . Based on:
P(Dia

i
p= SfPDia),

=0
B is determined that
' k
or =), =2 .
i ik
Z I ?L AP
i=0)

Further if # is set that C= E;:)Lt_, this resulis in the equation:
I
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P(CAlac) (2a-1)P(CAlai)+1-(2a-1)P(CAla,)+1-a As before, p(D)= Ef;P(Dwhere P(D) is the
average lifetime risk. Thus, using the p(D) equality C :=- Efi2. , and the odds ratios can be rewritten
as: P(CAlaQ) 1=0l OR=(2a-1)P (D) + (1- a)C , (2a-1)P(D)A + (1- a)C. Thus, if C is given, the
relative Iifetir‘r‘l)grzlg 0@5?15%% found by assigning (1- a)C OR, =1 (2a - 1)P(6ﬁ1’p&3?3@5(§13)c C can be
found by solving the equation kk a)OR, 1=1.0- =I 1=00 (2a -1) p(D)(1 - OR) + (1- a)C

C -ORI,
}“iﬁ C-p+OR »

and thus,

i E C-OR{fi
C= 2 Sh= 2 Toron
: C-p+OR p
=0 g T
or
- % OR,fI.
&~ CptORp
o T
[00103] The latter is an equation with one variable (C). This equation can produce many different solutions

{essentially, up to f+1 different sotutions). Standard optimization fools such as gradicnt descent can be used 1o find
the closest solution to COm 3 fi‘ti'

{06104] 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 usnally correlated, Therefore the guantification of risk

factors 15 generaily not dependent on the model used,

Estimating Relative Risk Case Conirol Studies

[60105] A method that estimates the relative risks from the odds ratios of multipie afleles in a case-control study is
also disclosed herem. In contrast to previous approaches, the method takes info consideration the allele frequencies,
the prevalence of the disease, and the dependencics between the relative risks of the different alleles. The
performance of the approach on simulated case-control studies was measured, and found to be extremely aceurate,
Methods
[60106] In the case where a specific SNP is tested for association with a disease I, R and N denote the risk and
non-risk alleles of this particular SNF. P(RR|D},P(RN|D) and P(NIN|D) denote the probability of gefiing affected by
the disease given that a person is homozygous for the 1isk allele, heterozygous, or homozyeous for the non-risk
allele respectively. frp,fan and figy are used to denote the frequencies of the three genotypes in the population.

Using these definitions, the relative risks are defined as

_P(DIRR)
" P(D|NN)
_ P(DIRN)
" P(D|NN)

160107} In a case-contro! study, the values P(RRD), P(RRI~D) can be estimated, i.e., the frequency of RR among
the cases and the controls, as well as P(RN[D), P(RN-D), PNN[D), and P(NN|~D), i.e., the frequency of RN and
NN among the cases and the controls. In order fo estimate the relative risk, Bayes law can be used 1o get:
5 = PRRID)
P(NN | D) f e
_PD[RN)fin
' P(D|NN)f
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One can verify that by the definition of C and the odds ratios, C> (2a -1)p(D)(0OR, -1). Therefore, the
right hand side is a decreasing function of C, and it can be found by applying a binary search. 1001241
Lifetime Ris@%sg‘i]r}n%tﬁ‘%gseq on Ga.The GCl essentially provio!es the relzlggxf%g%%%:%g 1i(pdividual
compared to an ihdividuial with non-risk alleles across all associated SNPs. In-order to calculate the
lifetime risk of WO 2010/017520PCT/US2009/053216 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 the population. This calculation is consistent with the definition of the average

lifetime riglo appabiheselative disk: i ardghlo.compuiihesuergedieime iskaallpessibie.
genotypes e saumerales, ang sl EsReHke lghalealolBled an RGOl g relatve

risks of their variants in each of the single SNPs are summed up. Personalized Action Plans [001251
The pers8FSHS & S oA BrERS BiET S8 B8 HRHBH b OV B A GTa i Ab e TR HAIAN 8T to improve
the health or wellness dkan M&ERidek(Rat RBESeddhtié/denomic profile of the individual. The action
plans provide courses ¢f actiy shiab aredpe mefovat toyn-ipdividual in view of a particular genotype

correlation, and may in ',Udﬁﬁﬂ*ﬁi[ﬂﬁtﬁ?ﬁ?@ pﬁ%r@@g@ﬂcﬂgﬁtment, monitoring for potential need of
treatment or effects of tféatment, or making life-s gle changes in diet, exercise, and other personal

: g Ire )
habits/actfts VP& be! Frorsbrizizenebased brean e e yeslime shofir e et
personalifedeaetion ip ancoahe mativedy, bariindividual mayspergivermatpaktichtarsatine thkigls based on
their genaemie-prafidesrangdd.additoneoptonaliyipinel ude)pthetinformatien-sugh as famiybhistory,
existing lifgstyle:hapits.and geography, such as, but not limited to, work conditions, work environment,
personal [lgtienzhis, home.enviranment, and oiniers, Qiier faclors thal may.pe Noprparpted include
ethnicity, gender, ana%ge, he oadts ratio of various d’letary and exercise prevention strategies and
their assdthgtioh WitAFeaCifg Peke"st Hiseases or conditions can also be incorporated into the rating
system. [00126] Furtheaﬁorg,fﬂ(}@fbb?%ﬁ‘éﬁi’zieepéction plans may be modified or updated for an
individual. Modified or updated rexsangtizeti-adion plans may be automatically sent to an individual or
their health care manager, for gxampiepifvan individual or their health care manager had initially

requested automatic u s_m ?E A SUpscription plan. Alternatively, the updated personalized
action plan mag only be sent when re uesteél by an individual or their health care manager. The

personalif ¥ ALt HIaRINTr b TS deH Sr U OB A5 EY B WEMTbEY GisEoTs °Fbr E%4mple, an
individualfrraakienie taoreugameticootst e kativins Aneljretraidicily résultewsed f eatsdify existing
recommendations iaadt.addiionals eeeanmendations, or remove recommendations on the initial
personalizaghaction Rlan B2 aReLMBodMARnts, Anndividual Mayhanshanged westaitalifgstyle

habits/enyitoniment. prhaye motg niomation redaiciog, famiv.nistony, esing ligstyle higpits and
geography, such as, but not imited to work conaitions, work environment ersonaﬁ refatlonsh|ps,
home enﬁ%ﬁ?ﬂé’h@%ﬁﬁ“&ﬁ%@%ﬂ%éﬁlﬁ%@ nadas sevapt %lstéﬁd}'ﬁﬁb’éﬂrﬁ‘i%ﬁﬁﬁg&}‘ﬁéﬁgﬁéﬁfed action
plan that indoriseratestiese changes. For example, an individual may have followed their initial
personalized action plan®) suglPes) rEluging Bhdiestérdt(i téir diet or pharmaceutical treatment and
thus their pgrsonalized actionpaieceapnendations may be modified or their risk or predisposition to
heart disease reduced. 10 % 71 The personalized action plans may also have predicted future
recommendations bas indiyiduak Mowing the recommendations on a personalized action plan
or other changes an ind?\(/%ugivr)nay make or have occur to them. For example, the individuals' increase
in age would lead to an increase in risk for osteoporosis, but depending on the amount of calcium or
other lifestyle-habitsesuch-gissthosetathe peksorakzeg: action, the risk may be decreased. 1001281
The personalized action plan he an individual, byeir health care manager, in a single

‘sieftte-Alternatively, the personalized
report&d separately. The individual can
then pursue the recommendegd acfiois orttieirpérsortiized action plan. The individual may choose to
consult with their health care mahagerpliotdo-pursuii)dny actions on their plan. [00129] The

a consolidated set of action steps. The personalized action plan can consolidate factors including, but
not limited to, the prevalence of ea?h /goqd}tio/p, th? rej%@ﬁ amount of pain associated with each
condition, and the type@ﬁﬂea@m?WWexample, if an individual has an elevated
risk of myocardial infarction (for eXaniple, xpressed 4 Hfgher GCI or GCI Plus score), the individual
may have a personalizezkgctian, plamth bt dsincr@4Ee consumption of fruits, vegetables, and
grains. However, the individual m»éay)a bﬁa@@'éﬁv@d@@ ftion to celiac disease, thus having wheat
gluten allergy. As a result, increased consumption éfwheat can be contra-indicated, and is indicated in
the personalized action plan. [00130] The personalized action plan can provide pharmaceutical (which
includes by definition prescription drugs, nutraceuticals and the like) recommendations,

non-pharmaceutical recommendations or both. For example, the personalized action plan can include

suggested pharmaceuticals as a preventative, such as cholesterol lowering drugs for an individual
nradiecnncead tn mvocardial infarction and to conciilt with a nhveician The nereconalized action nlan f~an




[00133] Furthermore, within each category of A, N, or B, there can be further levels of categorization,
such as 1 through 5, from lowest to highest impact. For example, a therapeutic may be categorized as
Al, which indicates a WO 2010/017520PCT/US2009/053216 slight negative effect, such as minor
nausea, wheldb® RPYANd indicate the therapeutic would cause vomitin&f%ﬁf!@z%"%?fﬁerapeutic
would cause a severe adverse reaction, such as anaphylactic shock. Conversely, a B1 would have a
slight positive effect on an individual, whereas B5 would have a significant positive impact on the
individual. For example, if an individual is predisposed to lung cancer, or was exposed to second hand
smoke while vowing up, the individuajpokisinoking may be a B5, whereas an individual not

predispo I cancer have the factor as a 134. [001341 The different categories can also
Do repreo B ol Tt EaT S A BB LS T (o A 15 TR ot I o Pogh, effect
on an ind ATl FEAHH HHEB R8I A TG E 6 SPRPYo dark red tones, light representing low
negative éftdétikNodbrkhseure presetingeaaiere ad e deeffectanorinhe ihdividhabsshBattbveTive system
can also berancontiiuotsSPestim Of calas saumabersisefdatters. For example, rather than have A, N,
and B, angl(qisubsaieonrieswithin, the.catrgarizationmay he/fram.4 dirpugh G-wherein frepresents
foods. theyapeitics. ifestyle hanits, epviionments andothct taclors gl seyerely,nsgatively fmpact an
individual’s hea %ﬁ v\?here s D represents tactors that have minima ef ects, either positive or ﬁegative,
and G Wo%r?@BY"egﬂ‘ﬁfhW@ﬂﬁfBgﬁéﬁﬁa‘f%eﬂﬁ‘é"% RIS S prSsHthCoRREF AT FthErtHan have A
through Grdseamisets or colors may also represent the continuous spectrum of foods, therapeutics,
lifestyle habits} @anvirenie pis-and.etherfactensithatdn pashamindividy alishealtbndi@Od364 In some
embodiments.aPREGHIRELISEARY, Rharmaceltical nprotskHifestye flemeant /n adprsaRaliged action
plan can e SAIRARNIEE, dane g BL [ale f ol fxamiie. an lndlvidualimay bave.p peisapalized action
plan that includes an exercise reglménpanél) a diet plah. Sr e exercise regimen may incllide Gne or more
ratings or'CafEgBoAtYR eS8 hple, the ratings for the exercise regimen can range from A to E,
such as in Table 1, Whglre_jrfé@d:h)letter corresponds to one or more types of exercises, including
information regarding the ty}i&d @f) activity, length of time, number of times in a given timeframe, that
falls under each level, andjhp{sp mg(reqqmmgﬁded 1exp(g§gﬁyegimen for the individual. [00136] Table I:
Exercise Regimen: Ca Vapey@gﬁcﬂp@@gﬂ"ﬁé {pHgH | 1, Pption 2 Option 3 Option 4 A Brisk walk
2.5 mph, 3 times a week, for 20 minutes Swim 4 laps, 3 times a week Cycle 5 mph, 3 times a week, for

20 minute@%ﬁ‘ig‘f%”\iﬁ%?ﬁ“ﬂig“rﬁ‘ﬁfﬁ ¥ fireedwe sk s oS minutes
p(D)= 2 fiP(Da)

=

Thus, by dividing both sides of the equation by p(Dia,), we get:
Dy Zk: fA.
P(Dlay T

Resulting m:

i
> S p(D)
OR, = E(.—,j‘—"———————s
D fik = Ap(D)

=0

%
OR.
By sctting C = E JA,  theresultis A, =C- L . Thus, by the definition of C, it is:
il PDYOR, + C— p(D) Y

k k
4 fOR,
1:; -f:_J: ! H .
Z c EP(D)OR,*C—P(D)

{06117} This is 2 polynomial equation with one variable C. Once C is determined, the relative risks are determined.

The polynomial is of degree k+1, a:{id thus we expect to have af most k+1 solutions. However, since the right-hand
side of the eguation is a strictly decreasing as a function of C, there can typically only be one solution to this

eguation, A solution is then found using a binary search, since the solution is bounded between C=1 and
k

C=Y OR,.
i=0
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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 20 minutes Jog 3.5 mph, 2 times a week, for 20
minutes Cycle 8 mph once a week for 20 minutes C Run 4 mph, 3 times a week, for 20 minutes Swim
Slaps, 3 times A @Iya‘}cle 10 mph, 3 times a week, for 20 minutes RurfEW"f%’?ﬁ’p‘ﬁ, 2 times a
week for 20 minutes Cycle 10 mph, once a week, for 20 minutes WO 2010/017520PCT/
1152009/053216 D

[00118] 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 measired. In order 1o 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 freguencies (under HWE), and plotted the results of
these calcuiations for a prevalence values ranging from 0 to 1.

[00119] Additionally, for fixed values of the prevalence, the resulting relative risks as a function of the risk-allele
frequencies was plotied. Evidently, in all cases when p(D) = 0, ARR = ORRR , and 3&N = ORRN , and when p(D) =
1, RRR = ARN = 0, This can be computed directly from Eguation 1. Additionally, when the risk allele frequency is
high, ARR approaches a linear behavior, and ARN approaches a concave function with a bounded second derivative,
When the risk-allele frequency is low, ARR and ARN approach the behavior of the function 1/p{D). This means that
for high risk-allele frequency, wrong estimates of the prevalence will typically not affect the resulting rclative risk
by much,

100128] Odds Ratios vs. Relative Risk. In epidemiology literature, the relative risk is often considered as an
mtuitive and informative measure of risk. However, the relative risk cannot be dirsctly calculated in the context of
case-control studies in general, and whole-genome assoctation studies. The relative risk can usually be estimated
through prospective studies, in which a set of healthy individuals is studied over a long period of time. In contrast,
odds ratios are normally reported 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 discases, the odds ratio is a good approximation of relative risk;
however, for commen diseases, the odds ratio could result in a misieading estimate of risk, where the odds ratios
may be guite high even when the increase in rigk is minor,

{00121] Relarive Lifetime Risk vs. Relative Risk. Relative rigk implicitly assumes that none of the controls currently
has the discase. 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 o account. The relative lifetime risk is
defined as the ratio between the rigk of developing the condition through the life of an individual carrying the risk
allele r and the risk of developing the condition through the life of an individual carrying the non-risk allele. This is
different than the standard usc of relative risk In case-control studies, which s based on prevalence information.
[00122] Denoted by ag,a4,...,8; is the possible k+1 alleles, where a, is the non-risk allele. Allele frequencies
fo.01,55,....fx in the population for the k+1 possible alleles are assumed. Further assumed is that studied individuals
can be divided into three groups: CA, Y, and Z. CA denotes the cases, while Y and Z are controls. As opposed to
individusls from Z, it 15 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 | Yi=ojCO=a({Y+Z]}, where o is the
fraction of controls that will develop the condition within their lifetime. Note that o is upper bounded by the
average lifetime risk. Possibly, ¢ may be smailer than the average lifetime, depending on the age of onset of the
disease, and the ages of the controls.

[60123] The relative risk and the odds ratios can now be represented as:
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Run 5 mph, 3 times a Swim 10 laps, 3 Cycle 15 mph, 3 times Run 5 mph, 2 times a week for 25 week,
for 25 minutes times a week a week, for 30 minutes minutes  Cycle 15 mph, once a week, for

WO 2010/617520 PCT/US2009/053216

_ P(CAVY |a)

YUP(CAVY |ay)
_ P(a,|CA)P(a, | CO)
" P(ay |CAP(a, | CO)

The odds ratios can be writien as:

_ P(a,|CA)P(a,|CO) _ P(a,|C4) aP(ay|V)+(1-a)P(a, | Z) _
Pla, |CAYP(a, §CO) Pla, |CAy aP(a,|Y)+(1-a)P(a, {Z)

_P(CAla) aP(Y|a)+{-a)P(Z1a,)

" P(CAlay) aP(Yia)+(-a)P(Z]a)

_P(CA|a) aP(CAla,)+(~a)P(Z|a,)

 P(CAlay) aP(CAla)+(1-a)P(Z |a)

The derivation from the first 1o second line is based on Bayes law, while the third Hne is based on the fact that CA

i

and Y are essentially the same population, and thus P(CAfa;) = P(Yla;). Now using the fact that P(Z]a)) = 1-P{CA|a)),

resuits in:

_P(CAja) Ca-DHP(CA ]a:o)wt.wlwaf_/1 Ro-DP(CAla)+1-a
T P(CAlay Qa-DPCAla)+1-a ' (Qa-DP(CAla)+1-a

&
As  before, p(D) =Z FP(Dla), where p[) is the average lifetime risk, Thus, using the
=0

D
L/ Z J: A, , and the 0dds ratios can be rewritien as:

equality C =
P(CAlay) o,

OR = 4,- Co-DP(DYy+(1-a)C .
QLa-DP(DYA, +(1-a)C
Thus, if C is given, the relative Hfetime risk can be found by assigning
| L (1~ a)C- OR,
" 2a-DPDY1-OR, J+{i-a)C
C can be found by solving the equation

A (- @)OR,
1= Zf %(? & Dp(D)I—OR)+(1-a)C

One can verily that by the definition of C and the odds ratios, C > (2a — D p(DYWOR, ~1). Therefore, the right
hand side is a decreasing function of C, and it can be found by applying a binary search.

[66124] Lifetime Risk Estimaite Based orn GCI The GCI essentially provides the relative risk of an individual
compared to an individual with non-rigk alicles across all associated SNPs. In order to celculate the lifetime risk of
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20 minutes P-1 Run 6 mph 3 times a Swim 12 laps, 3 Cycle 15 mph, 3 times Run 5 mph, 2 times a
week for 30 week, for 30 minutes times a week a week, for 40 minutes minutes  Cycle 15 mph, once

a week, for
WO 2010/017520 PCT/US2009/053216

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 the population. This calculation 1s consistent with the definition of
the average lifetime rigk and of the relative risk. In order to compute the average lifetime risk, all possible
genotypes arc enumerated, and thelr relative risks that are calculated as the product of the relative risks of their

variants m each of the single SNPs are summmed up.

Personalized Action Plans

{00125} The personalized action plans disclosed herein provide meaningful, actionable nformation to improve the
health or weliness of an individual that is based on the genomic profile of the individual. The action plans provide
courses of action that are beneficial to an individual in view of a particular genotype correlation, and may 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 ¢an be personalized based on an
individuai’s genomic profile inle & personalized action plan. Alternatively, an individual may be given a particular
rating that is based on their genomic profile, and in addition, optionally, include other information, such as family
history, existing lifestyle habits and geography, such as, but not limited to, work conditions, work environment,
personal relationships, home environment, and others. Other factors that may be incorporated include ethnicity,
gender, and age. The odds ratio of various dietary and exercise prevention strategies and their association with
reducing risks of diseases or conditions can also be incorporated inte the rating system.
[#0126] Furthermore, the personalized action plans may be modified or updated for an individual. Modified or
updated personalized action plans may be automatically sent to an individual or their health care manager, for
example, if an individual or their health care manager had mitially requested automatic updates such as with a
subscription plan. Alternatively, the updated personalized action plan may only be sent when requested by an
individual or their health care manager. The personalized action plan may be modified or updated basedona
number of factors. For example, an individual may have more genetic comrelations analyzed and the results used to
modify existing recommendations, add additional recommendations, or remove recormendations on the initial
personalized action plan. In some embodiments, an individual may have changed certain lifestyle
habits/environment, or have more information regarding family history, existing lifestyle habits and geography,
such as, but not limited to, work conditions, work environment, personal relationships, home environment, and
others, or want 1o include their updated age to obtain a personalized action plan that incorporates these changes, For
example, an individual may have followed their initial personalized action plans, such as reducing cholesterol in
their diet or pharmaceutical freatment and thus their personalized action plan recommendations may be modified or
their risk or predisposition to heart discase reduced.
[60127] The personalized action plans may also have predicted firture recommendations based on an individual
following the recommendations on a personalized action plan or other changes an individual may make or have
occur to them, For example, the individuals™ increase in age would lead to an increase in risk for osteoporosis, but
depending on the amount of caleium or other lifestyle habits such as those in the personalized action, the risk may
be decreased.
{60128] 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. Alternatively, the personalized action plan
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40 minutes [00137] 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
card|ovascui‘gp\/3?)W8Ut52§|mllarly, an analogous system for weight tralnlnﬁ%gﬂsﬁgﬂag?%tﬁthe
individual's exercise regimen, and weight training options for an A rating would 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 li tt(teepet@ttés ege%geemeua%b@e% pQHtJtQé Jttrattegnted ttt@t;ks ggagﬁmnaw%anwonmem
personal e ""“8:t RS lome environment, gt Q&‘g&{nﬂé‘e T aé%e ;and othier, factors may, be
incorporated with an indivi nggggeﬁBmlc prot}t ermlne EiRdvidbars exercise reglment rating.
FurthermBf®; as an individual's lifestyle habits changes, or more factors become known and are
incorporatéd2th&neividel al's acitimpjao @ Glravges fo raexdxpl e nifrar o dividivakbfoliowsthetrateinmended
activities prtheipersenalized astionplancsiadingiat sim Adating;dherindiviclualay ay reguest an
updated persenalized: ea%ttgatta!e@ Hhateyaluaies a@g@a@t%mleﬁhtbetthlaﬂgu,aat@a@%c%t a B rating.
AIternatlveIX an c;|rf]<}qI|\Q ua Bgr§0p6§llzed 3%%'0@19?']1 qta% %B‘%QG 3“3%11 1|Tr11e)cl;gr th n the d|V|duaIs
should consider moving from a rating to maximize their afth. 36(1]§§f
personalﬁ’@ﬂ“%t&tfé?feﬁﬁgﬁﬁéﬂg}gf&?b \5%8 P&tﬁ?@“%ﬁfé?ﬁ%?%%%ﬁ@%ﬁﬁmﬁbfd&&%%% e ratings for
the dietarpqilde camalrd @systeim ehitiramgesbiconrd etors, Whareinbe adkyiduierorresponds to
particularg@tpeing0b tats: fkars, iproieingwitgaiisnandHiher.nutricnisdie dndivigialds:stggasted to

have in tt@ig(g;eitmg@gggtg@&pggg{gdeg@gppmb,% gjtﬁ:,@tggles and/or grouping with other foods that an
individual gﬂg% avea |rd|et Based on the en m% Ieo tq)eain dividual, the é%onallzed

action pla[n Ve rsoﬁariatlnm?ofj %?1 N W an d therefore t néhiné 1’& ST (]:%S%I : ed” dietary
plan woul’é‘i”ﬁ’éeét“é@Fé‘BﬁBﬁ ]B‘Fb‘iﬁétﬁ?’?e&i?&fﬁé§l?j‘hﬂjé?%’2“%ﬁﬁ6Omé’é‘}“fh‘%ﬁ%’thgPréi‘ﬁB‘B]ﬂtH’f’ent
individualrfowddimmbyste Bategorizeld sRersesamplescaranel vicaegive rray dtifryiapidutdrselect specific
foods thatiape falseieateganzedras 2o kosexampesspeaiic degetablashpseats Thuptssodiarg and others
may be calegafized-as Aoy MR Ahers ARk RebGXRmRle: asRaragusRpayle-aiveastablethat is a 2,

whereas be 8sarea:% .and theref ethe nd| idual sdh qlnclude mare asparagus rather than beets
5 ZENOMIC | TU

in their dletQ;[‘ 31407 i ano %eﬁénmbodj%neﬁlfea%nlﬁl vidual is given a su ested ratlng for what type of
diet to folll§ tHaT]’[%pB’ﬁé’aﬂ%%ﬁ‘b‘t tﬁ%rfﬁfﬁé%e&?‘?fﬁtﬁ@ﬁt? Bff tﬁ@t%’é%lf% “t& MARAEEATEhould have
in their dietsasEdtorcdnairngeitomit isrofieo THezeatiddrmaymoecih whier-foxherdftiar visetral Tephesentation
that includesshapesdtole sy mibgiscanddatlaitensd. Theneatingumsybe dndhitonmrohasvisual

representalign;that includes: shapes:calars: MUMBErs.ANd/QGTsEs: hetexamRle: an individual is

found to be $red|§%%sg% 1(t)g) nceoolic)]vgm(r:a lcneormemedj%geg %nd is given a symbol that represent the
proportlon

erent nutrients in the recommended types of food the individual should have in 31
WO 201013800 ¥ eiE Z0BYBY L8 IRATPEREE BECEHERA P PIFHE SA @B X8 B ample 3).
Different typagnetdowesiostieHasiBlerorvRbgdocispelefedfrumergaeablespeab omydrates, meats,
diary prodidets; ane dgheclikiecareNeppesanteddoy-thersamei sohetae sl aprshownbundsigines 4B-4D.
Foods with,gated it eqmbettbe%mgstﬁtg@eheaeaem blesthal gixas thedndividualiswehds depicted
Figure 4A¢M‘£9%1'JQPC mc‘%%mmﬁfld?& gaotl he.l dé‘ée%&%d@%%ké%%%@c 3%929%“% élts%tJ actors

such as, but not limited to, an individ ua seX|st|ng diet, exercise, and other personal habits/activities,
optionally? ?"%t%“??h%t.%ﬁm%htiiﬂtéénﬁaﬁtﬁ@cﬁ%t’éﬁd é‘%(l?stvﬁ&wl t&étﬁ&%ém‘%egﬁtt Gebybspty, such as,
but not linkitse ts SHrsrielesmitionys oo adis i mmrERis e s rratidhships ckuinle &adirdithent,
ethnicity, gendeiiageyant othetfactiersmialy beintorperate dupithanindividiretisgemedsiospiafile to
create a peigeRalizedactiondlan-anddws affect thesatingoivemndor theipdivicualisdietasynplan.

Furthermoye, b%%ﬁ%dﬂ‘%MQHa%%&ﬁ%%emhﬁgﬁaﬁﬁgﬂ&%@&GJQ 1S {AGIPLR.PRE %{%‘E&Q ﬂ qpd are

incorporated, the individual's rating can c or.example, if an individual f owst e
recomme e S ARt VR R BETSIAIR ?oﬁ%?gil‘gﬁhﬁ a Ch%}fé?f‘hg‘jv B PERRGFOF dietdRF Sians, which
iS an extrétRex tbwhetf@ré@t*étetﬂdtet,bﬂtés'?ﬁ6%%%&*9%&@@%&%ﬁfdlatediﬁémﬁenﬁféa%ﬁ&q plan
that incorporapesithe ckangesindifestyledabitstiehindividhgaldsds adgivih tatthedhdivedual has an

improved gholesterellevalk.the, updaied persopalized-action@ianmay show dhatthaedadividugl may be
better suited to.now | %&%ﬂéﬁtﬁf?ﬁ?&@&%&%@%%@@% or can choose from dietary plans in ratings 1

and 2. AIternatlveri an individual's |n|t|a se\nahzed action %ue}n can offer a timeline for When the
C

r
é }_] Lfau' zcrm w1t m each yp ¥ ther c’mPe her levels of categorization, S]}.Ch as
individuals 'sno onsider moving r’atin , OF vVary theirdietary plans based on a

schedu|e,%et&téeﬁoat#étehtpat@t%ﬁw%h&ﬂﬁaew&ﬁfféteﬁt%ﬁ ﬁ“@% besaireaxsdi s thei Head'00142] The
ratings in a personalized action plan may he for a cetbination 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

1 rating. Alternatively, a single rating system can be used for the exercise and diet regimen. For
avamnle an indinvzidiial mav he ainvven a nartictilar ratina cr1ich ace a C ratinAa in 2 nerconalized action nlan



WO 2010/017520PCT/US2009/053216 individual should participate in high-impact exercise, and L
represent low-impact activities. As such, an individual may be categorized as an AR. Another binary
categorization can be for social contact For example, an individual can be geneticall disposed to
being somal‘(‘@ U Hal (V), and as such, recommendations may .ncﬁggﬁ%%‘l é%f‘ﬁctlvmes or
groups of people the individual should avoid or seek to reduce stress and increase their health and
well-being. [00145] The personalized action plans can also be updated to include factors based on
information as they become known, including scientific information, or information from the individual,

such as MQ@H!W&Q%%&'E@EM&%&EE@J‘%%J% %ampﬁam@%g%@t EV6IR QUCQREdGVels, ion
levels (for %§amg5€ ﬂ}crg (é:LIlHC vi!oup clalfllienh C\)}E%Sas vorsd Jéa%ggh \g&c n&]ér;s l? a%gc(s:el Co&gtsfsﬂod% aSS index
(BMI), protelnalrévels trpanscnp qeve s, heart rate, etc., can J‘e}fel?mlne y methods readily available
and can B’é"fﬁ’dﬂfeacf]fﬁlfbpﬂ%’évﬁé?@ﬁﬁéﬁ%é’ﬂ“&@f?&ﬁ”ﬁﬂfﬁﬁ‘ %%w%cmﬁmﬁoa%ewéwﬁe known,
such as bydediinter mremitoniiry. ifhélpéisonidized adtiongptan cansieomodifiedrddaeaniplehibased on
an individgak-fallowirgitheiplan: which mawalso affecitherpradispositianardicivid valmay have for
one or mege.Gnditions, 1E40r example, the GCl score of the individual may be updated. Communities
and Motiv Ji 0 resent disclosure e profile onaliz d action
plans tha ag%Qge%s}?e 1éz‘ocrrl AN maividual's s rrﬁ?gn €H1’¥I(é‘?%ruc 15%/??11 vfa??aé are wei'il Sr?inea about
their healtFPHI &I FFBBTHETSHT ?ﬂé“@dgg%ﬁf?é@t}b‘ﬁ%ﬁ%ﬁﬂ?\ﬁﬂ%f&f%%\/@‘t@ %?‘E?\)%n’fhé]ﬁhhealth Also
provided mersintagdosonmiunitieds wuel wd anceatmmyritiedythatiEan offerstipgars asdmBtivation for an
individualsterpaursiesthe i peisonalizedactiamplanmbdetivation. fes-individualsiminprowenheirhealth, for
example, Ry spllowingtheikRersenalizacaction RlagxcanalsPdnciude Anancialineentives.[AQ1471 An
individual,may, part C'%%E%A&%S&'E‘Q LNy, sych.as 4o on-ing %T?mcﬁr‘a%”r!&}(ha"me%%a‘ﬂr 'Qd""(?;‘a' or their
health care mana as access to the Individual's genomic % lle, phenotype pro ile, an

personaliZ& 4B ﬁ*rfraha‘#ﬁé%mmfaftﬁnax‘)ﬂéﬁ%% TPHE JRR S HRBATE T BREROYISE Bt Stile, and/or
personaliedracifon phariavaliatie for afofirdvo oG .awstisser gfdiesotmensityidienone of the
community-tnwewpdhrougtiaduarsenalon:inelpertal, drieards famihneorecawoarkersmmay be part of the
on-line community .&Ea4 example, on-line communities such as https://changefire.com are known in the
arts, for mefivgfing. ndiiduals fo adhieye. inelr 00als, In.the present diselosure. an individual

participates or is a member of an nline community that supports and motivates a ividual to
improve tASIFHERItREAR S RASTIZBLIA UsThi e gobﬁﬁelﬁ}?e&ﬁi%‘?fvﬁlﬁﬁﬁﬁ)}ﬁec6P8f“|‘emléﬁ8ﬁ"‘é§l &2 scores or
by achieviki el aretbieticpersonalizetsattior islarrcRheoncimeycorif anity mves dedintited to an
individual stgenets;fafuikkzoplcobvatkars o exacmbisiatiomohfiends Afarm)lyandnChsvorkeeginl he
individual gy else-tackideothes: mm@et%&ime@nnlhn@@qm%%ugem% pekkpwRpreviously.

The on-ling, sEMMLNING RIS B¢ A eARloNer RRoASAIR] sommu iy [Pendiiduglmay form
groups with others with similar phenotype proflles action plans, and motivate each ¢ otlner to achieve

their goal§*TKaiV &ﬁ%‘:l’éf?ngfi1§%]f“ﬁ}bacompetltlons with others in the on-line community, to improve their
GCI scord @04t/ pRisiBHINSidigaE action plan. [00148] For example, an
individualBareporpsueh as thelr GC lcgepres and parsosradized action pd]@ﬂqmay be viewable by an

individugts farmiyERnoIHErsis I $e Qe ae RO W S RHUAT miay v e IR hvirg proption of
selecting who may view aquOEGaccess their report. The onsjine version may comprise a checklist or

. mes a we Qr fimes 3 week f mmute or,

milestone measyre contalnlng items on the personaﬁze action pfan ere the Individual may mark
off WO 2010/017826¥CT/11S2009/053216 accomplishments or the M&%@%‘Pﬁ’f@l?"ﬁf&%ﬁ lized
action plan. Thel GCI scores may be updated as the genetic informatja¥irglsanges and reflected pn the
report on-ine. Thedndivigiakimay giseinpubiactols hak may hame changednsychas hfestylerchianges,
exercise regimen.ghanges ,diglary changes.pharmacewical ireaimentfs);and others, which may also
alter the report for the individual. Family and friengds may view the progre §Of he mdwuﬁu%r siwell as

changesi in the ipdividual's life, andihow they may|reflect or alter the |ndivi S TiSKs or

NS ¥ 313 MA.I

al's TISKS OF prealsposmon
The on-line portal may allow the indlividual view initial and subsequenf’?@ﬁ‘ﬁfrts The individual may also
receive feedbackFand comimients frofvindikfiends Gt fAmily. 3Faxsily Bnd: frigridsariay teave
supporting and mesivating eanrments{0149] The ondinecommigity an @ig0 pravde incentives for
an individual to improve their health, by progressing through their per @Ii@%@gﬂgg plap sandfor,
decreasing their| risk or predispositipn to diseases. Incentives can al'=o2 1[larowded to individuals not in
an on-IirE community. For example, an employerisponsored online ommunlfv may offer a health plan
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 progressing through
their personalized action plan, thereby decreasing their risks and/or predisposition to a disease.
Alternatively, the community does not have to be online, and the individual submits evidence of their
progression to a designated person that processes the health plans for the employer through their
personalized action plan and/or decreased disposition for disease. [00150] Other incentives may also

be used to motivate an individual to improve their health by decreasing their predisposition for disease,
and/ar followina theair naearconalized action nlan Indivvidiiale mav recan/e nointe tn redeem for rawarde




individuals to participate in communities that motivate individuals to improve their health, such as the
on-line communities described herein. Accessinn Profiles and Personalized Action Plans [00153]
Reports containing the genomic profile, phenotype profile and other information related to the
phenotype ang é%%q é rofrles such as personalized action plans, may%é”p]mm@a%%e 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 profrles and action plans may be provrded in paper form They may be in paper or
comput 'Dcau"‘%ﬁn'S’Hl Aty r‘nﬂéébm onlinesakase W&le‘%‘i'{ﬁpﬂ"k“dﬂ%‘é” F : S,
paper, compute rea dable format, or online. The )rofrl S an% actlon )Ians can be encoded on a
computer readablSTh &8I 51541 R Getomit oI sRERMThe BIdie, as well as personalized
action plans can be accessible by an on-line a sgurce of information|\WHieh TERMIE ¥R &Ecessed by
an individual through use of a computer and internet website, telephpieroriother means that allow

similar aCEess T nmr@rmtsqaed@e J@vrraem@;rw May-RREaHAIYiREa SEEF e IR NGl BF Website. It
may proyide lin %&o{g}% seg=.and non-secyire Wg%gg%@rn%ﬁ@pl%gﬂg? to a secure website with

the mdrgdual s phenotype protfile, @r to non-secure websites such as a message board for individuals

sharing & specific phenotype. [00155] Reports may be of an individupl &t 8 BRSE 5 BT PIus score
(as desaribed herein, to report a GOT score will glso encompass metib#gdtsreporting a GOT Rlus
score or both). For example, the score, for one or more conditions, can be visualized using a display.

A screen (e} asoR cRRPHIAE MARIRkRLIRIRsIONSEBER)cANRDRURRLIRMsURlzgthadisplay, such
as a persgnal, DQ&%&@@POJEA% ﬁy”éuﬂfQJ@r%¥L dle lﬁL %'a% 2rembodimentihs.dishlay inasiagic display

such as a printed P may include, but Is not limited to, one or more of the following:
bins (suci&€ 1) %ﬁg”t?wiﬁlﬁ%"wl% 22(6?‘%1 26 o g CgiowpeRlaT Rk, iR AR BB BEEEY%0, 61-65,
66- 70, 7 I8! 75180 c81hEBgE GO Odys s 9L BOY Bl B gialsdad erypaieat, Paﬁm@rwra}ﬁeter a
gauge, a piechantpddistogiaividra bangraphdincandtbers entbedimentjnaithermomieiéris used to
display the:Gutd seQre-and admaeamm@/maualemaﬁb%&Jaermameﬁe GGAR @Liamaysarlevel that

Changes \é\}lill tmg gfe 1)9 olqrggs %g %%ﬂ? su%ﬁ exé%{tT}Bl‘% l‘?c% ttoh%ork cmgx%ns v@cyk c!:ﬁi%lo%xle%t peg {rnetric

change as the GCT score mcreases (such as chan rom blue, for a lower GO score, rogressrvely
to red, fora"MgHE: &B“"s%“é‘r%)l‘“fzﬁ%{:?’éll&%%& B EGiImE %‘&f B R ﬁéﬁ‘/ 1“d‘r"éilr‘ [that
changes Wﬁ&ﬁ@f?ébéﬁe@@@%@éw%a%@%ﬁ%@?ﬁ@%ﬁ@@ﬁ@?ﬁeﬂ?@%ﬁﬁ%eﬁéfa@é%hf@m56] An
individuali$«@€y scare banraisaohekdativersd: tocamondivitiualibyuSingiauditdrnpde ddbacinldorexample,
the auditary:feesback canbhemanverbalizeskins i otiominatl theurisko ankiis Migh erslowscihe .auditory
feedback gan alsq be aiesit Eb%ﬁ'r&é‘a%ﬁ&?&h%&%@ﬁﬁ% eRHER A% ﬁ%@ﬁ&ﬁ@%&%%ﬁaﬁga“ge a

guartile or .8 comparison wi 1the mean or rned{ ['1[ score for a %atlgn In one %mboglment a
live humah Gaivers Tha QUi Ay TS AR R B OF Bver S TEISESHmURIAHSRE FoVIEemEih as a
phone (lafdiRereBRtIAFHbAE Brsatslte pHeTEY0F4ia a personal portal. The auditory feedback can
also be délivéskdtbycanaindmated systerisodusin asia eotmpierdiding dudforyieetibackicaniioe
delivered @asdatt pharuinierastivenoicesaaponss (WRksystemushichds adechnoloagy:-thatallows a
computer g %%E%C},r}{félﬁﬁ ang, t%%&?ﬂlﬁ%ﬂ@éﬂl%&ﬂ@ﬂﬂ@é@@&% Galk Andlndivid yﬂ&%&%@aﬁ with a

central server via an \({a% S Sste#}rn%‘D ﬁé&/ﬂltﬁy%term e atresp(pw ‘ﬁ\?h %ﬁ e-recorde or0 fy d’a\mlcally

generated atdio to interact w §'and provide them wi bac eir risk rank.
An individliaeFeayc cal %6%‘1%1%%%%7%%@%‘8%@ n&rﬁwé#%t"r%“aﬁ%@%d by an rvR
system. Aftecfoptiomnaiiiyderterrgramidédtficationveodes as€aturity Gode cbeivundekgeiging.
voice-reco@miipm protecalsdhady Reysieamdnay-pskatiaindi vHeualteiselect aptionsdromaanmenu,

such as aJQuel INe QVAIGR ms}yargaraaegérmﬁ%@zo@&%@méx&r@\{%gca%mmLrﬁrlrvﬁnrplaa)r her
risk rank. ([901571 An mdrvr%ual CI score may be vi ualrzed using a |s ? algtq d%h ﬁred using
C

auditory feedback. sUCH as over aW JerSONAl portal. ThiS combination may inelude a visual display of the
GCI scordshdati |f6‘r)’r"F§3é‘HbQEPéldWﬁ}E‘hS]ﬂﬂ‘§€&’§§@§ TRE ?Qﬁy%‘ﬁ@éh‘c’ffﬂfﬁeb@@wg&?dfr@efo the individual's
overall helitHHid possibiépraventvelmidabs eesn saalscaisdthons jersonatizediact driigptam! [00158]
Different repesbeptioRsymayheraccessibigdorthedinedividuak Fotiexample:ane0Blneaaeess point, such
as an 0”'i&‘ﬂoﬂ@@éﬁﬁaﬁ@u&wg%}@iﬁ{iﬁly%H%E’ei%&lﬁylagémlﬁoﬂh{%ﬂ%{ﬁé‘s’SQJpEQQB%IU“ﬁGnQQ? phenotype,
Dased on i SFGo e Biolie; T0% ebsctber may 2o ave AIRien viawng opLans, oL axample.
such as a "Quick View optFon} IVE a brie synopsis of a srng e or multipie condrtrons
"CompreHBREVE R Bt S F155°0 Se R WIS T ot det4ir rer e dHs GG e provided.
For examjpkerehesrs! frray doeripioreddetailen smtistiosrabouttind tikelindod bf theihdividuahdeveloping the
phenotype, more information about the typical symptoms 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

estimated lifetime risks for a number of conditions may be in a "Quick View" option, while more
informatinon for a eneacific condition c1ich ace nroctate cancar nr Crohn'e diceaacae mav he nthear viewino




[00163] Information submitted by and conveyed to an individual may be secure and confidential, and
access to such information may be controlled by the individual. Information derived fioni the complex
genomic profile may be supplied to the individual as regulatory agency approved, understandable,
medically re O ENdPS high impact data. Information may also be of ggﬁg g?ﬁ‘}{’&%gﬁ Snd 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 preferably, information is securely (if so
elected by the individual) provided to the individual by a portal interface, to which the individual has

secure ang.confidential lﬁee%ﬁs4§§e@rta§amtﬁrt%eﬂ§f9tef@rﬁw eresvgeﬂdpxu%t rrtﬁtemtsa (petavebsite

access, o ln the at rnatjv one or ot tme% at aIIow secure, and gdlly available
eta s, car g ﬁnlea d1ary ro c AT r,are I¢] 15: {i'ﬁn same schemg, ac af
access. ege omic’protiles, phenotype i1es,“an reports re provr ed to an individual or their

health ca?@’?ﬁdﬁ%@FWﬁQﬂE&’H%ﬂ%ﬁﬂﬁ@dé@%@?@‘ﬂ%ﬁ}\?&]ﬁ TP Ea | RSP GNY dfbpresentative
example logiesdevitcd Frroufh wiidheacreporidwbyodeigdrerditédiadan comprise a computer system (or
digital deviee),) Stehnasnshoweni) tEiGs LbOM: Ihercampuiersysiam canneseivecand stosegenomic

profiles, apalyze genotYRL COMEIALIONSGRNGIALS, r;trtﬁ%sba&%gra@ha@rr@m%mtt%@Qtarpe correlations,
apply the rules to St&% %e}glgmt . pro ifes q{nd ngrodu%%rg henot rofi Ie a perso alized action plan,

and repoﬁwlémlrhékam e ersonﬂé: i7& actlonm(faﬁ can lmﬁnalﬁg Scénﬁdr%aﬁltputt%s from the computer
system. T%é“&%?ﬁﬁtﬁ@?‘%?s?@?ﬁ%@%‘? iy B fﬁﬁﬁé??ﬁb?fd“&@"élr%rt‘f&t‘ S R R GRS ON
instructiorsafremeediabttionpeiond thus tiforkp orirs G5 owidly ediidptiotiey bencoiietied. &9 server
509 having #ixeduare diasHit Zavlihensysiemmetichiasshawmtwirit. . catjnelideadRil50didisk drives
503, opt'%ﬂmw&@t&%ﬁé%ﬁ @@Jﬁ@m@@r@t ﬁé%éﬂ%%é@%@%é%@rﬁ@&%ﬁ%@h%%&f 507. Data
communicalion.cal,as AGrRYEroua e ndicalod communiealion et o.asefyey at a oca of
a remote Tocafion. The %ommffﬂn/r%atron medium can include any means o transm ting and/or receiving
data. For S BrE & RO tRetticEr s latrt‘éser}r)t“&b&bﬁﬁeétr@ﬁﬂ&ww‘Eﬁﬁﬁecnon or
an internetcoimbet oninBurh abcormddtioh tairdroiidertdzedtrifiunicationtov rtis WordaWite Web. It
is envisionegdhatidaiarelating tocthe present diselosurencambertransamitbedsoversichraetworks or
ConnectiOmterrreg-egtmrrem/qratrer\riewam Q@rtyp’ég%mTJﬂer@eﬁeim@%p@rtx BReARhe Rukis not

imited to ap, ipdichia), a.ealth care, piovider.of g health cate Manader, i, ene embpdimen. @

V1IN %) Al
computer-readable medium chué’es a madium suitabie ¥or transmission of a resuft of an analysis of a
biological E&HHE b AL RT T HE E8h R IARISH ¥ Figlium can include a result regarding a WO
2010/017826RICTHAIB2809/053X &7 ptretittyipe o &cfcantineiotdy Allsra) sezgretstisniptan for the
individualeaaheeeinesttcke & gastitis-tlerivediysinghiheinethdids g ekeripeth hahein: {00LGHEA personal
portal can,sgive.asdheiRiimansnietace it ansindividuabionseceiing.andevaluating genomic data.

A portal canenabie I0HRIs 0. faek e prpatess oL NELRAmBIE.UAM celiscion igugh testing and
results. Tﬁrommh orta access, In uals are introduced to relative risks for common genetlc

disorders %Eéﬁl%%ftﬂgﬁcﬁ’éh‘: ‘ﬁ‘?f%f%%?rrémi*ﬁea‘t%‘ixfﬁﬁﬁf’r‘nSyr EIEBS MREHHIEELE 8D to their
genomic profilesthitggiviiessortis [DoXeeTHToreembBo sirhdit s AvBrienire SHeEspagss Wil have a list
of phenotypesahcirext tcvebichophanotipe atox-iuavhichiarsubstnbey, ntaytgelact to include in their
phenotype.Riefilei.£88, ata@mgaﬁem&yaaelﬁa&e@ﬂht@dntetmtim&ra the phepelype.dehelpithe
subscribeL TRISARNIAMES £olGe AW s, Qﬂgmtéae@s,}gfyom ielged i fbgliphenotype

profile. The web page may aso have phenotypes organized by disease group s or example as
DctionabIHISEASELB H%‘”tncﬁ?}t"‘é%?ﬁﬁ?ﬂ?éa ELRti tﬁéﬁé?"m%{}ﬂgﬁtﬂveéye Wi DR %@ “SHlly, such
as HLA-DOAtcarepeatad dise dsesrhgesiiserpeicniad/ e ssetsede G@Uiﬁﬁmre“b‘?%ﬁsf?"sym ptomatic
treatmentsiderythenphenotypesihorexamipiecthenadividual may choose actionable phenotypes with

pre- Sympt@rmﬁ;ti@ntreetmm@utﬂﬂe@tm@r@@@mlmeﬂm%tglrcgettaaﬂtﬁeﬁmaaw&ympt@matic
treatment of glten free diel. &WQJQ%%%H%& ?%Qﬁé%@'mﬁtﬁ?{ RniNB %fmigm%ertfeatmem

of statlns exercrse vrtamlns and. mental actrvr SIS IS another exam e,

pre- symp?S‘?ﬁ(ﬁflEat?geaﬁﬁ%ﬁtnﬁ?sgv%fé’?ﬁ’éngraﬁngg?r PN lls ace I RBfinG Siffiig slt|]ﬁ¥/rllong periods of
time. An é%zi?f?ﬁté%ﬂé’ﬁﬁ@ﬁ%ﬁ%‘é%ﬁﬁ’a@%%@ﬁﬁ@tl%ﬁiﬂtmﬂ%fﬁeé‘aﬁnﬁ@?ﬁ)@tﬁéﬁ EMD, correlated
with CFH pwiheiein Andiiddualshmaycobtaibr laséin tieatnnént-foriheidcomdition in@0467 Tireophenotypes
may also be:organiZeshydypeok classehdispase epaendiiang. for example neurological,

cardiovasgjigy, ett%%t £ MRYARIQIFR! ARA 2 t?ttﬁffa@raqtmsﬁmaare@tﬁg abc%rgrpt 60 medical
and nonmedlcal eno lypes. Other r groupi n‘ge on the Web e Y physical
1J1en ntj % & differ nt fA’ ternatl s u%f/; offpods rn I‘DL mtf) ¥I
traits, physr ofdgical fraits” mental traifs, of em Ae web urther provide a section
in which agfedp! arbreﬁet%eéﬂ% %@’é’ﬁ“@?f fgéréréﬁerre@rtﬁﬁé%w ﬁf&fr[e%’éﬁt‘pﬁéc%céfé‘%@ﬁb‘i’t for all
phenotypes, only medically relevant phenotypes, oaty non-medically relevant phenotypes, only
actionable phenotypes, only non-actionable phenotypes, different disease group, or "fun" phenotypes.
"Fun" phenotypes may include comparisons to celebrities or other famous individuals, or to other
animals or even other organisms. A list of genomic profiles available for comparison may also be

provided on the webpage for selection by the individual to compare to the individual's genomic profile.
(NON1R2T The Nnn-line nartal mav, alen nrovide a caarch enadine to heln the indinvvidiial naviaate the nartal



WO 2010/017520PCT/U52009/053216 [00173] The genomic profiles, phenotype profiles, and reports,
including personalized action plans may be generated, such as by a computer, for individuals that are
human or non-human. For example, individuals may include other mammals, such as bovines,
equines, oviEE?EEAIE or felines. An individual may be a person's pet, H&ﬁ?@"gﬂﬁ?é} of the pet may
want a personal action plan to increase the health and longevity of their pet. Individuals, or their health
care managers, may be subscribers. As described herein, subscribers are human individuals who
subscribe to a service by purchase or payment for one or more services. Services may include, but are

not IImlteﬂl&aldk?{idaanma{@akt&% {all ¥y gxeba\@ragdtb%};re@aﬂsemﬁgangmmgl 85 auﬁmmbaml

subscrlbers | determined, obtaini enoty
henoty o BT R0 A ST RO AL e DS B Hn A S e,
including AHE ESBHAN St pan“glsoeil@freaﬁeelr@é@?ﬁw BEERS B HEYE S mic and
phenotypemprdfitesisr repontstathmirizealthdcdrbomdnagerseduch-dsatpiysitianor fienktitthcounselor.
The genomie.angiphenotype profiles may be directly accessed by the healthcare manager, by the
subscribegAgEting a&ggaecz@yagn%&'yaqﬁgé@@pa%amgaama@egs‘s@a% vl Airestly samtto the
healthcare mana%ert roug thfe on-line pc%rtal suph as t rpu h a |IIEk Qr{) h on- Ié)e rgport [00175] A
SC1IentIzic 11 a.thll TOM: 1NE 1N(11V1 cld

]
genomic pro‘ﬂe mahnﬁe genera & ﬁ@?s?ﬂ SCHbers and RON-SUBSCHbers and Sﬁed digitail y, such as on

a computeFFEREEDbler ﬁ’i@ﬁ?l‘inﬁwﬁﬁ?la‘b@‘é@% %Bcfﬁelﬁﬁ]én%ﬁ%élsd?ﬁfﬂ@%‘a ?@pﬁ%‘”‘&ﬁ&ﬁ%’&%ﬂfﬁputted
through ascomprotes, rvay chidimniteddorsubisdridBML). PoreaxXarploimaeessdes ‘atlaalst oneGE| score
generated-ang-Qutpuitediby-aicompite s provided dona S seribetcDuthinob e vien sybscibers. In

another varaliQn,PetRsHOSCHReksaneh R AR HRSCTREIS MAY, ACCESS RUHGL RRLRE, %QXBQ‘EQOWDE
profiles W|th com &f&%ﬁh 1l:%ulli have Ilmllated access, or %}\{ﬁia limited renport enerate for

% Onan i wm % Wil yéisoa € predispositio may aave for 013&
non- SubSCt‘I ers, wnereas su ave access and'may have a full report generated. In

another e?hﬁ‘@f&ﬁ??é‘ﬁf’nboﬁl*f ?ﬁ%&l%@aﬁ&rh‘gﬁ%ﬁ%&ﬁﬂé’?@’ R4y HSte full access initially, or full initial
reports, but only subscribers may access updated reports based on their stored genomic profile. For
example, @eorssis proMaeaitasnon-subscribers, where they may have limited access to at least one of

their GCI @sﬁf@sfhg(;@ﬁm@%%si&i&i@wﬁmmatﬂe@aa%@aaﬁoﬁha%@g Scoresgenerated, but

updated re&%ﬁ{}% Arg.denerated '?J}%X%’!tﬂlph‘wﬁ!‘%?% T4 orme(?%“F HOm: h'é'a‘ﬁﬁ"f?h h GRS, Managers and
prowders suchn ascareg ers pnysicians, and genetic counselors may also have access to at least

one of an‘HitRTGAPOEs @Th§k‘i]6‘ijé§a‘[@@ iW@’Yﬁfh%rrh&msc‘ﬂiﬁ‘t%ﬁ'ﬂ‘?Sa‘*é@ﬁﬁ%l’ff?ﬁ’&‘fﬂ@%s -Ohe that Ptovides a
phenotypeoprofilecwhe rethicsubreritsé rmiagehBosend iplip alfreristingrraielzed aheirg@nomic profile,
or a subsebefihe existingiesniatheigenanie piafile of-atiexample pikeymaydhogse da apply only
the rules fﬁﬂ%ﬂﬁ@mpes that are actionable. The subscription may be of a class, such that
there are nﬂbf{e{ nt Le |th|nalahsm le subscrlptlon plass For examp dllfferglg S‘IV Is,m

IVICILLAL I 18 111 d COTIY 1 as a1l On-I11e COIIn § V1 u,al or ?}f
dependent he number o hen types a su er wants correlatedto their genomic gro e, or the

number o?“ﬁ%%‘ﬁf&?ﬁ%?h%y‘ﬁ&“é%?s‘%%ﬁ?vﬁﬁ &Fﬁﬁ‘é"b‘?ﬁﬁf@ PRERS T 7R Aot %\f@l‘*ﬁrﬂ% %ptuon may
be to incorpbriie fdetdid spedifisett bavdsaivduEDSuekrey el sty Kdonspheretypes Bech as age,
gender, oivaigtical dlistortotanthei, phorotype erofileinStilkanathar devel:of theiba siestibseripiion may
allow an igdividyaltorgenerate,atieastens faElseare ke diseasa.ar conditioniAyariation of this
ovel may,[uisrRlow anaddueh . sRec o an.eutomaticRaRtGClAbicash ang sgore for
disease or cona]’tlon to be enera e elr is any chan e In at least one GCI score due o changes in
the analyé‘?éhﬁgﬁ’&“%dﬁ%ﬁé?‘aﬁé 1&?]1‘8%@% lﬁﬁgiﬁﬁ"fé&&%ﬁﬁ‘ﬁ SO EMbETPHERSthERRAR fdlal may be
notified offitiEassemditicvapdatereyy Bardialfole nidssrge Nesredgndei maipdativent erckar. WO
2010/0176208&:F AJi5200810532 1k 6n [001Z8):Bldos etilbe pium aycalstng eneraiayieport sithiat have their
phenotype pyefilesas.wielb.asiniormation abowiibe.RhenalRe S«sichs genelic andinedicahay

informatiop. & R%Je %Pme% Qty&%e%hfﬁ%rec%%%”%%ﬁ%% Afor Eﬂ%?prewa RN-Hdlyidhal ManAcEess can

depend on the level of subscription they have. For exam different wewmqho ptions an individual
may have SoUid" FBBENE SSh“fW&?tCPé%?“é SUBSSRIHHEH & c%ma’§°1pﬁ e B R8BS bers or a
more baskEcSisbSefRstbTS Bift BOEGTHR pratEsioachie/ s eee sEipadta tHes & Wi RITITESS B&&ription.
[00179] Fehexample;idifferentigvels-obstbscriplionssmeyrhavierdiffeérentvanations.erctmpinations of
accessibiljgyiig|irfeEmaIRNARCNLNG, Rpthallimited twithepravalansaioh hephaneypg in the
population, th, asne M%ua@trm%mm@%tger&bﬁng%ﬁla YAngmAIGEY ?amqubami§mlthat causes

the phenotype theraples for the phenotype, treatment optlons for the phenotype and preventative
actions, M3y b e e lFeVpanfmlacce T EF S e R IR e FEhBHS TR rff"ca SER@Lde information
such as tﬁe§‘§iﬂﬁ‘}ﬂ&ﬁf?‘ﬁéﬁﬁ@é’ﬁ%ﬁ%ﬁhﬁﬁ@%@“@@ﬁ%%%@ Rl e BF S eI A dRISTsuch as
celebrities or other famous people. The informatiorzen similarity may be, but not limited to, percentage
homology, number of identical variants, and phenotypes that may be similar. These reports may
further contain at least one GC score. [001801 Other options based on subscription level may include
links to other sites with further information on the phenotypes, links to on-line support groups and

message boards of people with the same phenotype or one or more similar phenotypes, links to an
nn2line aeneatic corincealor or nhveician or linke to echadiille telenhonie or in-narenn annonintmante with



100184] The GCI score is calculated based on multiple models across the HapMap CEU population,
for 10 SNPs associated with T2D. The relevant SNPs were rs7754840, rs4506565, rs7756992,

rs10811661, rs12804210, rs8050136, rs1111875, rs4402960, rs5215, rs1801282. For each of these

SNPs, an oé@g At three possible genotypes is reported in the Iiteratﬂ(rﬂg.ﬂ’ﬁ%gﬂ%ftgﬁﬂ)ﬁopulation

consists of thirty mother-father-child trios. Sixty parents from this population are used in order to avoid
dependencies. One of the individuals that had a no-call in one of the 10 SNPs is excluded, resulting in
a set of 59 individuals. The GCI rank for each of the individuals is then calculated using several

different q&%@d&ﬂ%&%ﬁéﬂ%&fg@&%mq%ﬂmo@ ighly seiselatedypsvits farithis dataset The
Spearma,cairelation.is calculaten briween.each Al of modsls, (LaBIs, Alunieh shgus that the
Multiplicative an&lﬁéa%tlve model has a correlation coe?‘lment ot 0. %, And thus the GCI score is robust
using eitHf8PE SHRIHNVE B HHRRESHEATREC BTSN MEHTH AR HE S HRIEHIT BER VSR THE Edrvard
modified stereshihanthelsmikiphicatveimbealtisi@B 3 ey v Eodsalativercoctfidentobétween the
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[8014%] The on-tine community can also provide incentives for an mdividual to improve their health, by
progressing through their personalized action plan, and/or, decreasing their risk or predisposition to diseases.
Incentives can also be provided to individuals not in an on-line community. For example, an employer sponsored
online community may offer 2 health plan that the employer subsidizes more of, provide extra vacation days, or
contribute o the health savings account of the individual, when the individual reaches cerlain goals, such as by
progressing through their personalized action plan, thereby decreasing their risks and/or predisposition fo a disease.
Alternatively, the community does not have to be online, and the individual submits evidence of their progression fo
a designated person that processes the health plans for the employer through their personalized action plan and/or
decreased disposition for disease.

[08150] Other incentives may also be used to motivaie an individual to improve their health by decreasing their
predisposition for disease, and/or following their personalized action plan. Individuals may receive points lo yedeem
for rewards when they reach certain goals, such as decreasing their risk for disease by a certain percentage or
numerical value, or moving from one category to another (L.e. higher risk to lower risk}, or by achieving certain
goals in the personalized action plan. For example, the individual may achieve a risk decrease of a certain
numerical value, 1o achieve the greatest decrease in risk to a discasc within a certain timeframe, fo accomplish a goal
on the personalized action plan, or 1o accomplish the most goals on a personalized action plan,

[00151] Friends, family, and/or employers may offer points and/or rewards, perhaps by purchasing them, and
offering them as a reward to the individual that decreases their risks or predisposition for discase and/or achieves
goals on their personalized action plan. Individuals may also receive points/awards for reaching a goal before
another person, such as another co-warker, or group of friends, family, or members of an on-line community with
the same goal, For example, the first to achieve a risk decrease of a certain numerical value, 1o achieve the greatest
decrease in risk to a disease within a cerfain timeframe, to accomplish a goal on the personalized action plan, or to
accomplish the most goals on a personalized action plan. 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 monitor health, genetic tests, trips, znd others, such as subseriptions
to services described herein, or discounts, subsidies or reimbursements for the aforementioned items.

100152] The incentives may be sponsored by friends, family, and employers. Pharmaceutical companies, health
clubs, medical device companies, spas, and others may also sponsor incentives. The sponsorship may be in
exchange for advertising, or recruiting, for example, pharmaceutical companies may be interested in obtaining the

genome profile of individuals for data, or clinical trials. Furthermore, the incentives may be used o encourage
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individuals to participate in cormmunities that motivale individuals to improve their health, such as the on-line

communities described herein.

Accessing Profiles and Personalized Acrion Plans
100153} 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 counsclors 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 format, or online. The profiles and action plans can
be encoded on a computer readable medium.
[8¢154] 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
internet 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 non-secure websites, for
example Iinks 10 a secure website with the individual’s phenotype profile, or o non-secure websites such as a
message board for individuals sharing a specific phenotype.
[60155] Reports may be of an individual’s GCI score, or GCT Plus score (as described herein, fo report 2 GCI score
will also encompass methods of reporting a GCI Plus score or both). For example, the score, for one or more
conditions, can be visnalized using a display. A screen (such as a computer monitor or felevision screen) can be
used to visualize 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 Timited 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, 41-453, 46-50, 51-53, 36-60, 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 2 level that changes with the reported GCI score, for
example, the thermometer may display 2 colorimetric change as the GCI score increases {such as changing from
biue, for a lower GCI score, progressively o red, for a higher GCI score), 1n a related embodiment a thermometer
displays both a level that changes with the reported GCI score and a colorimetric change as the risk rank increases
[00156] Anindividual’s GCI score can also be delivered to an individual by using anditory feedback. For example,
the auditory feedback can be a verbalized insiruction 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 guartile or a comparison with
the mean or median GCI score for a population, In one 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 viaa
personal portal, The auditory feedback can also be delivered by an automated system, such as a computer, The
auditory feedback can be delivered as part of an interactive voice response (FVR) system, which is a technology that
allows a computer to detect voice and touch tones using a normal phone call, An individual may interact with a
central server via an IVR systern. 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 cali a
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MAX OR 0.42 0.6 0 0 [00186] The effect of variation in the prevalence of T2D on the resulting
distribution was measured. The prevalence values from 0.00110 0.512 was varied. For the case of
T2D, it was observed that different prevalence values result in the same order of individuals
(Speamian cBEHAGNE2H.99), therefore an artificially fixed value of prevdlERCEYHI*EHIfd be
presumed. WO 2010/017520PCT/U52009/053216 Example 2: Evaluation of GCI [00187] The
WTCCC data (Wellcome Trust Case Control Consortium, Nature. 447:661-678 (2007)) is used to test
the GO framework. This dataset contains the genotypes of approximately 14,000 individuals divided
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genetic e qsggims may also be provided on the on-tine report.
100161] 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 [Q compares to that of the mdividual’s and Einstein’s.
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WO 2010/017520PCT/1152009/053216 setting the parameters ay, and p appropriately, the relative
risks of the large effect SNP can be controlled. These relative risks are to be 4 for the risk-risk
genotype, and 2 for the heterozygous were set. [001931 As can be seen by Table 3 and Figures 1-3,
the AUC of th& %’é%‘fﬁg?@gression and the GCI are quite close, and they L ed BouRtEd away from
the random test. However, it is apparent that the theoretically optimal scenarios are more informative
than our current estimates. Based on these graphs, current scientific knowledge enables the
estimation of individual risk for disease in an informative way; as evidence, the AUC for the GCl is 20-
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with an individual’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 IL23R and CARD 135),
Type 1 diabetes (correlated with HLA-DR/DQ), lupus (correlated HLA-DRB1), psoriasis (HLA-C), multiple
sclerosis (HLA-DQAL), Graves discase (HLA-DRB1), rheumatoid arthritis (HLA-DRB1), Tyvpe 2 diabetes
(TCF7L2), breast cancer (BRCAZ), colon cancer {APC), episodic memory (KIBRA), and osteoporosis (COL1AL).
The individual may zlso choose to display subcalegories of phenotypes in their report, such as oaly inflammatory
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 caleulated for the individual by highlighting
those conditions, highlighting only conditions with an elevated risk, or only conditions with a reduced risk.
[00163] Information submitied by and conveyed to an individual may be secure and confidential, and access to such
information may be controlled by the individual. Information derived from the complex genomic profile may be
supplied fo the individual as regulatory agency approved, undersiandable, medically relevant and/or high impact
daia, Information may also be of general interest, and not medically relevant. Information can be securely
conveyed to the individual by several means including, but nol restricted 1o, a portal interface and/or mailing. More
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 access, 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 kealth
care manager by transmission of the data over a network.
[00164] Accordingly, a representative example logic device through which a report may be generated can comprise
& computer system (or digital device}, such as shown in FIG. 5 (500). The computer system can receive and store
genomic profiles, analyze genotype correlations, generate rules based on the analysis of genotype comrelations, apply
the rules to the genomic profiles, and produce a phenotype profile, a personalized action plan, and report. For
example, personalized action plan can be obtained and outputicd from the computer system. The computer system
500 may be understood as a logical apparatus that can read instructions from mediz 311 and/or a network port 505,
which can optionally be connected to server 509 having fixed media 512. The system, such as shown in FIG. 5 can
include a CPU 501, disk drives 503, optional input devices such as keyboard 515 and/or mouse 516 and optional
monitor 507. Data communication can be achieved through the indicated communication medinm to a server ata
local or a remote location. The commurication medium can include any means of transmitting and/or receiving
data. For example, the communication medium can be a network connection, a wireless conmection or an internet
conmection. Such a commection can provide for communication over the World Wide Web. It is envisioned that data
relating to the present disclosure can be transmitted over such networks or connections for receplion and/or review
by aparty 522, The receiving party 522 can be but is not limited fo an individual, a health care provider or a health
care manager. In one embodiment, a computér»readablf: medium includes a medium suitable for transmission of a

result of an analysis of a biological sample or & genotype correlation. The medivm can include a result regarding 2
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phenotype profile of an individual and/or an action plan for the individual, wherein such a result is derived using the
methods described herein.

[00165] A personal porial can serve as the primary interface with an individual for receiving and evaluating
genomic data. A portal can enable individuals 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 to their genomic profile through the
portal,

[80166] In one embodiment, one or more web pages will have a list of phenotypes and next to each phenotype a box
m which a subscriber may select to include in their 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 included in their
phenotype profile. The webpage may also have phenotypes organized by discase groups, for example as actionabie
diseases or not. For example, an individual may choose actionable phenotypes onty, such as HLA-DQAT and celiac
disease. The subscriber may also choose 1o display pre or post symptomatic treatmenis [or the phenotypes. For
example, the indivicdual may choose actionable phenotypes with pre-sympiomatic treatments (outside of increased
screening), for celiac disease, a pre-symptomatic treatment of gluten free dist. Another example may be for
Alzheimer’s, the pre-symptomatic treatment of stating, exercise, vitaming, and mental activity. Thrombosis is
another example, with a pre-sympiomatic freatment of avoiding oral confraceptives and avoeiding sitting still for long
periods of time. An example of a phenotype with an approved post symptomatic treatment is wet AMD, correlated
with CFH, wherein individuals may obtain laser freatment for their condition.

[00167] The phenotypes may also be organized by type or class of disease or conditions, for example neurological,
cardiovascular, endocrine, imnrnological, 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 iraits,
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
disease group, or “fun” phenotypes. “Fun” phenotypes may include comparisons to celebrities or other famous
individuals, or o other animals or even other organisms. A list of genomic profiles available for comparison may
also be provided on the webpage for selection by the individual 1o compare to the individual’s genomic profile.
[60168] The on-line portal may also provide a search engine, to help the individual navigate the portal, search for a
specific phenotype, or search for specific ferms or information revealed by their phenotype profile or report. Links
to access partner services and product offerings may also be provided by the portal. Additional Tinks to support
groups, message boards, and chat rooms for individuals with a common or similar phenotype may also be provided,
The on-line 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 to allow individuals to share their phenotype
profiie and reporis with friends, families, 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.
[00169] 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 {o determine their personal health care and lifestyle choices. If & strong correlation is
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[001941 Example 3: Personalized Action Plan [00195] A genomic profile is obtained from a saliva
sample and a phenotype profile with GCI scores is generated. The report also includes a personalized

action plan :éh com endations as shown in Table 4. Table 4: Persong% Actige.Plan. Mod.
exercise th& ezéuﬁé%o#kspirin 8 Hr. sleep Consider Stalin Increase fiber & void jut@n Alntiox. &
Omega3 Myocardial infarction

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 discase and/or monitering of the individual. In the case where a
statistically significant correlation exists but is not regarded as 2 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 individual 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 plan. For example, an actionable phenotype such as celiac
disease may have a pre-symptomatic treatment of & gluten-free diet, and which may be provided in a personalized
action plan, Likewise, genotype correlation information couid be applied through pharmacogenomics to predict the
likely response an individual would have to treatment with a particular drug or regimen of drugs, such as the likely
efficacy or safety of a particular drug treatment.

[60170] Genotype correlation information can also be used in cooperation with genetic counseling to advise couples
considering reproduction, and potential genctic concerns to the mother, father and/or child. Genetic counselors may
provide information and support to individuals with phenotype profiles that display an increased risk for specific
conditions or diseases. They may interpret information about the disorder, analyze inheritance patterns and risks of
recurtence, and review available options with the subscriber., Genetic counselors may also provide supportive
counscling refer subscribers to community or state support services. Genetic counseling may be inciuded with
specific subscription plans. Genetic counseling options can also include those that are scheduled within 24 hours of
request and available during non-traditional hours, such as evenings, Satardays, Sundays, and/or hofidays.

[00171] An individual’s portal can also facilitate delivery of additional information beyond an initial screening.
Individuals can be informed about new scientific discoveries that relate fo their personal genetic profile, such as
information on new treatments or prevention strategies for their current or potential conditions. The new discoveries
may also be delivered to their healthcare managers. The new discoveries can be incorporated into updated or
revised personal action plans. The individuals or their healthcare providers can be informed of new genotype
correlations and new research about the phenotypes in the individual’s phenotype profiles by e-mail. For example,
e-mails of “fun” phenotypes can be sent to individuals, for example, an e-mail may inform them that their genomic
profile is 77% identical to that of Abraham Lincoln and that further information is available via an on-line portal.
{00172] Computer code for notifying subscribers of new or revised correlations new or revised rules, and new or
revised reports, for example with new prevention and wellness information, information about new therapies in
development, or new treatments available, is also provided herein. A system of computer code for generating new
rules, modifying rules, combining rules, periodicaily updating the rule set with new rules, maintaining a database of
genomic profile securely, applying the rules to the genomic profiles to determine phenotype profiles, generating
personalized action plans and reports 1s also provided by the present disclosure, including computer code for

granting different levels of access and options for individuals with different subscriptions.
Subscriptions
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[06173] The genomic profiles, phenotype profiles, and reports, including personalized action plans may be
generated, such as by a computer, for individuals that arc human or non-human. For example, individuals may
include other mammals, such as bovines, equines, ovines, canines, or felines. An individual may be & person’s pet,
and the owner of the pet may want a personal action plan to increase the health and longevity of their pet.
Individuals, or their health care managers, may be subscribers. As described herein, subscribers are human
individuals who subscribe to a service by purchase or payment for one or more services. Services may include, but
are not limited to, one or more of the following: having their or another individual’s, such as the subscriber’s child
or pet, genomic profile determined, obtaining a phenotype profile, having the phenotype profile updated, and
obtaining reports based on their genomic and phenotype profile, including a personalized action plan.

100174} Subscribers may choose 1o provide the genomic and phenotype profiles or reports to their heaith care
managers, such as a physician or genetic counselor. The genomic and phenotype profiles may be direcily accessed
by the healthcare manager, by the subscriber printing out a copy to be given o the healihcare manager, or have it
directly sent to the healthcare manager through the on-line portal, such as through a Tink on the on-line report.
[00175] A genomic profile may be generated for subscribers and non-subscribers and stored digitally, such as on a
computer readable medium, but access 1o the phenotype profile and reports, such as outputted through a computer,
may he limited 1o subscribers. For example, access to at least one GCI score generated and outputied by a computer
is provided to a subscriber, but not to non-subscribers. In another variation, both subscribers and non-subscribers
may ac¢ess their genotype and phenotype profiles with a computer, but have limited access, or have a Hmited 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 bave full access mnitially, or full mitial 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 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.

[060176]) 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, 1o their genomice 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 depeadent on the mumber of phenotypes a subscriber wants correlated to their genomic profiie, or the
number of people that may access their phenotype profile.

{00177} Another level of subscription may be to incorporale factors specific to an individual, 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 fo specify for an automatic update of at least one GCI score for a disease
or condition to be generated if their is any change in at least one GCI score due to changes in the analysis used to
generate al least one GCI score. In some embodiments the individual may be notified of the automatic update by

email, voice message, text message, mail delivery, or fax.
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[66178] Subscribers may also generate reports that have their phenotype profile as well as information about the
phenotypes, such as genctic 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 exampile, different viewing options an
individual may have could depend on their level 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 subscription.

[0¢179] For example, different ievels 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 correlation, the molecular mechanism that causes the phenotype, therapies for
the phenotype, treatment options for the phenotype, ad preventative actions, may be included in the report. In other
embodiments, the reports may also inclede Information such as the similarity between an individual’s genotype and
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 reporis
may lurther contain at least one GCI score.

[60180] Other options based on subscription level may include links to other sites with further information on the
phenotypes, Hnks 10 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 scheduls telephonic or in-person
appoiniments with a genetic counselor or physiclan, if the report is accessed on-line. If the seport is in paper form,
the information may be the website location of the aforementioned links, or the telephone number and address of the
genetic counsclor or physician. The subsceriber may also choose which phenotypes to inchude in their phenotype
profile and what information to include in their report. The phenotype profile and reports may also be accessible by
an individual's health care manager or provider, such as a caregiver, physician, psychiatrist, psychologist, therapist,
or genetic counselor, The subscriber may be able to choose whether the phenotype profile and reports, or portions
thereof, are accessible by such individual’s health care manager or provider.

{#0181] Another level of subscription may be 1o maintain the genomic profile of an individual digitally afler
generation of an itial phenotype profile and report, and provides subscribers the opportunity 10 generate phenotype
profiles and reports with updated carrelations from the latest research. Subscribers may have the opportunity to
generate risk profile and reports with updated correlations from the latest research. As research reveals new
correlations between genotypes and phenotypes, disease or conditions, new rules will be developed based on these
new correlations and can be applied to the genomic profile that is already stored and being maintained. The new
rules may correlate genotypes not previously correlated with any phenotype, correlate genotypes with new
phenotypes, modify existing correlations, or provide the basis for adjustment of a GCI score based on 2 newly
discovered association between a genotype and disease or condition. Subscribers may be informed of new
correlations via e-mail or other electronic means, and if the phenotype is of interest, they may choose to update their
phenotype profile with the new correlation. Subscribers may choose a subscription where they pay for each update,
for a number of updates or an unlimited number of updates for a designated time period (e.g. ihree months, six
months, or ene 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 hased on a new correlation.
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[00182] Subscribers 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 genormnic profile,
and generates a phenotype profite of the individual. Referral by a subscriber may give the subscriber a reduced
price on subscription to the service, or upgrades to their existing subscriptions. Referred individuals may have free

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

[60183] The following examples illustrate and explain the embodiments described herein. The scope of the

disclosure is not limited by these exampiles.

EXAMPLES

Example 1: A Comparison Between the GCI Scores

{06184] The GCI score is calcuiated based on multiple models across the HapMap CEU population, for 10 SNPs
associated with T2D. The relevant SNPs were 157754840, rs4506565, rs7756992, 510811661, rs12804210,
138050136, rs1 111875, rs4402960, 1s5215, 151801282, For each of these SNPs, an odds ratio for three possible
genotypes is reported in the literature. The CEU population consists of thirty mother-father-child trios. Sixty
parents from this population are used in order to avoid dependencies. Omne of the individuals that had a no-call in
one of the 10 SNPs is excluded, resulting in a set of 59 individuals. The GCI rank for each of the individuals 1s then
calculated using several different models.

[66185] Different models produce highly correlated results for this dataset. The Spearmar correlation is calculated
between each pair of models (Table 2), which shows that the Multiplicative and Additive model has a correlation
coefficient of 0.97, and thus the GCI score is robust using either the additive or multiplicative models. Similarly,
the correlation between the Harvard modified scores and the muliiplicative model is 0.83, and the conrelation
coefficient between the Harvard scores and the additive model is 0.7. However, using the maximum odds ratio as
the genetic score yields a dichotomous score which is defined by one SNP. Overal! these results indicate score
ranking provides a robust framework that minimized model dependency.

Table 2: The Spearman correlations for the score distributions on the CEU data between model patrs.

Multiplicative Additive Harv-Het Harv-Hom MAX OR
Mukt i 0.97 0.83 0.83 (.42
IAdditive 0.97 1. .7 0.7 0.6
Harv-Het 0.83 0.7 1 1 0
Harv-Hom 0.83 0.7 H 1 0
MAX OR (.42 0.6 0 0 1

[08186] The effect of variation in the prevalence of T2D on the resuliing distribution was measured. The
prevalence vales from 0.001 to 0,512 was varied. For the case of T2D, it was obscrved that different prevalence
values tesult in the same arder of individuals (Spearman cosrelation > 0.99), therefore an artificially fixed value of

prevalence 0.01 could be presumed.
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N'Y [00196] While preferred embodiments of the present disclosure 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 gccur to those skilled in the
art without dé’ azr??r‘i’ Hoth the present disclosure, It should be understood tHAY VAHOUS Alternatives 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. WO
2010/017p2QP T/ #34009{Qp3216 CLAIMS WHAT IS CLAIMED IS: A rating systtux for a variety of
reCOmmjg%%&g‘fﬁe'Rx?c%ﬁ?%Q%Je%%%ﬁf‘%s%ﬁea&nmt}%%@,? U«%ﬁ?%%@&%% %95}%“9196% [$:gjven arat

wherein f said ratings corresponds to a ratin iven O an individual, erein said ratlng

given to <EidAdRmETER |§]ﬂ‘é‘f@?f’ﬁﬁ Ffé‘ﬁ“ﬁ%/ﬁﬁ EOMpte 19%@’8%’?‘]%@%@%?%8%?%@%? 5§ fbividual. 2.A
rating systerrafonsaRradetyrofyesontmendausmmuitisersbrratizetdvaetorsplalsronaeretts estticof said

recpmme&aﬁmi@a@i&gimlmiﬂimﬂa@ mwheseirdaach 0f saicheatingskcornespondss tef adatirgrgiven to an
individualgscases, YWhetIRmsAIdAALIRGANEN 12 REIGINYIduaLISHeteiminedby.a.commdier fased on a
Genetic Compasiic.INex (GSILQLGELPIUS seate.Lsld individual Fhe faUnd syplem afolaim L or 2,

wherein Sal('f ratin rg{%s a num er, color, letter, or combination thereo he rating system Of claim 1 or

2, whereiR PRESnmErd St igRE: ﬁ%&%ﬂésﬂ‘él Bﬁgﬂsﬁg CRUTHEA IS CORRHS &1 d%tEn.

[00188] The Receiver Operating Curves (ROC) (The Statistical Evaluaiion 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 GCT to serve as a classifier test for a condition. Preferably, 2 threshold f would exist, such that if an
individual’'s GCI score exceeds ¢ then the individual is necessarily & case, and if the individual’s GCI score is lower
than ¢, then the individual is necessarily a control. The GCI score for every individual is calculated in the three case-
control sets as described above, The true positive rate as a function of the false positive rate based on a binary test
defined by GCI score threshold is then plotted. Finally, the Area Under the Curve (AUC) of the resulting graph is
calonlated. For a random diagnostic test the AUC is 0.5, and for a perfect test the AUC is 1.

106189} o order to have a baseline for comparison, the logistic regression o calculate the best model that leverages
interactions between the SNPs to fit the data is used. If the SNPs are 84, 53,...,8,, then the model assumes that the
logitis X = a;8; + aysyt.. . Fans, + 21981, . ) o800, Where s; 8 the interaction between s; and s;. The fitted
probahility is used as an estimate for the risk, and generates a ROC curve for these risk estimates. Note that this
model takes into account pairwise interactions between the SNPs, and it should therefore be at least as accurate as
the GCI score.

[00199] The AUC for the GCT and for the logistic regression are quite similar for all three diseases (Table 2),
leading to the conclusion that SNP-SNP interactions do not add substantial information for the risk assessment, at
least not for these discases and these SNPs, Therefore, it can be justilied that the assumption that the SNP-SNP
interactions can be ignored as long as there is no cvidence for such ar interaction from previous stdies.

[00191] The GCI ROC curve 1s compared fo a theoretical discase model. This disease model assumes that the
disease is affected by both environmental and genetic factors, and that the two factors are independent. P=G+E,
where G is the genetic risk and E is the environmental risk. The first model assumes that G ~ N{0, 6), and E ~ N(0,
o), and that an individual will develop the condition in his lifetime if P > a for a fixed «. The 6 o5, and o is fixed
using the constraint that the heritability i 66/(G.0p), and that the average lifetime risk 1s Pr{P > a}. Since the
heritability and average lifetime risks are known for each of the conditions tested, the parameters of the models
according fo the disease can be set. 100000 random samples were generated from the distribution P based on this
model. It is then assumed that G is known for each individual (but E is not known, and therefore the disease status is
unknown), and a ROC curve based on (7 is generated. This represents the optimal scenario where the genetic risk 15
entirely understood and can be measured for every individaal.

{00192} A variant of this model in which G=AX+Y, where Y ~ N(0, ov), and X~B(2,p} is also generated. In this

case, X corresponds 1o one SNP with 2 large effect, and Y corresponds to many other small genetic effects. By
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5. The rating system of claim 1 or 2, wherein said non-pharmaceutical recommendation is an exercise
regimen. 6. The rating system of claim 1 or 2, wherein said non-pharmaceutical recommendation is an
exercise se activity. 7. The retina system of claim 1 or 2, wherein said non-pharmaceutical

recommend oA f&%‘?é?ary plan. 8. The rating system of claim 1 or 2, whelgii4igss216
non-pharmaceutical recommendation is a nutrient. 9. The rating system of claim 1 or 2, wherein said
rating system is represented by a binary system. 10. The rating system of claim 1 or 2, wherein said
genomic profile is obtained using a high density DNA microarray or PCR-based method. 11. The rating
system Oleial gt fherein,SathaGRamic RIRS s, 0Rlaine by AMRKKING @ dsnalla spmple from
said |nd|V|qfua,. 12. A m%t 4%(1‘/%%9['0_\/] |n%l aratin zlt%r recommendations in a personalized action plan
to an indiIAUAIEEHIBIEIRG W SH 10/ T Y8 oBET TUS 68 TIE%TE (5) obtaining a genomic profile of
said indivitfi&H () cerctereriintilt fead fsresiafinky i saididenvidarewraredie Sid tatvgcigWetermined
by a compudtéebased dmsaithgenomitprofite; tandi(e)weportingsaitralinrouipltesifram said
computertesaichingividushonhaalth.catemanages of said-individual, 43A wethadelpsaviding a rating
for recommendalions.in,3 ReLsoRANZE0RIoRAIAR fR-ARAVIdHAL COMRPISINGA (R)Ganasalinga GCI or

GCI Plus score for said individual using a computer; (b) determining at least one rating for said
s 0% h&her thar 1l Ial%dom test that us®s.no IElf atlon. .
individual, whérein said rating IS etermine ‘By said computer based on said GCI or GO Plus score;
and,
Table 3: The Area Under the Curve (AUC) for the different ROC curves.
Discase Heritability Average Optimal Scenario GCEAUC Logistic
lifetime risk AUC Regression AUC
Type 2 Diabetes 64% 25% 0.902 0.596750 0.603873
Crohn’s Discase 80% 0.56% (982 0.654024 0.646273
Rheumatoid 53% 1.54% 0.944 0.674906 0.688608
Arthritis

[00194] Example 3. Personalized Action Pian

[60195] A genomic profile is obtained from a saliva sample and a phenotype profile with GCI scores is generated.
The report also includes a personalized action plan with recommendations as shown in Table 4,

Teble 4: Personalized Action Plan.

Mod. Wi. E Hr. Consider jincrease |Avoid |Antiox. &
exercise  [Redection|Aspiringsleep  [Statin fiber oluten  [Omega3
Myocardial
infarction Y Y Y Y Y Y N Y
{Celiac disease [N N N N N N Y N
Colon cancer  [Y Y Y [N N Y N Y
Diabetes Y Y N N Y Y N N
Obesity Y Y N Y N Y N N
Alzheimer's Y N Y Y Y N N Y

[80196] While preferred embodiments of the present disclosure have been shown and described herein, it will be
obvious lo those skilled 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
disclosure. It should be undersiood that various alternatives to the embodiments of the disclosure deseribed 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 siructures within the scope of these embodiments and their equivalents be covered

thereby.
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(c) reporting saidg outputted from said computer to said individual or health care manager of said
individual. 14.The method of claim 12 or 13, wherein said rating represented by a color, letter, or
number. 15.%&@}61‘992@ claim 12 or 13, wherein said rating correspon%&ql%d{&@mgndation ona
personalized action plan. 16.The method of claim 12 or 13, wherein recommendations includes a
pharmaceutical recommendation. 17.The method of claim 12 or 13, wherein said non-pharmaceutical
recommendation is an exercise activity. 18.The method of claim 12 or 13, wherein said
non-pharmaceutical recommendation is a dietary plan. 19.The method of claim 12 or 13, wherein said
non-pharmaceutical recommendation is a nutrierti. 204Fhe method of claim 12 or 13, wherein said
rating is bgsed -2 Ainasystem. 21.The method of claim 12, wherein said genomic profile is
obtained using a high density DNA m croarray or PCR-based method. 27.The rating system of claim

12, wherqip SaidAQ%ﬂ;%@&%RﬁQﬁi%ﬁc tﬁ@@&&@{dﬁ%}@@é &s%n&%@ﬂiﬁﬁ&%'e from said individual. 23.A

method for motivating an individual fo improve their health comprising: (a) obtaining a genomic profile

for said individual, wherein each of said recommendations is given a rating,

wherein each of said ratings corresponds 1o a rating given to an individual,

wherein said rating given to said individual is determined by a computer based on a genomic profile of

said individual.

2. A rating system for a variety of recommendations in a personalized action plan,
wherein each of said recommendations is given a rating,
wherein cach of said ratings corresponds to a rating given to an individual,

wherein said rating given to said individual is defermined by a computer based on a Genetic Composite
Index (GCD) or GCI Plus score of said individual.

3. The rating system of claim 1 or 2, wherein said rating is a number, color, letter, or combination thereof,

4. The rating system of claim ! or 2, wherein recommendations includes a pharmaceutical recommendation.

5. The rating system of claim | or 2, wherein said non-pharmaceutical recommendation is an exercise
regimen.

6. The rating system of clairn 1 or 2, wherein said non-phammaceutical recommendation is an exercise activity.

7. The rating system of claim 1 or 2, wherein said non-pharmaceutical recommendation is a dietary plan.

8. The rating system of claim 1 or 2, wherein said non-pharmaceutical recommendation 1s & nutrient,

9. The rating system of claim 1 or 2, wherein said rating system is represented by a binary system.

10. The rating system of claim 1 or 2, wherein said genomic profile is obtained using a high density DNA

microarray of PCR-based method.

11, The rating system of claim 1 or 2, wherein said genomic profiie is obtained by amplifying a senetic sample

from said mdividual.

12. A method of providing a rating for recommendations in a personalized action plan to an individual

comprising:
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(b) generating a personalized action plan for said individual using a computer; (c) associating at least
one incentive for said individual with an achievement of a recommendation on said personalized action
plan genera@g Er(ﬁ%{p,;z&omputer in step (b); and, (d) granting to said ingivigdalsaigkipgentive when
said achievement is accomplished. 24.A method for motivating an individual to improve their health
comprising: (a) obtaining a genomic profile for said individual; (b) generating at least one OCT or OCT
Plus score for said individual using a computer; (c) associating at least one incentive for said individual
with an improvement of at least one GCI or GCI Plus score generated from said computer in step (b);
and, (d) grantinguiensaid dadividsralisaid-acentisenvhen said improvement is achieved. 25.The method
of claim 23 or 24, wherein said incentive is provided by an employer, friend, or fa member. 26.The
method of claima23-enad1vheteinsaiddndividiahis anemplayeeA7 dibemethadehbelaim6, wherein
said incentive is g contriftion gy an employer of said individual to a health savings account, extra
vacation days, or increased employer subsidy for said individual's medical plan. 28.The method of
claim 23 or 24, %B&ﬁ%g‘gg@&@%r@&%% 19,6250 59,106 RAted QLAAMA3.N 24, WheLeln said incentive
is a pharmaceutical product, health product, health club membership, medical follow-up, medical
device, updated”@‘& B GCI Plus score, updated personalized action plan, or membership to an

on-line community. 30.The method of claim 23 or 24, wherein said jncentive is a discount, subsidy or
reimburs elﬁ1 ent f?)f]%ﬁl(’d of providing a rating for recommendations in a personalized actior plan to an individnal

conprising:
(a) generating a GCI or GCI Plus score for said individual using a computer;

(h) determining at least one rating for said individual, wherein said rating is determined by said compuier

based on said GCI or GCI Plus score; and,

{c} reporting said rating outputted from said computer 1o said individual or health care manager of said

individual.

14. The method of claim 12 or 13, wherein said rating 15 represented by a color, letter, or nummber.

15, The method of claim 12 or 13, wherein said rating corresponds to a recommendation on a persenalized
action plan.

16. "The method of claim 12 or 13, wherein recommendations includes a pharmaceutical recommendation.

17. The method of claim 12 or 13, wherein said non-pharmaceutical recommendation is an exercise activity.

18. The method of ¢laim 12 or 13, wherein said non-pharmaceutical recommendation 1S & dietary plan.

19, The method of claim 12 or 13, wherein said non-pharmaceutical recommendation is a nutrient.,

20. The method of claim 12 or 13, wherein said rating is based on a binary system.

21. The method of claim 12, wherein said genomic profile is obtzined using a high density DNA microarray or
PCR-based method.

22, The rating system of claim 12, wherein said genomic profile is obtained by amplifying a genetic sample

from said mdividual.

23. A method for motivating an individual to improve their health comprising:

{2) obtaining 2 genomic profile for said individual;
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pharmaceutical product, health product, health club membership, medical follow-up, medical device,
updated OCT or OCT Plus score, updated personalized action plan, or membership to an on-line
community. 31.The method of claim 23 or 24, wherein said incentive is support through an on-line
community. 32.The method of claim 23 or 24, wherein said genomic profile is obtained using a high
density DNA microarray or PCR-based method 33.The method of claim 23 or 24, wherein said
genomic proflle is obtained b m Jg}/ tlc sample from sald individual.

24.

25.

26.

27.

28.

29,

30.

3L

32.

()

(d)

(a)

(b)

{c)

(d}

generatmg a pcrso r sa1 individual using a compuier;

associating at least one incentive for said individual with an achievement of a recommendation on said

personalizéd action plan generated from the computer in step (b}; and,

granting fo said individual said incentive when said achievement is accomplished.
A method for moﬁvating an individual o improve their health comprising:
obfaining & genomic profile for said individual;

generating at least oné GCI or GCI Plus score for said individual using a computer;

associating at least one incentive for said individual with an improvement of at least one GCI or GCI Plus

score generated from said computer in step {b); and,
granting to said individual said incentive when said improvement is achieved.

The method of claim 23 or 24, wherein said incentive is provided by an employer, friend, or family

member.
The method of claim 23 or 24, wherein said individual is an employee.

The method of claim 26, wherein said incentive is z contribution by an empioyer of said individual to a
health savings account, extra vacation days, or increased employer subsidy for said individuai’s medical

plan.
The method of claim 23 or 24, wherein said incentive is cash.

The method of claim 23 or 24, wherein said incentive is a pharmaceutical product, health product, heaith
club membership, medical follow-up, medical device, updated GCI or GCI Plus score, updated

personalized action plan, or membership io an on-line community.

The method of claim 23 or 24, wherein said incentive is a discount, subsidy or retmbursement fora
pharmaceutical product, health product, health ciub membership, medical follow-up, medical device,

updated GC1 or GCI Plus scere, updated personalized action plan, or membership to an on-line community.
The method of claim 23 or 24, wherein said incentive is support through an on-line community.

The method of claim 23 or 24, wherein said genomic profile is obtained using 2 high density DNA

microarray or PCR-based method.

The method of claim 23 or 24, wherein said genomic profile is obtained by amplifying a genetic sample
from said individual.
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