METHODS AND SYSTEMS FOR PERSONALI ZED ACTI ON PLANS CROSS REFERENCE TO
RELATED APPLI CATI ON [ 0001] This application clains priority to U. S.

Provi si oD 28ppiirs2at i on No. 61/087,586, filed August 8, PROAB2000M05326
application is incorporated herein by reference in its entirety. BACKGROUND
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rat i ng dgtveRdMhdich datgy thRetheddsdu@proc@irched hastdeenwal Geneti ¢ Conposi te | ndex
(&) or &I Plus score of the individual. In sone enbodi nents, the ratings
are generated by a conputer, based Qpyai& or GCl Plus score that
determ ned by the conputer. The conputer can then output the rating to the
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non- phar maceuti cal reconmendat.i on The . non harnaceutlg
rating corresponds to a rating given to an individual, wherein the rating given to an individual is based on a genomic

profile of the individual. The rating given to the individual can be based on a Genetic Composite Index (GCI) or
GCI Plus score of the individual. In some embodiments, the ratings are generated by a computer, based on a GCI or
GCI Plus score that determined by the computer. The computer can then output the rating to the individual or a
health care manager of the individual. The genomic profile can be obtained by amplifying a genetic sample from
the individual, using a high density DNA microarray, PCR-based method, such as real-time PCR, or a combination
thereof.
[0007] The rating can be a number, color, letter, or combination thereof, and the rating can be for a variety of
recommendations, such as, but not limited to, one or more non-pharmaceutical recommendations. The non-
pharmaceutical recommendation can be an exercise regimen, exercise activity, dietary plan, or combinations thereof.
The non-pharmaceutical recommendation can also be nutrients, such as types of foods, vitamins, and the like.
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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.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The novel features of the embodiments disclosed herein are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the disclosure will be obtained by reference to the
following detailed description that sets forth illustrative embodiments, in which the principles of the disclosure

herein are utilized, and the accompanying drawings of which:
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[ 0013] The novel features of the enbodi ments disclosed herein are set forth
with particularity in the appended clains. A better understanding of the
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An individual's genom o pr ofile contains information about an individual's
genes based on genetic vari ati SHTAYEIWREXEHETIQ@DENnet i ¢ vari ations can form
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mar kers inclu ut are no sin i S

( SNPs) gerg)mhc (jJ'r g’?eanli) P 8r0V1ﬁ%dI s melthgds anéi;yét(%lfls far motlégm%fn V1 %a? | g\ FPE St pl e
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repeats with a typical 5-1,000 repeat units), di-nucleotide repeats,
tri-nucleotide repeats, sequence rearrangenents (including translocation
and dugiePgll  copy nunber variations (both loss and gains at specific

| oci ) [e026] tAvendividea!s e@lon@yprafdrettiias infaumiatdnl abeus an imtidudies et bayaio Redetic
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sone eﬁlﬁr ?nﬁ'@]hr zgkersglécllpg?nbﬁt aﬁrnetfllnrné%tonwleﬁac‘k@nde polymdrphisms (SNPs), single and/or multiple

nucleotide repeats, single and/or multiple nucleotide deletions, microsatellite repeats (small numbers of nucleotide

repeats with a typical 5-1,000 repeat units), di-nucleotide repeats, tri-nucleotide repeats, sequence rearrangements
(including translocation and duplication), copy number variations (both loss and gains at specific loci), and the like.
Other genetic variations include chromosomal duplications and translocations, as well as centromeric and telomeric
repeats.

[0021] Genotypes may also include haplotypes and diplotypes. In some embodiments, genomic profiles may have
at 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
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monoplex and biplex invader assays (e.g. available from Third Wave Technologies, Madison, WI and described in
Olivier et al., Nucl. Acids Res. 30:e53 (2002)).
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One dat geéﬁl!m%%gg Ik§10\17 %e &u£tialﬂ%%lﬂ¥c Id];tla %)l;pos Sc%g fé%})}le tntbeljiaxlmt CE% and otaer

i ndi vi d genom ¢ uni que I ent i f
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to the 1(%6[’]0'[ %/ s?delncréfe%rlrr(r)%;[nlen al Orlgg' 10 % k%(())wn eal{hréc ldL%ded Iovrx}n nte actlo sp gamrﬂt heaft:ﬁ)r
exanpl €, pe T nformation 1 nel udes %% Fred” By " m'Croarray
anal y3|csndlt@n8h@l¢st>dkaﬂoedlmne ﬁ@h@@rcm@abnm@mméatvﬁ@dmhs@md@wﬂsavm@%mm§meigm cation
nunber heléﬁttcﬁél&ﬁﬁfdl %ed, yleanl i hie, bld6d 19&'5[9& glla@osé IQJepJnH%ér%as%ﬁeﬂtQQMﬂ fie it e Ot her
nmeans, n assa el enent

as at
may | nébda R oA oL (eGR T LR PRt S e A b B8 Belltrence.
O her dabt@oretbday@nit genmaly andnsdduaésfering annwlividoaslrisifot femileltoufpe GNphditen.

nunber , qaky AL ;15@41@0 MJ £tk BRaind %9 qgmna@fg@ éoanodrhe% carbgarggé? Of NPBdividual,
information, quality netrics of th ata, raw data files, inmages of the

dat a, éﬁﬁ“@?&n Eltﬂg’d 4nK¢de refile 9an§1538 Peeasccessle@)e}@ﬂlh%ﬁ dFSHEﬁ \F%Fﬁiﬁmﬂ% mglﬁ?é]&lf”fll c
f act or sisssad@ént &Gin prldly Bliad’a kendigpeaprrdi@ichisciad indlathal’s @tife Mf@mbtion (t@R@BBSNBE or other

geogr afgg%anc%@cﬁgx]%és’ac%% r i 1ok rHolrb’an Qﬁtﬁé %%Lé{ne) ﬁﬁ%‘é‘@nagégﬂ tgﬁ&%ioogg%g{]%phi ¢ dat a,

exposure I fest? avl or “data nown enogz

may al SEPsweer #Heben 61&&{ %ﬁené@ ﬂtf@ﬁnamélcw Atcessedpg p@i&%ﬁ%ﬂr@f frfnaélieéfr)@d Ve

i ncl udeenobittpraileasiedired drpgr@eatt.0, an i ndi vidual's birthplace, parents and/or
grandparents, relatives' ancestry, |location of residence, ancestors

| ocation of residence, environnental conditions, known health conditions,

known dhﬂgLﬂﬂLﬂﬂﬁﬂﬂLﬂnsﬂmﬁhm1Iy heal t h condltlons i festyle conditions,

di et EMBﬁ]C lﬁ@géﬂ&ﬁlb Fr‘éﬁle (¥REdd kAdencssdi @ity p@pterih Y &d %éﬁdmlé”ﬁﬁ&ﬁélﬂ’s 8Bk Siore8UCh as
esterol level, heart r essure, . gl ucose

melght
o IRk D e Ry PRSI 1 it Bleb s @it TE SRR T oot or s
f or an gemdicd bylapalylng rutes thatt cov@ge @ rssedirtestagipss wigipbdnoses. pRul@ nirse andk based on

grandp &Rk Sesc Y A Id&ﬁbngﬁteh NGREIRRR @Et@g:n @%eng@%eaan@ !1 ﬁf&?d?}t § %Qo&é@aﬁ&s 1:mgy be
determ ne an individual's risk for a phenotype or condition. [0038] The

speci 1 b BIed B A PPEET GO (oIS AT RO B PRE P Rl ¢ h car e
managerinddfidublnide dssodinticinteraben ah iKWt gedotyderanim ﬂhblﬁtypfblﬁzl‘y% deterﬁil‘n@cf iThepteanypt hen

be aCC%? £%:2R ﬂz]d‘xhtdheh bvﬁﬁaqve‘%r%s &L‘?eﬁhlﬁeffgn H ﬁet%ﬁ%ﬁ%}u%ﬁy bdh i ot «I%re a&b&dn&l beRRBEAS MENt

of an|n|V| sgeno ype correlations nai vi s entire

i nf or mardivehel(stegneieatnl § sisrmiengiype s fhatdsriestiiidialdatbisrivea Bheaeyrs s wilkslevelogithen

f r om aph@Bfyper au@m@mhmbé deleemidaayBeedifional @ednot W@OMH h@ldatklopRgived N
subseq e§§ed or a

f
portio rli)g%nﬂtél%n %;r(}{s egrﬁboceﬁ{nﬁrns ¥h€ det%enauna 'goln I;ngxé ekna rgf; %or esp m%e or @fpr?b%‘t():f:tés atCileSI red or

enonm ¢
appropnmh@bﬂh@b@ﬁ@méwﬂ@ngmqwdehenotvve Proflles [0039] The genomic profile

i's useqoos® %@M&hﬁaﬂl@ﬁk@ﬂh‘%é’ﬂ&k@ﬁs@d drl @S mbel BAUIBE RO BIP ra@fuka'h@ ot Silet ¥pRiweal | y
st or ed d| eadi %ﬁaccesse

t
ohonot YU GETRE Bl T SFErae oo yBRr B by Ty ical PURed hat
cor r el attemortias sgciateogento faytpe avgid shecpin érrotindpaisal, sl ae sthgaty, doelemideylbdsed

on example, diet and exercise habits), age, environment (for example, location of residence), family medical history,
personal medical history, and other known phenotypes. The incorporation of the specific factors may be by
modifying existing rules to encompass these factors. Alternatively, separate rules may be generated by these factors
and applied to a phenotype determination for an individual after an existing rule has been applied.
[0041] Phenotypes may include any measurable trait or characteristic, such as susceptibility to a certain disease or
response to a drug treatment. Other phenotypes that may be included are physical and mental traits, such as height,
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scientific research that denonstrates a correl ati on between a genotype and
a phenotype. The correlations may be curated or validated by a commttee of
one or nowe ewpari2zs. By applying the rules to a genom cPprafSeécs/osf2i@n

i ndi vi dual, the association between an individual's genotype and a
phenotype may be determ ned. The phenotype profile for an individual wll
have this determ nation. The determ nation may be a positive association
bet ween an i ndividual's genotype and a given phenotype, such that the

i ndi vi %%llt ltfﬁﬂ'%oltnh%e %l&esﬂnm%ﬂsg&ylpﬁvy S(PZ% n‘MnJon g@ﬁlgéngeoletlchgf@hﬁl@gta}{(ﬁ)&neral

Alternatlvely if ‘'may be determned that the individ does not have, or

will n tsp%@ela%ﬁwwa%@aww IR Bt €OmNaFsogt 1R &ther iy e opanistps Eor example, an

det er midiatduaimaprbyint@stal it ihe kmflagt e tweereBdin gamvin, prétle @d Pab atddbiity yTlteh aty £

i ndi vi I I Qps nmay
pe. maaet il el PRAF O, oARGDRNY RRsc SIM, of U RS BoRRKLBES 0

be applcplsetiopsr C@H@}@WI@W@%@?W@@G@ T erdevidrplrenirises tepgeiver e fof theipdividual.

i ndi vi qesaty s:ogamhsyd@ﬁvew defttiavaSipRaé dnll ghea&ﬁiapctayp@obtaﬁh@fr&eic@ﬁmcm&taw@s may

al so i ctors that are specif d such?
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exl st n S ese

t he speci tors fyin nco S
O T S T R VR A s M/ e SR L
and apphd sdsticdlyaigpfienobygeiogdter satie onatfooy and phenaghiochduakistas aremotf@ln For

exi st RQnlp 1l @m%% dQ&%ﬁhe@ﬁlE’c'tﬂe%QsenLeQQ%ﬂele AHQ?&%%H;‘E%mWn&lﬂ@s'wﬁtﬁﬁeaﬁ'&%ease Asa
neasurable trait or characteristic, such as susce to a certain

I
di seasd"Bf *EPFoli gt f%‘n?dﬁhi}&letc?l‘éké‘%eﬁﬁﬁienceﬁ Hiske AR &?Bﬁlﬁ?l@@gn friat g ! ge

i ncl udedyasehiphy sirehles @itdnd@edd @bk df cakdr STheS&TIR ofihe felyghaywieipghithed hgke¢r- col or
eye col i eyel of
opti m <o sPHPaR S RHRERRN Pl e SR BRI D S0 BEREG LGS,
conpar igwhEsty 8%‘&0??@? eﬁlﬁ‘?ﬂlﬂ(\ﬂg&ﬁe?m%plaﬁlcwgaﬁmwéso bﬂz%lrateéxaq*fﬁ’fa@pleemﬂ tiHErsvi dual
may be disabed ﬁiSIS&’dblithohNB 290301 11887 ahy POIERIBRRTonNGE WO/ 20 @B 5¢ njay B usdden aad t hat
of a ceI E(then desm ey, my al so have their genomc profile conpared to other
or gani SmB suc acteria, plants, or other animals. Together, the

col | ectl®d3i @’fltelt@@iwplelt@tcwlq@h@m@tf?wser@@tf@mﬁherﬁé@dfg@mm&mrqﬁmh Enr@r@@plecorrpri ses

the p heﬂH@Adﬁﬁl@Wﬁf @rddl g@noﬂrﬂrprgﬂ@ P SlioMa @ Uddwn dh%{}gel infoR¥aKi&1 sﬂ;rédQE]@elb AWYRERIDf
genetic varl ation enotypes can be obtained fromscientific

T ot atnled SR E Pl e O SRS B BT | GRO e AaTR A RS TS 67

anal ysiiglividualawitrogruddatnoonr podfilds alge havduaddsniwmetidnahaethéydere rea®tecbetotiaghdsel with

presenG&srQds. @pﬁ}%ﬁgﬁh&f geﬁlﬁﬁc lﬁ’éﬁltg@sr p%rfmma Y(fﬁlpgre(ﬁ {oqlc$1§rolcgroub Bfﬁ%ﬁéﬁs %ﬁjoﬂ hei r
genot ype pro il'e | el es of each enetl c variation or %fpr]ilél smin

the pr Jfpeie Bﬂséhefl é?}?r@%(ﬂth”ct&“e FEtERHE H{%V“iméthFélPse? Hgh (Barb§‘§selﬁ&eea hé%herdf}% BGf a
parti cyhi@culapdnalceaiiagt @ss:0al @the chnidl izfoug addragieiotypé cormlhi@h @i be o bevaat ihan can

be perfgljglmag tlc%l"?aﬂ{jﬁﬁﬁgab%{e?t' stical nmethods and statistically significant
correl ati ons bet ween genetic variations and phenotypic characteristics are

not ed. [#d# &elsniss made |bﬁse%yhﬂdéh%f1 e TReglofieRREtc YeHeNP RSl HIRIEPhEOYASS) Biles TR  at
pol yNDbp RinsbitdbaSedion ek gﬂtne@pmﬂdrpme@pets cdiieﬁ%&-&s&hscléﬁ:d ﬁh U&Hubltteaonmazmmoes 1887

m ght be Itcpllg%ghc%tpo%tl\‘ t\QS/Z%(%I/ R E an srorenge cs ma}%e i c%rporate other £ Qrs QucL {s gn erh(;rs m A

and al I'e correfates Inereased ri's cancer.
The resihhicity t@éen@rhte eféqqtabsvl@etss réather @@S%@msulgllrgém hlegyeaybe esymétvderdlatllwetﬂéﬂrlaqrwee,

val i datmgefizyts atilgss aﬁ&@@ﬁmahelgrveH&sncmam{ap be f@dﬁﬁthé’@%ﬁ%h&]}’ht@at&@ ramatcm@@d @&fm
experts I CclSts, statistici

hyer o eIk REG e R s ubat” bt aR Rl Earrerat| SRy el osed i n
US Publprotises ind preMouslyZ00800h&®W887 and PCT Publication No. WY 2008/ 06755 lmmay
be usedqygssy fd%ﬁ‘en@%?f&l% BN S9! WRads IR L&kt o RRASL, m%ﬁvﬁcﬁélmﬁd M) a\lépartfcmﬁ

correl ati ons may generated fromthe stored genom c profiles.
exanpl éNP allele at onie s1te often predictably carry specific SNP alleles at other sites. A correlation of SNPs and an allele

predisposing an individual to disease or condition occurs through linkage disequilibrium, in which the non-random
association of alleles at two or more loci occur more or less frequently in a population than would be expected from

random formation through recombination.



i ndividuals with stored genomc profiles may al so have known phenotype
information stored as well. Analysis of the stored genomc profiles and
known phewotypasa7imay generate a genotype correl ati on. ACarusecsanpizes 250
individuals with stored genomc profiles also have stored information that
t hey have previously been diagnosed with di abetes. Analysis of their
genomc profiles is perforned and conpared to a control group of

i ndi vidual s without diabetes. It is then determ ned that the individuals
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esti mat ekfactor angr measur es resul t fromrules my be estimated rel ative

Jngy]
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from stored r es and reviously nown enq
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i ndi vi dWialk 8 haphotypebipakyarecopdst dfione AN ty SRy ahdpiitype blockaepessaistagortiptoesseprs et @t abl y

carry %Q)?B%I\TPE &h%hﬁg fi‘)lwlh%l e%%velglgya%ss%{d;vﬁﬁals é%dgvgﬁ géﬁl:rgﬁyl IWre&;mbga}{Po%f c?e@
al I el e predi sposi g@% an 1 ndi vi dual di sease or condi'tion occurs through

| i nkag g\ndde Téf&fﬁﬁofl Pl apipypecan Waéenbytl%nf%??nr‘%‘ﬁﬁ grissYYEiat lieghe ploypq Recks ~ at
t wo or T £SNPgsfilogeictly tmbeused tolidessy fappghetldckywithdutacpapily @duirtig ideliainatam ol d

be ex mati on t hrough reconbi nati on. [ 0046] O her
p%ﬁ*sﬁﬁskﬁ&gl ag&gpmgnai g [ ]

genetic nmar such as nucl eoti de repeats or insertions, may
al so bdd$l |<iemw@éor@iaé@qmtwebﬁﬁ‘%ﬁpwywag@wﬁ discygy: kapigons Rerhy gl A8 @&n s hown
to be ar&&@ﬁﬂg@ftlﬁamﬂﬁgtkhbvﬁlpﬁ&lafglv@n @&&eaaahem@&ypelﬁmeng&m@ of@oﬂ]&ﬂﬁqbﬁ@folhﬁl@ the

i nsert Id?n fI: asre c%o \II)V?T? to roup Of 8?080“]&{' up tge cY é%as i %y analx\zu}gunilany 1nd1V1dua dgé# genme

di sequitrBrTUm fide i'nser BLEE Bn t he
correl avplb/@@rplb@tswempmlﬁ@n Smlrbe gatrdmingyigand hreo thegsetequangiqy Ioegetmﬁeﬁcambp gsfpeiated with

co (r]I rel %tp{:uﬁ&labﬁ{e}{@ﬁ)@ shdnes haghgotd c@ﬁalﬂldasgfamp@fbf@g@%nts@@ d@&@a&wl%nmudal so be
maae. | er..rul.e (0] plrie (0] eno

Thae S e e B 6 B T PR B B bR A R PR e o e
anot her2a0p)séad b agtagimear ga dNSIi2 pene opdoiaé d itinebysity ey easealt &eznm $IR:279-00347906)).

Throughylel BiR9 wﬂ&&gﬁwné fn@ﬁdelﬂ m(ﬁplggnﬁ‘m@p@f I%Qbrﬁtﬁwcm@es ahkgb £ a&ﬁas &0 Rgat es
thapartlcular al nmbi nat particular alleles of

SNPs. Alpatidutar rs%%?WﬁéP?%ﬂ“ooﬁsz%ﬁlm éPci 8 Oégﬁzéﬁ %ﬁ@at%f‘ t&ﬁ‘?"%?ﬁﬁ@dﬂférc‘i“‘él t er med

a hapl atryp@yniemd., ShiecONA 178 gl 2000); WaPiehot hel Scecws!siassenbi2aEl)i on can be

referr gﬂ)&]o Tﬁcs SI@PS%Q l)&i?l Xoﬂgnap(lrg&‘{;ﬁu X\ﬁu %o XWA Qhﬁé&%ne!? kﬁpﬁds gr?é}fegt%ﬂ%ceﬁﬁ ]gr

one SNP, typical apl ot ype resents a contiguous series o

mor e srﬁpgﬂ@xth@rm/fquwﬂ@lgl%wlﬁwp@t“ghﬁéasain aitipRpl Ry iHEIEnt i fHioyere b may %wahwgeh
gener a|dlsyqu1h®1\Mrr[ RO THOGHal NP, frhm Gy 8%.be éyﬂoﬂydlﬁlﬁktolr fldnCs@ﬁdnﬁﬁbquSI\a’s haplot ype
can be made é’ar tifi

bl ock. sgﬂgll&rmou S F1)n W 1(%1%16 dﬁperent f01im|s ?eac? to the same l})?l&'}gfp?%: s?: eenrc] I arehn01b Fun {916% ype

bl ocks ShiPt- Hbtht Shifts éee@@drffeteyt W@Pf@ﬂqsi tthSNPd@wmsx"qO@smoumd oy @lnlay SNPsfupgtiongl. gi ven

hapl ot ymes, b @&kgen&@ QAL Geaas M@afy%@mﬁie@qwa@ia@typ@wwle 2 &NEormpio%aép@ay also
patter condi.tion tes ngly

becom M5 RNGHITRgTo R0 dur e Saae e PRL THEBr ity Re Bl SRS S0 oup of

peopl e diotptynes, 4nd SNB_pleﬁ]t:shteay be in the genomic profile of the individual.

[0050] Typically, for a rule to be generated based on a genetic marker in linkage disequilibrium with another
genetic marker that is correlated with a phenotype, the genetic marker has a 12 or D’ score (scores commonly used
in the art to determine linkage disequilibrium) of greater than 0.5. The score can be greater than approximately 0.5,
0.6,0.7,0.8, 0.90, 0.95 or 0.99. As a result, the genetic marker used to correlate a phenotype to 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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di sease are conpared to a group of people w thout the disease. By anal yzing
many i ndividuals, frequencies of polynorphisns in a popul ation can be

det er m newQ 2arh17320t urn t hese frequenci es or genotypes eam/useo@®sizeé at ed
with a particul ar phenotype, such as a disease or a condition. Exanples of
known SNP-di sease correlations include pol ynorphisns in Conplenent Factor H
in age-rel ated macul ar degeneration {Klein et al, Science: 308:385-389,
(2005)) and a variant near the INSI& gene associated with obesity (Herbert

et al, dﬁfegé%g@r SN3§1%a>20Z Qd'egtgﬁgd éagg{gﬁlaothegsgﬁ uéﬁ QW%OP&B dﬁé Q‘E)Lllbq)igh%d 'SI@[QL ude

pol ynor phi sns i n 21 region i ncl ude such such

as rsl essﬂééﬂéwm artgsz %%%Bot byeg rd?,@tﬁswéw tept SHB grapprAdentified by kP @alymwlﬂzthwb}* rht ed
t o myocardiadmatindyame tebtONP (adehqy adlatd, ind itcadaTaqMSE bimtecoddbablodbSdy, 342 ufcd@O7) ;
NbPher%%eS%Lmﬁhmm Eﬂ&ﬁm@&ﬁ&%4@§Nﬂ491 (2007)) [0049] The SNPs may be

functlon or non§§%nc tional. For exaqr , a functional SNP has an effect
on a cd¥Sll dihe eriAPS oAy be tIIBEEByor r BQ] NP gPieat SAPptie ot SRPs i ate gy sangg as the
30 n-fu rplﬁﬁlig&a & Rl ﬁ\IPS iFl)I%EletmpileDthé UREESND Ahay beutsecn&yﬁdmlz Edi'reiaﬁd"lhkﬁ@@reast cancer,

i sequi L unction SNP. The SNP: nay o] no us _or
MRt R e S W P R AN R A O
f orms |aéé@twm44t7 HeS7g4re 246Dy fyesier riblishesicpr Eipctienal %mlbltharc@ hqeﬁlrefcmiﬁ’tfprcﬁﬁm SNPs.
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e ey (TRl o8 e My g e L SRR e TSNSy S Ik oo
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about  an 34386k Vi Brab7, %16‘1@@7@} by SIS Qlé@b(ﬁ&)\’%ﬁm@ﬁ? HENHPL O 1desR8oNRY 38381 N
genom c p Typically, for a rule to be

t he

generaF@QSSﬂggﬁg%ﬁngﬁ%ﬁﬁgpEnhﬁﬁkgﬁxﬁﬁ%%?ﬁﬁhge di sequilibriumwith another
genet i qoosyr Kerabdsdzat SNEB aeotikliely ataashlamdn) foaexpigln ey penatibleHgene Plogctii@e ker has
arzor ha?l% %O?gé?"i?eq;?ter%gtzogﬁWc!pyCo%%g%I]{;latz}rp%tS%& 75682£§t&d%£ﬁtelna%%ge

di sequi ate score can
appr oxuW@ﬂ Gpongyrigim, 861“86 1Y 1799-6728 (2009 )9 e HynagLicpy Mygatigy Datﬁ@S%(HﬁMQ)Jpltbhc t he
genet i GataRsdeE wisadmd.orgC aidhielsakr Naclpfiedlyidehis dﬁd{badem&ﬂSMPﬂbbal S genom c
BLgT’IIO![ )e/preral}/cl(a)lrn?rrde 0 ?Sg\ﬁ;?) ? ese ch ?abasesgcg%lglgﬁrﬁélh lotygets rer%a E] %Nj‘ﬁmp 1(1:18{01[; gtl ?\F )e/g ¢ t gea
i dent i firelype paiterng shaagydingle %EﬁtﬂNPslmseSNPblp efagmatpnobthe geadtic ek f@@hr:‘rhfnéqﬂeme es or
SNPs ”&Mdebﬁlgé &%@Edsés'a&ﬁcoﬁﬁtﬁﬁg s@ﬂa@%&%ﬂaﬁ%dwe%@scEhr(ﬁ(ﬁlaggﬁﬁjrl\éﬁébsesFor exanpl e,
a published SNP is rsl1l06 70 %ut a & SNP has .not been. |%§nt| ﬁd The
test SNPTOMESIBENT YA FIEHCHYuBARa ?fsﬁlsgas?/?n"f FPOLRES BEpTe 6 et R e
AIternatumahymd@hem@@@ﬁm$W@QWnﬁpwm@MMbedm$@dmoﬁmumkm@mmﬁnwaswaquﬂmmmmdmher
compar %mzlﬁ)ra@e%gﬁ%ﬁom%h Lon@iﬁorﬁsi%dinghﬁﬁgc%ﬁn 1 i ndivi dual s genome having the
test SNP The test Ps may be ECT" or "TAG' SNPs. Direct SNPs
are thd OP%]S Mag pher phegetyngs %wliaﬁ@ y§]éﬂ§al§sph¥%°gﬂfﬁlﬁia}“sﬁ‘@6al BHSFHRETRIGHL @By For
exanplammmhamdmﬁempMSNEeﬂammbemus@ﬁuﬁ@ﬁwaHﬁﬁh@@mme}@mr@ﬂnmmtbmbﬂﬁasm
cancer h i nor
suclﬂsdé A CT &ﬁ MD ce, a1§d]ag1?1f§ri S/fgl)tal tlgltsﬁllrhér%‘gglﬁtglﬁtﬁﬁgech&?érgﬁ%erm%ﬁc Qgrn%

allele 1s A an her "a e is ure 7t 10875 1093
(2007) Perfospdeh @ﬁhnﬁﬁqu SRETFY 91 MgdotdepifErioSRPIEHEE OAichE on e @EVIgNB s f or
FGFR2 a@demh toin@1dd trén. brue agtmag 8NC@LerrhiBatibsdr2d R6Qyal’ a}emgd o tﬁh@@f@aams arand

et o<t ee Sl Dby BBt Pl B0 S SRR B85 B3

SNPs nergarsedf 8gs, Ivavees delr $emﬂc&)m¢¥elptelgerr¢éheir@emem icepadis Osub&ﬂmah\sellmps mfiyoire oOAMT Al
(r f‘é??%ééa%} 28 R, Wn&hé}zggeg%gﬂm Ee%FVL 223300 Bngelis) (333 FAARalr $2383207, o

rs rsi

rs 25883@%{1, Oél%helﬁ"r‘yé’ STy gEycly ‘f@n“ B Ealgclo tfﬂ%%@?% 5%%&?5%1’(’% zrg g?%%’@?fs

[ 0052] nBairabdzespofonSNRs aroen pulylduds, yucawsdprtigbdignitireappliticans, elcamphb. @vetidre

I nter n%%hle%@,%lusitilﬁﬁ,l\@tgts,%’ughe@scﬁeoﬁle?% infamous individuals, such as convicts. Other “fun” phenotypes

may include 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.

[0055] 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 rules or tests, to apply
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www. hapmap. org, The International HapMap Consortium Nature 426: 789-796
(2003), and The International HapMap Consortium Nature 437:1299-1320
(2005)), wbeotwuntes2zoCGene Mit ati on Dat abase (HGVD) publ i c pdatisb@smsi2see

www. hgnd. org), and the Single Nucl eotide Pol ynor phi sm dat abase (dbSNP) (see
www. ncbi . nl m ni h. gov/ SNP/). These dat abases provi de SNP hapl otypes, or

enabl e the determ nati on of SNP hapl otype patterns. Accordingly, these SNP
dat abases enabl e exam nation of the genetic risk factors underlying a w de
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treat S,
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ancest raynotypl dif@gStiHAY (@d. RRRRRRANAAL Rede 9 Edaym Gabtypeloahisutio Yor b Rl 16decrhal ght ,
hai r co“or eye color, body, or traits such as stam na, endurance, and
agility’ Mkhtal traits may include intelligence, nenory perfornmance, or

| ear ni nYSplerthorsimrielisk Bt hevindilianymaghebasioe JrSiPrrayisiidie Vb e livdentis. PI&IBT A of

<1':1_Ecest gﬁcspcqrpugﬁclatmn%t WO/2008/ 0631 em@&na ibarhtiathe r%k@dag@&laﬁansm@rbh gishadnediedst om
e age

term nation a i vi dual ' or e age in
oy RS G S At B a Bl e A e A herd S gl e o
popul atostcnarthriﬁs) 020 xeexpiligjon glaucomd(XFiGol way besbased ah 1 Slglé(forsxa@@eye%i2®3 dfor AQe,

howevercbdrei+ foﬂﬁ&ekh&ﬁn@%f dl%ﬁs@i%ﬁ‘ﬁl th %‘é% %{@He}’co%{?&g Ist o aO8be PP VIRIIER),
wel | - bei ng may he aver age year O Anot her %&atralt may bea

proj ect®Y SIFFQW?PSI OITIBWO%WHWHH? WMHP md?@%ﬂf“@%ﬂ*ﬁﬁé VB@%MF?&%P
i ncl udSNBQ(rﬁ)rla’Bﬂipleab%E%thnﬁAoﬂrlﬁ%Zf)lISUR)hBHSDB et “ophiemeA 1y pros and?ﬁlﬂescew:plhﬁnm)ypes

g:ay . : ?grl ?@262%959}%% 15%:22 ?ﬁ’é hEMY‘Eﬂ Lcoﬁﬁﬁl{?‘é‘@ sl 8 1%%' fﬂﬁeﬁ tos ﬁ:&& aldal 1];1f9Jc§anﬂ .

g ties, invent
arti st §nu1t1§l?§?lﬁ@%%M6bermS@w%ﬁé) -Af ARSUEs IPWd’FVieéIE?&FSﬁSS a%\%lwd% ]‘c‘,‘%rﬁ‘W}@t s. Ot her
“fun” phenoh fReSapRyrsi 86330168 3 BOMP A0S RS2460 fc@Mh’te£68937|9%ﬂ125’12EE489 shzd as

bact er I]ﬁ{fBl B&E{(EK ]gs r&%% SSF?H%B%OEQ .an or%AC%b%r IE)(I)Estlrenatlnrg nm({hwgl%allqs rtls I ?i dual

may be Tnteres enom ¢ prof
thei r pestlesglogy, SmrorrleéRlaS) ﬁmhﬁﬁﬂlﬁ%ﬁé@ﬂ@bhﬂ 3, P08 g} (ﬁFlh‘éaleFl 6904128, epldied to

the slt leeztmgm 1f@9zpsza6 Folr lﬁm;ﬁw%mc at 1@71@19&@3@&&%&M3%M*@301 5@91%@;@1 e,
corre n_data from L. She ources, rom store enom r | es
con' ORI e Badre 8t PP Cract e e Shub pREbahed F O Bt heRh itk

pr of i | dor PTlveSkiulie sxanply, reid €25 p 6 %3167 ers 16AF10 Tt 1767344 andlce sstH43GNP @ id; aI | el es

and t h@s1§§3f1ﬁqtrs1%§§4bf§ﬁis%464§ %1@%0%&&!}1{9@@%&@3{9) (F%'%(fhﬁa@ﬂg Anqm&al ;

i nterval) The effects est mat pic ris suc
e 11 SRAPOFHB G PHEEEE LRGN SrieRRIod PTUR (At drooyod b ThatbPoRapio N

and norkdangple, ﬂamm&@mﬂgsowhmm@rszNN)% rfivel 166, hetdr o307 3vabras MIB ns66198 T, be

carri er, 1Fio§§%ﬂ S, iD‘f{BEﬁOPF)I i o\i& Mor ﬂ-ﬁ%*ﬁzfoﬂ?&wsﬁo& %ﬁ&ﬁmwmél}ﬁd@ﬁssed on

the all'e , such as ‘an ri sk, an exa ere my

al so bdifegime sk of bregsi cangsi BC). i 3. JenbeyHINPs BpY @d*?edé@f @Xﬁw%ﬁ@é“& SIRRRE. RRNN,
et c f onrs4tdvesDrspa3ssR bkle4@enplts@f7p@9@ QAdddr ]Ici’eaS(BOfﬂﬁ }foﬂé’stnaatfnm ih@Gas’ ﬁffétg@tnsk ofh

esti mat 005 t o) on.the
SPs as s PR U Tt BT NG 20005 18 b TRt BBt MRS TR No.
WO/ 2008#2963?‘555%174329& rslé%ﬁé%érﬂbﬁé%ﬁ%tswﬂ%ﬁé 1P PBRAZ 1@¥18@153@iarﬁél¢091lérrslr?&%}4lie based
on at |88l s5100R/0SNR76 68y ffXRINbB6633STBEGIE Al 00059483577 5590V 1508l 66 5 110 3K73ROT

exto | 27 O R RGeS r AR Bl bl DS R teblo BN wndsves
f or AD)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/2008/067551.

[0057] The phenotype profile of an individual may comprise a number of phenotypes. In particular, the

assessment of a patient’s risk of disease or other conditions such as likely drug response including metabolism,

efficacy and/or safety, by the methods disclosed herein, allows for prognostic or diagnostic analysis of susceptibility

to multiple, unrelated diseases and conditions, whether in symptomatic, presymptomatic or asymptomatic

individuals, including carriers of one or more disease/condition predisposing alleles. Accordingly, these methods
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rs6983267 for CRC, rs491 1178 for OA and rs2165241 for XFG. For other
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[ 0058] S‘“r‘f?&Cl E%Gé?glﬁ%%etn"%?e AT [ ‘hﬁfHSIrVﬁﬁ%li 8 Aeget OIbrPa ée“8’lne Koy rule may
condi t irop¢cratedighsadanthisgotalptien. at | east 3, 4, 5, 10, 15, 18, 20, 25, 30, 35,

40, 45 ’[00%9 R%ng%r als@ \égﬂacfen&f 1§on§ m&éﬂﬁéﬁleg %fjéxgﬂl@tp %()rrel%tlél's B&\lvé%n %éﬁl)@peg Ng a
phenoty be plied for nonogenj ¢ phenoty More .t han one rul e may

aI so b @Ee&ﬁ%]i)ﬁ? By ]?ed’ﬁrﬂédeéqnﬁﬁ?dé)yﬁﬁé%l%védual§%ﬁteaglcéu0h 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, to provide a modified rule. The
choice of modified rule to be applied will be dependent on the specific individual factor of an individual. For
example, a rule may be based on the probability an individual who has phenotype E is 35% when the individual has
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mul ti geni ¢ phenotype or a nonogeni c phenotype wherein nultiple genetic
variants within a single gene affects the probability of having the
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have suggestions on preventative measures to reduce the risk of MI, such as cholesterol lowering drugs and change
in diet. The individual may choose to contact a genetic counselor or physician to discuss the report and the

preventative measures and decides to change their diet. After a period of being on the new diet, the individual may
see their personal physician to have their cholesterol 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
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as the new rules are devel oped, or they may be applied periodically, such
as at least once a year. [0063] Information of an individual's risk of
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[0069] 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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[0078] The GCI score can be generated using a multi-step process. For example, initially, 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 only
assumption taken into account is that there is a multiplicative model. Otherwise, it is determined that the model is
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pr ocedufcedé §prés&rh1&foﬁ chattee @tlﬂ@&otﬁpﬂ @esqttcnce&ﬂt bdnbigpekis tEéTiﬁcéfdﬁctS)ﬂﬁélluénhlai offhe aiihib K 1t

oot sl o0 pRRLISRER RO F30RRE AAUNES Kiataaeq Bl s oSS
hypothe§e§ﬂaPGMbh®% {Benjantnr and Yekutieli, Ann. Stat. 29:1165-1188
(2001)). [OGh&IumhiRRRRRYIded herein is a ranking of an individual, where
an i ndi ranked in co rison to. ul ati n of |nd|vrduals based
on t neitiosflh Yo GOt ar S B PSRk St f PR Y SRkt wt MRt B

r epr esenthedods of heksks aitribhel tphp ulliaitiab gepets vetkeasThuk ¢he @Pfehntzerctentrkdrenttoputd 9t h,
98t h, %E&ndegtgl@ the géérgeneg&%e{?kersqg’{hgnsk%gfﬂg dlse%selis(grmall}/gtgérp are § ?etngtc nﬁ&tﬂg w1t§gstkh
86t h, 85th 81 80 76t h, 75th,

74t h, ?%#ﬁ 17ﬁmdamﬁmﬁ§$““eﬁﬁth kGQPHS 65*%mm%@Fﬁle§QFﬁmV§6Fﬁe %@?%“ 40th

40t h, 35th 25th 20 15t.h h ent i The rank
score n'azy i lzie do Ii s §ty3%ln%)mag(r)tn Of,a : m&“’ ?rual g %‘hde“t% a { Cg)@%%lh %ﬁgr te nfe %e,

the 95th to 85th percentlle, t he 85th to 60th percentrle or any sub-range
bet weenartt tyé, 1 1@ 01 dacoadint tOhhnyyeicd rigkialldes ilil'ﬂweiﬁt')n*rdpvﬂowdtw Metltlnreati\s%eﬁbef aranked in
quartiles, such as the top 75th quartile, or the st 25th uartrle The
i ndi vi dEEPPER EFPes %%"stna‘ﬁ%%pai“i‘t t%lwaaryg% At ta*]t"ﬁl;e a\ﬁ@arrms POSH’Q& BRSERE of
t he populatp@ﬁnri0077 I n one enbodi nent, the populatromquﬁmhrch t he

i ndi vi = Sipdelyt e Telle dieled vy, ampeperivdened % megﬁge—ﬁ ok ous
geogr aph c AR hni ¢ backgrounds, such as a gl obal gbpu A 4%

Al ter nartuttmﬁdayve ka8, (ROBY kBl hOrisi Gind@MiubiNGh W eGHbe (¢ ..cOoMpar ed to is
limted to a partrcular geogr aphy, ancestry, ethnrcrty, sex, age (for
exanple, fetal, mepnate, child, adol escent, teenager, adult, geriatric), or
di seas&@ka tef&ﬂangexanple synptonatic, asynptonatic, carrier,

earl y-onset at<€ onset). In sone enbodi nents, the population to which the
i ndi vi dual igg; ConPal Rt Orilis derived frominformation reported in public

and/ or Errva e Informational sources
081] In another embodiment, the relative risks for different genetic markers are known and the multiplicative

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 cannot be calculated
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[0078] The GCI score can be generated using a nulti-step process. For
exanple, initially, for each condition to be studied, the relative risks
from t he wadsiwEri2es for each of the genetic markers i sPcalusadoasiric For
every preval ence value =0.01,0.02,...,0.5, the GCl score of the HapMap CEU
popul ation is cal cul ated based on the preval ence and on the HapMap allele
frequency. If the GCI scores are invariant under the varying preval ence,
then the only assunption taken into account is that there is a

nul ti pldirgc‘%};f %ryrﬁthgggﬁdvithogfﬂﬁgr%sﬁﬁy{[ﬁ)h& Iﬁs%a(ftﬁtre%gljfﬂlﬂggrelratjﬂ%tntsl&,hﬁ(sj _gHgth%_L.%tO rgport

issensitive to the preval ence. e relative risks an he distribution of

t he scd@ddsigiof@R) ofhp RERAYISoTLES BrPdds B rarying the disBsicriaier BRTideeerediter /afues,
are obtained. r.each new i.ndi vidual , . the individual's score is conpared
F6°t he ravis aR et BT P At PhE Rt b s The P hai vidual s rank
in this popul ation. Tp |29 o#yﬁ%§n ﬁf the reported score may be | ow due to
t he assunpti ons nn@e}dﬁiLﬁ%. ‘gcess. The population will be partitioned
into quantiles (3-6 bPH¥ys)ahdPiNerpeported bin woul d be the one in which
the individual's rank fﬁIIE. The nunber of bins nmay be different for

di fferent diseasesg:hz "1 . £¢ tions such as the resolution of the
score for each di seasBD kn|cas@@f-pi es bet ween the scores of different
HapMap 60@%‘ ‘& }{lqal[hg felatriheeri f(isvfreoi;n Qeeodﬁsagtgo N lrel uipeeadclf{f?o%gl'ass[.lr(r)lot%gs] Sﬁ\chhal %her%surcrlac;tlion
score danbe R &F Frat el al™an CRdiM O S srIdRm RS BRI Sy S SR T g

acqui r itngthotllch &b qignedts agn ediebomilatin &/ cobid) | .isohcdr, i lgewse cstiviatch Bhreet joeld e
nodel s are typically used to derive the @ scofe. The GCl score can be
based efinatciBbhen@htideadets Bb & thd Hghapd:eetRhish ihaided 1€ clirfit@sqds g brd/ondbtiice of

t he under l.vi ng i nformtion u opul at i on and/ or_ di ses or

cond t Pyasr O N R BT AR bl 1 R BB e R e st o as
part of the basi ¢ fotPea)cuf @y y-APe GCI score, wherein the presunption
includes, but is not limted to: a presunption that the odds ratio val ues
are given; a preﬁﬁgpjFﬁﬁhtmhulﬁﬂﬂéﬂmméwalence of the condition is known; a
presunption that 'e‘gﬁﬁggﬂﬁéLjp@gggtcies in the popul ati on are known;
and/or a presunption that 't'he custoners are fromthe sane ancestry

background as the popuk ﬁﬂﬁSLUﬁ@ﬂnﬁ. the studies and as the HapMap; a
i is a product of the different risk

presunption that ®ke= |
fhrkers. The GCI mmy al so include a

factors of the indivi
presunQbosOn dyhRtdetdi@n Btihd trn@eRAL ¥Rt &viﬁiﬁ%@%‘é}% A{D)2n 9end fRequadontchibepr oduct
of frequencies of the alleles of each of the SNPs dr individual genetic

mar ker sewrfitor asexanpl e, the different SNPs or genetic markers are independent
across the population). The Miltiplicative Mdel [0080] The GCl score can
be conputed under the assunption that the risk attributed to the set of
genetic markers T@gpE g product of the risks attributed to the individua
genetic markers. Thus, the different genetic markers attribute

i ndependegiikiérefe, hbBstlN\QlatigRNE HeGeviREKRr S tO the risk of the disease.
Formal Iy, there are k genetic markers with risk alleles r ,---,r, and
non-risk alleles <Rgiﬂfﬂq—p)#h%SNﬂﬂ, the three possi bl e genotype val ues
are denoted as r r.,n’t a+(ﬁﬁ@hj}y}ﬂé. The genotype information of an

i ndi vi dual can be described by a vector, (g ,...,g7) , where g . can be
0,1, orD)2, according to the nunber of risk alleles in position i. Denoted
by I , the relative riskupj )i gggggpzygous genotype in position i conpared

to a honpbzygous noR: =ik 1 the sane position. In other words, ¢ =
i L_ Under the ) multipl§¢¢&dive& nBHel , the assunption that the risk of an

i ndi vi ciMY%JI] \Motehha@w&g not (X&leris(( glle%e’ frequen(g"is 1)), E.ql?tatilén ;ystem 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 interdependence of

the relative risks, as opposed to computing each of the relative risks independently.
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&Cl(g...,0=U1lTf=l Estimating the Relative R sk. [0081] In another
enbodi nent, the relative risks for different genetic markers are known and
t he nul tiwDi2esd1ve2onodel can be used for risk assessnenPCTRSMIOF3216 N sone
enbodi ments invol ving associ ati on studies, the study design prevents the
reporting of the relative risks. In sone case-control studies the relative
ri sk cannot be calculateddirectly fromthe data w thout further
assunptions. Instead of reporting the relative risks, it is customary to

report 60@9 %qﬁiﬁor{ s@gtén(? 1 éag& re@fltternggtwg %&%Mp%uanml \91'&1 a%gst FO%O%%%%Ol%OHQ% r y' ng

t he dlsease given'the risk (%enot (either rr. r.) v ds of
not cargfagieﬁ&esfeﬁ‘éal%fi“@é]af%bedﬁ &nobh GSFF%%“(ﬁlé PF’(B‘WB’@%“““F?@P%IF Ff-‘w bp thF 0%@8@2]
Flndln% H a%k__ risks fromthe odds ratio may require additional
assunptifofis Creigha 2he presunption that the allele frequencies in an
entire Rﬁﬂ“@@h&&ﬂm@-f b=f , and c=f are known or estimated (these could be
estlnated from current datasets such as the HapMap dataset which incl udes
120 chronosones) - @and) oprt hab- he, bréval ge.Qfy the disease p=p(D) is
known. Fromthe 6¥ebé%|ng &ﬁ}gé eq2%t¥%é§nbbn %e deri ved:
=a-P(D\n.n.)+b-P(D\n.r D\ n,r\) \ -P(D\ nln\) ' P(DI
A-J) 1-P(DKrJ) oéékﬁ(szOFt(ﬁ *‘1(6'429(“@3) z'(a)P“b&ﬁ(Ci‘m) 1 1) "\ -P(D\ rlr\)

[ 0083] t ini.tio at.i ) ter d| din by the term
pP(D\ n [@\é?]) 11ndinﬁ [he ]solunol% 8 etheaea quagl?]ns &g elg[u%\éen} tg ﬁnck %gtte [inimum o :li FI%I‘ Lfore, the

| ast t uap;i gn @ rewitten as: (a- p) bl[ +cX OR =l a +(b -
P)X1+cgg1?%$%bq(aﬁ“Fél)q+bXI +cX OR =X 2 a +bX +(c - P)X1 [0084] Note that

when asyyu(non-risk allele frequency is 1), Equation system1l is equivalent
to the Zzhang and Yu formula in Zhang and Yu (JAMA, 280:1690-1691 (1998)),
which is incorpo e@wmﬁﬁgeﬁﬁb@g?e%%qjluﬂmgnﬁEMQMybp# gpntrast to the

Zhang and Yu formil a t's ’t ak to consideration the allele
frequency in theiggp n, |ve ri sk. Further,
some enbodi nent s d-a k ?g édcou4Qf ﬁ{§ %Ependeﬁ B the relative

ri sks, as opposed to conputlng each of the relative rlsks

I ndepe%’o%é‘]t |h¥ th%g;gaﬁl%le IEQH g s%t fs lupﬁeﬂsﬁ Jlbﬂ@ b@§t0¥e§@ceqmﬁtat e

equat i ons, at nost oup pds§| 2e ‘sol utions. gradi ent descent
aIgorlmhagg@gﬂ@ﬁmﬁ§qgn&gm§9hMﬁcthese equations, where the starting point is
set to be the odds ratlo e.g., =OR 1, and 2=0OR2 [0086] For exanple:

1 1
y=min{0.001, i; , i } , then set

[epSﬂOH]J’_lO' d?bl(xl-l’yl-l)| [GPS110n]+10| d?bz(xl-l’yl-ln

X

_ L, 498
i xplydxfﬁ4”p0
_., 9z
Vi dkz(xi-l’yi-l)
The iterations are repeated until g(xl.,yl.)<tolerance , 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,OR1

, and ORZ'

Robustness of the Relative Risk Estimation.

[0090] In some embodiments, the effect of different parameters (prevalence, allele frequencies, and odds ratio
errors) on the estimates of the relative risks is measured. In order to measure the effect of the allele frequency and
prevalence estimates on the relative risk values, the relative 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 resulting relative risks can be

plotted as a function of the risk-allele frequencies. In cases when p=0, kl=0Rl, and k2=0R2, and when p=1,

kl=k2=0. This can be computed directly from the equations. Additionally, in some embodiments when the risk
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[ 2 (Ir12) =0ORL ( + I1+(c- )I2)-12 -(( -
solution of these equations is equivalent to f

functi on wWo@bto/d1252p=/ 1(11,12 )2 +/ 2 (11,12 )2 Thus, JPCTAIS2009D6321612 ).
(12 - 2)+2/2 (1,12 )(211+Ad2 +"-01 + ) - - =2/2 (11,12 ).C (I1- 1)+2/
(11,12 )(2Ad2 + 11+"-02 C + ) [0088] In this exanple, by setting x =OR
,Y =OR . set the values [epsilon]=10 to be a tol erance constant through the
algorithm In iteration i, define g=m n{0.001, , then set The iterations

are r egﬁeﬁé tgegueldw 5 fngl‘? %ets’c)f)se)r acﬁngarf ﬁlﬂ&%n ’anc‘tlwegLe CIBSQJ 65 AERe %u%cti%g tmtl]i ﬁboilugdeh n

t he suppli In this exanp se equations give t correct

Rl at | VRSt P o000y GHE erdtie meth spt e oy et Qhi=0ls

different paraneters (preval ence, allele frequenci es ndg) S ratio

er r or S )theOdttet ifi@ose 8ia lined &ctioh atvwedt. Watatsk- vl&lerﬂe@lemynﬂomqsw @dpprd)aﬂh 0¢ ehiavidr of
neasure the effect of the allele frequency and prevalencé estinmates on the
relative risk values, the relativeHisk freéi,a set of values of different
odds r dtcifostiarid. di thé leniemhenatd. éﬁmém Thomplisttedhd o tielr ridhABdlc  and
the results of these calculations is plotted f%)r preval ence val ues rangi ng

from 0 feQuedoics AdGirdcl QRadus % thd REvafchot el ﬁ()@dléflﬁﬁaﬁ}r affddBhPERNRE RAGR rist. Mirther, for
resulting relative risks can be plotted as a function of the risk-allele

f r equen®y &2llqlgrauags 1f\7vﬁr€}‘f‘}eﬂ°?da1u‘f of 2GRP PSR! for thegpgreqpgyi/eacep, thyn g —g
This can he corrput ed 1cLll m t he equat i ons Additionally, in sone

enbodi MEREE RALR PR éft%r w8dUEhcy is high, | gets closer to a
| i near functdagcuratlgzﬂ Eﬁgts closer to a concave function with a bounded
second deri mt, when c=l, I =CR +p {I -OR) and | = 0 R

0 R ~ [[00PHO IRone enbod@RNORe GAT 1s_callculate¢md(smg pyefemp@?ﬁt that represetathe lélevqnﬁooelll@@e to a
l'i near hi4 E‘s@érén@&eﬁfﬁay\ﬁ@ bde-of W&Jﬁulﬁﬁoﬁ&h @Je h{%ﬁl\@apf dreflkle Q&M‘[yﬂ)e&iaﬂa&W, | an d |

appr Oa(igbﬁ]h?n tlbn% vaolrsl%eﬂto%gﬁ 1§comp&tic]{ asgqll_logs Co‘?tﬂ‘:?a (i>f( e?ﬁéﬁ 18%.’ }ggel%twsfls SOI‘ hl 9 &h
r i's k alchlgllaedffivaguendire® usingtbomnatiot sygst i nEHce sheafultiphetiprsevaloendendaidual imte

si gni f Iré:fa'al:ctl: ¥t ﬁ‘taflﬁﬁt{edtﬂﬁ d@%hqﬂdﬁgluéﬁ %ﬂ?‘& fnlylﬁplfcé@/gscmlé Wf stlbﬁg fractl&hr of Lﬂp\ﬁ’dwlduals
risk- aIIeefre%uenc preval ence val ue ofp' =ap is substituted for the

cor r ectin B¢ BlpEnEaiaset Wlthﬁéwret He<t dourtqnegifper aﬁtil%dwlil@k & e pferepss s h@fve by a
fact or n@fitipBdativ¥R&dre smaller than s, the final GCI score of the individual would be 0.5. The GCI can be generalized

( -p)+ 11+cl2 ) [0087] Finding the

i nding the m nimum of the

to account for SNP-SNP interactions if the odds ratios or relative risks are known for the different genotype or

haplotype combinations (these can be found in the literature in some cases).

[0093] As described herein, the multiplicative model can be used to in the GCI score, however, other models may

be used for the purpose of determining the GCI score. Other suitable models include but are not limited to:

[0094] The Additive Model. Under the additive model, the risk of an individual with a genotype (gl,...,g]() is
L

presumed to be GCI(gl,...,g]‘)= Z kgl_

=1
[0095] Gerneralized Additive Model. Under the generalized additive model, it is presumed that there is a function /*

ko
such that the risk of an individual with a genotype (gl,...,g]() is GCI(gl,...,g]‘)= > f(kgl_)
=1

[0096] Harvard Modified Score (Het). This score was derived from Colditz et al. (Cancer Causes and Controls,
11:477-488 (2000)), which is herein incorporated in its entirety. The Het score is essentially a generalized additive
score, although the function foperates on the odds ratio values instead of the relative risks. This may be useful in
cases where the relative risk is difficult to estimate. In order to define the function f; an intermediate function g, is
defined as:

0 1<x<1.09
5 1.09<x<1.49

g(x)=9 101.49<x<2.99
252.99<x<6.99
50 6.99<x
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Cal cul ating The GCI Score [0091] In one enbodinent, the GCl is calcul ated
by using a reference set that represents the relevant popul ation. This

r ef er enceweeabiomys2be one of the popul ations in the HapMrpT/useooansizes
genotype dataset. [0092] In this enbodinment, the GCl is conmputed as

foll ows: For each of the k risk loci, the relative risk is calculated from
the odds ratio using the equation system 1. Then, the nmultiplicative score
for each individual in the reference set is calculated. The GC of an

i ndividual with a rrultipl;;,cative score of s is the fraction of all

i ndi vi qapdhs Nk dfadiglierenge g@@t Si@talMatel) wherS £0T @110 Fre@erdy ofiOkrolyaskance, i f
50% of the i r?dl Vel d?fall S | mlt’f‘? el?er eanccg sete af%l a rﬁj %I }F[)?I cartol ve score

smal | er. { t he fi nal re of di Vld al e The, GClI
can be' 151%@?15111 SYEaaFs® %l%réf?{‘fﬂcte pf’ atigg Bl ‘*S‘%‘W“P e?l‘é{]cdf ﬁ%s\%) gﬁlgf G%fjcfge {%%s
or relative risks are known forkthe different genotype or haplotype

conbi natdddngSdtelidgkis gaply beinfournd (PR t-he literature in some cases). [0093]
As described herein, the nultipllicative nodel can be used to in the GCl

score, [MWW%HarQJr@%dM@?J@(HZBY E sibaedsihi@h totRe1PUERAR&pQhat BEL AWM NY t he
G&Cl score. Other suitable nodels |ncI ude but are not limted to: [0094] The

S\gﬁl(): Iy\rgel M%l%y the VHLIC oz&—ﬁle}mgg@ t V e{e & @els &Fg&n'c? léf m 1V1c§1nlsw dhO\I/I]If(ij_légLiS rl\beBBSia
Gener al i zed Add| t| ve I\/bdel Under t he generalized addl tive rmdel it is
presunmetelt hat there is a function/ i such that the risk of an i ndi vi dual

Vl\\/nb:j hf aj gﬁgOtﬁpﬁa)&ﬂtm Odds ﬁgzd $n t@g}n()&l it 1s resﬂfled'rhat dne 9 the ﬂ'étlc R%%@&Féﬁ&\égr d
ifie CcOr IS sScore was el a ncer
Causes H&hlaw]@&% étiﬁ’ esi% VAPPSR T 5B ?“5 Fln“fespa?%gr e ﬁl?:e(??"ﬁ%‘%fé? ed in

its entirety. The Het score i s _essential lgy az generalized additive score,
al t hougrﬁhvfdr’fé”‘fﬁﬁﬁﬁ‘f’ﬁy?)eﬁf%pe%?ﬂt SL 1t I’*F@_Slﬁi’ﬁﬂ%l o val ues inst ead of the
relative risks. Thi e usef ere ther Iatlv sk is
diffi cd?“tlﬁq]d“C@?P?rﬁ%tbétwe%/“ﬁﬁ)eogf?i?ﬁs “f%f“{if m@ﬁﬁ%&fﬁ"ﬁﬁf AuHeT eéﬁr Tate
functi dnangpled.s defined as: k [0097] Next the quantity het= / > {OR ) is

cal cul at ed, pu H&/the MdaS1 1§ QleArfbl[rgrgw ot erozygous z=l individuals in
SNP i across reference lon. The function/is then defined as

fix) =g Hét m"d&]rﬁﬁn Pefestopgs @él?ecfﬂ%ms PheensEyrE TmRBE P! oS WY o8¥F i ned as
ORc, ) Previom cobidera{i@0883] willheddatwaicd vidicfeitige pSedicarafdmd (m):r,+ Y Ricger8 FOWRn h S

I t I th
\S/;Puearh 6ﬁt1 S@%sou?%ﬁ% 5\)%1 ea&(b(‘}t?e?); nuEnIch Of ag&ft rgazﬁg %)E@dtm Pﬂ? F(ﬁa]iat\?/ql% d ﬁ(gl%gan%l}é €

ho mzyg@gsanrlmgwﬂen hetwgpr] té(p genetic markers 18 assomated with a condmon there are nine possible variants.

¢

This results in eight different odds ratios values.

[00102] To generalize the initial formula, it may be assumed that there are £+1 possible variants a a, ,with

frequencies fO’fl""Jk , measured odds ratios of 1,0R. ..., ORk , and unknown relative risk values l,kl,...,kk

Further it may be assumed that all relative risks and odds ratios are measured with respect to a 0 and thus,

_ P(Dla)

;=

OR - P(D|a;) ‘ 1-P(Da,)

i

. Based on:

k
p= X fPDla),
i=0

It is determined that

M=
-
-

Y

I
<

OR =X,

o~

o~

I~
o
L
S

Further if it is set that C= fl.kl., this results in the equation:
i
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[ 0099] The Maxi mum Odds Ratio. In this nodel, it is presuned that one of
the genetic markers (one wth a naxi mal odds ratio) gives a | ower bound on
t he conmbiweaorwEks2of the entire panel. Formally, the sceca/uskoonsieis

i ndi vidual with genotypes (g ,...,09, ) is&l(g,...,g. )=mx .= I1ORK 1 K
Z 1 o [00100] A conparison between the scores is described in Exanple 1 and
GCl score evaluation is described in Exanple 2. Extending the Mdel to an
Arbitrary Nunmber of Variants [00101] The nodel can be extended to the
situations where an aphitrary nunber of possible variants occur. Previous
considerations dgalt with situations where there were three possible
variants (nn,nr, ri)c?®@@rally, when a nmulti-SNP association is known, an
arbitrary nunber of variants may be found in the popul ation. For exanpl e,
when an i nt 8484 on bet ween two Genetic markers is associated with a
condition, there arg ning mnagible variants. This results in eight
different odds rati gg)vayue 0 0102] To generalize the initial formula, it

may be assumed thati-¢'here af& #H possible variants a ,...,a , with
frequenciesg./. ,...l. , measured odds ratios of 1, 1,...,0R, and unknown
relative risk values | ,1 ,...,1. Further it may be assuned that al

relative risks and bddSRfatios are measured with respect to a , and thus,
|, and O ? - Based Er‘g_ptla@-s determ ned that k OR Further if it is set that
C=/ .1., this resudts in"the equation: zand thus, k k CGORf Cf | =
C- p+ORQ00185T G hOhattd: Q1 ORktiof AL bREEBI LS. s &AMBE EQBroWict RaQNST YA bRke (O) .
This e uatkﬁn cagﬁgr%duce naQ% dlffﬁéent sol utions (essqgtlall%, up to k+
di f f er dWEPWOPUP {OdHE YISt SHUAPY VBT ML A SR 105 SHE SHIFTHESGY ST e AT B8 ent
can be gusRestsOufidnislct-he cl osest solution to C = f.t.. [00104] A robust
scoring framework fot THé quantification of risk factors us al so provided
her ei n.[o0W¥] | Aeroiblisf st@ihg frimegeretritle qoandedasonrvdyskitesid s alkdprabidel Brre@ntWkditesnt t he
resul t . | | . tifl i i .
F aot or & aF Ry o SRR S, RPRSEL BE S bR, il hERRlchE e
Ri sk Caxersapernedly nagidgyndsst opdo o4 vsd net hod that estimates the relative
ri sks from tEy@n@edseldiad Rigscef cadbilsivpke alleles in a case-control study is
?Lfg ggﬂ§§ﬁ2§%?gbﬁ%{Q%m%%ﬁ%%%%@%%hh%%%ﬁégﬁé8&%09&8&3&%@%§hagﬁgaggﬁggyigakes
also disclosed herein. In contrast to previous approaches, the r1neth0d takes into consideration the allele frequencies,

the prevalence of the disease, and the dependencies 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 accurate.
Methods

[00106] In the case where a specific SNP is tested for association with a disease D, R and N denote the risk and

non-risk alleles of this particular SNP. P(RR|D),P(RN|D) and P(NN|D) denote the probability of getting affected by

the disease given that a person is homozygous for the risk allele, heterozygous, or homozygous for the non-risk

allele respectively. frr,fry and fay are used to denote the frequencies of the three genotypes in the population.

Using these definitions, the relative risks are defined as

_ P(D|RR)
® " P(D|NN)
_ P(D|RN)
" P(D|NN)

[00107] In a case-control study, the values P(RR|D), P(RR|~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), P(NN|D), and P(NN|~D), i.¢., the frequency of RN and
NN among the cases and the controls. In order to estimate the relative risk, Bayes law can be used to get:
_ P(RR|D)fyy
PN | D) fu
_ P(D|RN)foy
“ P(D|NN) [y
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t he preval ence of the disease, and the dependenci es between the rel ative
risks of the different alleles. The perfornmance of the approach on

si mul at edwoasw/aeswr ol studi es was neasured, and found PoThsS2enevsRrel vy
accurate. Methods [00106] In the case where a specific SNP is tested for
association wth a disease D, R and N denote the risk and non-risk alleles
of this particular SNP. P(RR D), P(RNJD) and P(NN D) denote the probability
of getting affected by the disease given that a person is honpbzygous for

the ri &)I@d] l’Iﬁl!lS of thlé]ﬁ%g&éym%eno%esm%@g\%gw%an ey th(gspﬁ) cRQMd thesljélal‘we IHQJSeThe
respectlve y. are ‘used denote the frequencies of the three

genot y pEeicpges 9%@ SSBANFPSIP 16 AoPU R nrsERnp e Sdoufier frp fhie GHs confrﬂém?Yelrsalf P ey sks

ar e defdcpedonals: &%(VDeﬂcRR)dls% i tiRp&pulalid¥) TR{aEDIch RN thKNevaleB(erﬂhMBeas[e&Q)m%}lenl: n a
case-control study, _t D) can be estimted, i.e.,

t he frequency of IFT@R/I%)K casgﬁkgjg)@ig%bgn%rol s, as well as P( RN D),
P(RN| ~D), P(NN| D)fRNasrlla(IP(I\lRup(D)+H(Ré/| R)le- pEBYhuency of RN and NN anong t he

cases and the congral givdnp L A@AeSL Dﬂﬁt pHhe relative risk, Bayes |aw
can be used to gejf g? P (m R@I ND? R P(D \RN)f NN KN=P(D

\ NN) f RA§030P1 08Jen B &5 sm@ﬂ‘ en@%@ terfesgpgaars p’étée gshotymeca bavopppasiedyéheldisguspcicsohe can
use t hagQedoBp&iah Goltdt® pdplRdEhuRtls\iBull h&KSan alhiRud Li@gantct 88 pefachde ganot ypes

1 nce. PREY s e bR PG sa sUaE ot Brgro b h st opHe R BpU o Bt s

parti cwhée refardncd dasepr eval ence of the disease is p(D), then: f =P(RR |1 D)P(D)
+P(RR IGOI (l\kost' cuﬁ)én@t&dleg ddRoThRE mfelrcl;}}eq{a@et f(';E&l%Nﬁe ke rc@)tl(/é rlsk R4 Q)l)) thé OdWar 36 NN
ID)p(D) +P(NN | ~ D) (| p(D)) [00109] Wen p(D) is small enough,

f r equerd@rey SlFeoﬂﬁféatij’éﬁlb‘?%]étgnaéan be approxi mated by the frequenci es of t he
genotypes in theeg trBtR@pr’(aprnD) but this would not be an accurate
estimate when th %ﬁﬂ% ngﬁ) However, if a reference dataset is
given (e.g., the Hapl\/ap Ci t% 5 one’ can estimate the genot ype frequencies
based on the refegpgnce 0] Most current studies do not use a
reference dataset to eP(NNamP(RNH@Datlve risk, and only the odds-ratio is

:’ gg) (F))E }:2 | 11]-%% W%%%ﬁs%tﬁlbg’ﬁf %?aﬁ]%%‘&ageﬂjs smc ESERE(H efl _0%\56 an esla}nate he allelg NN

frequencies in the population; in order to calculate the odds ratlos typically what is needed is the genotype

frequencies in the cases and in the controls.
[00112] In some situations, the genotype data itself is not available, but the summary data, such as the odds-ratios
are available. This is the case when meta-analysis is being performed based on results from previous case-control
studies. In this case, how to find the relative risks from the odds ratios is demonstrated. Using the fact that the
following equation holds:

P(D) = f1uP(D|RR)+ [ P(D|RN)+ [, P(D|NN)
If this equation is divided by P(D|NN), we get

D)
p(D|NN) fRR//i’RR—i_fRN/lRN—i_fNN

This allows the odds ratios to be written in the following way:

_PID[RRYA-P(D|NN)) _ o~ P(D)
* P(DINN)YA=P(D|RR) ™ 55555 = p(D) Ay

P(DINN)
Sretre t JanAen T Jaw — P(D)
RR
Sretre t S Aoy t Sy — P(D) Agg

By a similar calculation, the following system of equations results:

_ Jreter T SFanAen + fow — PD)
ORyp = App
Jreter + SanAry + Fay — P(D) Agg
_ Sreter + fanPen + S — P(D)
ORyy = Ay
Jrelar t FanPan t Fay — P(D) Agy
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[00111] The odds ratios are typically advantageous since there is usually
no need to have an estimate of the allele frequencies in the population; in
order to walouwmareot he odds ratios typically what is neededSc@beigenot ype
frequencies in the cases and in the controls. [00112] In sone situations,
t he genotype data itself is not available, but the summary data, such as
the odds-ratios are available. This is the case when neta-analysis is being
performed based on results from previous case-control studies. In this
case, how to find the rel atiyg,fijssks fromthe odds ratios is denpnstrated.
Using the fact that the follow ng equation holds: P(D) =f P(P IRR + 11NP(D
VRN) -+ 01131 Bty qdriNption stha (pieneier 0R P OV RSS BitReiparydleRy: apt %fm)alen%@f Getisepene)
, o, ﬂ(n@(nDhéNMtlx)erﬂlRRan]HRN)uﬂdﬂysmvfﬁbth&s&|0f@MBloﬁshe odds ratios to be wi tten

I n the C on; a QO y CVCer, ds
equat | ANAHH Qe WG B adBlhlon Bty Bl P bkl e Y BL S

[ 0011 3]shqw belpw thafdbrse ip ipipds onetrhsibieseliise fchieedugfont he genot ypes in the
popul atjéars Nornght &g fNQr=QYEdu@tﬁﬁ€ysan 1tiNQuitdl SERIR 784 akMOWBsmulaI®weRL, a&re ve

{Ihzléz gﬁee € f? \%engungu B%Iplul(s%tloél 1suta P%itg)!sa%coglﬁ; Lt?'tﬁgl%réngr?ﬁ%rlrgnhod taﬁ«:s 1n0 ac]count tﬁe f]act ?mt the
sol ut i dwsrelatgusksdependan escﬁ@ﬂwr mle@W1pWatetm¢$én£eat@ CPwTe@athopthowétlmg@ bl e
sol uti Q[[aegegdeg@[s equatl on. [00115] f Not e that when f ; 1, Fﬂuati on system 1
i's equiv 0 or ver ere the al
1 equentG T deiig BB Furarrgu e fbdRr e S g BT e Ry HoP B GU et hod
t akes icdtubrtiocis cannficateld @hghéuc tao.d1hatx it deeotddy the @bsaible el allklsk shetkap enig nomridaldle.
ot her, A lfr@qug{cﬁyf o TEh tﬁ@ DuRttE 96 S knppogmml@s af?@agiamga ﬁohﬁlelyf—‘h@tréla\ﬁ@e risks
|ndependentl 00116] Rel ative risksfor multi-allelic |oci.

mul ti - A ®Epes 10%6%‘5 meﬁfﬁ t| -allelic variants are consi dered, the
calculation is c /gpIPcm[tce)d slightly. O . .., is denoted by the possible
k+1 alleles, wher (D g, jhe non-risk allele. Allele frequencies fo,fi, f2,.
. .,fk in t he popul ation’for the k+1 possjble alleles are assumed. For

1

allele i, the relggix Eﬂi&]&:aﬁﬂl&dﬁ&-xéﬂf&ﬂ@e defined as P(Dla ) | = P(D
;( I)I P(D 1) (1I- PED ad))P(Dl]%R(DP(aD)aDR —ll IP(D(IE)f)a;)%(I ;jP(D \a )?:.( lD) P( D]c " P% DThe

ol | owi uation ho preval ence o e di sease: =
\a,) ThTﬁ'gf ﬁ%"mgtfquamdn i OTE prev 3ce°f§1 & equation by p(Da 0), we get:

p(D)= ZfP(D |a)

=0

Thus, by dividing both sides of the equation by p(DJa,), we get:

_pD) Z 1A,
P(Dlay) 5
Resulting in:
k
2. /A= p(D)
OR, = 1,—°
S - 2D)
=0
: OR,
By setting C = Z fiA,, theresultis A, =C- - . Thus, by the definition of C, it is:

P(D)OR; + C— p(D)

i=0

1—ch—z JOR

= P(D)OR,+C~p(D)’

[00117] 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 solutions. However, since the right-hand
side of the equation is a strictly decreasing as a function of C, there can typically only be one solution to this
equation. A solution is then found using a binary search, since the solution is bounded between C=1 and
k
C=>OR,.
=0
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P(D) P(D\a0) =, 0O f | Resultingin: f -p(D OR=I f - P( ) 1=0 By
setting C=/ f | , the result is |, = C- . Thus, by the definition of C
it is: PODPARO#01G2P(D) [00117] This is a polynom al equaCirars2euoibs2e6e
variable C. Once Cis determned, the relative risks are determ ned. The
pol ynom al is of degree k+1, and thus we expect to have at nost k+1

sol utions. However, since the right-hand side of the equation is a strictly
decreasing as a function of C, there can typically only be one solution to

thi's eqyaid) Mpushiess t;,étzéegﬁvelze%km%mfnowpeﬁ@ébf@chaof% BAt¥n PERREDSs pRidGg, t he
solution i s bounded between C=I and .[00118 1? Robust ness of the Relative

Ri sk ELHSINRERIIGHs: apHedds fatia gtorp pn BeesHmss of hiercliYerBEsarit mppstrethndt @fieg to measure the

( pr evalegac &, healidletr@udntyend paeies: cstands adtkSrehbik irigk \afuths klaow isheasesitilam@t es of
the rel e

Al el o T o o RS AR TRAR AL ook Aol R B ER DT PR bl e
rel ati V@Serqa@%at\%%for(?ﬂf‘d@ﬁ]&? wihef eegiRedrogidtto bf val ues of different odds rati os,
di }‘ f elr QWIIQ}Md&h&mﬂ}F Qﬁiﬂ&ﬂ(s‘/hl&s o(tﬁd]?&ﬁle e,resalﬂﬁlg @hﬁa‘e tied ad J\fencﬁesaﬂkhte siskofllelt hese
cal cul ations for a pr enc val ues ran

Addi t i %rn%ﬂe]imes s IOﬁf’(P E%d]a Rtk Case? W %@@r%)lvg ence f‘lﬁlé resuF A Wlll 3P ive

ri sks ds‘ra =ﬁ&hﬁt9| B ot betqqepquslkecsly freh Bqtfd?lcequéﬁ@ilcesﬂwle?n@e@ﬁlt eélell.e frﬁwmem ly,

|1n lalRlR h@_}gﬁ%ﬁﬁ ﬁﬁhﬁ&es@(l@ar Feh@\ilorl R HFRRhes a @(Hl@lavla B%tron RRNounRNgcmesivRED) =

e conput ed
Adai 1 ST 15 TR FeE e S B pRE L o R G o B B s
| i near fdnetgawlmlszle &mdechMr@ppmmth@eareemmcfamé tybigrllytnptaufeaniht teswdtin odlatidetbk
second defivati ve. Wien the risk-all el e frequency is low, |RR and I RN
approach the behavior of the function g Thi.s means that for high
ri sk-allf%4p® Gitelftiensyreleficdy '8 seitaretiesy hIW U e f?k@‘(ﬁé@éﬁBgen\ﬁﬂﬂder‘?%ﬁla%aI ly not
af f ect idtligverasdidfotniang: meadusddf Mg, Hosdvebhe fEladte. risk 802 B direxligl 8aldatel] @Stha/®ntext of

Rel ati ye RSk smdl'é's E LS. génoéjcegs?o U Grsubife Tﬁeellel%&\!fe‘{& Ja{i(ﬁJﬁ?}%%e %‘L&%Qd

consi dere as an urtrve and t1ve neasure o
rel at i visoyep glepéCélﬁWﬁtdwben wliigheisetiofhealdy éngivaduaers padigdiper @ dme eseied @fﬂm@a@éma@m r oI
st udi e%ddsﬂat@@aﬂ@ﬁo@hally &J@d*te%fﬂa@ co@ermmes a1gs 0dds-adtib @MheShtid Bbt@Sen thEhEds roe&aaplhg/e

risk c r1ul§ é‘haf 1ry thebeasee\%t (9 con (gs tFlgrzjrgrlél glseagers %?epo%lgstrlat}()els ag%g qpproiﬂmatlon\,\@relatl t‘[‘lS Set

of heal ividuals'1's udi
odds r éi.lpwysr» @r emon Aiedases ﬂ’ﬁ@é@lﬁtﬂedOUMTe%hS@—T@@Wﬂm@‘#SU@WJ@ﬁT@S wherhige eddelxstigsat i o
is the n{aet)é @Hg)lelgly@,elmﬁeﬁgmggggseQlfnslg@;nﬁry)f ng the risk allele in the cases vs

the co For .rar S es eodd tiois a ood roxi mati o
o7 s DO Jpe s e ot R S, N D e R e B e Rt SR B kel 1
a m sl éadhntpesst Thirat leght whes g praléitiey of lreing thd Sisqugtis @Smat@ly Hoeevquil ingrdsiigh even

when t hg LNGHEARE addds thi $in drS 1iRLRAO br hd BRIk e &b Mg bl db &b TR c&Rasibn, ViR fact

Rel ative Risk. Relative risk inplicitly assunes. that none of the cantrols
curre I’ltﬂ}a%/the some of the controls will eventually develop the disease 1s taken into account. The relative lifetime risk is

defined as the ratio between the risk 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 use of relative risk in case-control studies, which is based on prevalence information.
[00122] Denoted by ag,ay,...,a is the possible k+1 alleles, where ag is the non-risk allele. Allele frequencies

fof1,5,. ... fk 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
individuals from Z, it is assumed that individuals from Y will eventually develop the condition. Also denoted by CO
is the union of Y and Z, and by D the union of Y and CA. It is assumed that |Y|=c|CO|=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, o may be smaller than the average lifetime, depending on the age of onset of the
disease, and the ages of the controls.

[00123] The relative risk and the odds ratios can now be represented as:
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has the disease. This is relevant when the probability of having the

di sease is estimated. However, if interest is in the risk estimation across
t he span wb 2a1dd1f&0i me, or the lifetine risk of an indi PCaaskomwosztevel op
the condition, the fact that the sone of the controls will eventually
devel op the disease is taken into account. The relative lifetinme risk is
defined as the ratio between the risk of devel oping the condition through
the life of an individual carrying the risk allele r and the risk of

devel opi ng the condition through yﬁg kﬁﬂ%_of an individual carrying the
non-risk allele. This is diffeﬂﬁﬂ%—éﬁﬂﬂ—%ﬁ% standard use of relative risk
in case-control studies, which i sPHaded ¢ preval ence information. [00122]
Denoted by O\ ,. . ., is the ﬁossuwbg6M1EQ%Htebes, where ao is the
non-risk allele. Allele freque 6i@§’h°¥ib’TéWCK7 .,fk in the population for
the k+1 possible alleles are assuneé.0 urfﬁér assuned is that studied

i ndi vi dhaddsls eamn cheediriténched | Nnto three groups: CA Y, and Z. CA denotes the
cases, while Y and Z are controls. As opposed to individuals fromZ, it is
assuned that individuals fromY will eventually develop the condition. Al so

denoted by CO i $)4 hePldniGh bk, [¥@nd Phe, |6dd BY (@ [#he AmedHdapfZ) and CA. It
is assuned that | Y| 2R EMCPZ| PlaWaene o (i S 1) el £ &peta), po) of controls

that will develop th ndj ti within t r Lifetime. Note that a is upper
bounded by the ave&agggfhgkﬂﬁﬂﬁwﬂﬂkmh_6922?“%5; a may be snaller than the
average |ifetime, dePéitlisal eR(f e ade ©P(8hedt of the di sease, and the

ages of the control spd PQLI23)pThe Uperigh and the odds ratios can now
be represented as:PQ5%%zB%ar;4§;=—ﬁ§i{%Afjﬁé?—G? 0O RP(UL ICAP(a 0 1CO P(a
0 \CA)P( a \CO) The ‘oddt %ht B Erh b WI{fed)as: P(UL ICAP(a 0 1CO
P(UL | GAY deaiftidn Borh M fits( &b secot) 1RE & Hasell &) BR 17w, whité te Grirll GAY) iPhdsbll dn @)tacPhar A |

CA) aP(a, 0 \ +(1 - a)P(a 0. \Z \a ) (Y, \aa - Z _
p(Ca &) abr e i BB St LAy oo SRty W p el By
P(CA | aB¥tsaP(CA \a +(1 - )P(Z 1) The derivation fromthe first to second
line is based on Bayes law, while the third line is based on the fact that

CA and Y are essentjally the sane popul ation, and thus P lal) = P(Ylal).
Now usi ng the b@gLfKEﬂﬂ%@( )PLC. ? % ¥ )Bgmééﬁﬂikiﬁfiéékfiﬂﬂa ) (2a
-1)P(CA NG 0) H P@A4A(kp- VPEOR(E) #)+d-OR = =2a P)CLCH Gi,)B) —¢2ci -\) P(CA
\al) +\-CG (la-X)P(CA CG 1) + - a As before, p(D = where p(D) is the
average lifetine risk. Thus, using the i= 0, and the odds ratios can be

rewitten as: £
As  before, p(D):Z f;P(D|a;), where pD) is the average lifetime risk. Thus, using the

i=0

D k
equality C == L = Z fl.ﬂl. , and the odds ratios can be rewritten as:

P(CA | a,) -0

o = ;. 22— DPD)+(-a)C
Qa-1DP(D)A, +(1- &)C
Thus, if C is given, the relative lifetime risk can be found by assigning
. (1-a)C- OR,
" Qa-DP(DY1-O0R,)+(1-a)C

C can be found by solving the equation

N AN f,(1-a)OR,
l_gff ‘ _g@a—l)p(D)a—OR,-w(1—a>c

One can verify that by the definition of C and the odds ratios, C > (2a — 1) p(D)(OR; —1). Therefore, the right
hand side is a decreasing function of C, and it can be found by applying a binary search.
[00124] Lifetime Risk Estimate Based on GCI. The GCI essentially provides the relative risk of an individual

compared to an individual with non-risk alleles across all associated SNPs. In order to calculate the lifetime risk of
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(2a -1)P(D) +(1- a)COR =1 (2a- I)P(D)I +(\- a)C Thus, if Cis given, the
relative lifetine risk can be found by assigning | =( - OC ORlL 1 (2a
-X) P(D) (30 20R1017520 X- a) C C can be found by sol vi ng t hePegusioons2ne can
verify that by the definition of C and the odds ratios, C > (2a -X)p(D) (OR
-X). Therefore, the right hand side is a decreasing function of C, and it
can be found by applying a binary search. [00124] Lifetinme Ri sk Estimte
Based on GCI. The GCI essentially provides the relative risk of an

i ndi vi QH%WBQJTPI% ﬁ)qu& O tl?crhfétllﬂlg Irl\sllé (ﬁi Hl@llndWIdhéﬁ Wlﬂﬁ)ﬁ]le Helsage lﬁllst H%lr@caﬁlgg QAR aﬁc!l (!thde
associ at ed SNIjs In order to calculate the lifetine risk ofan individua
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t he rell%tslon\aﬁ edlAgks Epf their variants in each of the single SNPs are sumred
up. Pl ans [00125] The personalized action plans

di scl od¥d2Hidiheparsopntiendiaction plemdiselgpbdibereingueviide mabiima vl aftionatis tiifeymatiop t4 improgake t he

heal t h 1oJin WeldIRESS aPfditiaual Meliidta gl ah mé gba&mlb sroRasask @dh&daﬁ TOERAHA fanPh:@fidel € Of
the individ ctlo Ian ravi.de courses of ac on. t ha

u
benef i ¢Pai® ¢ %C%?HKIW I”“%IEI&I iyt “6I“e“é°fﬁéi’?lf‘lf W%Pty%‘@ﬂ%‘i Ppa e dé?aryélICBff‘? on,
and maydiinstaiceof ddnpaiista@aentionongbring fie patpeelitnee of remcnntifcctypliticttorit pgmhkirg

pot ent 'h@ st}rkeéﬁgig&fm &1&%&@@6’1&ndg{he%Js&l%f[}éblfg;actfvﬁlgsagvMH bé%{ers%ﬁieﬁ'gasédl ofngn style
changes 1n diet, exercise, and other personal habits/activities, which can

be per é@ﬁﬁu?lzgéﬁfloﬁ%%’é‘ﬁ“edﬁo awrﬁow&?wemapl-a% Ad@%tﬁie]éf aﬁﬂ@’fvidf% Iqah?ecﬁ“ﬁn a particular
per sonadtinZ ek ictated omthgt @ﬁomlé\brbﬁé Rt ih vd@litn, oﬁnibnallydln&udd dddr ifayhathe, sgéhwe Amély

par | oYL AL, LALLM HAAL L 188800 NELS L GRNOME yBEQLL B A0S oAGH ] on.

optiona tion, suc tory, exist
i f est preonpagitoashiah aowéwoaﬁﬁgk andsqffer- Qaher fpqirs hgmay quowrate@)mcwwémwlm
condi t igeASr, and@gdk TEd’BdHiMMrmusﬂ&ﬁaSMdl:xefc&é @Ede@ﬁb‘ﬁhﬂrd@}es o meir evdtiati@niant , and

others. dgclu%er{sks ggltse%sesor con%ftlons Wn Bseo ble?cor(Pé%erde}mo %e LG susge ethnicity, gender
and age. vari ous dretary and exerci seé prevention

st r at eg?d26] didherived. fhe pswoRivaltrion pIﬂpStnImy bemrbfiled gr uriladddorgh indivislesh shedilgad or

condi t iygRgd ﬁ@%ﬂﬁl‘l&ﬂtcﬂﬂﬁ pIaﬁqury ROf @R Gcal e 18 Ihencﬁ@&umgthay%mre ITQQ%&%
action pl ans dified or

Fur t her nor e al d ted for
ARV SRR I At e R e AN R I e

aut onatsitsaliplign rbentlidrotieaty, ihndpdvicdieasbnabred bdtien plarhemaotll begntevhpamaugedd, by kior
exanpl Ggividua1dPméiighiv G &anQr. TRk oDERE fchoGRh S TBNAG R ed ddtéalbage@(l,day

request ed automati c updates such as with a subscription
Alter né?tll?l?ﬁé?%fac“’f%goifﬁﬁ%’ﬂeeﬂl1}3“8?%H‘éﬁyl ivéé‘loé?c?tel?efiﬁcoﬂF éti?nﬁzéls’zly%ﬁﬁ F‘S?l Usgesgiisigcdihen
reques TII&Jdlf)btyclsa’fg récatinvtidelioad, a<ta1radd1ﬂnm1rrechelaénﬁhloﬁsaoreermmmagﬁrmendﬁhﬁls pethsaial i zed

action g@lJS(%QhZ % gg sj)lhee bg(ﬁlmé{lt?sdﬁltlﬁcgw&gﬁl?a hAR cBnfld UQ’S{H h?efs aCt ors. For

exanpl IVI ave nbre genetic correfations zed and the
resul t élam@@ﬁlr?rﬁwﬁwu Faye réez? @fomf@m eRptRreHd A thiswRs cxisterd bt hﬁ% geography,
r ecommendag, b@mns:,lim@éd t6,8RV@ndiea s WoRREELRAS p@d&naﬂ Retibihipd, RImepRMLS@RA, nged

?IC]E Iez? §) ler('g' rE)r Wanrt] tosng)clinae t%elr upgatergl%rgjé[ t% obtaahq a i)err]sg){la 17€ ac 10n nply thg?'n\égrp(():raesqgese changgst %

example, an individual may have followed their initial personalized action plans, such as reducing cholesterol in
their diet or pharmaceutical treatment and thus their personalized action plan recommendations may be modified or
their risk or predisposition to heart disease reduced.

[00127] The personalized action plans may also have predicted future recommendations based on an individual
following the recommendations on a personalized action plan or other changes an individual may make 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 habits such as those in the personalized action, the risk may
be decreased.

[00128] 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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have followed their initial personalized action plans, such as reducing
cholesterol in their diet or pharmaceutical treatment and thus their
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example, if an individual has high cholesterol, foods with low cholesterol would be categorized as B. Exercise

regimen for the individual can also be based on the same system. For example, an individual may be predisposed to

heart problems and should avoid intense workouts, and thus running may be an A activity, whereas walking or

jogging at a certain pace may be categorized as a B. Standing for a period of time may be an N for one individual,

but an A for another individual predisposed to varicose veins.

[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 A1, which indicates a
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recommendations for the individual on a personalized action plan are
categorized into 3 groups: "A" representing adverse or negative effects;
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each letter corresponds to one or nore types of exercises, including
information regarding the types of activity, length of tinme, nunber of
times inwogowan7i2zomefrane, that falls under each | evel pCanu$2e00053216 he
recommended exercise reginen for the individual. [00136] Table 1: Exercise
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t heir do0a39] In another embodiment, individual foods may be categorized. For example, an individual given a 2 rating

should select specific foods that are also categorized as 2. For example, specific vegetables, meats, fruits, diary, and
others may be categorized as a 2, while others not. For example, asparagus may be a vegetable that is a 2, whereas
beets are a 3, and therefore the individual should include more asparagus rather than beets in their diet.
[00140] In another embodiment, an individual is given a suggested rating for what type of diet to follow that is
breakdown of the types of nutrients of the type of food the individual should have in their diet, based on their
genomic profile. The rating may be in the form of a visual representation that includes shapes, colors, numbers,
and/or letters. The rating may be in the form of a visual representation that includes shapes, colors, numbers, and/or
letters. For example, an individual is found to be predisposed to colon cancer and diabetes, and is given a symbol
that represent the proportion of different nutrients in the recommended types of food the individual should have in
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[00140] In another enbodi nent, an individual is given a suggested rating
for what type of diet to follow that is breakdown of the types of nutrients
of the tywe 20ofo/fiegzd t he i ndividual should have in their Pdiratsodasede on
their genomc profile. The rating may be in the formof a visual
representation that includes shapes, colors, nunbers, and/or letters. The
rating may be in the formof a visual representation that includes shapes,
colors, nunbers, and/or letters. For exanple, an individual is found to be
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[00144] For example, an individual may be either an A or a B for diets, wherein A represents a certain type of mix
of nutrients and B is a different mix. Alternatively, specific types of foods may be grouped into A or B. The
individual may have another binary categorization for exercise regimen, such as H or L, where H represents that an
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[00143] In sone enbodi nents a binary rating systens is used, such that
types of recommendati ons are grouped into pairs. The system can be simlar
to the Mwo=oBrilgie Type | ndicator (MBTI) system | n theCURBRowpSI2e6n t here
are four pairs of preferences or dichotom es, and an individual is placed
into one of each pair. An individual's preference is 1) extraversion or

i ntroversion, 2) sensing or intuition, 3) thinking or feeling, and 4)
judging or perceiving. A variation in the system can be used in determning
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that is based on an individual's genomc profile. [00144] For exa , . an
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conmmun iatsybtt ahatnplgxq:pwgmst)lsd @thumty The individual may form groups with others with similar phenotype
profiles, action plans, and motivate each other to achieve their goals. Individuals may set up competitions with
others in the on-line community, to improve their GCI scores and/or achieve goals on their personalized action plan.
[00148] For example, an individual’s report, such as their GCI scores and personalized action plan, may be
viewable by an individual’s family and friends in the on-line community. An individual may have the choice or
option of selecting who may view and/or access their report. The on-line version may comprise a checklist or

milestone measure containing items on the personalized action plan, where the individual may mark off
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notivates an individual to inprove their health and well-being, using as a
basel ine their phenotype profile, such as GCl scores or by achieving goals
on their wonsmalri2zaed action plan. The on-1ine communit pCrRas20me/0532m8t ed t o
an individual's friends, famly, or co-workers, or a conbination of
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[00152] 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 to encourage
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offering themas a reward to the individual that decreases their risks or
predi sposition for disease and/or achi eves goals on their personalized
action plhao.2olomdrszodual s may al so recei ve poi nt s/ awar ds PComuse@aobizng a goal
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famly, or nmenbers of an on-line community with the sane goal. For exanple,
the first to achieve a risk decrease of a certain nunerical value, to

achi eve the greatest decrease in risk to a disease within a certain

ti mef r aiRiqubiQto3&EQ 1h&Bm&mﬂ&ﬁhnB&n&@ﬁmﬁﬁﬁﬁ&ﬂﬁhﬁ&@ﬁm@&%ﬁpﬂmp&%%mn%ﬁetO
acconplish the nost goals on a personalized action plan. The individual may
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an interface is preferab rovi ded by on-1Iine,
relating to the present dlsclosure can transmmed over such networks'or connections for reception and/or review

by a party 522. The receiving party 522 can be but is not limited to an individual, a health care provider or a health
care manager. In one embodiment, a computer-readable medium includes a medium suitable for transmission of a

result of an analysis of a biological sample or a genotype correlation. The medium can include a result regarding a
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or condition to be generated if their is any change in at least one GCI score due to changes in the analysis used to
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[00175] A genomic profile may be generated for subscribers and
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t hrough a conputer, may be limted to subscribers. For exanple, access to
at | east one GCl score generated and outputted by a conputer is provided to
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|nd|V|d&dﬁmg1ﬁedhmwd@@heewamdger or prOV|der. [00181] Anot her |evel of
subscription may be to naintain the genomc profile of an individual
digitally after generation of an |n|&é®! Ehenotype profile and report, and
provi des subscrlbers the opportunlt Ner at e phenot ype profiles and
report ¥xy \ i AL : the | at est research. Subscribers may
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[00186] The effect of variation in the prevalence of T2D on the resulting distribution was measured. The
prevalence values from 0.001 to 0.512 was varied. For the case of T2D, it was observed that different prevalence
values result in the same order of individuals (Spearman correlation > 0.99), therefore an artificially fixed value of

prevalence 0.01 could be presumed.
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[00184] The GCI score is calcul ated based on nultiple nodels across the
HapMap CEU popul ation, for 10 SNPs associated with T2D. The rel evant SNPs
wer e rs7AE0240)/01rx4506565, rs7756992, rsl 811661, r sl 280¢ZAB2000080250136,
rsl 111875, rs4402960, rs5215, rsl 801282. For each of these SNPs, an odds
ratio for three possible genotypes is reported in the literature. The CEU
popul ati on consists of thirty nother- father-child trios. Sixty parents
fromthis population are used in order to avoid dependencies. One of the
|nd|V|qH%L e&h@%mggguﬁ(ﬁg call in one of the 10 SNPs is excluded, resulting
uals. The GCI rank for each of the |nd|V|duaIs IS
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preval ence val ues from 0.00]1 t 512 was varied. For the case of D,

T2
was ob§@?6§ﬂn@ﬁ5@WHW¥Fé?@ﬁ?mﬁﬁ€wgﬂéﬁE@C9§Pﬁ§§eW@§H?FmPHSWHEM§%ﬁﬂmgFﬁéﬁeof
i ndi vi doddoksets Spearive b aMhetaipbsiive Patels DBihgtiot bralieeii@rpesi@m radd Hasell bica hdrytedt i xed
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i ndi vi dqzaIlSsX ame @éﬂbt red auzﬁszﬁngantl e nM}feWﬁs thi yte5Q b@/m@wpfbs.] ?hsrﬁt@ of t he
7 diff %Fo%ﬂ)tlhtpis SRARKES estit)P Bor e E?skaﬁﬁtg@&rateg Q(ij@ c@ve[ﬂ)ﬁlﬁﬁeﬁ%k esﬁﬂﬁesRlﬁ%’sé Rt @i d
Arthrltl NPs t hat pass the curatio %#% %{ hlﬁLhI%‘s hed on t he

Af fy rretnf‘ BORC LEHEEATE ST B dosNB v S PG ISP HE ST Pré %Efbaf?“éaffeaél SNP.
8 SNPsﬂdeHIwge 2 Diabetes, 9 SNPs for Crohn's Disease, and 5 SNPs for

Rheu n’B.t[thb] %& RUC tfdr $he @}Wanti@df 'ﬂg log[sgmégkhoﬁr Q@qu'&eﬁﬁﬂa\f &Jr algﬂl%é @Eéaééga%ié Me s (ROQ)
(The Statistical Eval uation Test sfor Cl assification and

b D SIS o1 e stion g N Bl T r bt G 1B G R T B SR €y
Press (2803)9r thes: dissdeh ahdthev SNRsa TRerdfdre itahi Heljisiified fhat theasGiptidnOhas e EP-SISP a

cl assi fﬂt&£ct1§n%%&n b% « orgd §?(B ldslthe(PJ]i n(P JV%.ET%E ﬁ)p Lu¥h a qntErQJn %91{1 %e\;ioug\%ﬁ&eg exi st,

such an 1 ndi vi score excee e individual is
nec ess:i?‘il?l} Tae €aROC &Ry 15 GPmPaF‘F‘é tfr HEGOUEN, dipoass H@éﬂl Elé%ﬂlse%? gojepargimes HEMet | t hen
the i ndlisvaiséilbl&tectie@byﬂﬁth%ﬁ\slaﬁﬂldn}él @d g@mcrfmors A @haf3hd tws ER1R afe@r[de&ﬂ(&ﬁty PL@di vi dual

Ipzsf,?: &Vglerfg 19 thela gené[nc i3k k an Ee Ceaéfslveng)ﬁrgé[nlf’ 1sks$he%r%t foo %?a?s?r Ie%t% B85 glg(% Gﬁ,) an i na ;
t est def) mdchaban nﬁﬁhdusl@@ll‘t @vetldsxrtlassdomdndmnrshlst ltfen’neplﬂlb’f ¢ &da fifell nallheyss dehred Aisgiaed

Under t, S%:‘[Q‘Jconst%al(iﬁH?%%rna% @1%(‘?%%% g d glratql% aV?rege% Im%e ns%t Sﬁgl(P A>\ ﬁg giBeli iandom

dlagnosf test t
[ 00189 hertppilihy e pverage Fgtipes rigkstygeskaprer efa@rof &19 rmlélﬁli)@ ¢spted, thi @arpresigiesst fhe mloéféfr essi on
to cal Guoritng 1d hedidas tan®O6e |1 0dohBtindo@BK ARG @Sre 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 G is generated. This represents the optimal scenario where the genetic risk is
entirely understood and can be measured for every individual.
[00192] A variant of this model in which G=AX+Y, where Y ~ N(0, oy), and X~B(2,p) is also generated. In this

case, X corresponds to one SNP with a large effect, and Y corresponds to many other small genetic effects. By
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interactions between the SNPs to fit the data is used. If the SNPs are Si,
S2, . ., Sn, then the nodel assunes that the logit is X = aiSi + a2S2+. .
anSn + al6i28m/017526a .\ .\ , where Sl1l1 is the interacti @eaThstewem28dand Sl
The fitted probability is used as an estinmate for the risk, and generates a
ROC curve for these risk estimates. Note that this nodel takes into account
pairwi se interactions between the SNPs, and it should therefore be at | east
as accurate as the GCI score. [00190] The AUC for the GCI and for the
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variations, changes, and substitutions will now occur to those skilled in the art without departing from the present
disclosure. It should be understood that various 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.

44



di sclosure. It should be understood that various alternatives to the

enbodi nents of the disclosure described herein may be enployed in

practici ‘yotzhw/amzrodi mrents. It is intended that the fol PORiUsSgoooloai2ns def i ne
the scope of the disclosure and that nethods and structures within the
scope of these enbodi nents and their equival ents be covered thereby. CLAI M5
WHAT IS CLAIMED IS: 1. Arating systemfor a variety of recomendations in
a personalized action plan, wherein each of said recommendations is given a
rating, wherein each of said ratingsgqpesponds to a rating given to an

i ndi vidual , wherein said rating given to said individual is determ ned by a
conput eYHAESEAAMER [j5enomi ¢ profile of said individual. 2. A rating system
for a variety of reconmendations in a personalized action plan, wherein
each ofl. sai d\ miggoeysmerfoatvidimsof ksonghanémios i @persnigjizedheiveplm, each of said
ratings corresponds to a rating given to an individual, wherein said rating
grven FO sai d %Miﬁ/éagf@Laid@coﬁ%ﬁfa{fgnpﬁgivgyar@tingpnp!"t er _based on a Genet'f:
Conposite Index (GCl) or GCI Plus score of said individual. 3. The rating
systemof claiml1l or 2, wherein said rating is a nunber, color, letter, or
conbi nat i on t hBPEYF AL SHHAIMESETRGOEY Of SHPHEV RIS Y- 2, wher ei n
reconmmendati ons i ncludes a pharnmaceutical recommendation. 5. The rating
system of cl ai whefeirpsaid 2gting\gremed saidg@livaium dnilefpimarcibe ewtnpeied baseé crongremdarpdnoli s
an exerglisgvgegi nen. 6. The rating systemof claim1l or 2, wherein said
non- phar maceuti cal recomendation is an exercise activity. 7. The rating
systemof claiml orf2, whengin saig.non- har csutjc | recommendation is a
di etary: pl an® 8¢ SPHE PPy U JFSTRRTIET OB AT RETSegted X UOWPIEY e n sai d

non- pharmaceutical recommendation is a nutrient. 9. The rating system of
claiml or 2, whreredarh ofsdidieqoaimiengti@ysieemadstingepr esented by a binary system
10. The rating systemof claim1 or 2, wherein said genomc profile is

obt ai ned usi ngw@eréﬁiegalﬁmﬁngsQ%pmdg{ota%;lgagﬁve@rtoB%&med nmethod. 11. The
rating systemof claiml or 2, wherein said genomc profile is obtained by

anplifying a genetic. sanpl.e fromsaid indjvidyal. 12. A nethod of providing
2 Fating Tor PERSHAHIET B I Aoy Bebonery S Rt et Gie ot e i Rl ual
conpr i didag(Q)or 6bt Rivcmgofanigadiodiat profil e of said individual; (b)

determ ning at |least one rating for said individual, wherein said rating is

det er misned by AiGAYRM ELlRASRY, e Ahifra8RNOMuGbR! @fok, I@er, @REmbikGdn theRQr t 1 NY
said rating outputted fromsaid conputer to said individual or health care

manager4 of S[%'e r(:!atili ndsite\r/r! (ﬁl ul%lm 1 ]r'§ 'WhArelrlrlFf‘ tcgrgrglen(aftio srioc liddsi an %a aacreila’t'% ialrr]tfclor];lr(rjlgndation
recomrendat i OhS 1 & perSonal ized “ActTon TPl an 1o an I Har v dhar  eeptiosi ng:
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 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 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 of claim 1 or 2, wherein said genomic profile is obtained by amplifying a genetic sample
from said individual.
12. A method of providing a rating for recommendations in a personalized action plan to an individual

comprising:
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(a) generating a Gl or GCI Plus score for said individual using a
conputer; (b) determning at |east one rating for said individual, wherein
sai d ratiwg@208/0des2er m ned by said conputer based on sai ®#CGTS2am9/082H6 Pl us
score; and, (c) reporting said rating outputted fromsaid conputer to said
i ndi vidual or health care manager of said individual. 14. The nethod of
claim12 or 13, wherein said rating is represented by a color, letter, or
nunber. 15. The nmethod of claim 12 or 13, wherein said rating corresponds
to a recogyepdal QRO BroRELARRAlIVEEE. action plan. 16. The method of claim
12 or 13, wherein reconnendatlons i ncl udes a pharnmaceuti cal reconnendation.
17. The method of claim 12 or wherein sai d non-pharnaceuti ca
r ecomend&t i Btﬁnil%ngéhle BYEF E?F“égef"%f*&lfl igdyal Wﬁln?ﬁ%raﬁ‘%%tlh@&“’é)l?ed@ly éF‘fﬁpﬂ‘ﬁr fred 13,
wher ei n sai onrodecphas prefdeutd, cal recommendation is a dietary plan. 19. The
nmet hod of claim 12 or 13, wherein said non-pharmaceutical recomendation is
a nutrie nEc) r%grtmér Qﬁl r;ﬁ-ﬁé E\%Qltt&if fro?d S§1'd %nqr%te% sal@mdlvmf &Ih&hﬁ @e!rcdmd’ngé& (anlﬁ s based
on a binary system he met hod of claim 12, wherein said genom c
profile is dbtiHed u3|ng a high density DNA microarray or PCR- based
met hod. 22. The rating systemof claim12, wherein said genomc profile is
obt ai ned. by Aanglhadbfirnglie agene tor eaampdagors irvmesariatized mubnplouain ind3duaA et hod
for nntivati&%mgﬁ individual to inprove their health conprising: (a)
obt ai ning a genonic proflle for said individual;(b) generating a
personalized actlon(plan or said individual using a conmputer; (c)
associ at i Y eI SREC R a90tS el Fividad! ismeddPuiéal with an achi everent
of a recommendati on on said personalized action plan generated fromthe
conput er (bn dettrenir(eh) leastamd jatifedPr sgid &dividng, heremadidiraiineds deiechuiadd bg sdidkompgent | ve
when sai d aghi.gyeaRiicr hs@eROMMLI Shed. 24. A nethod for notivating an
i ndividual to 1 nprove their health conpr|5|ng (a) obtalnlng a genom c
profile for sai d i ndivi dual ; ener ati ng | east one or GCl Plus
score for(Cs&Paiphgiv sty fﬁ)@l 39 copRlst e Pald P@de%‘g(]}&aih%f"irerf@ané%er Peddt one
i ncentive fardivedabld i ndividual with an inprovenent of at |east one GCl or
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wherein said incentive is cash

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 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 obtained 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 individual.

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

(a) obtaining a genomic profile for said individual;
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29. The nethod of claim 23 or 24, wherein said incentive is a

phar maceuti cal product, health product, health club nenbership, nedical
fol | ow upwormetvaaid2odevi ce, updated GCI or GCI Pl us scor eCTasdanass216
personal i zed action plan, or nenbership to an on-line community. 30. The

met hod of claim 23 or 24, wherein said incentive is a discount, subsidy or
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menber shi p, nedical follow up, nedical device, updated GCI or GCI Plus

score, up@;l i@‘rgra&?gr a%o%@(ﬁlahz%(? Q:tl@&hdnqg} smi Qlﬁwld%'i usql% q@&ﬁpﬁt& p to an on-line

comunity. 31. The nethod of claim?2 wherein said incentive is
support through an on-line conmunity, 32 The net hod of claim 23 or 24
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from sai d(dB %ght\{ﬂgqyﬂld'individual said incentive 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 GCI or GCI 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) granting to said individual said incentive when said improvement is achieved.

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

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

27. The method of claim 26, wherein said incentive is a contribution by 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, wherein said incentive is cash.
29. The method of claim 23 or 24, wherein said incentive is a pharmaceutical product, health product, health

club membership, medical follow-up, medical device, updated GCI or GCI Plus score, updated

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

30. The method of claim 23 or 24, wherein said incentive is a discount, subsidy or reimbursement for a
pharmaceutical product, health product, health club membership, medical follow-up, medical device,

updated GCI or GCI 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 rating system of c¢laim 23 or 24, wherein said genomic profile is obtained by amplifying a genetic

sample from said individual.
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