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100011Sequenci ng of the human genone and ot her recent devel opnents in
human 5 genomi cs has reveal ed that the genom ¢ makeup between any two
humans has over 99.9% simlarity. The relatively small nunber of
variations in DNA between individuals gives rise to differences in
phenotypic traits, and i,s related to many human di seases, susceptibility
to various diseases, and response to treatnent of disease. Variations in
DNA between i ndividual s occur in both coding and non-coding regions, and

i ncl ude changes i om c DNA
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in the human genone, th [Weldl f DNA sequence
vari ations between iH%%&%Hﬁﬁ?@ﬁﬁbﬁgﬁpFﬁ%gﬁggE?@%Fﬂ%te|y once every 1, 200
15 base pairs in the human genone (see International HapMap Project,

AP TEP. Olthueiingd X the AUMRN g@ﬂ@ﬁbiaﬁdigﬂmmmdemmmslmhmmbl e, the

WG
coaneX|t of SNPs is beginning to be understood I n t 25&$ currences
5 of g@NmBick me@ed@%tb&rg@nemmaha%mtwpam tye hpmans, %%%Yﬁ"f ®and/ or
SUSGERIDT Irhl Yelbfoe b FufthSCoSetiafidfls GPDAIA bORen moﬁms dit@sse to

cor PRI 0nd° B er advances i n human genetics are being nade, 20

e différagces helplemosypiatraite ahd fs iefatedbtemany hnmamdiscaspst pweeriblibUersRPed

h mh h
2E§;58%%°Soac 1‘;'? o aa ‘?%%‘Iﬂe%tfo %eaggsﬁ%na&gﬂno]%&%ﬁl n orgn%‘}?)gﬁﬁagar%ng otulller
f aghff Soding Wt ndn&deng fegiorieaill helxﬂb@had@slméasasdualpartmmhrﬂbmsrmc ar egi vVers

with information specific tg the indiyidual rso to
10 prgenmm@qsérmm%@aw@oﬂsémera%ﬁm e‘b‘éﬁ‘ﬁﬁﬂg %Eﬂ\%“‘fé 03alln
One tﬂ?e] okill§ {lse in the d5d BrRiN8%s 8fn gfé/ﬁldl'&iﬂd& Ao, erprofile
9l&u In ofder to estimte sai ndividual's risk of

assspnﬁrﬂon of one or nore diseases or conditions of interest, conprising:
a) obtaining a genetic sanple of sai d individual, wherein said genetic

I :sai.d
oo R RGP O AN Hhinll eﬁ%?*r?g-‘f’o?m‘ P Sadth |
i's o?ml F%ﬁﬁg@?ﬂ%&o&ﬁbfmﬂmmmt btarring appmpt Bmataly tsmectvgeh?ﬁ% t
roril e 0O a al apase 0 (0] 1. ONS es (0]
15 o erpaie 18t ams esrodte (ef Bryetend e fimiedp kb ARSI, WP 1O
al ln?érsgl b3 | gdHidiGintd Rlatioh beSdinéd %1abieeﬁ&&onilﬂémga¢ﬁsmdi%egmmlng arbeach
one

sal or nore di seases or conditions of interest; c | cul ati ng
a mdmmﬂommdhpbmw off SIRB in theeeppRIEargp emgﬁaffr@ fep ¢)

that conbi “ﬁﬁ%ﬁ t tioak! €l es based on said
pl BFEFPES° é%ﬁﬁﬁg §%$£§#§E§$or gﬁh%%?#@;%mgﬂd i ncorporates the frequency

of said plurality of alleles, and said score represents an estimation of
sal[(l}tl:ﬂdl vi dusss these c{s'kelamn‘s@adwﬂ@ﬂr adaprres ik hymangenetis agp Baigggnadeondi t i ons

t 0
20an m%%?éwé TR AT EoFRS e Ho o IaUa £Lt e Rl i O
alt%ut;ﬁﬁcd dgﬂirbﬂrfht@hmedﬁ)ﬂ gmm thgjeas igennsiteratipn of hiseorfhsr gepynic

V|dual ternlnlng e | ndi.vi dual t orrel th
oA, BTICoB T acfheia Anees SERETRE RoF R pof ol
?@%@? Rl infoiiBhod f.&% tﬁ@iﬂ(ﬂ{zﬂhhpilﬁeﬂébﬁd] cBhee ty\pag, proyidigpor ting the

S

romstep c o the individual or a health care nmanager of the
|n@nmwdd&hﬂn&#hqﬁdaﬂpﬂgﬂﬁﬁgﬁﬁaﬁabase of human genotype correlations with
an additional human genotype correlation as the additional human genotype
correl ati on becones known, f) updating the individual's genotype :
correlations by conparing the individual's genomc profile fromstep c) or
a portion thereof tot pitiAgenal human genotype correl ation and
determ ning an additional genotype correlation of the individual, and g)
reporting the results fromstep f) to the individual or the health care
manager of the individual. [0005] The present disclosure further provides
a busi ness nethod of assessing genotype
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correlations of an individual conprising a) obtaining a genetic sanple of
the individual; b) generating a genomc profile for the individual; c)
determ ning the individual's genotype correl ations by conparing the

i ndi vidual's genomic profile to a database of human genotype correl ations;
d) providing results of the determ ning of the individual's genotype
correlations to the individual in a secure manner; e) updating the
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i ndi vi dual,. t her enbodi nent of the present disclosure is
transrﬁoggltgﬁgg\egﬁaaé\%étmr k, in a secure or non-secure nanner, the nethods
and systens described above. | NCORPORATI ON BY REFERENCE [ 0009] Al |

PUDI i Ca6449 MPhePien? @ik Sstlre pRIIdeCah bt amersing preigdivigual § g€08Beci fi cation are
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i ndicated to be incorporated by reference. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0010]FIG 1 is a flow chart illustrating aspects of the nethod
herein. [0011]FIG 2 is an exanple of a genom c DNA quality control
measure. [0012]FIG 3 is an exanple of a hybridization quality control
nmeasure. [0013]FIG 4 are tables of representative genotype correl ations
frompublished literature with test SNPs and effect estimates. A-1)
represents single | ocus genotype correlations; J) respresents a two | ocus
genotype correlation; K) represents a three |ocus genotype correlation; L)
is an index of the ethnicity and country abbreviations used in AAK, M is
an i ndex of the abbreviations of the Short Phenotype Nanmes in A-K , the
heritability, and the references for the heritability. 10014]FIG SA-J are
tabl es of representative genotype correlations with effect estinmates.
[0015] FIG 6A-F are tables of representative genotype correlations and
estimated relative risks. [00161FIG 7 is a sanple report. WD 2008/ 067551
PCT/ US2007/ 086138 [0017]FIG 8 is a schematic of a systemfor the analysis
and transm ssion of genom c and phenotype profiles over a network.
[0018]FIG 9 is a flow chart illuslarating aspects of the business nethod
herein [0019] FIG 10: The effect of the estinmate of the preval ence on the
relative risk 5 estimations. Each of the plots correspond to a different
value of the allele frequencies in the popul ations, assum ng

Har dy- Wei nberg Equilibrium The two black |ines correspond to odds ratio
of 9 and 6, the two red lines correspond to 6 and 4, and the two bl ue

| ines correspond to odds ratio of 3 and 2. [0020]FI G 11: The effect of
the estimate of the allele frequencies on the relative risk 10



20 person's risk for prostate cancer. [00261FIG 17: are illustrations of
sanpl e webpages from a personalized portal for an individual's risk for
Crohn's disease [0027]FIG 18: is a histogramof GCI scores for Multiple
Scl erosis based on the HapMAP using 2 SNPs. 25[0028]FIG 19: is an
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di sposi tion. Phenotypes may al so include genetic conparisons to other

i ndi vidual s or organisns. For 15 example, an individual may be interested
in the simlarity between their genon1c profile and that of a celebrity.
They may al so have their genomc profile conpared to other organi snms such
as bacteria, plants, or other animals. [0039] Toget her, the collection of
correl ated phenotypes determ ned for an individual conprises the phenotype




20 an on-line portal. Alternatively, the phenotype profile as it exists at
a certain tinme may be provided in paper form wth subsequent updates al so
provi ded in paper form The phenotype profile may al so be provided by an
on-line portal. The on-line portal nmay optionally be a secure on-line
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ge s mop-sgeuwkihaney yhédmethodes rad eustéms desdnided abeves and non- subscri bers and
stored digitally but access to the phenotype profile and reports may be
limted to subscribers. In another variation, both subscribers and

non- subscri bers WD 20081067551PCT/ 1JS2007/ 086138 nay access their
genotype and phenotype profiles, but have limted access, or nave a

limted report gener allNCORPORATION BY REFEREMTEaS subscribers have
full access and may have a full report generated. In another enbodi nent,
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known risk factors, as well as other information and assunptions such as
the allele frequencies and the preval ence of a disease. 10 The GCI can be
used to qualitatively estimate the association of a disease or a condition
with the conbi ned SKHEEF DESGRIBTION OFEBHEDRAWINGS The GOl score can be
used to provide people not trained in genetics with a reliable (i.e.,
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Gﬁ%ﬂscores na¥ be stored digitally so that they are readily accessible at
a lgﬂi nt of Fl¥nkistiosagplerestri sk profiles. Risk profiles nmay be broken
down by broad di sease cl asses, such as cancer, heart WO ,
20081067551PCT/ US2007/ 086138 di sease, netabolic disorders, psychiatric

di sorders, bone di sease, or age on-set3-di sorders. Broad di sease cl asses
may be further broken down into subcategories. For exanple for a broad

cl ass such as a cancer, sub-categories of cancer nmay be |isted such as by
type (sarcom, carcinoma or |eukenmia, etc.) or by tissue specificity
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have the opportunity | A iohSh A T8RRI The Bhédimapdat ed
corﬁ@ﬁii ons f %lghﬁ%§?§§?{e§é§%ﬂg¢§h.&ks&roesearch r eveal ssjr)lew

COr I8iralation betraicnRan tge potvabasc yathep heatdeash899. di sease or conditions, new
rules wll be devel oped based on these new 30 correlations and can be

applied to the m c ofile t i aloy )
o iPEHIc. | TrERhde v Bl St iapirle PebREY SRAL fisaninRe phi
correlated with any phenotype, correlate genotypes w th new phenotypes,
modifhy2syxi St i NEIGE ase erailhstationy of movilawebprged fomsa pensozalized prEsifobe a GOl
score based on a newy discovered associ ati on between a genotype and
28 s PEEEDGY IR PTGSHIC CAI565cri bers may be i nformed of new correl ations via
e-mai |l WO 2008/ 067551PCT/ US2007/ 086138 or other electronic neans, and if
t he (glg§lot yPe FfiG.Of7: ¢ ATethtiondfsatmle okbpages fionup detsendiirell pophlcivoey pe
profile wth the new correlation. Subscribers may choose a subscription
wherindivirnal’p aigk foxr Crohails digRsee, for a nunmber of updates or an unlinited
nunber of updates for a designated tine period (e.g. three nonths, six
montdagy-10r Onepxﬁ,aqrg), is APPSR SHOSCH kitreofor MMtplaBlerbais basdiametha
subéﬁrfger has their phenotype profile or risk profile automatically
updaigiv APnsimnZ SHPswher e the i ndi vi dual chooses when to update their
phenotype profile or risk profile, whenever a new rule is generated based
n correLatiQn. A SPRE M@kipld Rl srebis asingt GONPlus.
zgubggp?%Lrs nabﬂéé éﬂsﬁgﬁﬁgucgﬁﬁiggggﬁﬁg t he sergice t hat géﬁérates rul es
on correlations between phenotypes and genotypes, determines the 10
gencien2or of i | E1GF20risaddstograunet G&P §peres far{dohy s 856836 t he genoni ¢
profile, and generates a phenotype profile of the individual. Referral by
as | ber j\e s gdugrd price on subscription to
the%@@géice, g?ﬁﬁ%%%éﬁéﬁﬁ?%qﬁﬁgﬁPﬁﬁﬁ?E??ﬁg subscriptions. Referred
i ndi vidual s may have free access for a limted tinme or have a di scounted
subscription price. [0050] Phenotype profiles and reports as well as risk
profiles and reports may be 15 generated for individuals that are human
and non-human. For exanple, individuals may include other nmanmals, such as
bovi nes, equi nes, ovines, canines, or felines. Subscribers, as used
herein, are human individuals who subscribe to a service by purchase or




WD 2008/ 067551Per 62007/ 086138 changes determ ned by directly submtting
bi ol ogi cal sanples to the facility (or associated facility, such as a
facility contracted by the entity generating the genetic profiles and
phenot ypghgddeies Us) that generates the genornic prfliises’asd3phenot ype
profe03ag. Al t diitaPyé aiabland SR sndiphanstypgrorreldtigns.f j e| d- depl oyed"
mechani sm wherein the individual may submt their 5 saliva, blood, or

ot h i ol ogi mpl e, int 5‘%’“@ i at their home, analyzed by
a tﬁéq#'] partyﬁﬁbngggﬁseaggpea%p?laeggﬁ?% e o‘é%lbﬁ(f%ﬁ'cor porated into anot her
phenotype profile. For exanple, an individual may have received an initial
phengg3ape r ep@dIG. R4S et ghsﬂdnyifmr@bmﬁil@man&l(ﬁ&pémzﬁ{@dt% i ndi vi dual
having an increased lifetine risk of nyocardial infarction (M). The

report nmay als e.su St on, preventat| npasures to reduce the
ri sKOGHIM | sﬁﬁ??g i%a%’ﬂ’gq%#sﬁf%fnqghv\%rl Sacé%régaggg%d change in diet. The
i ndi vidual may choose to contact a genetic counsel or or physician to

gi scuss the report and theDEEAEIEBRDESCRIRIION and decides to change
their diet. After a period of being on the new diet, the individual my

see their personal physician to have their d. The
newlPO33r ngti oﬂ“{ﬂﬁ%}%é”c"@?ﬁ‘i’n P@)’é‘%‘ %‘5"%3e""t%?5§)ﬁt§§%{sﬁ’ Ice)% Hoﬁgéx anpl g vi a
the phoR1ek BRlell du dibed hérhle probill i igtinadiat of phoop i individualsdandder 15 new
information used to generate a new phenotype prafil fore{{ge i_ndi vogﬂ?%al,
Wi t headilyegeneiating osiging! ambupc‘rhy%%nbfaiog)mqwé PF—Wﬁ,C’“&ﬁ‘aP@F HEFE BNt ons.
[ 0053] The i ndi,vi dyal éi'ﬁ‘gnﬁ‘lg" ' 2 gicAEsailbsSobtai@ed di 1 ect
nmec PEY lase?%%r%n%%%gﬂ;ﬁtl ndi vi (%eglgdyrggésjﬁgﬁgg&?gl speci fic medi cations.
1601 ey mdieiduals. Risloyicdlsaimpiesyotitained fivsl indiddprdnmey be agy grmplefiemarath and

the informati on may, be used_to determn -

oo RSB GG A PR SOEP BUbRLPE TBr ool s rE i U RIGREREIR By .
gl ucoRg 4@'&% fssub SinpIeY Elchofybes niyahel be deeintinadrrosniie biglogictlaesipien

|rocr%, vitam ns, blood cell counts, body ss i ndex &gM rﬁit If | evel s,
t r anGaotyyes neaychesanytgsaetic vamant 05?@?9@&%!@%@%&%?%‘}? S‘E@%’E‘% Bds readi |y
avai l abl e and c I iehbife! The @EhbtBe Walytbeithe t i al
gen W%ﬁpg Sl"fse@ﬁl{%i(]%?feb&ﬁeﬁ’goﬁa& Q%ﬁals ggmg\r/ggl all risk est?lpnatag core.
1351094 Jheniie seqichtebbai mdivideatp Tt geastypes may ssyltHiom B@llc@m@aw e that

be iso| ated f i ndi vi dual . i pcl udi : | |
et oais g ssperoiapandsty il ol i BORO CIRERRER, KRR ERINGTR oy

and/ st RNAN Qi BRANPSNES! T/ 6tilef EaBodimenty pericdyiss maCASShadeterriteddyei n,
the term "genone" is intended to nmean the full conplenent of

chr chigls thrabglpnseangnelngi t hi n t he nucl eus of a human cell. The term
"genornic DNA" refers 30 to one or nore chronosomal DNA nol ecul esOlﬁ
oCCUpps&o hatu ' Yini®pro1& furan isdividuabrTie gmotiiopradile ishe
chr%%@rml D@%ﬁdg&%&@@%&% Theﬁrt erm"genomc profile” refers to a
29et sofreil digitablgtandns wadily aegessedort\any paint of figiede geagra BPRR® BFES&ice or

absence of specific SNPs, of ' QhidcRite pBedtypd with- WO
200%9%@5 ?@Ff W%ﬁwlt%e%gg}r%%%&glﬁt&gﬁorm C e?ofi es may al so
be spRRbapes. aRkies chebe anpt basedgenmientificagsrandethat deamprstiates PEQEFIAUPR sone
enbodi nents, the genptnjc profile nmay, be I 600/ 9 5% of the
con&@%éﬁ%ﬁtﬁp%@'ﬁﬂél’i&"é‘o ea:ﬂ‘F ﬁﬁ?éagﬁ%ﬁa&a%ﬁgégrea ﬁegirgﬁ i‘%gg%tg? :BP,(% may be
appr Qi MRS of ch8Q¥aRire LAISerE0 MY &iplyiagRdtutessequmnomioproditc ofati indididbal, | n
reference to a 5 genomc profile, "a por%g)g t her eof ' rgfﬁgrs.t Lngle
e

fe nothriassopiagiohlbetwéenansindyiduab’s SeARtYge AB FRQYRg Wappe enome.

[0057] The term. idhgf B AcRPAfiafibs. TROkteEmiTAKEH Mayfbean
i ndi@%%?’%ﬁ}&%%ﬁgg‘ﬁg{“gﬁilﬁ%’giﬂﬁg Sde t he genetic variants and
mar kggssti e asadcihtichi bétoheed an Beratlina ngeriotyns and¢ given ﬂrﬂn@tmyw%dﬁ%}dge

nucl eoti de repeats, nuclepotide i [tl i - el 170\

chr omgeddel hﬁgﬁ’r‘?ﬁ“&%ﬁ?e&ﬂ , %?ﬁ‘gﬂgg%"%wﬁ B %Aat dnig?e%r%ﬁ%%gﬁﬁluagber

var : AdiLNS ed TR Yhe THARAIuaY dbésaidt vy witialot deveihiap; rasetnephenptypee b athsr

nucl eoti de repeats, centronerigc repeats, or.telonerjic.r.e Tha. .
Wenosmbetmengs. ol aEREHHS R bE BT Aecon g oy PRRRRL R pl Hividual
refey to a. |l e. A haplotype is also referred to as a set of
si ng "ﬁﬁ‘g’fﬁe%ﬁ%‘?%‘éﬁé}‘m eﬁi sns (SNPs) on a single chromatid that are
statistically associated. A diplotype is a 15set of haplotypes. [0058] The
term singl e nucl eotide pol ynorphismor "SNP" refers to a particular |ocus
on a chronosone which exhibits variability such as at | east one percent
(199 with respect to the identity of the nitrogenous base present at such
| ocus within the human popul ati on For exanpl e, where one individual m ght
have adenosine (A) at a particular nucleotide position of a given 20 gene,




-12- WD 2008/ 067551PCT/ US2007/ 086138 nay be correlated with a phenotype,
or nmultigenic, wherein nore than one gene is correlated with a phenotype.
[ 0061] A "rule" is used to define the correl ati on between a genotype and a

phenot ypeyo Fdiged7sdies may define the_correl ati ons by agumsnimsdisyval ue, for
exafIIby. o poreetermgRations skayEhe madepased on agHITREE AE BUSS APLEXaRNG % may
i ncorpor.ate the conrel at.ions nl |1 @ﬁmﬂl aMbit Bf 8q phenot ype.
A" pﬁ,lﬁ)rgf@ecﬁ-mﬂ rrr%a ilj'see'?l %‘?{g} g%(}]o?%%éﬁ‘é@]eetﬁ ﬁ%\ ne%@%ﬁgaﬁ% be a rul e that
i ndiigd@ivRInabs gaict@eakition spetifie phermtyen dthepdetamminatioph et algentopoit ch a

Gondugios e aposHinasut ik Qur Pl it b FesPf (o8 X BARHE BeP! po
5S abg %ﬁ?%is%%aﬁﬁ%)?ﬁ&?eﬂﬁdﬁn@en@ @r @k?&ﬁﬁleﬁ Reaidhenetipeed). fahdlg medicdl0 been

previously correlated to. A "new rule™ may al so be an exi s,tin% rul e {hat
i s rhixdodfyi porsbyal otddival historyrand dthen kngvmgphenotypey Fog BComeraiongTithe SRegHEe nay

be ified due to i ndivid ' | St |

ot ipepy i By g e dish los Jo SAMMLET RE kRS, himalivay, Rarate
Pr ek slay tieicaeRidlas; thbefatipesand §iglied tds phafotypredeserypsatomy foglant i on”
herein refers to the statistjcal correlation between 15 an individual's
gendedipuluakefier anexisting sre bapbesd YWUEdi n nutation or nutations, and the
| i kel i hood of being predisposed to a phenotype, such as a particul ar

161 Sqaagm) condi piaBtypRiNEl sRduss AiPmeirdie wakt o aharattatisic, hch 4y equency
W th whi'ch a certai'n phenotype is observed in thegﬁes nce O%‘ets %glecibfi c
genctygeptibidite i patain fisease §F EeSPERSERAPB &reamRet| g PhgRoPEIPPHIBY °8f a
part.i qul a o i Bs1o8] dahB&mr | Se to
t he %'8??%%%B§Q§fgﬁgﬁﬂﬁeggﬁlorm gragﬁg r'?’geliéé edﬁ%\nf Fﬂaﬁﬁg_pr edi sposed to
ear Isysepabilithlsideeineriors ineHimaee, 16ah of yptimisor, mell genegakdispgsititiso refer to
correlations wherein there |.s not a predisposi4ti.qn . t , or a
negdtheetypst may Q{SP dpclu bﬁ 8?%8“%0315 ?‘é ngef 61 §W§%§}g gf §1§%3§%%e )sﬁgﬁt an

1551 | RIS 10 b AHil R Mh &R ink@ektad tn tephaiQitypetwsenlthcippesimipqrefiletandithate a
phenot ype.” The genotype correlation nay be indicated by a nuneri calll val ue,
suc lefasekebpity.c Eheyagey akso havetherezenpaiic prpdile ompared 1q UL OL22PISHgSUCh g}
confbi de%ce 1ZSSc(g)rr m,[ The term "phenotype profile” refers to a

col 1€ 8P 6F p‘? uralirty of phenotypes correlated with a genotype or
genotypes of an individual. Phenotype profiles may include infqQrnation

ge Pqnassqa by gﬁme}hmg&lo nellen‘tiomflewmﬁlaé%i phenatypen deEEnised fo1 an ndividual

i nformatj on_ about .genotywbe.cosrelat.i,ons i i

o oferenseh i arype YT B P Et The MURRUGN 118 SheRiSpoBRICthal beheBEIRE by
200{ rel ctﬂmn@p@léa;.r aqlliehyaﬁ@agg&ﬁqimﬁe@pwj tdfflila a@ftamwahceﬂw' pmolyadyi bd ty or
estinmate ma e expresse asS a nu rc va .SucC a a
PUrETPBAP i BAPCF RS By SRoFE VRSSO PSR % Ry o THE PR | [ty
g‘;z pg*)ﬁfé RSy 8KP B@iﬁgﬁ&%ﬁw&-lﬁf%@ﬁaﬁ erhedn-lig¥porillenpheptiviagile bpaaktires

So I ndicate présence or absence of a phenotype. or the risk WO
200806 FSHARCT HdSa607 Headeastyer paefilemani brypravised ﬁ%@;sbésmi?% “@%&hﬁ LT

phenot rofil j ndi t {Veer phéttyhdss K
b aBoRREiP o anBisP b1k S8 focl (it RRERRAECS bn BoHEILEUES porlec ity

28" edindiRdo e finmines tfeepinonda easfile bf an indivitnainappliss thenyiesiodhe genpmic
treatnent of a nedica)] conditi . 064]. The termris il . s to a
col |EgfilegAnd gengratesz B %’é’gﬂﬁrprﬂﬁ&eo’{tﬁﬁﬁl‘%ﬂgu% ﬁ%&?s%}é%fgfsgfgﬁ |?f1§%1(f{0&|
SCON e -&bSe > Quteifl 'ﬂ?éyﬁﬁ? h&¥e lilfedasRss /ltheR pheiovppnpmiilé aetl/vi apatts,s
genotype wth one or nore diseases or conditiqons. Risk %{ﬂ%};l Iﬁst} may

di spirayaydnivesmdniial trpethss dhenetype RIAiYe errsdatgs. it spdatgd r e Bhe” Ri sk
profil es di spl i i h BarFhars: ead drévidsedivehed to
chan%e@e%?é&? 1yiw&ﬁ}@¥%4a§{eggg§éﬁ%?ﬁp§gﬁ gtggfﬂ?i sk fac%giss a?’g adj usted. For
3@X angak@sivérh ephsicigme omdgschetic pantstlon may disodaye acaeas/tor AR phepatypep oSt t he
effect of changes in 10 diet or preventative neasures taken (snoking

CRSBRARL, U Rk Son PP OGN 2 HESEACPAMIE Sy HSIRLRRLOGL0S) . The

OCT may  b& S a nunerl sure, a graphical displ ay,
audi gBEripeshbsdn-aibsambers andstoadd digitalfy bitecprss tethiermhepoyes prefila sad

herein, the term"on-line portal" refers.to source of inf FQnawhi ch
can IBottEEgY by lipitedde s4bysy Eﬁ'ﬁﬂ&FQ 5@“%%??3@8%3 §%ﬂ%#ﬂ%§ﬁ§3%§%#@%9§%9
interne website, 15 tel ephone, or other neans that allow simlar access to
information. The on-line portal may be g secure website. The website may
provide links to other secure and non-secure websites, for exanple |inks
to a secure web site with the individual's phenotype profile, or to

non- secure websites such as a nessage board for individuals sharing a
speci fic phenotype. [0066] The practice of the present invention may




[ 0068] A nethod of the invention is detailed as in FIG 1, where an
individual's genomc 15 profile is first generated. An individual's
genom c profile will contain information about an individual's genes based
on genet ixp Megbeatdons or markers. Genetic_varjiations Breu es, which
ek enaypogess dheic gerabynd and. phenetypg dFefiles bk hava limHed agcenh PKBRYE & MEtsle, but
are not limted.to, singl u ' YL OO | DAl R PR/ full
mul E?Hﬂ%g%ﬁ@t%ﬂﬁf&@?s%g%&%%g ’ gh%%ggon%ﬁ{ér n%???%‘%cﬁ%gc eot i de del etions,
M Chrgsut Qdrletde€d, I BR@pttRr caldliiment agh sutskribers laed pooesubspbatssnay havegfullo
typi cal 5-1, 000 reF,eat, units), di-nucl eotide repeats t{?' - nu[%:ﬁ eboatsg(ggn
r ep@seess injteflse 08 &ulf walial pRpsite A¥only ﬁ@rss&i’ﬁfg MEVAFEFS TERS

upld cat.ion) er variations (both | oss and gains at specific
gocitg“flr %n%ﬁt%eggﬁ?’%%lj.aﬁg?her genetic variations include chronosonal
duplications and transl ocations as well as centroneric and teloner,i fe

=~ ln

repqoedl] [ 0069hGenthey pepschefithe inventine infaanatign ahophihs agspsiation GappEe

nbodi t 25 i G ' ’ 000,
500 EB0IC BPREROBE BB TR FisBktt bt Edhe 18 mbinct G bpd PRid brodiRB D00,
may da@efis Dohipokit@iddex (GETauopd. dids genoicormeateckuevfiskfaciarsiagivadlads | n

ot her enbodi nents, the genomic_prqofile.is at |east, §0% 80% or: 959 t he

comptthear enfgrnaiiereandeaSwRBEOBY Sugh 25 the %‘ﬁ%‘ﬁ%?‘.i“"'?ﬁ’@s 6%‘?1@?% Bc?e‘ﬁaafﬁcie! °§_an‘§5>/4ga§£e'

18PPaE! 8t é&%ﬁ%&&u&m&ﬁwﬁé@ﬁﬁeww%ﬁaﬁmmaﬁm% o conditivh teitH the
net1c sanples that "contain the targets 30 include, but ar,g not limted

t 0, combinxdi dfcetiofyesrol Senitic markexen Rwer@TEacoss camhbs pedde PIVAIY BFOPIORRY . The

targets /may be. par.t.i culaf, reqi f ' ; s Rkl e HF Ak C

rrar REEAR BSARHGP TLT TPl (L8 "B nRdeiandats, o%@%’i@%?ﬁ%%?%zeooz/ 086138

| N sh&@PinkdAdefl ik Gf alliseasgisreiparsiiop releyanigropuluionitdsed on surasseiepdSc t r om
a biological sanple of an indjvidual. bi ol ogi ¢cgl i e, but
a1 o ety hedaCl orpmag e e 1o Eirite L hIh ol e GETPLS Spbd Gl
1881 &lhthn alf €I Qééﬁzaghoné}ri&ciﬁdxhgeﬁﬁ (O dsVifktirne visk), ape-dsfnel mebddicent s,

i ssues sanples may be directly collected by the indiyidy f or . exanpl e,

l,
5 a dadior age-safipédineiipneeoibe spaditiony Tha difetiae vskifonthe aléil‘ﬁguéi GEBen B nst
t he inpside, of ih cheek, ] : 2] ided b eh
f oc P 5GPl AR ORI I prob RS (P E i BBl 01 SSERdH b e
t hermetape GCIQchR. TcvegigeatChsurpt emybrydeemizsddnomnyz groweaf indixidyals of

e b o 15 S e e 580 BP0

288y @gﬁ%ﬁ&l% BY aflcdif Al Bk S¥Ad S K6 ey compelskbla 148t 5, 45520, 25,

avai e to health care specralists to efficiently obtain sgengl es.. A
sl 30, 35) 40 dér SQf55s ki 60 indjvideals.c e snbadimsats, themFrass ARk {gerdingle a
small sappl e [ f L4 el dR&hiinedby s are
pro ‘HB&FF’ H%;@@%Sﬁ?&l%ﬂ%ﬁwgg%] g%gg?ﬁﬁe%ﬁg%&gont ai ners foer3 t%e

i ndi geriahing ti GOIgb@alforsanaleviduwiadikidingrthy GCEssope by thieaverngereletiYoHSk f or

an individual to directly collect their o I S _ air,
' S g yings By the e sRoFf tondion of B RG o P EHpREplR i Tork
2NS S0 OIS With i fBikiidnOin T S o lcalualaee GaTMhessscomsbach akin by a
ealth care specialist. The kit may include |ocations where sanples may be
t akeil®y19% third party, for exanple kits nmay be provided to health care
facilities who in turn collect sanples fromindividuals. The kit may al so
pr 0}/,:0932 fetur “Tﬁégl‘e@%triﬂvélﬁfonte%oﬁag{%@uﬁﬁg bR SeNbedro agderribbdhfrens esdi ng
facill >J where genetic material is isolated fromthe biological sanple in
st eporiRfifdinaf0GI inthgartevilkresditpracosnizptle wie aRGCHEYS BEPTFS Y WEHOR om a
bi ol ogi cal. s I cor di .several well-known bi ochem cal and
ol e@gﬁea “‘6?’%‘\%8‘? a Sﬁ%’%ﬁ%%‘si%&ggg%(hgef’, Sanbr ook, et al., Ml ecular
Cl oning: A Laboratory Manual (Cold Spring Harbor Laboratory, New York)
30198@p43[Ther e bt enctmbodimest alG@conmsris igantrpted\fon saghidiserse of conditiodgent s

for 1solating or RNA fr, i,0l.0Qi | : t
o PR ThR ORI GBI TR @ e i BB I0r o alidiy, THEBO
SUP P doflsSnayPhis SidledSBRIRAIR dd that b arcrdiily acessiblaial eny pointoLiimbelty genagats as

t he Master AnpTm Buccal Swab DNA extraction kit from Epicentre

Bi ot Bekhprofitagi &isk B@ﬁé?sénﬁﬁ’%bﬂ!ﬁenm }r’ré?@"% Fi?ﬁaﬁ‘ercg] Sgﬁ’ 36t aésacrfaﬁlﬁ%réh%alf&h as
Extract-N-AmpTm from Sigma Al drich. DNA fromother tissues may be obtai ned
by digesting the tissue with 30 proteaseg and heat, centrifuging the

sanpl e, and using phenol -chloroformto extract the unwanted materi al s,

| eaving the DNA in the aqueous. phase. The DNA can then be further isolated
by ethanol precipitation. [0073] WO 20081067551PCT1US2007/ 086138

in a preferred enbodi nent, genomc DNA is isolated fromsaliva. For




[0075] Prior to genbm’ c profile analysis, a genetic sanple will typically
be anplified, either from DNA or cDNA reverse transcri bed from RNA. DNA
can be anplified by a nunber of nethods, many of which enploy PCR See,

for examglgodieRssiechnol ogy: Principles and 25 Appl i cediosso7fog613DNA
Anpldisehea metaboliEdisoriers) psgetiatei difordersehonprdissgse, Nyagepnyset dspyogrs.

Protocols: A Guid o Met hads and | i.cati ons . i I

G adeies reSEsTan s eyt prol qn IREFAIEENS:, (FEF Grarile g Soalclays,

Res sudiVas #18hked 38 Edtepditdsaiticaiterdhay b lited/Ridhad byanpe Gaplonea tarohmnds orl 7

(1991); PCR (Eds. McPherson et al | RL Press, Oxford); and U.S. ﬁat].c Nos.
o]

4, 68a1keota, et bohyl bwue spesalicins@onrabdreasspvagpy testessprastate, bape Lxmp
ich.is._incorp 30. hereit f L ir entireties for all
%AJI‘ SSggssPafﬁﬁgfﬁ%%hg&Sé%o. aoﬁ’eﬁ%&ytfr?ﬁ’ ca%E gﬁnh&’tﬁ%?é i ncl ude the |igase

chain reaction (LCR) (for exanple, Wi and Wallace, Genomics 4, 560 (1989),
Landet4in et dh.anofser embedidht a (HIscoro8 @enemtediar an ingvideal, which gseyides

So0dHh AR ey RGP P RiRgn eef OO Sadleacbfe gl | VO
V0881 dQ34Bility ®elt lestiGidiBade 98 auaiifon. M8 pink eaibodimérBuadltiplei GEI scakes dPe oc.
Nat “Acad. SCi. USA, 87:1874-1878 (1990) and \W9Q/ 0699

anplgenéretedifordifiorens diseeses OF goritianst. i ah me) %ﬁgﬁﬁas’% & sdSte is
, 4 g Da . . I 1 .
1§U_ hlealBle AT GRIRY BeBRl UeaE: L ER 16381 HIEGEE Sodth Aldy BeaR6Vided i §3pePCR)

arbitrarily prinmed 5 pol ynerase chain reaction

( APfRIER)wilUsithsedant upidates dselpRvald in apeaiforns In ane pabedimangagrgseld ddepsbnce
lifigcation (NABSA Ll i rcl e.anpljfi-Gati '
e she TR e e VR SRR R A e T B fce. o
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SNP snbscaiption mayzbe torinearpowats faciass epackimtosomgiy PYch A% ﬁg‘?’\ﬁ%ﬁ@- genone
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hy brmelisages téxd nessdgeprobalelizery, puft i on of the anplified DNA sequence is
nonitored, thereby yielding sequence information and resultant SNP
genotypi ng. [0080] Use of the Affynetrix GeneChip 500K Assay is carried out
according to the 5 manufacturer's directjons Briefly, isolated genom c DNA
is first digested with either a Nspl or " Styl restriction endonucl ease. The
digested DNA is then ligated with a Nspl or Styl adaptor oligonucleotide
that respectively anneals to either the Nspl or Styl restricted DNA. The
adaptor-containing DNA following ligation is then anplified by PCR to



Tradi tionally, common DNA sequenci ng has been based on pol yacryl anul e gel
fractionation to resolve a popul ation of chain-term nated fragnents
(Sanger et al., Proc. Natl. Acad. Sci. USA 74:5463-5467 (1977)).
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performed by standard statistical nmethods 15 and statistically significant
correl ati ons between genetic variations "and phenotypic characteristics are
noted. For exanple, it may be determi ned that the presence of allele A at
pol ynmor phism A correlates with heart disease. As a further exanple, it

m ght be found that the conbined presence of allele Al at polynorphismA



15 correlated as listed in Table 1, for exanple. Rules based on
correlations may incorporate other factors such as gender (e.g. HG 4) or
ethnicity (FIGS. 4 and 5), to generate effects estimates, such as those in
FI GS. 4 gishoesndddier neasures resulting fromrules TeszewiossBe ed
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of one_SNP may_give a ceriain,risk factaor e I i ot her risk
A 1 I 42 L G T LR R S R G
19 SEHbatdd fob diAdGALS GRS GrMefis RABhdThah el Boceseniejadiesluistimyinclude
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[009&?‘?&% pli “be functional or non-functional. For exanple, a
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the 30 different forms lead to the same,gol ypeptide sequence, and are
non-functional SNPs. If the SNPs |ead to different polypetides, the SNP is
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mar kers, used to identify haplotypes in a diplotype, which is 2 or nore
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[ 0096] The test SNPs may be "DI RECT" or "TAG' SNPs (FIGS. 4E-G FIG 5).
Direct SNPs are the test SNPs that are the sane as the published or
functional SNP, such as for BC 4. 25 Direct SNPs may al so be used for
FGFR2 cokglopdbedisWi th breast cancer, using the SNP reufysieet@siize Fur opeans
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3, or 4 SNPs (for exanple, rs6904723, rs2300478, rsl1026732, and/or
rs9296249 for RLS; rs6840978, rs11571315, rs2187668, and/ or DQA1*0301
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new rul es, nodifying rules, conmbining rules, periodically updating the
rule set wiwth new rules, maintaining a database of genomc profile
securely, applying the rules to the genomc profiles to determ ne
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5 unlimted access to on-line genetic counsel ors and physi ci ans.
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Ty peoRfifthédB 86l ABHPhoicsiae Sampldsythet edAR: frygmentdiian standzad ete thepbiiteled
with a biotin compound using terminal deoxynucleotidyl transferase. The labeled fragments are
15  next denatured and then hybridized into a GeneChip 250K array. Following hybridization, the

array is stained prior to scanning in a three step process consisting of a streptavidin phycoerythin

(SAPE) stain, followed by an antibody amplification step with a biotinylated, anti-streptavidin

antibody (goat), and final stain with streptavidin phycoerythin (SAPE). After labeling, the array

is covered with an array holding buffer and then scanned with a scanner such as the Affymetrix
20  GeneChip Scanner 3000.

[0081] Analysis of data following scanning of an Affymetrix GeneChip Human Mapping
500K Array Set is performed according to the manufacturer’s guidclines, as shown in FIG. 3.
Briefly, acquisition of raw data using GeneChip Operating Software (GCOS) occurs. Data may
also be aquired using Affymetrix GeneChip Command Console™. The aquisition of raw data is

25  followed by analysis with GeneChip Genotyping Analysis Software (GTYPE). For purposes of
the present invention, samples with a GTYPE call rate of less than 80% are excladed. Samples
are then examined with BRLMM and/or SNiPer algorithm analyses. Samples with a BRLMM
call rate of less than 95% or a SNiPer call rate of less than 98% are excluded. Finally, an
association analysis is performed, and samples with a SNiPer quality index of less than (.45

30 and/or a Hardy-Weinberg p-value of less than 0.00001 are excluded.

[0082] As an alternative to or in addition to DNA microarray analysis, genetic variations
sach as SNPs and mutations can be detected by DNA sequencing. DNA sequencing may also be

used to sequence a substantial portion, or the entire, genomic sequence of an individual.
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74:5463-5467 (1977)). Alternative methods have been and continue to be developed to increase
the speed and ease of DNA sequencing. For example, high throughput and single molecuie

5  sequencing platforms are commercially available or under development from 454 Life Sciences
(Branford, CT) (Margulies et al., Nature (2005} 437:376-380 (2005)); Solexa (Hayward, CA);
Helicos BioSciences Corporation (Cambridge, MA) (U.S. application Ser. No. 11/167046, filed
June 23, 2003), and Li-Cor Biosciences (Lincoln, NE) (U.S. application Ser. No. 11/118031,

filed April 29, 2005).

10  [0083] After an individual’s genomic profile is generated in step 106, the profile is stored
digitally in step 108, such profile may be stored digitally in a secure manner. The genomic
profile is encoded in a compuier readable format to be stored as part of a data set and may be
stored as a database, where the genomic profile may be “banked”, and can be accessed again
later. The data set comprises a plurality of data points, wherein each data point relates to an

15 individual. Each data point may have a plurality of data elements. One data element is the
unique identifier, used to identify the individual’s genomic profile. It may be a bar code.
Another data element is genotype information, such as the SNPs or nucleotide sequence of the
individual’s genome. Data elements corresponding to the genotype information may also be

7 included in the data point. For example, if the genotype information includes SNPs identified by

20  microarray analysis, other data elements may include the microarray SNP identification nﬁﬁb&,
the SNP rs number, and the polymorphic nucleotide. Other data elements may be chromosome
position of the genotype information, quality metrics of the data, raw data files, images of the
data, and exfracted intensity scores.

[0084] The individual’s specific factors such as physical data, medical data, ethnicity,

25  ancestry, geography, gender, age, family history, known phenotypes, demographic data,
exposure data, lifestyle data, behavior data, and other known phenotypes may also be
incorporated as data elements. For éxample, factors may include, but are not limited to,
individual’s: birthplace, parents and/or grandparents, relatives’ ancestry, location of residence,
ancestors’ location of residence, environmental conditions, known health conditions, known drug

30 interactions, family health conditions, lifestyle conditions, diet, exercise habits, marital status,
and physical measurements, such as weight, height, cholesterol level, heart rate, blood pressure,
glucose level and other measurements known in the art The above mentioned factors for an
individual’s relatives or ancestors, such as parents and grandparents, may also be incorporated as

data elements and used to determine an individual’s risk for a phenotype or condition.
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utilized as desired. For example, in the initial assessment of an individual’s genotype
correlations, the individual’s entire information (typically SNPs or other genomic sequences
across, or taken from an entire genome) will be analyzed for genotype correlations. In
subsequent analyses, either the entire information can be accessed, or a portion thereof, from the

stored, or banked genomic profile, as desired or appropriate.

Comparison of genomic profile with database of genotype correlations.

[0086] In step 110, genotype correlations are obtained from scientific literature.
Genotype correlations for genetic variations are determined from analysis of a population of
individuals who have been tested for the presence or absence of one or more phenotypic traits of
interest and for genotype profile. The alleles of each genetic variation or polymorphism in the
profile are then reviewed to determine whether the presence or absence of a particular alleleis
associated with a trait of interest. Correlation can be performed by standard statistical methods
and statistically significant correlations between genetic variations and phenotypic characteristics
are noted. For example, it may be determined that the presence of allele Al at polymorphism A
correlates with heart disease. As a further example, it might be found that the combined
presence of allele A1 at polymorphism A and allele Bl at polymorphism B correlates with
increased risk of cancer., The results of the analyses may be published in pecr-reviewed
literature, validated by other research groups, and/or analyzed by a committee of experts, such as

geneticists, statisticians, epidemiologists, and physicians, and may also be curated.

[0087] In FIGS. 4, 5, and 6 are examples of correlations between genotypes and
phenotypes from which rules to be applied to genomic profiles may be based. For example, in
FIGS. 4A and B, each row corresponds to a phenotype/locus/ethnicity, wherein FIGS. 4C
through I contains further information about the correlations for each of these rows. As an
example, in FIG. 4A, the “Short Phenotype Name” of BC, as noted in FIG. 4M, an index for the
names of the short phenotypes, is an abbreviation for breast cancer. Inrow BC_4, which is the
generic name for the locus, the gene LSP1 is correlated to breast cancer. The published or
functional SNP identified with this correlation is rs3817198, as shown in FIG. 4C, with the
published risk allele being C, the nonrisk allele being T. The published SNP and alleles are
identified through publications such as seminal publications as in FIGS. 4E-G. In the example
of LSP1 in FIG. 4E, the seminal publication is Easton et al., Nature 447:713-720 (2007). FIGS.
22 and 25 further list correlations. The correlations in FIGS. 22 and 25 may be used to calculate
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prevalence, for example in FIG. 23.

[0088] Alternatively, the correlations may be generated from the stored genomic profiles.
For example, individuals with stored genomic profiles may also have known phenotype
information stored as well. Analysis of the stored genomic profiles and known phenotypes may
generate a genotype correlation. As an example, 250 individuals with stored genomic profiles
also have stored information that they have previously been diagnosed with diabetes. Analysis
of their genomic profiles is performed and compared to a control group of individuals without
diabetes. It is then determined that the individuals previously diagnosed with diabetes have a
higher rate of having a particular genetic variant compared to the control group, and a genotype
correlation may be made between that particular genetic variant and diabetes.

[00689] In step 112, rules are made based on the validated correlations of genetic variants
to particular phenotypes. Rules may be generated based on the genotypes and phenotypes
correlated as listed in Table 1, for example. Rules based on correlations may incorporate other
factors such as gender (e.g. FIG. 4) or ethnicity (FIGS. 4 and 5), to generate effects estimates,
such as those in FIGS. 4 and 5. Other measures resulting from rules may be estimated relative
risk increase such as in FIG. 6. The effects estimates and estimated relative risk increase may be
from the published literature, or calculated from the published literature. Alternatively, the rules
may be based on correlations generated from stored genomic profiles and previously known

phenotypes. In some embodiments, the rules are based on correlations in FIGS. 22 and 25.

[0090] In a preferred embodiment, the genetic variants will be SNP's, While SNPs occur
at a single site, individuals who carry a particular SNP allele at one site often predictably carry
specific SNP alleles at other sites. A correlation of SNPs and an allele predisposing an
individual to disease or condition occurs through linkage 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.

[0091] Other genetic markers or variants, such as nucleotide repeats or insertions, may
also be in linkage disequilibrium with genetic markers that have been shown to be asso ciated
with specific phenotypes. For example, a nucleotide insertion is correlated with a phenotype and
a SNP is in linkage disequilibrium with the nucleotide insertion. A rule is made based on the
correlation between the SNP and the phenotype. A rule based on the correlation between the
nucleotide insertion and the phenotype may also be made. Either rules or both rules may be
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[0092] Through linkage disequilibrium, a disease predisposing allele cosegregates with a
particular allele of a SNP or a combination of particular atleles of SNPs. A particular

5  combination of SNP alleles along a chromosome is termed a haplotype, and the DNA region in
which they occur in combination can be referred to as a haplotype block. While a haplotype
block can consist of one SNP, typically a haplotype block represents a contiguous seties of 2 or
more SNPs exhibiting low haplotype diversity across individuals and with generally low
recombination frequencies. An identification of a haplotype can be made by identification of

10 one or more SNPs that lie in a haplotype block. Thus, a SNP profile typically can be used to

identify haplotype blocks without necessarily requiring identification of all SNPs in a given

haplotype block.

[0093] Genotype correlations between SNP haplotype patterns and diseases, conditions
or physical states are increasingly becoming known. For a given disease, the haplotype patterns
15  of a group of people known to have the disease are compared to a group of people without the
disease. By analyzing many individuals, frequencies of polymorphisms in a population can be
determined, and in turn these frequencies or genotypes can be associated with a particular
phenotype, such as a disease or a condition. Examples of known SNP-disease correlations
include polymorphisms in Complement Factor H in age-related macular degencration (Kiein et
20  al, Science: 308:385-389, (2005)) and a variant near the INSIG2 gene associated with obesity
(Herbert et al., Science: 312:279-283 (2006)). Other known SNP correlations include
polymorphisms in the 9p21 region that includes CDKN2A and B, such as ) such as rs10757274,
rs2383206, 1513333040, rs2383207, and rs10116277 correlated to myocardial infarction
(Helgadottir et al., Science 316:1491-1493 (2007); McPherson et al., Science 31 6:1488-1491

25 (2007))

[0094] The SNPs may be functional or non-functional. For example, a functional SNP
has an effect on a cellular function, thereby resulting ina phenotype, whereas a non-functional
SNP is silent in function, but may be in linkage disequilibrium with a functional SNP. The SNPs
may also be synonymous or non-synonymous. SNPs that are synonymous are SNPs in which the
30  different forms lead to the same polypeptide sequence, and are non-functional SNPs. If the
SNPs lead to different polypetides, the SNP is non-synonymous and may or may not be
functional. SNPs, or other genetic markers, used to identify haplotypes in a diplotype, which is 2
or more haplotypes, may also be used to corrclate phenotypes associated with a diplotype.
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[0095] In preferred embodiments, 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 may have a 1 or D’ score, scores commonly used in the art to determine liﬁkage
disequilibrium, of greater than 0.5. In preferred embodiments, the score is greater than 0.6, 0.7,
0.8, 0.90, 0.95 or 0.99. As a result, in the present invention, the genetic marker used to corrclate
a phenotype to an individual’s genomic profile may be the same as the functional or published
SNP correlated to a phenotype, or different. For example, using BC_4, the test SNP and
published SNP are the same, as are the test risk and nonrisk alleles are the same as the published
risk and nonrisk alleles (FEGS. 4A and C). However, for BC_5, CASP8 and its correlation to
breast cancer, the test SNP is different from its functional or published SNP, as are the test risk
and nonrisk alleles to the published risk and nonrisk alleles. The test and published alleles are
oriented relative to the plus strand of the genome, and from these columns, it can be inferred the
homozygous risk or nonrisk genotype, which may generate a rule to be applied to the genomic
profile of individuals such as subscribers. In some embodiments, the test SNP may not yet be
identified, but using the published SNP information, allelic differences or SNPs may be
identified based on another assay, such as TaqMan. For example, AMD_5 in FIG. 254, the
published SNP is rs1061170 but a test SNP has not been identified. The test SNP may be
identified by LD analysis with the published SNP. Alternatively, the test SNP may not be used,
and instead, TagMan or other comparable assay, will be used to assess an individual’s genome

having the test SNP.

[0096] The test SNPs may be “DIRECT” or “TAG” SNPs (FIGS. 4E-G, FIG. 5). Direct
SNPs are the test SNPs that are the same as the published or functional SNP, such as for BC_4.
Direct SNPs may also be used for FGFR2 correlation with breast cancer, using the SNP
rs1073640 in Europeans and Asians, where the minor allele is A and the other allele is G (Easton
et al., Nature 447:1087-1093 (2007)). Another published or functional SNP for FGFR2
correlation to breast cancer is rs1219648, also in Europeans and Asians (Hunter et al., Nat.
Genet. 39:870-874 (2007)). Tag SNPs are where the test SNP is different from that of the
functional or published SNP, as in for BC_5. Tag SNPs may also be used for other genetic
variants such as SNPs for CAMTA (rs4908449), 9p21 (rs10757274, 152383206, 13513333040,
1$2383207, 1s10116277), COL1A1 (rs1800012), FVL (1s6025), HLA-DQA1 (rs4988889,
rs2588331), eNOS (rs1799983), MTHFR (rs1801133), and APC (rs28933380).
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426:789-796 (2003), and The International HapMap Consortium, Nature 437:1299-1320
(2005)), the Human Gene Mutation Database (HGMD) public database (sec www.hgmd.org),
and the Single Nucleotide Polymorphism database (dbSNP) (see www.ncbi.nlm.nih.gov/SNF/).
These databases provide SNP haplotypes, or enable the determination of SNP haplotype patterns.
Accordingly, these SNP databases enable examination of the genetic risk factors underlying a
wide range of diseases and conditions, such as cancer, inflammatory diseases, cardiovascular
diseases, neurodegenerative diseases, and infectious diseases. The diseases or conditions may be
actionable, in which treatments and therapies currently exist. Treatments may include
prophylactic treatments as well as treatments that ameliorate symptoms and conditions, including
lifestyle changes.

[0098] Many other phenotypes such as physical traits, physiological traits, mental traits,
emotional traits, ethnicity, ancestry, and age may also be examined. Physical traits may include
height, hair color, eye color, body, or traits such as stamina, endurance, and agility. Mental traits
may include intelligence, memory performance, or leamning performance. Ethnicity and ancestry
may include identification of ancestors or ethnicity, or where an individual’s ancestors originated
from. The age may be a determination of an individual’s real age, or the age in which an
individual’s genetics places them in relation to the general population. For example, an
individual’s real age is 38 years of age, however their genetics may determine their memory
capacity or physical well-being may be of the average 28 year old. Another age trait may be a
projected longevity for an individual.

[06099] Other phenotypes may also include non-medical conditions, such as “fun”
phenotypes. These phenotypes may include comparisons to well known individuals, such as
foreign dignitaries, politicians, celebrities, inventors, athletes, musicians, artists, business people,
and infamous individuals, such as convicts. 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.

[00100} At step 114, the rules are applied to the stored genomic profile to generate a
phenotype profile of step 116. For example, information in FIGS. 4, 5, or 6 may form the basis
of rules, or tests, to apply to an individual’s genomic profile. The rules may encompass the
information on test SNP and alleles, and the effect estimates of FIG. 4, where the UNITS for
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c C%?er@ﬁs B ReSE B he effects estimate may be a genotypic risk (FIGS. 4C-G) in preferred
embodiments, such as the risk for homozygotes (homoz or RR), risk heterozygotes (heteroz or
RN), and nonrisk homozygotes (homoz or NN). In other embodiments, the effect estimate may

5  be carrier risk, which is RR or RN vs NN. In yet other embodiments, the effect estimate may be
based on the allele, an allelic risk such as R vs. N. There may also be two locus (FIG. 4J) or
three locus (FIG. 4K) genotypic effect estimate (e.g. RRRR, RRNN, etc for the 9 possible
genotype combinations for a two locus effect estimate). The test SNP frequency in the public
HapMap is also noted in FIGS. 4H and L.

10 [60101] In other embodiments, information from FIGS. 21, 22, 23, and/or 25 may be used
to generate information to apply to an individual’s genomic profile. For example, the
information may be used to generate GCI or GCI Plus scores for an individual (for example,
FIG. 19). The scores may be used to generate information on genetic risks, such as estimated
lifetime risk, for one or more conditions in the phenotype profile of an individual (for example,

15  FIG. 15). the methods allow calculating estimated lifetime risks or relative risks for one or more
phenotypes or cdnditions as listed in FIGS. 22 or 25. The risk for a single condition may be
based on one or more SNP, For example, an estimated risk for a phenotype or condition may be
based on at least 2, 3,4, 5,6,7, 8,9, 10, 11, or 12 SNPs, wherein the SNPs for estimating a risk
may be published SNPs, test SNPs, or both (for example, FIG. 25). '

20 [00102] The estimated risk for a condition may be based on the SNPs as listed in FIG. 22
or 25. In some embodiments, the risk for a condition may be based on at least one SNP. For
example, assessment of an individual’s risk for Alzheimers (AD), colorectal cancer {CRC),
osteoarthritis (OA) or exfoliation glaucoma (XFG), may be based on 1 SNP (for example,
154420638 for AD, rs6983267 for CRC, rs4911178 for OA and rs2165241 for XFG). For other

25  conditions, such as obesity (BMIOB), Graves’ disease (GD), or hemochromatosis (HEM), an
individual’s estimated risk may be based on at least 1 or 2 SNPs (for example, rs9939609 and/or
r$9291171 for BMIOB; DRB1*0301 DQA1*0501 and/or rs3087243 for GD; rs1800562 and/or
15129128 for HEM). For conditions such as, but not limited to, myocardial infarction (M),
multiple sclerosis (MS$), or psoriasis (PS), 1, 2, or 3 SNPs may be used to assess an individual’s

30 risk for the condition (for example, rs1866389, rs1333049, and/or rs6922269 for MI; rs6897932,
1312722489, and/or DRB1*1501 for MS; rs6859018, rs11209026, and/or HLAC*0602 for PS).
For estimating an individual’s risk of restless legs syndrome (RLS) or celiac disease (CelD), 1, 2,
3, or 4 SNPs (for example, 16904723, rs2300478, 1s1026732, and/or 159296249 for RLS;
136840978, rs11571315, rs2187668, and/or DQA1*0301 DQB1*0302 for CelD). For prostate
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PC; rs12531711, rs10954213, r1s2004640, DRB1*0301, and/or DRB1*1501 for SLE). For
estimating an individual’s lifetime risk of macular degeneration (AMD) or rtheumatoid arthrifis

5  (RA), 1,2,3,4,35, or 6 SNPs, may be used (for example, 510737680, 110490924, rs541 862,
2230199, rs1061170, and/or rs9332739 for AMD; 1356679677, 1511203367, rs6457617,
DRB*0101, DRB1#0401, and/or DRB1*0404 for RA). For estimating an individual’s lifetime
risk of breast cancer (BC), 1,2, 3,4, 5,60t 7 SNI’SV may be used (for example, rs3803662,
52981582, rs4700485, rs3817198, rs17468277, rs6721996, and/or rs3803662). For estimating

10  an individual’s lifetime risk of Crohn’s disease (CD) or Type 2 diabetes (T2D), 1, 2, 3,4, 5,6, 7,
8,9, 10, or 11 SNPs may be used (for example, rs2066845, rs5743293, rs10883365, rs17234657,
10210302, rs9858542, 1511805303, rs10001 13, rs17221417, 152542151, and/or rs10761659 for
CD; r313266634, rs4506565, 310012946, 157756992, rs10811661, rs12288738, rs8050136,
rs1111875, 14402960, rs5215, and/or 151801282 for T2D). In some embodiments, the SNPs

15  used as a basis for determining risk may be in linkage disequilibrium with the SNPs as
mentioned above, or listed in FIG. 22 or 25.

[60103] 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 of the present invention
20  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. Accerdingly, these methods
provide for general assessment of an individual’s susceptibility to disease or condition without
any preconceived notion of testing for a specific disease or condition. For example, the methods
25  of the present invention allow for assessment of an individual’s susceptibility to any of the
several conditions listed in Tables 1, FIG. 4, 5, or 6, based on the individual’s genomic profile.
Furthermore, the methods allow assessments of an individual’s estimated lifetime risk or relative

risk for one or more phenotype or condition, such as those in FIGS. 22 or 25.

[00104] The assessment preferably provides information for 2 or more of these conditions,
30  and more preferably, 3, 4, 5, 10, 20, 50, 100 or even more of these conditions. In preferred
embodiments, the phenotype profile resulis from the application of at least 20 rules to the
genomic profile of an individual. In other embodiments, at least 50 rules are applied to the
genomic profile of an individual. A single rule for a phenotype may be applied for monogenic
phenotypes. More than one rule may also be applied for a single phenotype, such as a mulfigenic
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{00105} Following an initial screening of an individual patient’s genomic profile, updates
of an individual’s genotype correlations are made (or are available) through comparisons to
additional nucleotide variants, such as SNPs, when such additional nucleotide variants become
known. For example, step 110 may be performed periodically, for example, daily, weekly, or
monthly by one or more people of ordinary skill in the field of genetics, who scan scientific
literature for new genotype correlations. The new genotype correlations may then be further
validated by a committee of one or more experts in the ficld. Step 112 may then also be
periodically updated with new rules based on the new validated correlations,

[00106] The new rule may encompass a genotype or phenotype without an existing rule.

- For example, a genotype not correlated with any phenotype is discovered to correlate with a new

or existing phenotype. A new rule may also be for a correlation between a phenotype for which
no genotype has previously been correlated to. New rules may also be determined for genotypes
and phenotypes that have existing rules. For example, a rule based on the correlation between
genotype A and phenotype A exists. New research reveals genotype B correlates with phenotype
A, and a new rule based on this correlation is made. Another example is phenotype B is

discovered to be associated with genotype A, and thus a new rule may be made.

[00107] Rules may also be made on discoveries based on known correlations but not
initially identified in published scientific literature. For example, it may be reported genotype C
is correlated with phenotype C. Another publication reports genotype D is correlated with
phenotype D. Phenotype C and D are related symptoms, for example phenotype C may be
shortness of breath, and phenotype D is small lung capacity. A correlation between genotype C
and phenotype D, or genotype D with phenotype C, may be discovered and validated through
statistical means with existing stored genomic profiles of individuals with genotypes C and D,
and phenotypes C and D, or by further research. A new rule may then be generated based on the
newly discovered and validated correlation. In another embodiment, stored genomic profiles of
a number of individuals with a specific or related phenotype may be studied to determine a

genotype common to the individuals, and a correlation may be determined. A new rule may be

generated based on this correlation.

[60108] Rules may also be made to modify existing rules. For example, correlations

between genotypes and phenotypes may be partly determined by a known individual

characteristic, such as ethnicity, ancestry, ggography, gender, age, family history, or any other
28-
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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 genotype E. However, if an individual is of a particular ethnicity, the
probability is 5%. A new rule may be generated based on this result and applied to individuals
with that particular ethnicity. Alternatively, the existing rule with a determination of 35% may
be applied, and then another rule based on ethnicity for that phenotype is applied. The rules
based on known individual characteristics may be determined from scientific liferature or
determined based on studies of stored genomic profiles. New rules may be added and applied to
genomic profiles in step 114, as the new rules are developed, or they may be applied

periodically, such as at least once a year.

[00109] Information of an individual’s risk of disease can also be expanded as technology
advances allow for finer resolution SNP genomic profiles. As indicated above, an initial SNP
genomic profile readily can be generated using microarray technology for scanning of 500,000
SNPs. Given the nature of haplotype blocks, this number allows for a representative profile of
all SNPs in an individual’s genome. Nonetheless, there are approximately 10 million SNPs
estimated to occur commonly in the human genome (the International HapMap Project;
www.hapmap.org). As technological advances allow for practical, cost-efficient resolution of
SNPs at a finer level of detail, such as microarrays of 1,000,000, 1,500,000, 2,000,000,
3,000,000, or more SNPs, or whole genomic sequencing, more detailed SNP genomic profiles
can be generated. Likewise, cost-efficient analysis of finer SNP genomic profiles and updates to
the master database of SNP-disease correlations will be enabled by advances in computational
analytical methodology.

[00110] After generation of phenotype profile at step 116, a subscriber or their health care
manager may access their genomic or phenotype profiles via an on-line portal or website as in
step 118. Reports containing phenotype profiles and other information related to the phenotype
and genomic profiles may also be provided to the subscriber or their health care manager, as in
steps 120 and 122. The reports may be printed, saved on the subscriber’s computer, or viewed

on-line.

[00111] A sample on-line report is shown in FIG. 7. The subscriber may choose to
display a single phenotype, or more than one phenotype. The subscriber may also have different

viewing options, for example, as shown in F1G. 7, a “Quick View” option. The phenotype may
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effectiveness. It may also compare the drug to other treatments. The website may also contain a
link leading to the drug manufacturer’s website. Another link may provide an option for the
subscriber to have a pharmacogenomic profile generated, which would include information such
as their likely response to the drug based on their genomic profile. Links to alternatives to the
drug may also be provided, such as preventative action such as fitness and weight loss, and links
to diet supplements, diet plans, and to nearby health clubs, health clinics, health and wellness
providers, day spas and the like may also be provided. Educational and informational videos,
summaries of available treatments, possible remedies, and general recommendations may also be

provided.

[00112] The on-line report may also provide links to schedule in-person physician or
genetic counseling appointments or to access an on-line genetic counselor or physician,
providing the opportunity for a subscriber to ask for more information regarding their phenotype
profile. Links to on-line genetic counseling and physician questions may also be provided on the

on-line report.

[00113] Reports may also be viewed in other formats such as a comprehensive view for a
single phenotype, wherein more detail for each category is provided. For example, there may be
meore detailed statistics about the likelihood of the subscriber developing the phenotype, more
information about the typical symptoms or phenotypes, such as sample symptoms for a medicat
condition, or the range of a physical non-medical condition such as height, or more information
about the genc and genetic variant, such as the population incidence, for example in the world, or
in different countries, or in different age ranges or genders. For example, FIG. 15 shows a
summary of estimated lifetime risks for a number of condittons. The individual may view more

information for a specific condition, such as prostate cancer (FIG. 16) or Crohn’s discase (FIG.

17).

[00114] In another embodiment, the report may be of a “fun” phenotype, such as the
similarity of an individual’s genomic profile to that of a famous individual, such as Albert
Einstein. The report may display a percentage similarity between the individual’s genomic
profile to that of Einstein’s, and may further display a predicted IQ of Einstein and that of the
individual’s. Further information may include how the genomic profile of the general population
and their IQ compares to that of the individual’s and Einstein’s.
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formats, the individual may choose to display certain subgroups of phenotypes, such as only
medical phenotypes, or only actionable medical phenotypes. For example, actionable
phenotypes and their correlated genotypes, may include Crohn’s disease (correlated with IL23R
and CARD 15), Type 1 diabetes (correlated with HLA-DR/DQ), lupus (correlated HLA-DRB1),
psoriasis (HLA-C), multiple sclerosis (HLA-DQA1), Graves disease (HLA-DRB1), theumatoid
arthritis (HLA-DRB1), Type 2 diabetes (TCF7L2), breast cancer (BRCA2), colon cancer (APC),
episodic memory (KIBRA), and osteoporosis (COL1A1). The individual may also choose to
display subcategories of phenotypes in their report, such as only inflammatory diseases for
medical conditions, or only physical traits for non-medical conditions. In some embodiments,
the individual may choose to show all conditions an estimated risk was calculated for the
individual by highlighting those conditions (for example, FIG. 15A, D), highlighting only
conditions with an elevated risk (FIG. 15B), or only conditions with a reduced risk (FIG. 15C).

[00116] Information submitted by and conveyed to an individual may be secure and
confidential, and access to such information may be controlled by the individual. Information
derived from the complex genomic profile may be supplied to the individual as regulatory
agency approved, understandabie, medically relevant and/or high impact data. Information may
also be of general interest, and not medically relevant. Information can be securely conveyed to
the individual by several means including, but not restricted to, a portal interface and/or mailing.
More preferably, information is securely (if so elected by the individual) provided to the
individual by a portal interface, to which the individual has secure and confidential access. Such
an interface is preferably provided by on-line, internet website access, or in the alternative,
telephone or other means that allow private, secure, and readily available access. The genomic
profiles, phenotype profiles, and reports are provided to an individual or their health care

manager by transmission of the data over a network.

[00117] Accordingly, FIG. 8 is a block diagram showing a representative example logic
device through which a phenotype profile and report may be generated. FIG. 8 shows a
computer system (or digital device) 800 to receive and store genomic profiles, analyze genotype
correlations, generate rules based on the analysis of genotype correlations, apply the rules to the
genomic profiles, and produce a phenotype profile and report. The computer system 800 may be
understood as a logical apparatus that can read instructions from media 811 and/or network port
805, which can optionally be connected to server 809 having fixed media 812. The system
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the indicated communication medium to a server 809 at a local or a remote location. The
communication medium can include any means of transmitting and/or receiving data. For
example, the communication medium can be a network connection, a wireless connection or an
internet connection. Such a connection can provide for communication over the World Wide
Web. It is envisioned that data relating to the present invention can be transmitted over such
networks or connections for reception and/or review by a party 822. The receiving party 822 can
be but is not limited to an individual, a subscriber, 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 phenotype profile of an individual subject, wherein such

a result is derived using the methods described herein.

[00118] A personal portal will preferably serve as the primary interface with an individual
for receiving and evaluating genomic data. A portal will enable individuals to track the progress
of their sample from collection through testing and results. Through portal access, individuals
are introduced to relative risks for common genetic disorders based on their genomic profile.

The subscriber may choose which rules to apply to their genomic profile through the portal.

[00119] In one embodiment, one or more web pages will have a list of phenotypes and
next to each phenotype a box in which a subscriber may select to include in their phenotype
profile. The phenotypes may be linked to information on the phenotype, to help the subscriber
make an informed choice about the phenotype they want included in their phenotype profile.
The webpage may also have phenotypes organized by disease groups, for example as actionable
diseases or not. For example, a subscriber may choose actionable phenotypes only, such as
HLA-DQAT1 and celiac disease. The subscriber may also choose to display pre or post
symptomatic treatments for the phenotypes. For example, the individual may choose actionable
phenotypes with pre-symptomatic treatments (outside of increased screening), for celiac disease,
a pre-symptomatic treatment of gluten free diet. Another example may be Alzheimer’s, the pre-
symptomatic treatment of statins, exercise, vitamins, and mental activity. Thrombosis is another
example, with a pre-symptomatic treatment of avoid oral contraceptives and avoid sifting still for
long periods of time. An example of a phenotype with an approved post symptomatic treatment
is wet AMD, correlated with CFH, wherein individuals may obtain laser treatment for their

condition.
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may also be grouped as medical and non-medical phenotypes. Other groupings of phenotypes on
the webpage may be by physical traits, physiological traits, mental traits, or emotional traits.

5  The webpage may further provide a section in which a group of phenotypes are chosen by
selection of one box. For example, a selection for all phenotypes, only medically relevant
phenotypes, only non-medically relevant phenotypes, only actionable phenotypes, only non-
actionable phenotypes, different disease group, or “fun” phenotypes. “Fun” phenotypes may
include comparisons to celebrities or other famous individuals, or to other animals or even other

10  organisms. A list of genomic profiles available for comparison may also be provided on the

webpage for selection by the subscriber to compare to the subscriber’s genomic profile.

[00121] The on-line portal may also provide a search engine, to help the subscriber
navigate the portal, search for a speéiﬂc phenotype, or search for specific terms or information
revealed by their phenotype profile or report. Links to access partner services and product

15  offerings may also be provided by the portal. Additional links to support groups, message
boards, and chat rooms for individuals with a common or similar phenotype may also be
provided. The on-line portal may also provide links to other sites with more information on the
phenotypes in a subscriber’s phenotype profile. The on-line portal may also provide a service to
allow subscribers to share their phenotype profile and reports with friends, families, or health

20  care managers. Subscribers may choose which phenotypes to show in the phenotype profile they

want shared with their friends, families, or health care managers.

[00122] The phenotype profiles and reports provide a personalized genotype correlation to
an individual. The genotype correlations provided to an individual can be used in determining
personal health care and lifestyle choices. If a strong correlation is found between a genetic

25  variant and a disease for which freatment is available, detection of the genetic variant may assist
in deciding to begin treatment of the disease and/or monitoring of the individual. In the case
where a statistically significant correlation exists but is not regarded as a strong correlation, an
individual can review the information with a personal physician and decide an appropriate,
beneficial course of action. Potential courses of action that could be beneficial to an individual
30  in view of a particular genotype correlation include administration of therapeutic treatment,
monitoring for potential need of treatment or effects of treatment, or making life-style changes in
diet, exercise, and other personal habits/activities. For example, an actionable phenotype such as
celiac disease may have a pre-symptomatic treatment of a gluten-free diet. Likewise, genotype

correlation information could be applied through pharmacogenomics to predict the likely
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[00123] Subscribers may choose to provide the genomic and phenotype profiles to their
health care managers, such as a physician or genetic counselor. The genomic and phenotype
profiles may be directly accessed by the healthcare manager, by the subscriber printing out a
copy to be given to the healthcare manager, or have it directly sent to the healthcare manager
through the on-line portal, such as through a link on the on-line report.

[00124] Delivery of this pertinent information will empower patients to act in concert with
their physician. In particular, discussions between patients and their physicians can be
empowered through an individual’s portal and links to medical information, and the ability to tie
patient’s genomic information into their medical records. Medical information may include
prevention and wellness information. The information provided to the individual patient by the
present invention will enable patients to make informed choices for their health care. In this
manner, patients will be able to make choices that may help them avoid and/or delay diseases
that their individual genomic profile (inherited DNA) makes more likely. In addition, patients
will be able to employ a treatment regime that personally fits their specific medical needs.
Individuals also will have the ability to access their genotype data should they develop an illness
and need this information to help their physician form a therapeutic strategy.

[60125] Genotype correlation information could also be used in cooperation with genetic
counseling to advise couples considering reproduction, and potential genetic concerns to the
mother, father and/or child. Genetic counselors may provide information and support to
subscribers with phenotype profiles that display an increased risk for specific conditions or
diseases. They may interpret information about the disorder, analyze inheritance patterns and
risks of recurrence, and review available options with the subscriber. Genetic counselors may
also provide supportive counseling refer subscribers to community or state support services.
Genetic counseling may be included with specific subscription plans. In some embodiments,
genetic counseling may be scheduled within 24 hours of request and available during of hours

such as evenings, Saturdays, Sundays, and/or holidays.

[00126] An individual’s portal will also facilitate delivery of additional information
beyond an initial screening. Individuals will be informed about new scientific discoveries that
relate to their personal genetic profile, such as information on new treatments or prevention
strategies for their current or potential conditions. The new discoveries may also be delivered to

their healthcare managers. In preferred embodiments, the subscribers, or their healthcare
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phenotypes are sent to subscribers, for example, an e-mail may inform them that their genomic
profile is 77% identical to that of Abraham Lincoln and that further information is available via

5  an on-line portal.

[00127] The present invention also provides a system of computer code for generating
new rules, modifying rules, combining rules, periodically updating the rule set with new rules,
maintaining a database of genomic profile securely, applying the rules to the genomic profiles to
determine phenotype profiles, and for generating reports. Computer code for notifying

10  subscribers of new or revised correlations new or revised rules, and new or revised reports, for
example with new prevention and wellness information, information about new therapies in

development, or new treatments available.

Business method

15 [00128] The present invention provides a business method of assessing an individual’s
genotype correlations based on comparison of the patient’s genome profile against a clinically-
derived database of established, medically relevant nucleotide variants. The present invention
further provides a business method for using the stored genomic profile of the individual for
assessing new correlations that were not initially known, to generate updated phenotype profiles

20 for an individual, without the requirement of the individual submitting another biological sample.
A flow chart illustrating the business method is in FIG. 9.

[00129] A revenue stream for the subject business method is generated in part at step 101,
when an individual initially requests and purchases a personalized genomic profile for genotype
correlations for a multitude of common human diseases, conditions, and physical states. A

25  request and purchase can be made through any number of sources, including but not limited to,
an on-line web portal, an on-line health service, and an individual’s personal physician or similar
source of personal medical attention. In an alternative embodiment, the genomic profile may be

provided free, and the revenue stream is generated at a later step, such as step 103.

[00130] A subscriber, or customer, makes a reguest for purchase of a phenotype profile.
30 Inresponse to a request and purchase, a customer is provided a collection kit for a biological

sample used for genetic sample isolation at step 103. When a request is made on-line, by

telephone, or other source in which a collection kit is not readily physically available to the
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as packaging materials for expedited delivery of the sample to a laboratory for genomic profile

generation. The kit may also include instructions for sending the sample to the sample
processing facility, or laboratory, and instructions for accessing their genomic profile and

phenotype profile, which may occur through an on-line portal.

[00131} As detailed above, genomic DNA can be obtained from any of a number of types
of biological samples. Preferably, genomic DNA is isolated from saliva, using a commercially
available collection kit such as that available from DNA Genotek. Use of saliva and such a kit
allows for a non-invasive sample collection, as the customer conveniently provides a saliva
sample ina contéﬁner from a collection kit and then seals the container. In addition, a saliva

sample can be stored and shipped at room temperature.

[00132] After depositing a biological sample into a collection or specimen container, a
customer will deliver the sample to a laboratory for processing at step 105. Typically, the
customer may use packaging materials provided in the collection kit to deliver/send the sample

to a laboratory by expedited delivery, such as same-day or overnight courier service.

[00133] The laboratory that processes the sample and generates the genomic profile may
adhere to appropriate governmental agency guidelines and requirements. For example, in the
United States, a processing laboratory may be regulated by one or more federal agencies such as
the Food and Drug Administration (FDA) or the Centers for Medicare and Medicaid Services
(CMS), and/or one or more state agencies. In the United States, a clinical laboratory may be
accredited or approved under the Clinical Laboratory Improvement Amendments of 1988

(CLIA).

[00134] At step 107, the laboratory processes the sample as previously described to isolate
the genetic sample of DNA or RNA. Analysis of the isolated genetic sample and generation of a
genomic profile is then performed at step 109. Preferably, a genomic SNP profile is generated.
As described above, several methodologies may be used to generate a SNP profile. Preferably, a
high density array, such as the commercially available platforms from Affymetrix or Illumina, is
used for SNP identification and profile generation. For example, a SNP profile may be
generated using an Affymetrix GeneChip assay, as described above in more detail. As
technology evolves, there may be other technology vendors who can generate high density SNP
profiles. In another embodiment, a genomic profile for a subscriber will be the genomic

sequence of the subscriber.
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information may be confidential, with access to this proprietary information and the genomic

5  profile limited as directed by the individual and/or his or her personal physician. Others, such as
family and the genetic counselor of the individual may also be permitted access by the

subscriber.

100136} The database or vault may be located on-site with the processing laboratory.
Alternatively, the database may be located at a separate location. In this scenario, the genomic
10  profile data generated by the processing lab can be imported at step 111 to a separate facility that
contains the database.

[00137] After an individual’s genomic profile is generated, the individual’s genetic
variations are then compared against a clinically-derived database of established, medically
relevant genetic variants in step 115. Alternatively, the genotype correlations may not be

15  medically relevant but still incorporated into the database of genotype correlations, for example,
physical traits such as eye color, or “fun” phenotypes such as genomic profile similarity to a

celebrity.

[00138] The medically relevant SNPs may have been established through the scientific
literature and related sources. The non-SNP genetic variants may also be established to be

20  correlated with phenotypes. Generally, the correlation of SNPs to a given disease is established
by comparing the haplotype patterns of a group of people known to have the disease to a group
of people without the disease. By analyzing many individuals, frequencies of polymorphisms in
a population can be determined, and in turn these genotype frequencies can be associated with a
particular phenotype, such as a disease or a condition. Alternatively, the phenotype may be a

25 non-medical condition.

[00139] The relevant SNPs and non-SNP genetic variants may also be determined through
analysis of the stored genomic profiles of individuals rather than determined by available
published literature. Individuals with stored genomic profiles may disclose phenotypes that have
previously been determined. Analysis of the genotypes and disclosed phenotypes of the

30  individuals may be compared to those without the phenotypes to determine a correlation that
may then be applied to other genomic profiles. Individuals that have their genomic profiles
determined may fill out questionnaires about phenotypes that have previously been determined.

Questionnaires may contain questions about medical and non-medical conditions, such as
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[00140] In one embodiment, an individual may have their genomic profile determined free
of charge if they fill out a questionnaire. In some embodiments, the questionnaires are to be

5 filled out periodically by the individuals in order to have free access to their phenotype profile
and reports. In other embodiments, the individuals that fill out the questionnaires may be
entitled to a subscription upgrade, such that they have more access than their previous

subscription level, or they may purchase or renew a subscription at a reduced cost.

[00141) All information deposited in the database of medically relevant genetic variants at
10 step 121 is first approved by a research/clinical advisory board for scientific accuracy and
importance, coupled with review and oversight by an appropriate governmental agency if
warranted at step 119. For example, in the United States, the FDA may provide oversight
through approval of algorithms used for validation of genetic variant (typically SNP, transcript
level, or mutation) correlative data. At step 123, scientific literature and other relevant sources
15  are monitored for additional genetic variant-disease or condition comrelations, and following
validation of their accuracy and importance, along with governmental agency review and

approval, these additional genotype correlations are added to the master database at step 125.

[00142] The database of approved, validated medically-relevant genetic variants, coupled
with a genome-wide individual profile, will advantageously allow genetic risk-assessment to be

20 performed for a large number of diseases or conditions. Following compilation of an
individual’s genomic profile, individual genotype correlations can be determined through
comparison of the individual’s nucleotide (genetic) variants or markers with a datébase of human
nucleotide variants that have been correlated to a particular phenotype, such as a disease,
condition, or physical state. Through comparison of an individual’s genomic profile to the

25  master database of genotype correlations, the individual can be informed whether they are found
to be positive or negative for a genetic risk factor, and to what degree. An individual will receive
relative risk and/or predisposition data on a wide range of scientifically validated disease states
(e.g., Alzheimer’s, cardiovascular disease, blood clotting). For example, genotype correlations
in Table 1 may be included. In addition, SNP disease correlations in the database may include,

30  but are not limited to, those correlations shown in FIG. 4. Other correlations from FIGS. 5 and
6 may also be included. The subject business method therefore provides analysis of risk to a

multitude of diseases and conditions without any preconceived notion of what those diseases and

conditions might entail.
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physical traits such as hair color. In preferred embodiments, a rule or rule set is applied to the
genomic profile or SNP profile of an individual, as described above. Application of the rules to
a genomic profile generates a phenotype profile for the individual.

[00144] Accordingly, the master database of human genotype correlations is expanded
with additional genotype correlations as new correlations become discovered and validated. An
update can be made by accessing pertinent information from the individual’s genomic profile
stored in a database as desired or appropriate. For example, a new genotype correlation that
becomes known may be based on a particular gene variant. Determination of whether an
individual may be susceptible to that new genotype correlation can then be made by retrieving

and comparing just that gén_e portion of the individual’s entire genomic profile.

[00145] The results of the genomic query preferably are analyzed and interpreted so as to
be presented to the individual in an understandable format. At step 117, the results of an initial
screening are then provided to the patient in a secure, confidential form, either by mailing or

through an on-line portal interface, as detailed above.

[00146] The report may contain the phenotype profile as well as genomic information
about the phenotypes in the phenotype profile, for example basic genetics about the genes
involved or the statistics of the genetic variants in different populations. Other information
based on the phenotype profile that may be included in the report are prevention strategies,
wellpess information, therapies, symptom awareness, early detection schemes, intervention
schemes, and refined identification and sub-classification of the phenotypes. Following an initial

screening of an individual’s genomic profile, controlled, moderated updates are or can be made.

[00147] Updates of an individual’s genomic profile are made or are available in
conjunction with updates to the master database as new genotype correlations emerge and are
both validated and approved. New rules based on the new genotype correlations may be applied
to the initial genomic profile to provide updated phenotype profiles. An updated genotype
correlation profile can be generated by comparing the relevant portion of the individual’s
genomic profile to a new genotype correlation at step 127. For example, if a new genotype
correlation is found based on variation in a particular gene, then that gene portion of the
individual’s genomic profile can be analyzed for the new genotype correlation. In such a case,

one or more new rules may be applied to generate an updated phenotype profile, rather than an
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genotype corrrelations are provu%d in aDlseggraeSrSanncr at step 129.

[00148] Initial and updated phenotype profiles may be a service provided to subscribers or
customers. Varying levels of subscriptions to genomic profile analysis and combinations thereof
can be provided. Likewise, subscription levels can vary to provide individuals choices of the
amount of service they wish to receive with their genotype correlations. Thus, the level of

service provided would vary with the level of service subscription purchased by the individual.

[00149] An entry level subscription for a subscriber may include a genomic profile and an
initial phenotype profile. This may be a basic subscription level. Within the basic subscription
level may be varying levels of service. For example, a particular subscription level could
provide references for genetic counseling, physicians with particular expertise in treating or
preventing a particular disease, and other service options. Genetic counseling may be obtained
on-line or by telephone. In another émbodiment, the price of the subscription may depend on the
number of phenotypes an individual chooses for their phenotype profile. Another option may be

whether the subscriber chooses to access on-line genetic counseling.

[00150] In another scenario, a subscription could provide for an initial genome-wide,
genotype correlation, with maintenance of the individual’s genomic profile in a database; such
database may be secure if so elected by the individual. Following this initial analysis,
subsequent analyses and additional results could be made upon request and additional payment

by the individual. This may be a premium level of subscription.

[00151] In one embodiment of the subject business method, updates of an individual’s
risks are performed and corresponding information made available to individuals on a
subscription basis. The updates may be available to subscribers who purchase the premium level
of subscription. Subscription to genotype correlation analysis can provide updates with a
particular category or subset of new genotype correlations according to an individual’s
preferences. For example, an individual might only wish to learn of genotype correlations for
which there is a known course of treatment or prevention. To aid an individual in deciding
whether to have an additional analysis performed, the individual can be provided with
information regarding additional genotype correlations that have become available. Such

information can be conveniently mailed or e-mailed to a subscriber.

[00152] Within the premium subscription, there may be further levels of service, such as

those mentioned in the basic subscription. Other subscription models may be provided within
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determmed. At this level, subscribers may also permit access to unlimited number of
individuals, such as family members and health care managers. The subscribers may also have

5  unlimited access to on-line genetic counselors and physicians.

[00153] The next level of subscription within the premium level may provide more limited
aspects, for example a limited number of updates. The subscriber may have a limited number of
updates for their genomic profile within a subscription period, for example, 4 times a year. In
another subscription level, the subscriber may have their stored genomic profile updated once a
10  week, once a month, or once a yeér. In another embodiment, the subscriber may only have a

limited number of phenotypes they may choose to update their genomic profile against.

[00154] A personal portal will aiso conveniently allow an individual to maintain a
subscription to risk or correlation updates and information updates or alternatively, make
requests for updated risk assessment and information. As described above, varying subscription
15  levels could be provided to allow individuals choices of various levels of genotype correlation
results and updates and may different subscription levels may be chosen by the subscriber via

their personal portal.

[00155] Any of these subscription options will contribute to the revenue stream for the
subject business method. The revenue stream for the subject business method will also be added

20 by the addition of new customers and subscribers, wherein the new genomic profiles are added to

the database.

[00156] Table 1: Representative genes having genetic variants correlated with a
phenotype.
Geng Phenotype
AM Alzheimer's Discase
ABCAl cholesterol, HDIL.
ABCBL1 HIV
ABCBI1 epilepsy
ABCBI kidney transplant complications
ABCB1 digoxin, serum concentration
ABCBI Crohn's discase; ulcerative colitis
ABCB1 Parkinson's disease
ABCCS Type 2 diabetes
ABCCS diabetes, type 2
ABO myocardial infarct
ACADM medium-chain acyl-CoA dehydrogenase deficiency
ACDC Type 2, diabetes
ACE ' Type 2 diabetes
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mul tiple sclerosis Il LA-DQ@B1 cervical cancer TrlLA-DQBL | upué ‘

eryt hemat osus HLA- DQB1 pregnancy | oss, recurrent HLA-D@B1 arthritis

HLA- DQBL ast hma HLA-DQB1 HI'V HLA-DQBL | ynphoma HLA-DQB1 tubercul osis

BLA- DOBlyidwebimbahd arthritis | ALA- DOBl diabetes TATSR 0z ABADEBE——

graft-versus-keme di sease H A-D(B1 narc Akt
rhelmat oi d HLAGKB1 cholangitis, sclerosing HIBXPESISRIION; ahet es—type—2:
di abetes, typdCE H A DOB1 aves' disease H pyers Dissasei i o ’
hepatitis C,_ @tHnic HLA-DIBL nalaria
ACE cardiovascular
ACE left ventricular hypertrophy
ACE coronary artery digease
ACE atherosclerosis, coronary
ACE retinopathy, diabetic
ACE systemic lupus erythematosus
ACE blood pressure, arterial
ACE erectile dysfunction
ACE Lupus
ACE polycystic kidney disease
ACE stroke
ACP1 , diabetes, type 1
ACSMI1 (LIP)c cholesterol levels
ADAM33 asthma
ADD1 hypertcnsion
ADD1 blood pressure, arterial
ADHIB alcohol abuse
ADHIC alcohol abuse
ADIPOQ diabetes, type 2
ADIPOQ obesity
ADOCRAZA panic disorder
ADRBI1 . hypertension
ADRBI heart failure
ADRB2 asthma
ADRB2 hypertension
ADRB2 obesity
ADRB2 blood pressure, arterial
ADRB?2 Type 2 Diabetes
ADRB3 obesity
ADRB3 Type 2 Diabetes
ADRB3 hypertension
AGT hypertension
AGT Type 2 diabetes
AGT * Essential Hypertension
AGT myocardial infarction
AGTRI] hypertension
AGTR2 hypertension
AHR breast cancer
ALAD lead toxicity
ALDH2 alcoholism
ALDH2 alcohol abuse
ALDH2 colorectal cancer
ALDRIL2 Type 2 diabetes
ALOXS asthma
ALOXSAP asthma
APBB1 Alzheimer's Disease
APC colorectal cancer
APEX1 lung cancer
APOAL atherosclerosis, coronary
APOAL cholesterol, HDL
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psoriasis BLA-DB1 Sjogren's syndrome HLA-DQBl system c | upus
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APOAS triglycerides
APOAS atherosclerosis, coronary
APOB hypercholesterolemia
APOB obesity
APOB cardiovascular
APOB coronary artery disease
APOB coronary heart disease
APOB Type 2 diabetes
APQCI Alzheimer's Disease
APOC3 triglycerides
APOC3 Type 2 Diabetes
APQE Alzheimet’s Disease
APOE Type 2 diabetes
APOE multiple sclerosis
APOE atherosclerosis, coronary _
APOE Parkinson's discase
APOE coronary heart disease
APOE myocardial infarction
APOE stroke
APQE Alzheimer's disease
APOE coronary artery discase
APP Alzheimer's Disease
AR prostate cancer
AR breast cancer
ATM breast cancer
ATP7B Wilson disease
ATXNBOS spinocerebellar ataxia
BACEI] Alzheimer's Disease
BCHE Alzheimer's Discase
BDKRB2 hypertension
BDNF Alzheimer's Disease
BDNF bipolar disorder
BDNF Parkinson's disease
BDNF schizophrenia
BDNF Memory
BGLAP bone density
BRAF thyroid cancer
BRCA1 breast cancer
BRCAI breast cancer; ovarian cancer
BRCAI1 ovarian cancer
BRCA2 breast cancer
BRCA2 breast cancer; ovarian cancer
BRCA2 ovarian cancer
BRIP1 breast cancer
C4A systemic lupus erythematosus
CAILCR bone density
CAMTAL episodic memory
CAPNI10 diabetes, type 2
CAPN10 Type 2 diabetes
CAPN3 muscular dystrophy
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|| LA- DRB1 CARDI15 Inflammatory Bowel Disease
CART obesity
CASR bone density
CCKAR schizophrenia
CCL2 systemic lupus erythematosus
CCL5 HIV
CCL5 asthma
CCND1 colorectal cancer
CCR2 HIV
CCR2 HIV infection
CCR2 hepatitis C
CCR2 myocardial infarct
CCR3 Asthma
CCRS HIV
CCRS5 HIV infection
CCR5 hepatitis C
CCRS asthma
CCRS5 nmultiple sclerosis
CD14 atopy
CD14 asthria
CDh14 Crohn's disease
CDhi14 Crohn's disease; ulcerative colitis
CD1i4 . periodontitis
CD14 Total IgE
CDH1 prostate cancer
CDH1 colorectal cancer
CDEN2A melanoma
CDSN PsOriasis
CEBPA leukemia, myeloid
CETP atherosclerosis, coronary
CET?P coronary heart disease
CETP hypercholesterolemia
CFH macular dégeneration
CFTR ~cystic fibrosis
CFTR pancreatitis
CFTR Cystic Fibrosis
CHAT Alzheimer's Disease
CHEK2 breast cancer
CHRNA7 schizophrenia
CMAI1 atopic dermatitis
CNR1 schizophrenia
COL1Al bone density
COL1AL 0steoporosis
COL1A2 bone density
COL2Al Osteoarthritis
COMT schizophrenia
COMT breast cancer
COMT Parkinson's disease
COMT bipolar disorder
COMT obsessive compulsive disorder
COMT alcoholism
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CST3 Alzheimer's Discase
CTLA4 Type 1 diabetes
CTLA4 Graves' disease
CTLA4 multiple sclerosis
CTLA4 rheumatoid arthritis
CTLAA4 systemic lupus erythematosus
CTLA4 lupus erythematosus
CTLA4 celiac disease
CTSD Alzbeimer's Disease
CX3CR1 HIV
CXCL12 HIV
CXCL12 HIV infection
CYBA atherosclerosis, coronary
CYBA hypertension.
CYP11B2 hypertension
CYP11B2 left ventricular hyperirophy
CYP17A1 breast cancer
CYP17A1 prostate cancer
CYP17A1 endometriosis
CYP17Al endometrial cancer
CYP19Al breast cancer
CYP19Al1 prostate cancer
CYP19A1 endometriosis
CYP1Al lung cancer
CYP1Al breast cancer
CYP1Al Colorectal Cancer
CYPlAl prostate cancer
CYP1Al esophageal cancer
CYP1Al endomeiriosis
CYP1Al cytogenetic studies
CYP1A2 schizophrenia
CYPLAZ = colorectal cancer
CYP1BI1 breast cancer
CYP1BI1 __glaucoma
CYP1B1 prostate cancer
CYP21A2 21-hydroxylase deficiency
CYP21A2 congenital adrenal hyperplasia
CYP21A2 adrenal hyperplasia, congenital
CYP2A6 smoking behavior
CYP2AG6 nicotine
CYPZAG6 lung cancer
CYP2C19 H. pylori infection
CYP2C19 phenytoin
CYP2C19 gastric disease
CYP2C8 malaria, plasmodium falciparum
CYP2CS anticoagulant complications
CYP2C9 warfarin sengitivity
CYP2C9 warfarin therapy, response to
CYP2CS colorectal cancer
CYP2C9 phenytoin
CYP2C9 acenocoumarol response
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trapspl ant cEMBRCRat i ons | ENG ___hypertension
CYP2D6 ' colorectal cancer
CYP2D6 _ Parkinson's discase
CYP2D6 CYP2D6 poor metabolizer phenotype
CYP2E1 Jung cancer
CYP2E1 colorectal cancer
CYP3A4 ‘prostate cancer
CYP3AS prostate cancer
CYP3AS ' esophageal cancer
CYP46A1 ' Alzheimer's Disease
DBH schizophrenia _
DHCR7 Smith-Lemli-Opitz syndrome
DISC1 schizophrenia
DLST Alzheimer's Disease
DMD muscular dystrophy
DRD2 alcohelism
DRD2 schizophrenia
DRD2 smoking behavior
DRD2 Parkinson's discase
DRD2 tardive dyskinesia
DRD3 schizophrenia
DRD3 tardive dyskinesia
DRD3 bipolar disorder
DRD4 attention deficit hyperactivity disorder
DRD4 schizophrenia
DRD4 novelty seeking
DRD4 ADHD
DRD4 personality traits
DRD4 heroin abuse
DRD4 aleohol abuse
DRD4 alcoholism
DRDA4 ' personality disorders
DTNBPI ' schizophrenia
EDNI1 hypertension
EGER ' lung cancer
ELAC2 prostate cancer
ENPP1 Type 2 diabetes
EPHB2 prostate cancer
EPHX1 lung cancer
EPHX1 colorectal cancer
EPHX1 cytogenetic studies
EPHX1 ' chronic obstructive pulmonary disease/COPD
ERBB2 breast cancer
ERCCI1 lung cancer
ERCC1 colorectal cancer
ERCC2 lung cancer
ERCC2 cytogenetic studies
ERCC2 bladder cancer
ERCC2 colorectal cancer
ESR1 bone density
ESR! bone nrneral density
ESR1 : breast cancer




| ongevity | FNG pregnancy | oss, recurrent | GFBP3 breast cancer | GFBP3
prostate cancer TL10 system c |upus erythematosus | MO asthma [LIO
graft-versus-host disease IL10 H V IL10 kidney transplant 1L10 ki dney

transpl a %ﬁ%&%&sﬁat ions RIC hepatitis B 1110 juveniggnaptnisdis—L10
efiél

| ongevity tiple sclerosis IL10 pregnanthenetyps recurrent 1110
rhebimatol d arE8Ritis I LI tuberculosis |[12B Tenemetrighisbetes |1 128 ast hnon
| L18 asthma ESRI osteoporosis
ESR2 bone density
ESR2 breast cancer
estrogen receptor bone mineral density
- B2 coronary heart disease
B2 stroke
F2 thromboembolism, venous
F2 preeclampsia
F2 thrombosis
F5 thromboembolism, venous
F5 vreeclampsia
F5 myocardial infarct
FS stroke
F5 stroke, ischemic
F7 atherosclerosis, coronary
F7 myocardial infarct
F8 hemophilia
¥o hemophilia
FABP2 Type 2 diabetes
FAS Alzheimer's Disease
FASLG multiple sclerosis
FCGR2A systemic lupus erythematosus
FCGR2A lipus erythematosus
FCGRZA - periodontitis
FCGR2A . rtheumatoid arthritis
FCGR2B lupus erythematosus
FCGR2B systemic lupus erythematosus
FCGR3A systemic lupus erythematosus
FCGR3A lupus erythematosus
FCGR3A periodontitis
FCGR3A arthritis
FCGR3A rheumatoid arthritis
FCGR3B periodontitis
FCGR3B periodontal discase
FCGR3B lupus erythematosus
FGB fibrinogen
FGB myocardial infarction
FGB coronary heart disease
FLT3 leukemia, myeloid
FLT3 leukemia
FMR1 Fragile X syndrome
FRAXA Fragile X Syndrome
FUT2 H. pylori infection
FVL Factor V Leiden
G6PD G6PD deficiency
G6PD hyperbilirubinemia
GABRAS bipolar disorder
GBA Gaucher disease
GBA Parkinson's disease
GCGR (FAAH, ML4R, UCP2) body mass/obesity
GCK Type 2 diabetes
GCLM (F12, TLR4) atherosclerosis, myocardial infarction
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200967551 CGeng VILA WIIMIittnioifenepéotype |1 4R asthnm |
| LAR at opy | LGRNFot al serum | gE schizophrenia
GHRL obesity
GIB1 Charcot-Marie-Tooth disease
GJIB2 deafness
GJIB2 hearing loss, sensorineural nonsyndromic
GJB2 hearing loss, sensorineural
GIB2 hearing loss/deafness
GIB6 hearing loss, sensorineural nonsyndromic
GIB6 hearing loss/deafness
GNAS hypertension
GNB3 hypertension
GPX1 lung cancer
GRIN1 schizophrenia
GRIN2B schizophrenia
GSK3B bipolar disorder
GSTM1 lung cancer
GSTM1 colorectal cancer
GSTM1 breast cancer
GSTM1 prostate cancer
GSTM1 cytogenetic studies
GSTM1 bladder cancer
GSTM1 esophageal cancer
GSTM1 g head and neck cancer
GSTM1 leukemia
GSTM1 Parkinson's disease
GSTM1 stomach cancer
GSTP1 Lung cancer
GSTP1 colorectal cancer
GSTP1 breast cancer
GSTP1 cytogenetic studies
GSTP1 prostate cancer
GSTT1 lung cancer
GSTTI1 colorectal cancer
GSTT1 breast cancer
GSTT1 prostate cancer
GSTT1 Bladder Cancer
GSTT] cytogenetic studies
GSTTI1 asthma
GSTT] benzene toxicity
GSTT1 esophageal cancer
GSTT1 head and neck cancer
GYS1 Type 2 diabetes
HBB thalassemia
HBB thalassemia, beta
HD Huntington's disease
HFE Hemochromatosis
HFE iron levels
HFE colorectal-cancer
HEK2 Type 2 diabetes
HLA rheumatoid arthritis
HLA Type 1 diabetes
HILA Behcet's Disease
HLA celiac disease
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L6 Bone M neralization IL6 kidney transplant |1L6 kidney transplant
conplications 1L6 Longevity 11,6 multiple sclerosis 1L6 bone density IL6
bone m neral density IL6 Col orectal Cancer IL6 juvenile arthritis 1L6
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prostate ranmJ'ILAI\LQI 2 ; ISR
HLA Graves disease
HLA multiple sclerosis
HLA schizophrenia
HLA asthma
HLA diabetes mellitus
HLA Lupus
HLA-A feukemia
HILA-A HIV
HLA-A diabetes, type 1
HILA-A graft-versus-host disease
HLA-A multiple sclerosis
HLA-B leukemia
HLA-B Behcet's Disease
HLA-B celiac disease
HiA-B diabetes, type 1
HLA-B grafi-versus-host disease
HILA-B sarcoidosis
HILA-C psoriasis
HLA-DPAL1 measles
HLA-DPB1 diabetes, type 1
HILA-DPB1 Asthma
HLA-DQAI diabetes, type 1
HLA-DQAI celiac diseasc
HLA-DQAI1 cervical cancer
HLA-DQAI1 asthma
HLA-DQAI1 multiple sclerosis
HLA-DQAI diabetes, type 2; diabetes, type 1
HILA-DQAI1 lupus erythematosus
HLA-DQA1 pregnancy loss, recurrent
HLA-DQAI] psoriasis
HLA-DQBI1 diabetes, type 1
HLA-DQBI1 celiac disease
HLA-DQB1 multiple sclerosis
HLA-D(QBI] cervical cancer
HLA-DQBI1 lupus erythematosus
HLA-DQB1 pregnancy loss, recurrent
HLA-DQB1 arthritis
HI.A-DQB1 asthma
HLA-DQBI1 HIV
HLA-DQBI1 lymphoma
HLA-DOBI1 tuberculosis
HLA-DQB1 rheumatoid arthritis
HILA-D(QB1 diabetes, type 2
HLA-DQB1 grafi-versus-host disease
HLA-DQBI1 narcolepsy
HILA-DQB1 arthritis, rheumatoid
HLA-DQB1 cholangitis, sclerosing
HILA-DQB1 diabetes, type 2; diabetes, type 1
HLA-DQBI1 Graves' disease
HLA-DQB1 hepatitis C
HLA-DQB1 hepatitis C, chronic
HLA-DQB1 malaria
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HLA-DQB1 psoriasis
A-DQB1 Sjogren's syndrome
HLA-DQB! systemic lupus erythematosus
HLA-DRBI1 diabetes, type 1
HILA-DRBI multipie sclerosis
HLA-DRBI1 systemic lupus erythematosus
HLA-DREBI1 rheumatoid arthritis
HLA-DRBI1 cervical cancer
HLA-DRBI arthritis
HLA-DRBI celiac disease
HLA-DRBI1 lupus erythematosus
HLA-DRBI sarcoidosis
HILA-DRBI1 HIV
HLA-DRE1 tuberculosis
HLA-DREB1 Graves' disease
HLA-DRBI1 lymphoma
HLA-DRB1 pPsOriasis
HLA-DRBI1 asthma
HLA-DRBE1 Crohn's disease
HLA-DREB1 graft-versus-host discase
HLA-DRBI1 hepatitis C, chronic
HIA-DRB1 narcolepsy
HLA-DRB1 sclerosis, systemic
HILA-DRBI Sjogren’s syndrome
HLA-DRB1 Type 1 diabetes
HILA-DRBI arthritis, theumatoid
HLA-DRB1 cholangitis, sclerosing
HLA-DRBI1 diabetes, type 2; diabetes, type 1
HLA-DRBI1 H. pviori infection
HLA-DRBI1 hepatitis C
HILA-DRB1 juvenile arthritis
HLA-DRB1 lenkemia
HLA-DRB1 malaria
HLA-DRB1 melanoma
HILA-DRB1 pregnancy loss, recurrent
HLA-DRB3 psoriasis
HLA-G pregnancy loss, recurrent
HMOX1 atherosclerosis, coronary
HNF4A diabetes, type 2
HNF4A type 2 diabetes
HSD11B2 hypertension
HSD17B1 breast cancer
HTRIA depressive disorder, major
HTR1B alcoho! dependence
HTR1B alcoholism
HTR2A memory
HTR2A schizophrenia
HTR2A bipolar disorder
HTR2A depression
HTR2A depressive disorder, major
HTR2A suicide
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KLK1 hyp_ertensi on KLK3 prostate cancer |CRAS colorectal cancer LDLR
hyperchol esterol em a LDLR hypertension LEP obesity LEPR obesity LI
breast cancer LIPC atherosclerosis, coronary LPL Coronary Artery D sease

LPL hypel w‘t@lﬁu@ WO 20081067551 Gene |n
Phehotyp ntquceridea LRP1 Al zhei ner’ JeR0ty
LRRK2 Par ki ngimR2a di sease LRRK2 Par ki nsons dﬂd@m&@spﬁ&me
HTR2A - anorexia nervosa
HTR2A hypertension
HTR2A obsessive compulsive disorder
HTR2C schizophrenia
HTR6 Alzheimer's Discase
HTR6 schizophrenia
HTRAI wet age-related macular degeneration
1APP Type 2 Diabetes
IDE ' Alzheimer's Disease
IFNG tuberculosis
IENG Type 1 diabetes _
IFNG grafi-versus-host disease
IFNG hepatitis B
IFNG multiple sclerosis
IFNG ~ asthma
IFNG breast cancer
IFNG kidney transplant _
IFNG kidney transplant cornplications
IFNG longevity
IENG _pregnancy loss, recurrent
IGFBP3 breast cancer
IGFBP3 prostate cancer
110 systemic lupus erythematosus
110 asthma
I1.10 graft-versus-host disease
1L10 HIV
IL10 kidney transplant
IL19 kidney transplant complications
IL10 hepatitis B
110 juvenile arthritis
IL10 longevity
IL10 multiple sclerosis
IL10 pregnancy loss, recurrent
110 rheumatoid arthritis
IL10 tuberculosis
IL12B Type 1 diabetes
IL12B asthma
113 asthma
.13 atopy
1L13 chronic obstructive pulmonary disease/COPD
IL13 (raves' disease
IL1A periodontitis
1A Alzheimer's Discase
IL1B periodontitis
1.18 Alzheimer's Discase
IL1B stomach cancer
ILIR1 Type 1 diabetes
TLIRN stomach cancer
IL2 asthma; eczema; allergic disease
4 Asthma
L4 atopy
L4 HIV
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MAPT _Parl dnson' s di segeg¥iftTossidszhelnmer' g
nt ia VAP Front ot eroporal dBesmetypg MAPT progressive

ranucl ear ]mley MCIR ngl anoma MC3R _obesityasiBaR obesj ty
ILAR atopy .
4R Total serum Igk
IL6 Bone Mineralization
IL6 kidney transplant
IL6 kidney transplant complications
IL6 Longevity
IL6 multiple sclerosis
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INSR Type 2 diabetes
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IRS1 Type 2 diabetes
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KCNJt1 diabetes, type 2
KCNJL1 Type 2 Diabetes
KCNN3 schizophrenia
KCNQ1 EKG, abnormal
KCNQ1 long QT syndrome
KIBRA episodic memory
KLK1 hypertension
K1K3 prostate cancer
KRAS colorectal cancer
LDLR hypercholesterolemia
LDLR hypertension
1L.EP obesity
LEPR obesity
LIG4 breast cancer
LIPC atherosclerosis, coronary
LPL Coronary Artery Disease
LPL hyperlipidemia
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MUTYH . colorectal cancer
MYBPC3 cardiomyopathy
MYH?7 cardiomyopathy
MYOC glaucoma, primary open-angle
MYOC glaucoma
NATI1 colorectal cancer
NAT1 Breast Cancer
NATI1 bladder cancer
NAT2 colorectal cancer
NAT?2 ) bladder cancer
NAT2 breast cancer
NAT2 Lung Cancer
NEN breast cancer
NCOA3 breast cancer
NCSTN Alzheimer's Disease
NEUROD1 Type 1 diabetes
NF1 neurofibromatosis]
NOS1 Asthma
NOSZA multiple sclerosis
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NOS3 acute coronary syndrome
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NR4A2 Parkinson's disease
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QOPAl glaucoma
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PON1 Parkinson's disease
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PON1 atherosclerosis
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PON1 Alzheimer's Disease
PON1 longevity
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PPARG Type 2 Diabetes
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PRKCZ Type 2 diabetes
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- PTGS2 colorectal cancer
PTH bone density
PTPN11 Noonan syndrome
PTPN22 rheumatoid arthritis
PTPRC multiple sclerosis
PVT1 end stage renal disease
RADS1 breast cancer
RAGE retinopathy, diabetic
RB1 retinoblastoma
RELN schizophrenia
REN hypertension
RET thyroid cancer
“RET Hirschsprung's disease
RFC1 neural tube defecis
RGS4 schizophrenia
RHO retinitis pigmentosa
RNASEL prostate cancer
RYRI malignant hyperthermia
SAAL amyloidosis
SCG2 hypertension
SCG3 obesity
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SCNSA long QT syndrome
SCNNIB hypertension
SCNNI1G hypertension
SERPINAI1 COPD
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SLCHA3 smoking behavior
SLC6A3 alcoholism
SLC6A3 schizophrenia
SLC6A4 depression
SLC6A4 depressive disorder, major
SLC6A4 schizophrenia
SLC6A4 suicide
SLC6A4 alcoholism
SLC6A4 bipolar disorder
SLC6A4 personality traits
SLC6A4 attention deficit hyperactivity disorder
SLC6A4 Alzheimer's Disease
SLC6A4 personality disorders
SLC6A4 panic disorder
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SLC6A4 affective disorder
SLC6A4 anxiety disorder
SLC6A4 smoking behavior
SLC6A4 , depressive disorder, major; bipolar disorder
SLC6A4 heroin abuse
SLC6A4 ' irritable bowel syndrome
SLC6A4 migraine
SLC6A4 obsessive compulsive disorder
SLC6A4 suicidal behavior
SLC7A9 : cystinuria
SNAP2S ADHD
SNCA Parkinson's disease
SOD!1 AlS/amyotrophic lateral sclerosis
S0OD2 breast cancer
SOD2 lung cancer
S0D2 prostate cancer
SPINK 1 pancreatitis
SPP1 muliiple sclerosis
SRD3A2 _ prostate cancer
STAT6 asthma
STAT6 Total IgE
SULT1Al - - breast cancer
SULTLAL colorectal cancer
TAP1 ' ~ Type 1 diabetes
TAP1 ' tupus erythematosus
TAP2 ' Type 1 diabetes
TAP2 diabetes, type 1
TBX21 asthina
TBXAZR asthma
TCF1 diabetes, type 2
TCF1 Type 2 diabeies
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TP53 prostate cancer
TPS3 cervical cancer
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TP53 smoking
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TPHI1 depressive disorder, major
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The Genetic Composite Index (GCI)

[60157] The etiology of many conditions or diseases is attributed to both genetic and
environmental factors. Recent advances in genotyping technology has provided opportunities to
identify new associations between diseases and genetic markers across an entire genome. Indeed,
5 many recent studies have discovered such associations, in which a specific allele or genctype is
correlated with an increased risk for a disease. Some of these studies involve the collection of a

set of test cases and a set of controls, and the comparison of allele distribution of genetic markers
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background and are not accounted for in the statistical analysis.

[00158] Genetic markers and variants may include SNPs, nucleotide repeats, nucleotide
insertions, nucleotide deletions, chromosomal translocations, chromosomal duplications, or copy
number variations. Copy number variation may include microsatellite repeats, nucleotide

repeats, centromeric repeats, or telomeric repeats.

[00159] In one aspect of the present invention information about the association of
multiple genetic markers with one or more diseases or conditions is combined and analyzed to
produce a GCI score. The GCI score can be used to provide people not trained in genetics with a
reliable (i.c., robust), understandable, and/or intuitive sense of what their individual risk of
disease is compared to a relevant population based on cutrent scientific rescarch. In one
embodiment a method for generating a robust GCl scoré for the combined effect of different loci
is based on a reported individual risk for each locus studied. For example a disease or condition
of interest is identified and then informational sources, including but not lirnited to databases,
patent publications and scientific literature, are queried for information on the association of the
disease of condition with one or more genetic loci. These informational sources are curated and
assessed using quality criteria. In some embodiments the assessment process involves multiple
steps. In other embodiments the informational sources are assessed for multipie quality eriteria.
The information derived from informational sources is used to identify the odds ratio or relative

risk for one or more genetic loci for each disease or condition of interest.

[00160] In an alternative embodiment the odds ratio (OR) or relative risk (RR) for at least
one genetic loci is not available from available informational sources. The RR is then calculated
using (1) reported OR of muitiple alleles of same locus, (2) allele frequencies from data sets,
such as the HapMap data set, and/or (3) disease/condition prevalence from available sources
(e.g., CDC, National Center for Health Statistics, etc.) to derive RR of all alleles of interest. In
one embodiment the ORs of multiple alleles of same locus are estimated scparately or
independently. In a preferred embodiment the ORs of multiple alleles of same locus are
combined to account for dependencies between the ORs of the different alicles. In some
embodiments established disease models (including, but not limited to models such as the
multiplicative, additive, Harvard-modified, dominant effect) are used to generate an intermediate

score that represents the risk of an individual according to the model chosen.
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models; this minimizes the possible errors that may be introduced by choice of a particular
disease model. This method minimizes the influence of reasonable errors in the estimates of
prevalence, allele frequencies and ORs obtained from informational sources on the calculation of
the relative risk. Because of the “linearity” or monotonic nature of the effect of a prevalence
estimate on the RR, there is little or no effect of incorrectly estimating the prevalence on the final
rank score; provided that the same model is applied consistently to all individuals for which a
report is generated.

[00162] In another embodiment a method is used that takes into account
environmental/behavioral/demographic data as additional “loci.” In a related embodiment such
data may be obtained from informatienal sources, such as medical or scientific literature or
databases (e.g., associations of smoking w/lung cancer, or from insurance industry health risk
assessments). In one embodiment a GCI score is produced for one or more complex diseases.
Complex diseases may be influenced by multiple gencs, environmental factors, and their
interactions. A large number of possible interactions needs to be analyzed when studying
complex diseases. In one embodiment a procedure is used to correct for multiple comparisons,
such as the Bonferroni correction. In an alternative embodiment the Simes’s test is used to
control the overall significance level (also known as the “familywise error rate”) when the tesfs
are independent or exhibit a special type of dependence (Sarkar S. (1998)). Some probability
inequalities for ordered MTP2 random variables: a proof of the Simes conjecture. Ann Stat
26:494—504). Simes’s test rejects the global mull bypothesis that all K& test-specific null
hypotheses are true if py<ak/K for any kin 1,....K. (Simes RJ (1986) An improved Bonferroni
procedure for multiple tests of significance. Biometrika 73:751-754.).

[00163] Other embodiments that can be used in the context of multiple-gene and multiple-
environmental-factor analysis control the false-discovery rate—that is, the expected proportion
of rejected null hypotheses that are falsely rejected. This approach is particularly useful when a
portion of the null hypotheses can be assumed false, as in microarray studies. Devlin et al. (2003,
Analysis of multilocus models of association. Genet Epidemiol 25:36-47) proposed a variant of
the Benjamini and Hochberg (1995, Controlling the false discovery rate: a practical and powerful
approach to multiple testing. J R Stat Soc Ser B 57:289—300) step-up procedure that controls the
false-discovery rate when testing a large number of possible gene x gene interactions in
multilocus association studies. The Benjamini and Hochberg procedure is related to Simes’s test;

setting & =maxk such that p(k)Sak/K, it rejects all k" null hypotheses corresponding to
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multiple testing under dependency. Ann Stat 29:1165-1188).

[60164] n some embodiments an individual is ranked in comparison to a population of
individuals based on their intermediate score to produce a final rank score, which may be
represented as rank in the populat:lon such as the 99 percentile or 99 9g® 97%, o6, 95 04%
03" g™ g1 ggtt gott gg™ g7 ge™ g™, 84™ 83, 82, 81, 80™, 79", 78, 77, 76™, 75,
74t 739 7% 71 70% 69% 65%, 60, 55™, 507, 45, 40%, 40", 35%, 30%, 257, 20%, 15™, 10™,
5% or O™ Percentile. In another embodiment the rank may score may be displayed as a range,
such as the 100%™ to 95% percentile, the 95% to 85™ percentile, the 85™ 10 60% percentile, or any
sub-range between the 100" and 0™ percentile. In yet another embodiment the individual is
ranked in quartiles, such as the top 75 quartile, or the lowest 25" guartile. In a further
embodiment the individual is ranked in comparison to the mean or median score of the

population.

[60165] In one embodiment the population to which the individual is compared to includes
a large number of people from various geographic and ethnic bhckgrounds, such as a global
population. In other embédiments the populatioﬁ to which an individual is compared to is limited
to a particular geography, ancestry, ethnicity, sex, age (fétal, neonate, child, adolescent, teenager,
adult, geriatric individual) disease state (such as symptomatic, asymptomatic, carrier, early-
onset, late onset). In some embodiments the population to which the individual is compared is

derived from information reported in public and/or private informational sources.

[00166] In one embodiment an individual’s GCI score, or GCI Plus score, is visualized
using a display. In some embodiments a screen (such as a computer monitor or television screen)
is used to visualize the display, such as a personal portal with relevant information. In another
embodiment the display is a static display such as a printed page. In one embodiment the display
may inchude but is not limited to one or more of the following: bins (such as 1-5, 6-10, 11-15,
16-20, 21-25, 26-30, 31-35, 36-40, 41-45, 46-50, 51-55, 56-60, 61-65, 66-70, 71-75, 76-80, 81-
85, 86-90, 91-95, 96-100), a color or grayscale gradient, a thermometer, a gauge, a pie chart, a
histogram or a bar graph. For example, FIGS. 18 and 19 are different displays for MS and FIG.
20 is for Crohn’s disease). In another embodiment a thermometer is used to display GCI score
and disease/condition prevalence. In another embodiment a thermometer displays a level that
changes with the reported GCI score, for example, FIGS. 15-17, the color corresponds to the

risk. The thermometer may display a colorimetric change as the GCI score increases (such as
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score and a colorimetric change as the risk rank increases

[00167] In an alternative embodiment an individual’s GCI score is delivered o an
individual by using auditory feedback. In one embodiment the auditory feedback is a verbalized
instruction that the risk rank is high or low. In another embodiment the auditory feedback is a
recitation of a specific GCI score such as a number, a percentile, a range, a quartile or a
comparison with the mean or median GCI. score for a population. In one embodiment a live
human delivers the auditory feedback in person or over a telecommunications device, such as a
phone (landline, cellular phone or satellite phone) or via a personal portal. In another
embodiment the auditory feedback is delivered by an automated system, such as a computer. In
one embodiment the anditory feedback is delivered as part of an interactive voice response (IVR)
system, which is a technology that allows a computer to detect voice and touch tones using a
normal phone call. In another embodiment an individual may interact with a central server via an
IVR system. The TVR system may respond with pre-recorded or dynamically generated audio to
interact with individuals and provide them with auditory feedback of their risk rank. In one
example an individual may call a number that is answered by an IVR system. After optionally
entering an identification code, a security code or undergoing voice-recognition protocols the
IVR system asks the subject to select options from a menu, such as a touch tone or voice menu.

One of these options may provide an individual with his or her risk rank.

[00168] In another embodiment an individual’s GCI score is visualized using a display
and delivered using auditory feedback, such as over a personal portal. This combination may
include a visual display of the GCI score and auditory feedback, which discusses the relevance of
the GCI score to the individual’s overall health and possible preventive measures, may be
advised.

[00169] In one example the GCI score is generated using a multi-step process. 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 onty
assumption taken into account is that there is a multiplicative model. Otherwise, it is determined
that the model is sensitive to the prevalence. The relative risks and the distribution of the scores

in the HapMap population, for any combination of no-call values, arc obtained.  For each new
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5  bins may be different for different diseases based on considerations such as ihe resolution of the
score for each disease. In case of ties between the scores of different HapMap individuals, the

average rank will be used.

[006170] In one embodiment a higher GCI score is interpreted as an indication of an
increased misk for acquiring or being diagnosed with a condition or disease. In another

10  embodiment mathematical models are used to derive the GCI score. In some embodiments the
GCI score is based on a mathematical model that accounts for the incomplete nature of the |
underlying information about the population and/or diseases or conditions. In some embodiments
the mathematical model includes certain at least one presumption as part of the basis for
calculating the GCI score, wherein said presumption includes, but is not limited to: a

15  presumption that the odds ratio values are given; a presumption that the prevalence of the
condition is known; a presumption that the genotype ﬁ'equencies in the population are known;
and a preswmption that the customers are from the same ancestry background as the populations
used for the studies and as the HapMap; a presumption that the amalgamated risk is a product of
the different risk factors of the individual genetic markers. In some embodiments, the GCI may

20 also include a presumption that the mutli-genotypic frequence of a genotype is the product of
frequencies of the alleles of each of the SNPs or individual genetic markers (for éxample, the
different SNPs or genefic markers are independent across the population).

The Multiplicative Model

25  [00171] In one embodiment a GCI score is computed under the assumption that the risk
attributed to the set of Genetic markers is the product of the risks attributed to the individual
Genetic markers. This means that the different Genetic markers attribute independently of the
other Genetic markers to the risk of the disease. Formally, there are k Genetic markers with risk

alleles 7,,...,r, and non-risk alleles S In SNP i, we denote the three possible genotype
30 valuesasrrnr, and nn. The genotype information of an individual can be described by a

vector, _(gl,...,gk) , where g; can be 0,1, or 2, according to the number of risk alleles in position
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SOD1 ALS/ amyotrophic lateral sclerosis SOD2 breast cancer SOD2 | ung cancer
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homozygous non-risk allele at the same position. In other words, we define A— ] P(D| I) .

i PDing)

. Under the
2" P(D|nn)

Similarly, we denote the relative risk of an Tt genotype as A—

multiplicative model we assume that the risk of an individual with a genotype (gl,...,gk) 18
ko .
5 G’CI(gl,..,,gk)= {1 ?\.gi . The multiplicative model has been previously used in the literature

in order to simulate case-control studies, or for visualization purposes.

Estimating the Relative Risk.

[00172] 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

10  involving association studies the study design prevents the reporting of the relative risks. In some
case-control studies the relative risk cannot be calculated directly from the data without further
assumptions. Instead of reporting the relative risks, it is customary to report the odds ratio (OR)
of the genotype, which are the odds of carrying the disease given the risk genotype (either rr,; ot

n iri} vs. the odds of not carrying the disease given the risk genotypes. Formally,

P(Dinn]) 1-PD{nn)

15 OR} =
P(D|nyf) 1-PDInr])
OR® = P(D| rf”}D ) 1-P(D| nz‘ni‘)
' P(Dinp)) 1-PDlrn
[00173] Finding the relative risks from the odds ratio may require additional assumptions.

Such as the presumption that the allele frequencies in an entire population a=fM . ,b=fn oy and
ii ii

c=j:r , are known or estimated (these could be estimated from current datasets such as the

20  HapMap dataset which includes 120 chromosomes), and/or that the prevalence of the disease
p=p(D) is known. From the preceding three equations can be derived:
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WO 2008/ 067551 Gene rt..11 UaLULP //1/001J0 Phenotype TF Al zheiner's

Di sease TGFBl breast cancer TGFB1 ki dney transplant TGFB1 ki dney

transpl ant conplications TM schi zophrenia TH RD nyocardial infarction TLR4
ast hma THRhotdiRa1s di sease; ulcerative colitis TLRA mapsze07bbdisnast hnma
TNFA cergb:@qv(mw,be&s-P(iDlaga)%erFirijpe 1 di abetes TNF rheumatoid arthritis
-snglgsiSZSt enmi ¢ | ugu's erythehat osus [YNF ki dney transplant TNF psoriasis | NF
P(D|nr)) 1—P(D\nnl)

PD|nr]) 1-PD nr)

OR} =

,_ PDInr) 1-PDlnn)
i P(D] nn) 1- P(D| 1,

[00174] By the definition of the relative risk, after dividing by the term pP(Djn 7 l) , the

5 first equation can be rewritten as:

1 a+bli1+c?\.;
PDinn)  p °

and therefore, the last two equations can be rewriticn as:

i '(a——p)-l-b/?.’; +cy

o R =R b-PAoh,
(D
OR? = 7 (a—p?+bﬂ.’; +c/1;
a+bl +(c—p)i,
[00175] Note that when a=1 (non-risk allele frequency is 1), Equation system 1 is

equivalent to the Zhang and Yu formula in Zhang J and Yu K. (What’s the relafive risk? A

15 method of correcting the odds ratio in cohort studies of common outcomes. JAMA, 280:1690-1,
1998), which is incorporated by reference in its entirety. In contrast to the Zhang and Yu
formula, some embodiments of the present invention 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

20  risks independently.
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TNF Type 2 Di abetes TNF Al zhei nmer's Di sease |NF Crohn's di sease TNF
di abetes, type 1 TNF hepatitis B TNF ki dney transplant conplications |'NF
mul tiple sclerosis TNF schi zophrenia TNF celiac di sease TNF obesity I NF

pr egnanc current TNFRSF11B bone density TNFR@Taisfeoogsisst Qi d
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O oo solutians, A teaBient descont algorithns Gan 16 seh BVHPE R diatiohd, WeheFo "

starting point is set to be the odds ratio, e.g., ?JI:ORII, and ?LZ?—ORE
[00177] For example:
L .
5 1,0 A J=OR (@+(b-pIhy+cho)- My -((@py bk +eho)

£, 00 A =OR] (@ BA He-PA)Ay (@py oAy +eho)

[060178] Finding the solution of these equations is equivalent to finding the minimum of

the function g(?t,l,?»2)_=f1(11,12)2+f2(?t.1,?~2)2 .

10 Thus,

d .
ag:ﬂZfl(l1,lz-)-b-(?LQ-ORZ)—I-Zfz(?Ll,7\,2)(2b9\,1+c7uz+a-0R1b-p+OR )

ag;mzé(xl,hz)-c-(xl-OR1)+2f1(3.1,12)(2c12+bx1+a-032c-p+0R2p)

15 [00179] In this example we begin by setting x0=ORIJO=OR2. We will set the values

[epsilon]=1 0719 {5 be a tolerance constant through the algorithm. In iteration i, we define

* Yia

i1

d T d
[epsilon]+10| Ef;(xi_Iyi_l)[ [epsilon}+10] E?\.g;(xi-l’yi—l)l

y=min{0.001, ¥ . We then

set

I

d.
20 x '=xi-1_'¥?d_?\.g;(xi-1y -
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There iterations are repated until g(xfyi)qolerance , Where tolerance is set to 107

in the supplied code.
5
[00180] In this example these equations give the correct solution for different values of
a,b,c,g:::,(lR1 , and ORz'. Figure 10

Robustness of the Relative Risk Estimation.

[00181] In some embodiments the effect of different parameters (prevalence, allele

10 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 O to 1. Figure 10. Additionally, for fixed values of the prevalence, the resulting

15  relative risks can be plotted as a function of the risk-allele frequencies. Figure 11. In cases when
=0, 7Ll=0Rl, and ?\.2=OR2, and when p=1, ?s.l=?\,2=0. This can be computed directly from the

equations. Additionally, in some embodiments when the risk allele frequency is high, 7\.1 gets
closer to a linear function, and ?Lz gets closer to a concave function with a bounded second

(OR, —DpOR,
OR,(1- p)+ pOR,

derivative. In the limit, when c=1, A,=OR,+p(1-OR,) ,and 4, =OR, -

20 ORleRz the latter is close to a linear function as well. When risk-allele frequency is low, ?Ll
and A, approach the behavior of the function 1/p. In the limit, when =0,

OR, OR,

'~ TppOR ™

2 1-p+pOR2
estimates of the prevalence will not significantly affect the resulting relative risk. Further, for

A . This indicates that for high risk-allele frequencies, incorrect

Jow risk-allele frequency, if a prevalence value of p=o0p is substituted for the correct prevalence

25  p, then the resulting relative risks will be off by a factor of {lx' at most. This is sillustrated in
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quite similar an wh}{%e?g 52 Hfigﬁgr (Yewatlon in the difference in the values of the relative

risks for low allele frequencies, this deviation is less than a factor of 2.

Calculating The GCI Score

[00182] In one embodiment the Genetic Composite Index is calculated by using a
reference set that represents the relevant population. This reference set may be one of the

populations in the HapMap, or anther genotype dataset.

[00183] In this embodiment the GCI is computed as follows. For each of the & risk loci,
the relative risk is calculated from the odds ratio using the equation system 1. Then, the
multiplicative score for each individual in the reference set is calculated. The GCI of an
individual with a multiplicative score of s is the fraction of all individuals in the reference dataset
with a score of s'<s. For instance, if 50% of the individuals in the reference set have a

multiplicative score smaller than s, the final GCI score of the individual would be 0.5.

Other Models

[00184] In one embodiment the muitiplicative model is used. In alternative embodiments
other models that may be used for the purpose of determining the GCI score. Other suitable

models include but are not limited to:

[00185]) The Additive Model. Under the additive model the risk of an individual with a
k
genotype (g,,...g;) is presumed to be GCHg g )= > Ag,
i=1
[00186] Generalized Additive Model. Under the generalized additive model it is

presumed that there is a function f such that the risk of an individual with a genotype (,gl,...,gk)

is GCAg -8~ Z f(?».g)

=1
[00187] Harvard Modified Score (Het). This score was derived from G.A Colditz et al,,
so that the score that applies to genetic markers (Harvard report on cancer prevention volume 4:
Harvard cancer risk index. 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 f operates on the odds ratio values instead of the relative risks. This may be useful in
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k. ) )
[60188] Next the quantity het= Y py,2(OR;) is calculated, where DPher i the frequency
=1
5  of heterozygous individuals in SNP i across the reference population. The function fis then
. , k i
defined as f{x)=g(x)/het, and the Harvard Modified Score (Het) is simply defined as ), j(OR;) .

=1

[00189] The Harvard Modified Score (Hom). This score is similar to the Het score,
) . k I i i .

except that the value het is replaced by the value hom= . p},m8(OR{) , where p,,,, is the
: i=1

frequency of individuals with homozygous risk-allele.

10 [00196] The Maximum-Odds Ratio. In this model, it is presumed that one of the Genetic
markers (one with a maximal odds ratio) gives a lower bound on the combined risk of the entire

panel. Formally, the score of an individual with genotypes (gl,...,gk) is

k i
GCI(gl,...gk)mmaxPI Ojo

A _comparison between the scores

15 [00151} In one Example the GCI score was calculated based on multiple models across the
HapMap CEU population, for 10 SNPs associated with T2D. The relevant SNPs were
1s7754840, rs4506565, rs7 756992, rs10811 661, rs12804210, rs8050136, rs1111875, rs4402960,
rs5215, rs1 801282, For eéch of these SNPs, an odds ratio for three possible genotypes is reported
in the literature. The CEU population consists of thirty mother-father-child trios. Sixty parents

20  from this population were used in order to avoid dependencies. One of the individuals that had a
no-call in one of the 10 SNPs was excluded, resulting in a set of 59 individuals. The GCI rank
for each of the individuals was then calculated using several different models.
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ZDHHC8 schi zophrenia The Genetic Conposite Index (GCl) [00157] The
etiology of many conditions or diseases is attributed to both genetic and
environnmental factors. Recent advances in genotyping technol ogy has

provi ded kties to identify new associat|ons hetfiveanrdsasases, and -
e BOIO ) e i poscsvedihaifoF HES JuAshes apRIdaoeIT g r SLBRYSETAIAS have
di scover suc S Rhatd i o 1k Qafh nSie0oodelsi S
corf §.§"gg%e§ Ez%lfgﬁféh%egﬁggn Eru? g‘f(’%?%t?&a@a? %g%ggﬂ.e& lsj?)ir‘ri&gf at hg_se st udi, ess

i nvetage Djjaviich Mestddahatahe dMudplichiveand Askitie mndel had arcoprelationicesifigiening

the conparison of allele disfrjibution of nepl c rker . /067551
. Pcof 0}@0@# s heeGEh e oplkbs W%“ﬁd’&b‘%%@ﬁ‘&ﬁ@‘? qdﬁ.%svggﬁ%?lﬁﬂ%éaggf%st udi es
4 he BSSACKALAAT, BR! MRRIaRn R bkl the IRASAHGNSBTEsGréydhdathd inndtiplicative
measure in 1solation from other genetic markers, which aargﬁélg%,e ,egle as

bac kgydeliwds .83, andtha gorreletion soefficient betw cem Ehechl 4 pgh SopERS tr
[00158] Genet.i rkers_.and. var | G YRe s 2NRS scdYdGligiatd e repeats,
nucpﬁﬁ%fggséjfﬁgngﬁbﬁngnd%ﬁéoé|ge geiﬁ#?%ns, %ﬁ%%nggoqg% transl ocati ons,
chr giapsRimbustiepid whith ans definedbpyna BNPe Ovemllitheseansuitsdndigate saereraskdRe at i on
may include mcrosatellife repeats, nucleotide repeats, centroneric

r epPERddedst rqb&ﬁbﬁ#@?‘@?‘éé@a‘%@“‘f@gﬁgﬁ deppdeaect of the present
invention informati on about the association of nultiple genetic nmarkers

1 th one or nore diseases or conditions is conbined and anal yzed to 10
produce a OCT score. The GCl:score can be used to provide people not

trained in genetics with a reliabl j.e., robyst). under a d/ or
i nt ui tivelabime The Sppprman GarTelations %/?r((it%?oof? gﬁ%@aﬁ 8’&?%6 &362‘ ;‘fﬁ;%?“évg 0 a
relg%ﬁﬂg g@pulation based on current scientific research. In one

enb8E 7RI 4 nethod for generating a robust GCl score for the conbi ned
effect of different loci is based on a reported individual risk for each

| ocus studied. For exanple a disease or condition 15 of interest is

| dep SRS T Ot 110 ot SouTrces, [ et adl ng_pbut not rimjed to
dat | bat ent .publ i j.ons and Eﬁgi_ﬁ&ti fi cgdr-figkhat ur giaseorR quefied for
i nf !__1 Olltrllnpgﬁaélgsogctlﬁgw?on of the disease of. .conditign with e or
mor ¢ genet i |

| oci. These informati onal sources are curated anggas essed
es

usi fuiqual ify crilteria. In sb#e enbodi méHs the as%®ssment pr

i nvptvesmuftTpte steps. Tnother enbodl ments the 1 nformational s@urces
ar eE:‘g§se for gggltiple quality criteraa. 20 Theo#nformati &% defdi ved

f r oppLnf.or mti onal-sew-ces—-s—used-to—identt+fy—theoddsTatito or fel ati ve
risk for onf or nore geneticglLoci for each diseasejor conditigon o

i nt stet [P0160] I'ﬁ an_alternative eohodinent the odds—+atio-{-GRor

rel i bk (RR) for at |east one genetic loci is not avai Iaabl elffrom
ava apHemi hf or mek§3onal sourBds. The RR1s then cafcul ated using (1)

repg d—ORof MUt Tiplé alTelés of same locus, (2) allele frequengies from
dat § #5 suajuzas the Hapkhp data se?, and/or £3) di seasd/ condi tion
pre ence—romavatt-able—sotrces—{e g €DC,—NattTonalCenter 1or Health

Statistics, etc.) to derive RRof all alleles of interest. In one
enbodi ment the ORs of nmultiple alleles of sane | ocus are estimted
separately or independently. In a preferred enbodi nent the ORs_of nultiple
13! | qoesozyf sanEhé effes odiveristiorbinnibd prayvatance ofiT2Pom the peswlting HewbYEPRIER ( he

ORs of the different alleles. | e |- . t bk | sSease
odenseserest Thapryaeps vHiges o 000 FEO-SA S il RBuRT A, PP Lt SE00
addifiry 6 wdbyad-ved M difRebnt gecvalat vafube pdshilt dn thetsam drdemyefiindixidualin
internedi ate score that represents tth%érljgg of‘@in i{jdi Vi dualogfcorgibgg to
t he (Spemimaneseshation’.98h shearstpss wpertitigial ool s YEFT - ShETHE
enbodinment, a nethod is used that analyzes multiple noaeis tor a di sease or
cond"tTON"Gf interest and which correiates the results obtained from these
different nodels; this mnimzes thefpos_si ble errors that nmay be

20nt rexciandide ithe Modelkio anfArhitharytNWNPeROIlN A8 npdel . This met hod minim zes
the influence of reasonable errors in the estimtes of 5 preval ence,

al | equeng| 4 FRuBRha hOEQEARII 16 i sifRtibEE®here dnhe

cal gﬂ?ﬁaﬁlon of Erfﬁ‘i‘}t?% ative %ﬁ%?%%)e{eégésﬂeb of the "linearity" or, nmonotonic
nat UirBiteiry hivmbef HRysdssible earpmévedandycsons sensidesions depRWithhifiations Vhee| ¢
or no effect of incorrectly estimating the preval ence on the final rank
score; provided that the same nodel is applied consistently to all
individuals for which a report is generated. 10 [00162]In anot her

enbodi ment a nmethod is used that takes into account

envi ronnent al / behavi or al / denographic data as additional "loci." In a

rel ated enbodi nent such data nay be obtained frominformational sources,

2 X1




). In tact, the Benjam ni and Hochberg procedure reduces to Sines's test
when all null hypotheses are true (Benjamni Y, Yekutieli D (2001) The
control of the false discovery rate in nmultiple testing under dependency.
Ann St at 188). [0016411n sone enbodi ment pOzenas@ass i s ranked
in W“Mqi%ébhwum |(mnbff}5GPW1}Y’dﬂéﬂnsa By §N rSseraon IS kIP Wl at e
score odu e a flna ran s rank in
t he?) %egﬁgﬁa% ﬁfﬁeygﬁi per cenp&llthelglaaa{l gglt.% ?ﬁ‘%g{;ﬁ 96t h,
956 dnterQéidh b&% en BSGeRdit mAlets is @duiat@Bwith a&ﬁnﬁv,nogﬂﬂlhre g nie Ig)g@lhle 83t h,
82t hl, 81, 80th 79th, 78th, 77th, 76th, 75th, 74th, 731d, 72hd, 71g,
70t Mariggs. Flhiswsws igeight defferpnt ol Tatie} YAluSfor b, 40th, 35th, 30th, 25th,
20t h, 15th, 10th, 5th, or O h. Percentile. In anot her enbodlnegé the rank
y S A6, & HAYGRs adQfiedthaisthehe ark0Rt h possibist variants
%Er ceﬁfl %eﬂ&%é@gﬁﬁfgy%%lh per cegtl le, the 85th to 6? per ntile ind®"
anya@,ubarangmﬂnefremmhef H0otA a,ndn@esﬁfeéepé%tfﬂ“és qfn 5{2‘3 her
enbodi ment the individual is ranked in quartiles, such as the to a&ﬁ
quanhkiddvn eilathveeridkovatsds B5{.h. Kyar t Fusher|thmgyherassrepedHgball seiative Heks
individual is ranked in cohparison to the nean or nedian score of the
popul ation. 15 [00165]1n one enbodi nent the pop at | on t @Haﬂhe
i ndioddsiuahtioss ewnpancagured | withudesspPect| afoye Ypunf 81 Iq31Var|ous
geographi ¢ and et hni ¢ backgrounds, such as a gl obal populatlo Tn other
enbodi nent s, t he_ popylati on to which an individual is conpared to is
Ilnuiﬁd tdlggﬂaFF#%zW%S_ &phy, ancestry, ethnicity, sex, age (fetal,
neonat’e, }qm*iq Iadﬁ[¢soent t eenager, adult, geriatric individual) disease
state (such as synptomatic, asynptomatic, carrier, early- 20 onset, late
onset). In sone enbodi nents the population to which the individual is
conpared is derived from&nformation reported in public and/or private
1onformati onal sources_pﬂdﬁjﬁﬁ@h@,one enbodi nent an individual's GCl score,
or GCI Plus score, is vig#nlized using a display. In sone enbodi nents a
screen (such as a conmputer nonitor or television screen) is used to
vi sual i ze the di spl ay,, such as a personal portal with rel evant
i nf or mat ilbk.d t 25 enbodi nent the display is a static display such
as a printed page. In one enbodi nent the display may include but is not
limted to one or nore of thegfollow ng: bins (such as 1-5, 6-10, 11-15,
16- 20, 21-25, 26-30, 31-35, 3Bf4Qp 41-45, 46-50, 51-55, 56-60, 61-65,
66-70, 71-75, 76-80, 81- 85, =§ﬁ 90 91-95, 96-100), a color or grayscale
gradient, a thernnneteiR*& pie chart, a histogramor a bar graph.
For exanple, FIGS. 18 and iggﬁf dlfferent dlsplays for M5 and FIG 30 20
is for Crohn's di sease). gkh enbodi nent a thernoneter is used to
di splay GCI score and dlseaéﬁQCondltlon preval ence. |In another enbodi nent
a thernnneter di splays a | evel that changes with the reported GCI score,

for ex FI.GS. 15-17 GO Q- t 0 the risk. The

t her no ?r ﬁ&ysa?té%"rtaé gizg?g“s* rlc @%%ﬁge as the GCl score increases
(such as WO 2008/ 067551PCT1EJS2007/ 086138 changi ng fromblue, for a | ower
GCl score, progressively to red, for a higher GCl1 score). In a rel ated
enbodi nent a thernonet er dlqptgys both a |l evel that changes with the
reported GCI score and g,coLgLLﬁatrlc change as the risk rank increases
[00167] I n an aIternatlve!eﬁhﬁﬂ?ﬁﬁht an individual's GCl score is delivered
to an 5 individual by using auditory feedback. In one enbodi ment the
auditory feedback is a verbalized instruction that the risk rank is high
ior | ow, handathosher enbodi nent the auditory feedback is a recitation of a
specific GCl score such as a nunber, a percentile, a range, a quartile or
a conparison wth the rpean org ”Q?tﬂ@fGC| score for a population. In one

enbodi ment a live hggaz;g tauditory feedback in person or over a
t el ecomuni cati ons QR A0 phone (| andline, cellular phone or
satellite phone) or viFYa pe& onal portal. In another enbodinment the

auditory feedback is delivered by an automated system such as a conputer.
I n one engpdi nent the auditory feedback is delivered as part of an
interactive voice response (IVR) system which is a technol ogy that all ows
a conputer to detect voice and touch tones using a normal phone call. In
anot her enbodi nent an individual may interact with a central server via an
15 I VR system The |IVR system may respog@_mﬁth pre-recorded or dynamically
generated audio to interact with individuals and provide themwth

audi tory feedback of their risk rank. In one exanple an individual nmay
call a nunmber that is answered by an 1VR system After optionally entering
an identification code, a security code or undergoing voi ce-recognition



1001701l n one enbodi nent a higher GCl score is interpreted as an

i ndi cation of an increased risk for acquiring or being diagnosed with a
condition or disease. In another 10 enbodi ment nat hematical nodels are
used to %&0\596}, GCl score. In sone enbodi nents thepdgais26@@EQ38 S based
on a mat hemati cal nodel tjpat (aklf,ounts for the inconplete nature of the
underlying infornmati omﬁ@mm opul ati on and/ or di seases or conditions.

I n sone enbodi nents the al nodel includes certain at |east one
presunption as part of the basis for calculating the GCI score, wherein
sai d presunption includes, but is not limted to;: a 15 presunption that

t he [08I9S] r at i dThedkti@ss an eqyatioswith ope Berighie {©On Thisquatien FAIRFFTTIBAYY t he
condition is Kknown. a.presunpii : LRAERMORSSolk Budih e
pop%fé?rf’% O‘}t@nﬁ\re%ﬁﬁ%aﬁﬁdu%g%%@g%#p %‘gﬁaltnﬁgl?ﬁt ﬁe {g%gtogrrers are from t he
sa ZIRAETel G PRl ¥sed $or; .t he studies and as
thg%f—l%%g%?dés preégag‘rfb%;{l{ég%ﬁﬁg?%%he anmal gamat ed $iskifs a product of the
different risk factors of the individual genetic narkers. In some

£rbeghfiRAt S, UG Sl BN eRRoRLSS d 6k eorindf ARWBIL o tid iantifieation of

ut I'I -"genot ypi ¢ Treguence o_? a genotype is the product of frequenmaelf of
t he rizkifedtes. Bihikatifleroht ganetisNRulely may ssylt dugiffegay seores.thg eepls gregisually
exanpl e, 't di f.fer.ent SNRS .or et 4 . ﬁ{&%@ﬂm%gtm@%ggp t he
pop&F’B‘f"ﬂ{)‘?ﬁi)’I %hﬁ? rmquﬁgﬁ?%%%%%{a&o%s%%ﬁlg one enbodi nent a GCl
SCORBed.S conputed under the assunption that the risk attributed to the set
of CGenetic markers is the product of the risks attributed to the

i ndi_vi dual jc_ ers. Thig neans that the different Genetic markers
at t Histimaiing Relagive fask (-age COMITOAIMMER - netjc narkers to the risk of the

di sease. Formally, there are k Genetic markers with risk alleles rk and
180N 10089912l | el RSndthdd that estinkates the rEbBvé risisefrate it eddsretiohofmuliphsilliles

genotype 30 values as rrrnrp_and pit. The genotype infagrmation of an
i ndiin adasd-canrel swdy sselpe prayidgd in the pregynt ¢ \ge““\% &g€§&° BERYE or 2,

accordi ng, 10 Il L; 1181 ePPSjulh€lBs, tibrevalence of the
200@?8%%P@Fpﬁg§%%§%g§b§d%ﬁ§gﬁ%tdg by 4 the rgﬁi ve risk of a

het eliaygand tipedepeydencias beogéen the relattvrmpsksed thedifferent alielss; g non-ri sk
allele at the nme _position. t her [ . | 3Gurd | and | D
1P( BeTiRFR3Nge qf(st%ﬂ* ‘,’a“'lh)onaf’lﬁzl'ﬁlla;{ f/?S%ﬁoé’\ﬁ%gﬂ%Pg Flvce‘lg%lel at | v’eanFifgﬁl%%dg%\ ror
15 ORRGEMWRE Aruiis;. Under the z2 P(.4 roil) nultiplicative nodel we assume
that the risk of an individual with a genotype (gt,-"g) is k 5 GCl(g
1,...,0)= 11 kg. The nultiplicative nodel has been previously used in the
Iitéﬂsgﬂfl% i=1in order to sinulate case-control studies, or for

visualization purposes. Estimating the Relative R sk. 1001721l n anot her
enbqgp @]t t hery @b dhdewphdrt Slepetitic SNF fsaestad fobanatiaionikes dissass Rdbwnd and

ot smete éheroek sndorcrr ek slideorariciy O BRI E AT m B BERNR) s Ohe
r epocfe%ﬂo&%h?};g}b%ﬂ{tg hfg%deiggr fakied bl The @idBase AHRMARMA Sirsci 18 Bloamzypeusriet at i ve

ri sk canno e ca Irectly fromthe data without furth

t r
2ass thptiskalele) Iséroaykous, erdpunesyggus fis thenen-riglallels kespestivaly feftzg*ﬁcﬁ‘?&rfw to
report the odas ratio (OR) of..£h enot - WAl ; f carrying
t he #f usetto Q@ﬁg‘f !ﬁgqﬁqngi(es gﬁ%? @Lﬁ% %cgllo%sﬁ%? uﬁﬂf ﬁagﬁfaﬁoé'h.@?ﬂgg?estehe odds of
not fefiniydrigtchelaficAgaargidefined e ri sk genotypes. Formally, 15 0.12 ="
P(Dl nri) 1- P(D P(D n,ril) 1- P(DI nirfl) O0.f? P(Dl riril) 1 -

P(Dininil) = P(Dl nll) 1- P(D 17 [;g%é?@égl nding the relative risks from
the odds ratio may require addi tjkg tions. Such as the presunption
that the allele frequencies in an enP(PéMpOpul ation a=f b=f and 211:n ir
5 _P(D|RN)
" P(D|NN)

25

[00199] ~ In acase-control study, the vaiues P(RR|D), P(RR|~D) can be estimated, i-c., the
freqﬁency of RR among the cases and the controls, as well as P(RN|D), P(RN|~D), P(NN|D), and
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c=f are known or estimated (these could be estimated from current datasets
such as the 20 HapMap dataset which includes 120 chronosones), and/or that
the preval ence of the disease p=p(D) is known. Fromthe preceding three
equation erived: W) 2008/ 067551PCT/ US2007/ 08 = (Din
d+b-m|a§%6,r'@g}a%§%a|ﬂen6ﬂ8f RR &Ad NNrgmorig thP(Ch¥es Ahjl the 1%%%%%% NDI O e
=P(DI rid)_1- P(D ninil) P(D rL,n,I 1- P(1)1 r,r, 1001741By the

def i Sytimagsthg relative rigk, Baydrday; cap be o 8%i di ng by the ternpPcDpeini) ,
the 5 first equation can be rewitten as: la+b24+c2t.i2 P(Din int)p and
therefore, the |last two equations qe@mq))r witten as: 10 OR -24big + a;
a+(b-p4+cs4d OR i2- Pﬁxﬁﬁ‘ (c - p)4 [00175] Not e t hat
when a=1 (non-risk allele frequencyf)( ),fREquat ion system 1l is equival ent
to the Zhang and Yu formula in,Zhai(D|RMY,yu K (Wat's the relative
risk? A 15 nmethod of correcting® hep@figgyjAati o in cohort studies of common
out cones. JANI A, 280:1690-1, 1998), Wwhich'i's i ncorporated by reference in

it irety. , | ghogi ment's of
She BIAOAITLY; St FE1hE Rlludifics M8 bRy itk KO oflp oOME BEREKY TS e
pop Waktulze thenelatike pisks. Thé Getjusdvges oflthe portypeskn tiepdpatationeaenartizodi ment s
congaliedEm Be cieronbp LRt iRt srr ey drogaf b i yrovalfyse of disaRER Y 1
200840 8RR i PR 1R 863 Priiidnte bEAUALib&Re SS9 Mhéncan be rewitten as

two quadratic equations, wan at nost four paqssible solutions. A gradient

t
descent al gorithm can ae=d¥&k lt@%@?\?é’@%@iﬁ@q‘uﬁﬁ@éns, where the starting
point is set to be thef0ed8 RNl DYH(IH+IP(RIPRON1angDP~0R21 100171For

le: 5(A, X2)=CRi +( b-p)AL+0A4).- 4= -p)}th) 4
fe)z(?;?l) X2) e Jock (azrb’?4. evg?p?(wl‘h?@-*pﬁ’é@i‘”ipbz@ﬁ?@%1781F@ nding the
Bonddh BRI i | ren o s sl eopgithe Bofuinci e ebupis A gs ™M O 1 Ne
- ( XZpPRAImated be(thd frédididied of EFenbtypet i Me2bhtrdl gopulation, but this would not be

an accurate estimate when the prevalence is high. However, if a reference dataset is given (e.g.,

the HapMap [cite]), one can estimate the genotype frequencies based on the reference dataset.

{60202} Most current studies do not use a reference dataset to estimate the relative risk,
15  and only the odds-ratio is reported. The odds-ratio can be written as
_ P(RR|DYP(NN |~ D)
" P(NN|D)P(RR |~ D)
_ P(RN [D)P(NN |~ D)
~ P(NN|D)P(RN |~ D)

OR,,

[00203] 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 calculate the odds ratios
typically what is needed is the genotype frequencies in the cases and in the controls.

20  [00204] 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:

PD)= frrP(D|RR)+ fonP (D |RN) + fo, P(D | NN)
25 I this equation is divided by P(D|NN), we get

%xfmlu +fRN’?'RN +fjw
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dX Ligt2f 1'2).c.(2t11, -OR)1-2f1 (A 2 )(2cX2 +bX1l +a-OR2 c- p+OR2p) 2 2|
15 [00179]In this exanple we begin by setting x0=CRry0O=0R2. W will set
the values -10 [epsilon] =10 to be a tol erance constant through the

algorith ation 4 we define y=m n{0.001, Yi-ipcgetdor0sc138
Iepﬁmﬂﬂgvﬂiﬁ)dt%%e;‘t&gilfm];mﬁawbﬁen ivdhet fodowingswaylg 20x.=x. -y(x. | /-1CM 1-1

harf s o rsgnea AR OB e ot er ance 15 'set (0
10-7 in the supplied c | | t hi s e@é@ﬂp‘[@ &5e equations give

t he correct solution for dfff [t X +€s, Op(B) b, c, p, OR, and OR2. Figure
10 Robustness of the Réi g_fma %ﬁ% 00181] I n sone enbodi nents
the effect_ of different al e, .allele 10 frequencies, and

ﬂ
g
odd By asimilag calgplefion,the %Pgﬁﬁt@?‘grfeqwnﬁé@tﬁve risks is measured. In

order to neasure the effect of the allelg frequen and preval ence
estimates on the rel a? ey b sk Jra gmtf,miﬁg*'éﬂﬂﬁnsk froma set of

val ues of different o raﬁR 06 Anar di M. enefy) —a(DdAg frequencies is

éonput ed (under EVE), andther syl t Jof tf;e)%ec |l ations is plotted for
preval ence val ues rangiRyg=f Ly o . itionally, for fixed
val ues of the preval ence, the Fredul t It § Jver & @)érr i sks can” be pl otted

as a function of the risk-allele frequencies. Figure 11. In cases when
jr,0 X1=0/21, and X2=0R2, and whert #AuatigR1__x53° This can be corrput ed

dlrectl fromthee uat i,ons, ddltlonal i n, sone. enbodinent s n the
ri s % | e frEdRredds-TrUECS; R, é Eli/o%eé’f:’tl?ssﬂl r?ggvlng%sctanoﬁl and X2

get Sy Eéayﬁi]ﬁé offﬁleadlg&esﬁz\éqmtawme%léﬂv%msﬁs baLpsiRfing beapIisemivatiofe. I n the
i m't en cal, X2=0R2-Fp(1-O0R2) , and = OR(OR -1)pOR , OR2(1- p)+
pORleqA&i@R] = 0R2 the latter is close to a linear function as well. Wen
risk-allele frequency is low, X and X2 approach the behavior of the

un lip. t | BeFlmaximulm RFPOR2
B ﬁlhgﬂfk d| cat]ggtettﬁﬁtthéf. %wﬁﬁrl SE@ ele fraégtﬂlsctlﬁ?gﬁ i ncorrect

est ifoat efutidnst Howpvay ad shm lwldwv thajtth@'ﬁgthEJlQ?HmOIﬂy pessiblesoluientedus t i ng
relative risk. Further, for lowrisk-allele frequency, if a preval ence

val FU8H9% substituted for the correct preval ence

[00207] Note that when fyn = 1, Equation system 1 is equivalent to the Zhang and Yu
formula; however, here the allele frequency in the population is taken into account. Furthermore,
15  our method takes into account the fact that the two relative risks depend on each other, while

previous methods suggest to compute each of the relative risks independently.

[060208] Relative risks for multi-allelic loci. If multi-markers or other multi-allelic
variants are considered, the calculation is complicated slightly. ao,as,...,a is denoted by the
possible k+1 alleles, where a is the non-risk allele. Allele frequencies fofi.5,....fkinthe

20 population for the k+1 possible alleles are assumed. For allele 1, the relative risk and odds-ratios

are defined as
L P@la)
" P(D]a,)
or = PD12)1—P(D|a) _; 1-P(D|a)

P(D|a)1-P(Dla)) "1-P(Dia)
The following equation holds for the prevalence of the disease:

p(D)= ZfP(D la;)

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

D) _
P(D|a,) ZfI '

i=0
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25 p, then the resulting relative risks will be off by a factor of |ec at
nost. This is sillustrated in W) 2008/ 067551PCT/ US2007/ 086138 secti ons
(c) and (d) of Figure 11. Note that for high risk-allele frequencies file
t wo gra ﬂdg' jte simlar and while there is a hi ghayuderiogiison in the
di fkemﬁﬁﬁgm n the values of the relative risks for low allele frequencies,
this deviation is less than a fact(i:fg% ) | cul ating The GCI Score 5
1001821l n one enbodi nent the Ceneti te Index is cal cul ated by
using a reference set that reﬁpes’tﬁfé‘—’s—t—he—r—el—evant popul ation. This
reference set may be one of the po }‘ J_gr};(p)n the HapMap, or anther
genotype dataset. [001831lIn this egé [ nefit the GO is conputed as
follows. For each of the k risk Io%%v%rlik@:@cﬁéul atgad 'Tel ow
t he gydgaingati-0) UsiANghé Reukrqsial, =di e DY ¢ PR €at: ¥
score for ggachgﬁdpw dual maa{' he r Ph &L s s calcul ated. The GClI of
an Iig’llel dual with a rrultlpllcatlve score of s is the fraction of all

individuals in the referen t V\ntyfcai score of s'Ss. For instance,
3f 50% of the individual =i ft‘h’e‘ ve a nmultiplicative score
smal ler than s, the final GG scoft e |n Vi dual woul d be 0.5. O her
Mbdel s 15 [ 001 Jnoeenb d| hinedlSRE- 1N

al té‘m;&?lve e }Sr?el?ﬂ glvglﬂl?lm%&dam gaéagée{egcg?g@oﬁ Bﬂrpose of
det el Hks LR dktmin e@rﬁe ﬂ?ﬁmﬁﬂistc&‘lﬂegrd@ﬂﬂﬁl snd thuk wcbeexipett taheveat

limte to 1001851The Addi t| ve Mbdel Unde the addi.tiv the risk
of "auvst el sl Hovtevas e o BB 108 S0 FROICEt Bieny frerieice o

gen%?g?wélﬁ%gh?rfggﬁggﬁcq}lyz&@ BOLROLHRA6A & ¢ uﬁﬂdﬁ {Fi@inlole kofutiodés t he

S presuned that there is a function f such
that the risk of an indjvi

19 00 £8sy weing & bivanneRarihe §inge g‘fﬁ’eso(l s hls %ﬂ?@&%%%ﬁ%s 1 %E ri ve@‘?%lm) GlAl

Colditz et al., so that the score t hat applies to genetic mar ker s (Harvard
report on cancer prevention volunme 4: 25 Harvard cancer risk index. Cancer
Causes and Controls, 11:477-488, 2000 which is herein incorporated in its
entirety). The Het score is essentially a generalized additive score,

al t 2 gosxe L he fRHbEétheaafonﬂe KRLaEeQRisk Estinktfon. Thieffeat ofzmch nEtheatiffotent he
relativ

e risks. This may be useful in_ WD 2008/ nntg%PgT/ SZOg%lFO%%
cas qmrammas (ptemalenterallgls fragurngies, @pd pdsratiosgroryq 6 défine
ctlon vaad prévalens®. . 1. 09 5
g Jy D T A e HE E LR e Ul6 e Ay e P et t he
quargsuﬁmebah;haqmmegﬁmﬂm fhelrelatine tek mﬁealéulggteda feorp peset 9%\6?3 i=15
of heterozygous .in dual SNPJ PQRI 8 feBe The
f unchifferent 5 fP‘H‘é"‘n F’r‘féa(]i efgﬁ&ﬁi‘i“bﬁfj aé’ﬁip%(;ﬁélg;t??/ar d %Vggl fied
Scorgdufdtiohs for asﬁrepmn@e&awmaa@ngm OYo 1.

[00211] Additionally, for fixed values of the prevalence, the resulting relative risks as a
70 function of the risk-allele frequencies was plotted. Evidently, in all cases when p(D)} =0, Arr =
ORzR , and ARN = ORRN , and when p(D) = 1, Arr = A&~ = 0. This can be computed directly from
Equation 1. Additionally, when the risk allele frequency is high, Arr approaches a linear
behavior, and Arn approaches a concave function with a bounded second derivative. When the
risk-allele frequency is low, ARr and Arx approach the behavior of the function 1/p(DD). This
25  means that for high risk-allele frequency, wrong estimates of the prevalence will not affect the

resulting relative risk by much.

[00212] The following examples illustrate and explain the invention. The scope of the

invention is not limited by these examples.
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tr-1 1001891The Harvard Mdified Score (Horn). This score is simlar to
the Net score, k.. 1 except that the value het is replaced by the val ue
hom= Epi horng(ORi) , wherephomis the i=1 frequency of individuals with
hormzygo%zrobsg -7%“ el e. 10 [00190] The Maxi num Odds Raidrags2é03okdiss nodel ,
it is presuned that one of the Cciiegmplendar kers (one with a maxi mal odds
rati o) gives a | ower bound on the conbined risk of the entire panel.
Formal 'y, the score of an individual w.th.geno RES (gk) is k

GO/ (gi,...,gp=maxi =i ORGFRSAQRANA AULXSIE O R fre” scores 15 [0019111n
one Exanmple the GCI score was cal cul ated based on nultiple nodels across
t he (¢§ANRP CEYHRGR&NAfaDR prbvided 8 stihple tabs ictha kétdsuohtas thee Byailibbe frefrevant
SNPs were rs7754840, rs4506565, rs7756992, rs]0811661, rs%ég%@#lo o

r s SUB0A Tnoteky intd whish the indipidud), depesitniasaniple 85 1215 (aplipXimately Sy mjs) fom
NPs., .an_ odds | Q.11 9k PYRS! QRPN bS CERDEérfided tabobsto
it%@lﬁ?ﬂgﬁgﬁ&%’%%gf%a ‘?‘g(r% ?gﬁé%ﬁs‘t%s of t%???yﬁ_)?o?her-fat her - chi II(.:Iy

t i @6r probesbingaad anlysir0 The sampleiis typoallyzsentie the Faeiliry by overmsghiarall 1 4y oi d

dependenci es. .One of the indjviduals, t - h < | of the 10
SNPSHRRIDESPRIARFE ,att‘%ngte%hy N e&togﬁ ¢ ggﬁ% r(llgzl’l\r}%2 ﬁ%&lﬂ%ﬁﬁml rank for

each of the individuals was then cal cul ated using several different
modepga14] WO 2QA84R6/7AE1 BETOWERAN 4068 DN A6 Balated fren selieerRadxamale,f or

this dat t diff t del tw | gt ed. | '
12 esing DN haciselrohan bieorlp o A0 B bt 1 ETidkbEoticb @l
Iﬁg g%géclﬁl-gfi‘%k g?c@t 4 rﬁ‘ﬂia?i@a SRRk BRlcebdife MAlfle Béliveny bFheaasipRddiani ve nodel

correlation coefficient of "0.97, and thus the GCI score woyl d be
r obuppropsintedalsiratoey fartpeocedsing DN Aois isrintel pyiheat depatvsingsge proteage fIgesipg
the correl ation between th I.fied; t tiigdst 6 1 ve
mod&he Fple ypical 851{[%56&&81%528% %ﬁnﬁefcﬂlgl&gﬁﬁa %mgﬂ#tsg? ﬂr%/ar d scores
and ol PElidnipie s Wee berwrifugdd7andhesupernatast ingthane! presipitated oddis INAI 0 as
the genetic score yielded a dichotomus score which was defined by one
SNP petiptds gpspendrlkia s udinr eepiongate E@?Sﬂ'é ZRYHS orovi ded a robust
framework that m nim zed nodel dependency. 10 Tabl e 2: The Spear man
189 rjﬁbﬁsllon_s fPle ihhﬁ/iwsgﬁgbﬁw DB isdbsland fidie ERdlidatanples aeendinpite|
pairs. dditive Harv- Het rv- Hom MAX CR | ti Iltcatlve. ot Mieb e 9 97
0. 83vell known procedures and/or those provided by the manufacturer of a collection kit. erally,

the sample is first heat denatured and protease digested. Next, the sample is centrifuged, and the
supernatant is retained. The supematant is then ethanol precipitated fo yield a pellet containing
approximately 5-16 ug of genomic DNA. The DNA peliet is suspended in 10 mM Tris pH 7.6, 1

20 mM EDTA (TE). A SNP profile is generated by hybridizing the genomic DNA to a
commercially available high density SNP array, such as those available from Affymetrix or
[lumina, using instrumentation and instructions provided by the array manufacturer. The
individual’s SNP profile is deposited into a secure database or vault.

[60216] The patient’s data structure is queried for risk-imparting SNPs by comparison 0 a

25  clinically-derived database of established, medically relevant SNPs whose presence in a genome
correlates to a given disease or condition. The database contains information of the statistical
correlation of particular SNPs and SNP haplotypes to particular diseases or conditions. For
examaple, as shown in Example IIL, polymorphisms in the apolipoprotein E gene give rise to
differing isoforms of the protein, which in turn correlate with a statistical likelihood of

30 developing Alzheimer’s Disease. As another example, individuals possessing a variant of the
blood clotting protein Factor V known as Factor V Leiden have an increased tendency to clot. A

number of genes in which SNPs have been associated to a disease or condition phenotype are
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0.8
0.8
t he

3 0.42 Additive 0.97 1. 0.7 0.7 0.6 faarv-Het 0.83 0.7 1 1 o Harv-Hom
30.7110 MXORO0.42 0.6 00 1 15 [00193]The effect of variation in
preval ence of T2D on the resulting distribution was neasured. The

preval en%%@él& (from0.001 to 0.512 was varied (Fi gigmpusidhyusdisy the case
of TRd¥n id THWE 10Theinfosnhtied inckht Hatabade ip amratfehb}aavaiean@b/diegg? advisPI¥ he

sane order_ of individuals (Spearman c | ation. e
ar t bpardifar ity sqientifie apgpigey a¥(1d SFBW@E&%‘%%%%V %ie‘%%}‘ gg‘to“r n"”{‘j‘.%’f’%ggeq%

Ext
enb

§g&%§{.t '?ﬁee Mrlmﬁgaéf ﬁsg%ﬁﬁgﬁm@& Lip@ia NABRS SI0P-d¥babAdirfel 4D Sdlet ge el her

e extended to the situations where an arbitrary

nunites seidntifioseirmemityar i ant s occur. Previous considerations dealt with
situations where WD 2008/ 067551PCT/ U52007/ 086138 there were three

e e L e R A S

exa
W t

be

Eﬁqg&é gw(}@?q@ma ﬁraﬂ af hizilingse (The gatitnids Garvidadcintrepretation and SEpRIEYR ed
ndition, there i i ¥ : : .

G { frspemetaauch e Gompien S GERener VI E SR TS TV  SHake abllsf 011
& ﬁfériﬁ&iivi%’ls Sﬁ@:: @’oﬁ[ﬁnﬁﬁmﬁ@ﬁ?ﬂ&h Qs Wabug@iSon-line portal, williadilitate

frequencl es :
unk dizenssicsavitly theriatiknt/splusician andiempowey iRdividual chripes; for

nmeasured odds -ratioqgs_of 1,0/21,..., , ;and
Hﬁ?"%ﬁ’zﬁ%sun\ed

hat al ' '
1 me?iicl:iné.el ative risks and

15

20

25

30

Example IT

Update of genotype correlations
[00218] = Inresponse to a request for an initial determination of an individual’s genotype

correlations, a genomic profile is generated, genotype correlations are made, and the results are
provided to the individual as described in Example I. Following an initial determination of an
individual’s genotype correlations, subsequent, updated correlations are or can be determined as
additional genotype correlations become known. The subscriber has a premium level
subscription and their genotype profile and is maintained in a secure database. The updated

correlations are performed on the stored genotype profile.

[00219] For example, an initial genotype correlation, such as described above in Example
I, could have determined that a particular individual does not have ApoE4 and thus is not
predisposed to early-onset Alzheimer’s Disease, and that this individual does not have Factor V
Leiden. Subsequent to this initial determination, a new correlation could become known and
validated, such that polymorphisms in a given gene, hypothetically gene XYZ, are correlated to a
given condition, hypothetically condition 321. This new genotype correlation is added to the
master database of human genotype correlations. An update is then provided to the particular
individual by first retrieving the relevant gene XYZ data from the particular individual’s
genomic profile stored in a secure database. The particular individual’s relevant gene XYZ data
is compared to the updated master database information for gene XYZ. The particular
individual’s susceptibility or genetic predisposition to condition 321 is determined from this
comparison. The results of this determination are added to the particular individual’s genotype
correlations. The updated results of whether or not the particular individual is susceptible or
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odds ratios are neasured with respect to ao, and thus, Al = P(Dlal) , and
P(Dlao) P(Dia,) 1- P(Dar). Based on: OR .= P(Dla0) 1- P(D a.)
10Eff(Dlai), i=0 It is determned that Efixrp 1=0 OR .:=X Ik i=0 Further
ifoit isvﬁ)eio e C= E Xi, this results in the_ce'ﬂua_timmm—;msmssp- p+ORe'
15apgndieaBy to ComdiFbi 21 s Broyider fo the)pagiculyyindividual, along with

2008/ 067551PCT/ US2007/ 086138 k OR/ 1= C p+COR p' [00195] The latter is an
equ tRtPTREERH Y Ve HPETRRNON- T 5 equati on can produce many different
solutions (essentially, up to k+1 different solutions). Standard

optim zation tools such as gradi gxh ANt can be used to find the

cl osest solution to C E 5 [00196] The present invention uses a robust
scoring framework for the quantifi ,gﬁcste%s. Wil e different
geneti c nodel s may“2HESA X eores,—trhe results are usually
correlated. Therefore the quantification of risk factors is generally not
fep?ﬁ@%’; on t AlYBS fherEdiica®d (A1) Reltath Vieowh skodEadate@atit r ol St udi es
0 ]A method that estimates the relatjve, risks fromth? odds ratios
of polynqphisaisiie tespolipeprotie E(SMQR) geaewbich givas f5e be BUPeisgiqmsofe

res i nvention.,| FAS Vi AR ORFY Bom bACardtthdt Oy dridkas
Pnt o%‘ﬁé%’é?‘iﬁ w@ﬁ%’ﬁoﬁé@gg%ﬁb@g% t he preval ence of thg@di sease,
and weh aniles aside Briesidudet \eaid 198cnthe APOEprofeiik sApPER senigimstld 2838 cypicetes.

The performance of the approac Si mul a - cont b S

oA A, contRing bUIS O BEEIS AR aryad L L SR AR Ao RIETERIT
ase, Wh b & ' Sllef Me inEBaRE atittothe WutdbepoflAREESet gEneR

1gmd H%g{%@ﬁg%{%ﬁeﬁgn%%ﬁfﬁgk al.zl%rel.es of this partjcul SI¥P.

P( RRbPjes PLBNIwESe, am shaR(rNi Tyblel 3 e actative priophd P inexpasss with P‘i‘l‘?}ﬁﬂeﬁ fAPEd by
t he di sease given that a person is honmozygous for 20 the risk allele,

het &AEEPEEORIS.or honpzygous for the non-risk allele respectively.
fitit,fRN and fng are used to denote the frequencies of the three

ge “C[gg?zaﬂei N thg,]pIPPicRkicAds oft S DIRYisk Adkdesd Ebidur et alnsScianre: 261R 1% ¥9B3 ks
|

are d_as
APOE &4 Copies Prevalence Alzheimer’s Risk Onset Age
0 73% 20% 84
1 24% 47% 75
2 3% 91% 68
15 [00222] Table 4: Relative Risk of AD with ApoE4 (Farrer et al., JAMA: 278:1349-56,
1997)
APOE Genotype (Odds Ratio
£2¢2 0.6
£2¢3 0.6
e3e3 1.0
g2ed 2.6
£3¢4 32
gded 14.9
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P(DI RRR ARRp(DINN) P(DI RN) ARN = p(DINN) 25 [00199]In a
case-control study, the values P(RRID), P(RRI-D) can be estimted, i.e.,
the frequency of RR anpbng the cases and the controls, as well as P( RNI D)
P(RNI - D) sw&tdobbhdhs: and WO 2008/ 067551PCMIS2007/ 08613&1?{;9;2];‘&!/03@)33 i.e.,
the frequency of RN and NN anong Exampiedd¥s and the controls In order to
estimate the relative risk, Bayes |aw can be used to get: 2 (RRI D

for " P(IW I D) f RRLP(D f . : - 0200]Tﬁus if the
frequenci es of the g I%@forFa 0 {’E&Qedl’&s\{ﬁ')@?:ﬁl 0se to calcul ate the

relative risks. The frequencies of the genotypes in the popul ati on cannot
be qedras]at ed Tﬁ@ﬁﬂlbhmg:mfmmzﬂmhrmbxanpldgy oftisfirfatien ﬁca&colﬁéwedgpﬁm ton t he

preval ence of disease in t parti cul if th eyal ence
of tardndividuakhaving bsg)omlmﬁﬁ’ &ﬁﬂﬁm &“(‘ﬁq{‘]’F Pfﬁwﬁo%ﬁg fﬂr %ﬁ?‘f \‘/gcoo =
( divithal Wivh thnBéiRlationRe NN ENipPlicd ( D) )
5 R%%@%Rkhen p( D) ?S%?Bg%ﬁ%m hgrrfrequenm es of the genotypes can
be appnanxifinfeportby t he frequenci es of the genotypes in the control

popul ation, but this would not be an accurate estimate when the preval ence
s Ry 1s'F‘8¥¥‘8¥@'rLe1& qa reference dataset is given (e.g., the HapMap

[ ci mat e t he genotype frequencies based on the reference

dat aset . [ 00202] Most current studies do not use a reference dataset to
est i[A022#]t he rBdctdri W Eeides lis ndts dinehsorik is thhpresenps-ofgrnastigulary gagsthatds The

CRARSAB P B PR ook P eigep i ot KRR puels T, O

IDypirﬁéﬂéé’foﬁBmﬂte@&ﬁﬁngPédp]e etioltewe a|muaa¢ﬁclmymmmmhhayeo bleed budlynt e
of the allele frequenmes i n th&g&gﬁﬁl aﬁl on;. in e§‘§er to Iate t he
odds¥hila pesple yish Fastpy Vidriden have ALhas Azt iercat 8’1‘?‘?“&1 fes in the
cases and in the controls. 20 [00204] I n sone situations, the genotype data

it sqbéyb 5} NOt PyRId @bying tHelFaChA Vo WaTlRh belehve SHCAIMSS Ehateddkofat | 0s are

avai 'l This i's thé case when neta-anal ysis is being performed based on

res tﬂevslopmm wpe@pbuﬁh%m@ps@d thangthe gest @f the popilatinn s Hopever, iR RFCPINd t he

| at hat
i g T ey o

18\/ P(tlib dﬁiﬂhtuﬂﬁcdnfy didel Cﬁ‘ rmmgenmfaréiaduov Nobeidery, vGEh tNpr moze tbﬁ( m)mbg( D I

—ARzﬁR ﬁ%c\)gfﬁ\] 200]73/086138t0 be witten in the follow ng
vvay "fIPPEP 4 (Ibs?’ff .

How do vou get Factor V Leiden?

[00226] The genes for the Factor V are passed on from one’s parents. As with all
inherited characteristics, one gene is inherited from the mother and one from the father. So, it is

20  possible to inherit: -two normal genes or one Factor V Leiden gene and one normal gene -or two
Factor V Leiden genes. Having one Factor V Leiden gene will result in a slightly higher risk of
developing a thrombosis, but having two genes makes the risk much greater.

‘What are the symptoms of Factor V_Leiden?

[00227] There are no signs, unless you have a blood clot (thrombosis).

25  What are the danger signals?

[00228] The most common problem is a blood clot in the leg. This problem is indicated

by the leg becoming swollen, painful and red. In rarer cases a blood clot in the lungs (pulmonary
thrombosis) may develop, making it hard to breathe. Depending on the size of the blood clot this

can range from being barely noticeable to the patient experiencing severe respiratory difficulty.
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r PC(DOINN) (D) P(DI1 NN)(1 - P(DI RR))pOlv,",0 p(D)ARR fRRARR+ Atm f
Clv, ", pw

P(D) f ARARR + f RNA-RN + -p(D)2 By a simlar calculation, the follow ng

system of equations results: 5 ORAN = A fRRARR + fRi VAIw i nmst -

AD) fAuv - ARR it Kw fnARR &Am f pw P( RéinRAd tion 1
[ 002.95\}&}‘% ﬁ tlat infght ocbwr 1hraaqmmmr|aaeﬂbf pm'h ef @Q%ﬂyp éﬁ&%ﬁ@lms

P?Eféér%{égﬁﬂs v bl BlopeiT e feart it iy SE R PR (PRER s g a0 ¥

theg alt9PVAUREEAIde§ nBFiHRFdal8 the r@dk%ﬂabttﬁafﬁﬂhyoﬂiwsis a maxi num of four

sol utl ns However, as shown below that there is typically one possible

sol utlon to th| S equatlon 00207] Note that when INN = 1, Equation system
Ay BE & itbblppdelptehd Yu fornul a; however, here the allele

frequency in the popul ation is taken into account. Further nore, 15 our .

Set Roiofkes 1 APEOUB ohly2fpARY ifdalsel e i fgelchig #B100d sick ariepang on

e previous t hodS suggest to conmpute each _of the relative
ri sksopla dﬁﬁfmmtlgtlon[mmpﬂexmeﬂ@ &F@Rb0$% r Thee g7e TRARY{HiRgs Qe can do

mul ti - mar,kers el Lhsa
cal drvo ains ot Aeid pRaieyt bt fhe 58 pEAfSH 86 168 pleifls of
POS $intd, EWihen &aaéﬁ]@ 18fig dishe¥ces, apisiimpbhantnoexercisk r@uﬂal;e—ﬂﬁbleb@tﬁusmfetenm es

fo,fi,f2, ,fk inthe 20 opulat|onforth k+1 II
ass (stenfl stitBy %ﬂm@‘@fﬁ“ﬂg@h@' yepkmg yll rgrgqudﬁﬂ' g?‘%*f Ptﬁl 0 (lbtgfs | no s

16 ooy 8 Boffefdensemephaniipgs ity Syl il ?‘év“fﬁg’"ia‘%ﬁ%’??“ﬂ%m ds

for inidreaspthyehianoe ef gétting thrainbesise Werp) earrpngthe I%actor 6 Lenleqggue s

vosheston:bs it Bl PR Bl M8 e tin S e ™

thrombosis.

How does a doctor find out if vou have Factor V Leiden?

15  [00230] The gene for Factor V Leiden can be found in a blood sample.
[00231} A blood clot in the leg or the arm can usually be detected by an ultrasound
examination.
[00232] Clots can also be detected by X-ray after injecting a substance into the blood to

make the clot stand out. A blood clot in the lung is harder to find, but normally a doctor will use
20 aradioactive substance to test the distribution of blood flow in the lung, and the distribution of

air to the lungs. The two patterns should match — a mismatch indicates the presence of a clot.

How is Factor V Leiden treated?

[00233] People with Factor V Leiden do not need treatment unless their blood starts to
clot, in which case a doctor will prescribe blood-thinning (anticoagulant) medicines such as

25  warfarin (e.g. Marevan) or heparin to prevent further clots. Treatment will usually last for three
to six months, but if therc are several clots it could take longer. In severc cases the course of
drug treatment may be continued indefinitely; in very rare cases the blood clots may need to be

surgically removed.
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fr.o By setting C ifiA " the result isOR, = C. Thus, by the definition
of C, it i=Op(DOR + C- p(D 5=E1012, . AD)0121 C - p(D) [00209]This is
a polynom al equation with one variable C. Once Cis determ ned, the

rel ativeglisiedsg determned. The polynom al is of degyeodsdsisand thus
we expect to have at nost k+1 sol utions. However, since the right-hand

si dHowfis Fhetor ¥l ¢atechduning preppant¥ér easi ng as a function of C, there
can typically only be one solution to this equation. Finding this solution

is y usi | b | {NEi 8l Will Adbdi 16 réRundeshthenmeen
Ozlljog'agglé =- %g?g%%(ﬁgggs ér%efg?:g 1t-he Iiel ative Ri sk Estimation. The
ef f @gh adlepeis bosfulit encdidifiedaing pregnastye rEhe(soms\epphecio, weine paTying just
frequencies, _and odds_ ratjo_errors) aon.the.esti i 15
ri skae mfﬁﬁﬁgﬂ?lé‘dﬁqlwfa%?a‘feo?f%%’?glé’ & t?ebq‘éﬁ éﬁ@[ E%F'%[E]ﬁ%pg fvg%) gﬁﬁlgquency
ndepr.aval Lidpies on the relative risk values, the relative risk
%asfag%ﬁmﬁs%'?%gf??oma set of values of different odds ratios, different
all el e frequenci es (under HWAE), and_plotied.the resul & ofart h&:?ael
cal BM236] ons AJl wamsnepayERRc2shs IgpEagtan ﬁrf‘g‘s‘flﬂrlaﬁ!f B otV sp :
[00211].Add] 1 | I o 4 flb?? ahBe RISVAL SREeof theehlld shaytaag
rel g’f’%&@ *0 rgp'%lst cgm%%ﬁﬁnﬁ%éﬁ%ﬁ% t (raégrnl s%?al | el e frequenci es was
pl obk pekscivéddba thticoagnlaat drugdepatimhen p(D) = 0, XRR = ORRR , and Lug =
ORart , and when p(D) = 1, %R = X. RN =0. This can be conputed directly
from Equation 1. Additionally, when the risk allele frequency is high,
A Rﬁl%%ﬁf—@aches a |linear behavior, and ARN approaches a concave function
with a bounded second derivative. Wien the risk-allele frequenci/ is |ow,
16 t foo238] ARN afherrskalf debelopimganilot inofeasdsewitly ags, bohiny HLESY ofpgopleyeieans
that for high risk-allele freguenc on j fugval ence
wi | Eherage kOB oY FEY SFRS-AY pofopp shde by & gé;;, Hn%%ﬁé“%gg%‘%g] The fol | owi ng
exa okik! HRE NG ABbcRAP kdt Gertdiie ConneeivroSGlpcagnpeidofa lishef genebint i on
is not lirmted by these exanples. W) 2008/ 0675?1P ri]ﬁngoog O%EJté%CBH(I)Eﬁ(_arrpl e
| Geoensaldroin yond aresapsywel ap infonpatierahqué cresing 3 Iy PR F58“"S'bY bvi ded
as |.e ubeips i s that avail able from DNA CGenotek, into :
whi ?’Iggtdﬁtgg’flsneaﬁtw du%%g‘gg%%%@gﬁsanpl e of saliva (approximately 4 nis)
from5 which genonk DNA will be extracted. The saliva s%néll i S seqnt to a
1EL1 A08237]i f i edWhilb prefewed embediprentoatiba gresaet BKeEtpg have @%‘Fﬁﬁ%‘ s

typically sent to t facili i hle ol HiiRRin®Oare PRd-adatr

t hald"?“snb@gi\‘fﬂ?ﬁ’éﬁwpggf)f’ﬁ P#e%ytpg&f %&e{ﬁléc{'ngl Vi gual tisha%-ﬁfggcql lecti o% kit.

[ 002} ALdyoPextirifi€blod NamiaCisTem atione drngesDhid substiions will pewrAcsE 1ova. For
exanpl e,” using DNA self coll ect ién kj t .tec%ol @gﬁf"%&%iel“%ﬁﬁgt‘;"h%t ous
Gendhesie skilled;ip dhe/arg wathowifqpaging fromahe PREPHEY apbout saliva for

cl i nhy ati%%)ﬁﬁﬁé ERBoaiidn® oftek invRm¥ion deddiibed Aot miag berengipyaiinipaaaicing

| aboratory tor processing, DNA is isolated byestgeat deoggﬁurl Fﬁ%and (f)%‘o{ ease
20i gehé invgntiore Basiptended (it g foJlowdng glapas gefriedhe SoANe A RBIRVERTORLEG 88t i on
kit su ier, at 50C foy. t FARE ] iealirfis B sbvearedther ed,
and W‘ﬁggéiﬁf@r%ﬁicgﬁfs ‘l”gs{{"élﬁhg%l(g; poreC| Si@%&esé&%le pellet is suspe?(?jlgd
in a buffer appropriate for subsequent analysis. 15 [00215] The

i ndividual's genomc DNA is isolated fromthe saliva sanple, according to
wel | known procedures and/or those provided by the manufacturer of a
collection kit. Generally, the sanple is first heat denatured and protease
di gested. Next, the sanple is centrifuged, and the supernatant is _
retai ned. The supernatant is then ethanol precipitated to yield a pellet
contai ning approxi mately 5-16 ug of genom c DNA. The DNA pellet is
suspended in 10 MM Tris pH 7.6, 1 20 mM EDTA (TE). A SNP profile is
generated by hybridizing the genomc DNA to a comercially avail abl e high
density SNP array, such as those available fromAffynetrix or Il um na,
using instrunmentation and instructions provided by the array manufacturer.
The individual's SNP profile is deposited into a secure database or vault.
[ 00216] The patient's data structure is queried for risk-inparting SNPs by
conparison to a 25 clinically-derived database of established, nedically
rel evant SNPs whose presence in a genone correlates to a given di sease or
condition. The database contains information of the statistical
correlation of particular SNPs and SNP hapl otypes to particul ar di seases
or conditions. For exanple, as shown inggxanple Ill, polynorphisnms in the
apol i poprotein E gene give rise to differing isofornms of the protein,
which in turn correlate with a statistical |ikelihood of




30 devel oping Al zheimer's Di sease. As anot her exanple, individuals

. .possessing a variant of the blood clotting protein Factor V known as

- Factor 'V Lei den have an increased tendency to clot. A nunber of genes in
whi ch SNPs have been associated to a disease or condition phenotype are

~ WD 2008/ 067551PCT1US2007/ 086138 shown in Table 1. The information in the

dat abase i s approved by a research/clinical advisory board for its
scientifi CL&EMWEracy and i nportance, and nay be revi ewed with governnent al
agency oversight. The database is continually updated as nore SNP-di sease
correlations energe fromthe scientific comuni t'_y. 5 [00217] The results of
the anal ysi.s ofs mathaddefe\hiadting ENPIRRETI] Rrofite et "y'dHPb‘\V‘i ?f@ﬁrt 0

pati ent by an.onsli0e PONi&LiQ rdRb bQRiatibReorRiHd &Nindre dijcavbeed
interpretation and supportive information, such as the information shown

f or Fa6t orcoNditiendehintardskae@nNerizitg: Secure access to the individual's SNP
profile informggion QA Hle UF 44i@8n@Td A, whbhdinfsed | i tate

di scussi ons err%?] th%b%gﬁﬁ%ﬁ'gghéﬁy_si gfd;% an IerrF)ower i n‘(’jvi vi dual choi ces
for persomghededamplavednpiises g&xamsI @NAI Update of genotype correl ations
10021811 n T eSPRISE GudiafiigeTHerbhiic PofiBl o AaidShar Al hperah &0

i ndividual's genotypé correlations, a genomc profile is generated,

genot ype doglr deasitoayagr eequaisinaat PORebasadumeshad 5 4spdibfaRidt€o t he

i ndi viqual__as descr.i in Exanple I. Following an initial determnation
of anllﬂndis\?i d%%qqsng’cgpgﬁ@teype correl ations, subsequent, updated correlations
are or can be dptermmpariag sddi géromic geafte yive ac dpklage shduweddme known.
The subscr ber ha S ! ?&E&Sfor' biAmhR didraRly olgenativee profile
and is migﬁpggyﬁ%déqrﬁelga(g@cﬁ% Fggel?’lglgase. e updat e_?i) cor A ons are

per f or med Riskst he Catdsr Retige fiot ppplupisyi ¢feallgdes jndedionFdsk ek FrE5Kan

initial genotype correlati. £ Jpoueybngexadm:l @rl, could
have deteraﬂﬁ%d?qrhﬁ?'dampé\f' p%’ul\?g’(rﬂbla%ﬁi gf%ﬁz‘ﬁ Qﬁ%es not rhavle ApoE4 and t hus

i S notispr edndossdf irteazst) prdnset Al zhei nmer's Di sease, and that this

i ndi vi dual does,not_have,.Fac | den,: t Rd Qb diSsidighi al

det er mi nat i on, %4 neS&“E‘gF‘F'BEa% i%(r():ﬁ%clgﬁqrﬂ édc ngr%ﬁg’,;\?ﬁ a%g ‘“v(gI  dat ed, such

t hat IOOl yrumdast‘ﬂaaﬂg? innstep gi) tbat gm@inzywetfm%gi j@"dqéﬁg’_"m?@f ag;zis "
correlateq to .a giyen.con S A A¥o<C QRA! ihE 5 IS new
genot ype gj@ﬁegloé‘tf%% p:{%ragﬁggghlték"?{&ﬁe %@%%e? at abaossé of Jhu(srfm?)r? genot ype
correl ati ans.frd&quanodadfesaid pluealitpr ofvptiedst end radighacore ueriesed 9Mdual by
first retrieving the relevant ge ta £ et diSdtsaE

i ndi vizaualesg'”&é%&nql}csab(fm"f‘gug’tg‘_’oﬁ%a%:(ﬁeagﬂs(gcsgicg%%p gbase.dl%%es particul ar

i ndi vi dualdgpditihevinitegente XYZ data is conpared to the updated master

dat abase information for gene XYZ. The particular 30 individual's
susceptibility or genetic predisposition to condition 321 is determ ned
from t hi s gonpaheswrthdhefrésim tis whetdn stdeasr ohaaxfi sxidandividded to t he

i cul i ndi vidual's | at | . f
Bhet hor orPBEal Hepaper BT SptH ifOHiG 0T, SERGrE0E Ehebfaeds ©
el e L e ekt oo oot at ue g
gupport i véif?ﬁf/@r‘ﬁﬁﬁi BHBE@‘Q%T ga%q P ‘%QVPBF%EF 6%toggheA ag%ﬁéﬁ?%géggglgd

Al zhei mer'goft sease 5 [00220] The risk of Al zheiner's disease (AD) has been
shown to correlate with polynmorphisns in the apolipoprotein E (APCE) gene,
which gives rise to three isofornms of APCE referred to as ApoE2, ApoE3,

and ApoE4.3 The Tihaaheise oedyind 1R adie afotther ciyipdsiegor two ani no aci ds at
residues 112 and 158 in the APSE@E{ ot ei.n. A%_ﬁEZ cont ai ns }02/515§mcys/ Cys;
ApoE3 38ont ai ns €112/ ¥BEEYS Fa1dyTARRASASE EA TS hPERIR PR 1SF B UGN . As
shown in Tapl Qiddiorkd hh@ani enotypdl zehmition disseask antednaat hamaear | i er

age increases with the nunber of APCE e4 gene copies. Likew se, as shown
in Tabl e FENOREYS ErAEIRYEN HESRMEF KRB & Wases with number of APCE e4 gene
copi es. 00221T&§£| e 3pgRreyal ence iplivAldaRs skgeNokpgbes dofietatemset wath. |,

Sci ence: 261:921- 3, E993) APOCE E4,Cé)pj es, Preval ence. Al 17,h§i rre{' s .Ri sk
Onset Age ghenpheresoby ggriparing said indivi ile of step €} or a

35 portion thereof to said additional human genotype correlation and

dual’s genomic pro
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24% 47% 75 2 3% 91% 68 15 [00222] Table 4: Relative Ri sk of AD with ApoE4
- (Ferrer et al., JAVA: 278:1349-56, 1997 APCE Cenotype Odds Ratio E. 262

- 0.6 e2e3 0.6 630 1.0 c2e4 2.6 63E4 3.2 eded4 14.9 WO
20081067551PCT1US2007/ 086138 Exanple 1V Information for Factor V Leiden

~_ Positive Patient [00223] The follow ng information is exenplary of

information that could be supplied to an individual having a genom c SNP

profile théx!erﬁMH@ the aﬂa&ﬁﬁ.@peg@{otpb@ gﬁ@eph@ﬁotﬁg@t @brr¥labioheizten. The
i ndi vi dual may have a basic su SCFIPtIOﬂ in which the information may be
I

suppl i ed Arteafining SR INARHIAI'S SpRER TP FRIE B3P Biden? [ 00224] Factor V
Leiden is not a disease, it is the presence of a particular gene that is
passed on fromone's parents. Factor V Leiden is a variant of the protein
Factor V ¢5) wHiematsod of fédided. Mlersinoddhtr Rabhgbtaeospl MftHfave a
Fact org V g .ency are nore likely to bleed badly while people with
Factor \% en have bl ood that has an increased tendency to clot.

[ 00225] Peopl e carrying the Factor V Leiden gene have a five tines greater

risk of devel opingaendy QPaa%qt v&ﬁé}ém@cﬁé'g%)]eﬁdm@ 6ff@¢gérﬁ§hc05rohh;e

popul ati on. However, many people he "gene wl|l never suffer from

bl ood cl otsshy & #hipt PeEYR and t he Unlted States, 5 per cent of 15 the

popul ation carry one or nore genes for Factor V Leiden, which is far nore
than the nunber of people who will actually suffer from thrombosis. How do
you gl Féct orThe meithieth 2f [drpd] Whergiensaid fwdiereesdid dishr ovnaPeigkassed on

from one’ giifﬁgg ﬁQ\Bémf(é%eH\! I&Qa?r{fé Risks or Odds Ratios.

7. The method of claim 1, wherein said genomic profile is a single
nuclectide poiymorphism genomic profile, said database of human
15 genotype correlations are human single nucleotide polymorphism

coirelations.

8. The method of claim 3, wherein said additional human genotype

correlation is a single nucleotide polymorphism correlation.

20
9. The method of claim 1, wherein said genomic profile comprises
truncations, insertions, deletions or repeats, said ‘database of human
genotype correlations are human truncations, insertions, deletions or
repeats correlations.

25

10. The method of claim 3 wherein said additional human genotype

correlation is a truncation, insertion, deletion or repeat correlation.

11. The method of claim 1, wherein said genomic profile is of said

30 individual’s entire genome.

12. The method of claim 1, wherein said method comprises assessing 2

or more genotype correlations.
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i nherited characteristics, one gene is inherited fromthe nother and one
fromthe father. So, it is 20 possible to inherit: -two normal genes or

- one Factor V Leiden gene and one normal gene -or two Factor V Leiden

~ genes. Having one Factor V Leiden gene will result in a slightly higher _
~risk of developing a thronmbosis, but having two genes makes the risk nuch
greater. VWat are the synptons of Factor V Leiden? 00227] There are no

si gns, unlless Y88 Mawdaohrcedn bl wheraimSgithowteyd @5 aNEs 355853Re danger
signal s? {{P02z8ldhe %{%E &PrEmLRr obl emis a blood clot in the leg. This
problemis clpndi cat (Badn y the |l eg becom ng swollen, painful and red. In
rarer cases a blood clot in the lungs (pul nonary thronbosis) may devel op,
making [t fardiho REGRENG: SRRRONILAG AN s5beRbESPbr hfd gatbrgbet thi s
can range frombéing barely noticeabl'e to the patient experiencing severe
r espi r &t oraprfidtfansudonyains g&netin@apio0lsy iD6TB5AY, POTE USPED TisEeen3Ehla even
rarer cases ' it s gBRE Oy adnather part of the body.

si nce theglea[té(flgpgll‘#g?%geggﬁrﬁ%?ﬁdej Veins tq%at Ita e blood to the heart and not
in the arteries (which take blood fromthe heart), Factor V Leiden does
not increase the. s oaf F Yl HeRITERE! Saraliial oE RlnRR gaRype avoi d

bl ood cl of@g SH}FB(Sgé%ﬁuga%‘fg?ﬁl@aitei_den _on@y sl ?ghtlg I ncreases e risk of
getting a dofretations songaids gengtipeopbetswint tng B s1aerafnesdisted in FHeSer
experi,ence, thr, oSl 1 Y-l LR ISHPESd GRRHP vhAaAN0I d getting
bl ood 1§I ot4s.gjggg?doﬁjs‘?saﬁg?%ghggrg{@eg??nrg aé%lra] ?ﬁe 'sarrgl%pgsi £ 0?1 for |ong
periods of tine. Wen traveling long distances, it is inportant to

exerci se regul . e it @dRdbsdd b h ”‘%‘i S AVBEWei ght or
snoki ng Wiy g?é%%?%th}oﬁc?@égggtwlﬁég S?Qb(f%qdé% ots.u onen 1gscarryi ng

t he Fact orcowrelzgiosien cosaérss ummeticnwvarianige detpsmined rfaemptspie gaNOMiGs thi s
will signifli tly Loar ; chanc : t igRe RN eSS oryHREEN
carrying tpﬁ!éﬁ[égctogrg%ﬁLgﬁggﬁ&d&aneggﬂoﬁf'%&% S% consul t th@iﬁr %g}:ét@or bef ore
beconilfg piisdpsadtbyasid ndividanisal so i ncrease the risk of thronbosis. How
does a doctor find out if you have Factor V Leiden? 15 [00230] The gene
for Factor V Leiden can be found in a blood sanple. [002311A blood clot in
the | eg ori7t he Tae methiodusiUdbiry lhewhimesctaid datahasaibf haswmderXaAenat i on.
[00232] A ots can al b VS AL heL-L 0 e6ld PG & fihgt ance
nto the BPBSEEES C%?'Fraﬁﬁse%ﬁ?zggﬂ%g!te%fjér%%rﬂt .éArB%c')og o 8 %n the lung is
“har der toifiiTadle bet FGEM| 5y6a2doot 86 and pherxdypes gora@teshuiineaidubst ance
tote t he di str.ibution | flowin the lung, and the distribution
of ai ?btosf ePHﬂag’S‘a%ﬁg'\’tﬁ%‘%&%‘?‘?S@ ns should match - a m smatch indicates
the presence of a clot. How is Factor V Leiden treated? [00233] People with

Fact \Y i d d t d,t | | | ot,
ki ch dlbe” angopEdodudt cipbiaky Flerel EAT aetfklc, dorafk FL 3t &0

medi ci nes psal6ficalssazhpleasdierted ftemgraidgrevmnyndstirne pbbiavd;, diapy ekiamt f urt her
lots. T . t will Iy |ast. f j hs, but if th
;rg :eve;%%}"(r:r‘%gstegjv‘\%r{' "Eﬁfﬁlfge?%@aaﬁ% ]ﬁggsﬁqeaig’:]g@%bg?%l)égg%g&t f]e cgurlse of e(r:I(raug

treatpgent nay be continued indefinitely; in very rare cases the bl ood

clots may need_to be surgically renpve 200 7551PCT/ 7/ 086138
How i s Factor \T/F'Eefr%%ﬁo‘flr Qgt 8'(13'){(?3furcileﬂﬁ1 g?eaﬁcy%ﬁér%gbz‘gﬂ? %ﬁgoniz’ggr ryi ng
two genes chpleldtrekorary ken@enions! lofneedid onudeside polpatomemtms tth a
hepari n coagul ant nedigjne during pregnancy. The sane applies to wonen
carryi ng jV=82S8HaNYEABIRNIGNSFact or V Lei den who have previously had a bl ood
cl ot thenselves or who have a 5 fam |y history of blood clots. [00235] Al l
wonen_carrying_a gene f@r Fac_:tor V, Lei dx;n need to wear SR&Ci al

st ockPfgs 2% prBgeRtetBPdt F qeititlg YHE | 4sP™ h% FV3F N} etAndY 1 O%PPer t he
birth of thaetftidnd they copeidtRngr @Sceinged hirgestidd cpagioaphisshsugohepari n.
Prognosi s 10 [00236%The risk of d velc?gl)irgg a clot increases with age, but
in a surveeaptypesshat nrepot MEdigecYtd980> who carry the gene, it was found
that only a few had ever suffered fromthronbosis. The National Society
for Genetic Counsel ors (NSGC) n provide a ljst of genetic counselors in
your area2las WA Mol gHL 'ﬁgnwgﬁfﬁj‘f‘ SEWZIHP‘OHQCE’ S?&‘rﬁ'??%ﬁ"g?or y. Search

theirzgn- |ine database at www nsge. org/ consuner.
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15 [00237] Wil e preferred enbodi nents of the present invention have been

shown and descri bed herein, it will be obvious to those skilled in the art
- that such enbodi ments are provided by way of exanple only. Nunerous
vari ati ons, changes, and substitutions will now occur to those skilled in

. the art without departing fromthe invention. It should be understood that
various alternatives to the enbodi ments of the invention described herein
may be enpt.oyeathel mauhad tdfcdlaign 3) wherdim\eaitt iadditiongl hemiant gadeiypehat t he
follow ng clains defi t he scope _pf,the invenii at nmet hods and
structur e‘éorﬁﬁ??t}ﬂ?rhc?ﬂggg%ﬁ% ugFe {ﬁlggeed QFQ?WEES‘H%{ ?%Q?Bgtéé%‘l val ents be
covered thereby. CLAIMS 1. A nethod of evaluating the genomc profile of
an individual _.in order to_estimate said . indiyjdual's r]j f

associ at i offh(?ng‘eggoﬁd?feda‘in%é)’as‘@ée‘b?n555’(') &g E%ﬂ\él g‘f’%%'anq F ééts',p%

conprissi Nn@rrelation corr@)atedbatdirdiged gengtype veienpl gheootygad dvithnethidhdual
wherein said genetic. sa]rrpl e eﬁo ri sesd 8eng)n1 c DNA; b) generating
a genoni c't PRSMAtPTEYPUS; @TTeRIEYiTaFaIY SRFEAT n a high density array,
sequenci ng or PCR based nethod is used to generate 10said genom c profile;
c) conparing said genomc profile fo a datab . of  human genot ype

correl ati®hs vileh MBS pelaim (;)"d‘@%%rrei‘r'i"' @"ia@ﬁﬁ\%ﬁl {Yme %SPQEi e Risks or
Odds Rat i Qgrdigtionildifi@l & hyunh eéndlps corelatidnng soidséatabasmn-ri sk al | el es,
for said individual for each of said one or nore diseases or 15conditions
of irlrest; and d) calculating a score fromsaid plurality of

Rel ative % sksrHer ({2iAsd Rat Ligsn i3) wherie)sdidaiddnonbl hesndrhgeabfypet s of said
plurality of alleles based on sai d@&‘ﬁl ur al ifty of Rel at ifve Ri sks or Qdds '
Ratios, a%ire'aien por 4eBeatee BY SENRYOD O & JePPUPS Mt of T es, and
sai d SCOT GoFRRN 8F SALTIAAILAMRL bNBFVIPUN Sa@beninedi phetmlbe off skid or each
of said one or nore diseases or conditions of interest. 2.The nethod of
claim 1, WHeidIas.at | east one of said individual's physical data, nedical
data,qethnicity, ancestry, geography, gender, age, 25 famly history,
known phenot ypes, denographic data, exposure data, lifestyle data, or
behavi our2@at érhesfﬂeﬁb@g%rcéﬁt'%g’i% + WOCERD &6 Fﬁ”Bﬁatb‘?”%dﬁﬁerg'EB?'e. 3. The
met hod Ofd‘_fﬂéﬁér@ brOfepeh@d Bhaiphide thalea@iBrbsdaty,; ndbeptipdaniargons) d

dat abase o uman genotype correlations with an additiopal human genotype

cor rel at i Wiflefidgai diglglPRs.onANr RIREHTHE ot FPEIEBYIEY at i _HOFB%%HEE known;
and 1) updgiiRgrisad, tbrl Ay IHBEr Sargnisype correl ations wi th

phenot ypes by conparing 'said individual's genomc profile of step c) or a
35pordl on thereof to said additional human genotype correl ation and

det er mi ni 5y arRAdgidh oD FRROLEPXNRPEINPERA HopP huratdel atidinsanre
determ ning said i ndividual's score fromsaid updated data. . 4. The net hod

of cl ai mmicropRselite aepeatbd paFegtidht 4ERRAEa; CFHERRENC 5RERAFe. %M 5. The

nmet hod of i rein said generating of a genomic profile is by a
third partte;fdrﬁ%[rg%?%éémﬁet hod of claim1l, wherein said wherein said risk or

non-risk alleles have different Rel ative Ri sks or Odds Rati os. 7. The

met hogk of ;1 aifel mhEH %;f,r}i!ﬁﬁ‘i 4, 9RREEICsAE A& ig§n@ty?bntgﬂr%|@ﬂi|@ﬁ§0t i de
pol ynor phrsm genom ¢ profile, said database of human 15genotype

corr el at | enspasehapigtyPeasi 3Tyl Pi¢PEot i de pol ynmor phi sm correl ations. 8.
The nethod of claim 3, wherein said additional human genotype correl ation

is a single nucleotide pol ynorphismcorrel ation. 20 .
29. The method of claim 1, wherein said human genotype correfations

comprise genetic markers in linkage disequilibrium with single nucieotide

30 polymorphisms correlated with a disease or condition ofinterest.

30. The method of claim 1, wherein said score is represented as an

estimated lifetime risk.
35 31. The method of claim 1, wherein said correlations are curated.
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9. The nethod of claim1l1, wherein said genomc profile conprises

- truncations, insertions, deletions or repeats, said database of human
genotype correlations are human truncations, insertions, deletions or
repeats correlations. 25 10. The nethod of claim 3 wherein said

addi ti onal human genotype correlation is a truncation, insertion, deletion
or repeat correlation. 11. The method of claim1l, wherein said
genom c profile is of said 30individual's entire genone. 12. The net hod
of claim 135, wh i i : e S r ot ype
correlati 03_r12§. q{h%Srﬁet'T'ﬁg%rget 'Eﬁg'oﬁﬁgﬁ? r§h§? rﬁ\%ﬂ@? eﬁdﬁ‘gpsﬁ?e% arr%tg E%%I@%grrpri ses
assessi ng l@astod0 aendyier AoTIeEcsssr r el at i ons. 14. The method of claim 1,
wherein sai d dat abase of human genotype 5correl ati ons contains genetic
variants in one or nore genes listed in Table 1 and phenotypes correl ated
with s&i d 3eneflhe nethiodrf slaim 1, wherelheaidenhdwdoforeprigan dssepsieg @tn sai d
dat abase | ati ons contains genetic variants in one
or nore gg%ae%ﬁ?@?'gg%?%x@ﬁ@a%g 5, 6, 22 or 25 and phenotypes correl ated
with said genetic variants. 16. The nethod of claim1, wherein said

dat abase §4 hurag &gﬂ?&&’ R, &9 e#?%?é‘ré' Q208 Qﬁﬂgbhf dfé‘édéﬁnb? .
determ ned fromsai d genom € profiles of said’indrviduals and previously
det er m nedopHisivotof peterdddiosuirosd dyargibtve bwitvi duals.  17. The net hod of
cl ai , Wherein said database of human genotype correl ati ons contai ns

si ngl & 'nucl eoti de pol ynorphisns in said genes listed in Table 1 or FIGS 4,
5, 6, 22, 35 25hamiktphemdigrms34ovheten sadvindividsal’sl rizBsif mgbecialien eot | de
pol ymor p_hl T Diie orll%'oré”aﬁeg% %Pq:oﬂéit%haﬁﬁh}er WEJrﬁBHsééhﬂ iH&‘iE%é Oganpl e1s
froma biol ogi cal sanpl e selecte Fom Sai d group consisting o | ood,

hai r, skim pszdenva, orsaisence wfi ;ajuanéitativartitadr pala, riskest deariopibgce al

sanple. 25 %atati-\l;@etrﬁ?t hod of either claim7 or 8, wherein said genotype
correl ati W8 i€ "Cortel ati ons of si ngl e nucl eoti de pol ynorphisnms to

di seasgs and conditions. 30 20. The nethod of either claim7 or 8, wherein
sai d genotype r tions,are,£o i.ons_ of . SI .. ucl .1 de

pol ynor phi%éms ﬁ'ﬁé Bﬁéetﬁggfgé:lsa[?qh?é%’ %bgrle%ts g#e%%@éﬁ%@géngia& ‘%’r@%éf% %he net hod
of cl ai m b8sdivdlevaditosai d bi ol ogi cal sanple is saliva. 35 22. The net hod
of claim3, wherein said additional human genotype correlation correl ates
an uncorrel ated genotype with a phenotype. 23. The nethod of claim 3,
wher ei n s&i7d adile mathad ofataim 3feneitenes SaidrindlaEluicbs riskrof elsat@atien

d it h h Yi i ; ' it . previ I
cor 1 ot od" Pec ABrhbizaad B KRR M bibrE Ghblisd i MURRIGY kP eai
addi ti onala presencegenabygnee cdrsaéd atddocel modiitioes aaidiuobaegdoping Eid

correlation jn,said. database. 25.. . The net . of cl ai ein said
addi ti onaf™ ??A,?Oag’ﬁ'S{‘yﬁep'E?gPPéga‘{fiS%‘r']d ingg%gﬁeé;ﬁﬂ 'é:'émbf?nc "ﬁ‘f%{"&r@g of a
genot ype bf anrganomtdopeaitti ihedicaf conmdtiovn doaé sespuohsa tor e vicatrslkeyt dét er m ned
phenot ype of, sai.d Ii ndi vtidual s. 15 26. The nethod of claim9 or 10,

wherei n s&P TFERRAYHLC™ i nsertions, deletions or repeats conprise

nucl epsi de repeats, nucleotide insertions,

nucl eot i dedel eti ons,.chro anmal.transl ocati.ons, c nosonnl, duplications, or
PR g 1 e e i R S A S Sy
nunber vaFiodt acitsupr@npisEhgodt ehivsit8 trepephgsiologicbegbitdendrapeats,

centromneric r_e{r)}e ts, or telomeric repeats. 25 28. The method of claim 1,
wher ei n s&MPHROAEN2genot ype correl ations conprise hapl ot ypes and

di pl ot ypes. 29. The nethod of claim 1, wherein said human genotype
correl ati ons colgri se%q?enet ic markers in . lLi nk@ﬁge disequilibriumwth
si ngl 0 nuéPeot T 'te MSOROT PhelepRi s NRIEHY Bid fegvidbehis Bd@Rse or condition

of interest. 30. The nethod of claim1l, wherein said score is represented

as an estinmated lifetine risk. 3531. The nmethod of claim1l, wherein said
correl ati BAs athe pigthed gl claim 1, wherein said individual is a non-human.

41. The method of claim 1, wherein said genomic profile comprises at
35 least 100,000 genotypes.
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32. The nethod of claim1, wherein said nethod conprises assessing at

- |l east 20 genotype correlations. 533. The nethod of claiml1l, wherein said
met hod conprises assessing at | east 50 genotype correlations. 34. The

met hod of claim 1, wherein said one or nore di sease or condition of
‘interest conprises a quantitative trait. 35. The nethod of claim
34, wherein said individual's risk of association of one or nore disease
or condition of interest conprises an indication of a presence or absence
of a quantitative trait or a risk of developing a quantitative trait. 36.
The net hod2of EheimetBad afhdaien i, yehatequssit i aenorvie nrphilet cooppsdsses a

nmedi cal cggg{hbgqxu)éggotIgglnethod of claim 36, wherein said individual's
ri sk of association 20 of  one or nore disease or condition of interest
conprises an indication of a presence or absence of said nedical
conditionyq,a ri vel gpi i I i44.81, .0gngsi s of
said riedi g3 cgﬁ%inﬁftgﬁ? & OB A EEE D Bl cdnBhagned  Ptal
condi t i onjeast 980 089pmmeéypes.a treat nent of said nedical condition. 25 38.
The nethod of claim 34, wherein said quantitative trait is selected froma
group consisting of: physical trait, physiological trait, nental trait,
enot i onal 44r ai The 883bod hd al@itrhdg vofereinasaid lgenshrec girpfileagampmadisvatdual is a
human. Ieag:meoﬁ$ﬁ)nEt&ﬁ§ of claim1, wherein said individual is a

non- human. VAT e Fhiod of claim1l1, wherein said genomc profile

conpriGes at 35l east 100, 000 genotypes. 42. The nethod of claim1,
wherein said om rof i l,e. canpr A 0 0 geno; s. 5 43.
The net hogl‘;'of gﬁ?eal rﬁ%tl‘,dvﬂge?lgllnsriqsa‘fv%esrgﬁnngéﬁdcg%?%nf—'ﬁ gm%'g gfngg'téé{%% | east
900, 000 gsuntymuEsly cdnpiéteenttehgehahicclequemds. wherein said genomc profile
conprises at |east 1,000,000 genotypes. 10 45. The nethod of claim1,
wherein said genomc profile conprises a substantially conplete entire
genom c seguente method6of Theimret, hedheodincbaiinode sheneten désgiage ome or nore
di sea][s or 1 condifti_ an of interest conﬁri ses _a .nonogeni ¢ di.Fﬁeasef or

condi 1 onCHHdIoR efediterest combrishs FIPRBAOTHC 1i5FMeL CTWABY AP s d one or
nore di semserest. condition of interest conprises a nmultigenic disease or
condition of 20interest. 48. The nethod of claim1, wherein a plurality
of Relative Risks for said individual is determined in step c). 25 49. The
net hod of 4zl aiThel mathetiebn Saind Sceaheradonbiidesnt her ehdrecidseate san d

Rel ative (I::gnsc}ftsldn of interest comprises a multigenic disease or condition of
20 interest.

48. The method of claim 1, wherein a plurality of Relative Risks for said

individual is determined in step c¢).

25 49. The method of claim 1, wherein said score combines the effects of
. said Relative Risks.
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