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[0004] Low effect s1ze common SNP variants, rare and private Varlants DNA copy number variants, and

epigenetic modification typically account for most of the inherited risk. Accurately estimating an individual’s risk
to develop a condition is a challenging task. The risk is determined by many factors, including the genetic risk factor
load, environmental factors, gender, and age. Thus, for most conditions the most accurate risk assessment can only
give a probabilistic risk estimate. Factors can include different associated variants, their effect sizes, their frequency
in the population, the environmental factors affecting the individual, such as diet, age, family history, and ethnic
background as well as their interactions. Large-scale studies that investigate all of these factors at once are
prohibitively expensive to conduct, and to our knowledge, none have been conducted.

[000S] Thus, there exists a need for methods to generate personalized phenotype profiles with risk estimates that
take into account the effects of genetic variations yet does not require the results of large-scale studies
simultaneously assessing multiple risk factors. Furthermore, there exists a need for generating risk estimates that
not only vary by disease, but can be combined with environmental data, providing an additional tool for clinical
decision-making, such as having a predictive power as a clinical classifier. The present disclosure and embodiments

disclosed herein satisfy these needs and provides related advantages as well.



resistance. HNBR is widely used in the autonotive market. Exanples are
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seal s forwoiz2bidfazed2d expl orati on and processing, and rol lpsTfuseomiosehbo and
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The preséent 1 nvention can also Inc U e use of a sta 1zl ng system
Accor di‘f§t8™t he present invention, the r ubber polyner is preferably
sel ect gah1b)r @iMotnb €mbodiments, the EGCI score is generated for a disease or condition with a heritability of less than

approximately 95%. In some embodiments, the disease or condition has a heritability of less than approximately
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, or 90%.

[0011] In another aspect, the methods disclosed herein can comprise a third party obtaining the genetic sample of
the individual, or generating the genomic profile of the individual. The genetic sample can be DNA or RNA, and
can be obtained from a biological sample such as blood, hair, skin, saliva, semen, urine, fecal material, sweat, or
buccal sample.

[0012] The methods also comprise transmission of the EGCI score over a network, reporting of the EGCI through
an on-line portal, by paper or by e-mail, through the use of a computer. The reporting can be by a secure or non-
secure manner. The individual’s genomic profile can be deposited into a secure database or vault, and be a single
nucleotide polymorphism profile, or a genomic profile that comprises truncations, insertions, deletions, or repeats.
The genomic profile can be generated using a high density DNA microarray, RT-PCR, or DNA sequencing. In
some embodiments, the genomic profile is generated by amplifying a genetic sample from a subject or individual.

Alternatively, the genomic profile can be generated without amplifying the genetic sample.



group consisting of a nitrile rubber or a carboxyl atecl rubber. As used

t hroughout this specification, the term "carboxyl ated rubber"” is intended
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carboxylic groups. Suitable rubbers include XSBR (Styrene-butadi ene
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[0019] FIG. 5 illustrates effect of known genetic and environmental factors versus known genetic factors alone for
A) Crohn’s Disease, B) Type 2 Diabetes, and C) Rheumatoid Arthritis. For Crohn’s Disease, the AUC of the two
curves 0.68 and 0.72 (A). In addition to the genetic factors, smoking (relative risk 3) is considered as the
environmental variable. For Type 2 Diabetes, the AUC of the two curves are 0.57 and 0.79 respectively (B). In
addition to the genetic factors, Body Mass Index (relative risk 42.1), alcohol intake (relative risk 1.75) and smoking
frequency (relative risk 1.70) are taken as environmental factors for Type 2 Diabetes. For Rheumatoid Arthritis, the
AUC of the two curves are 0.685 and 0.688 (C). Smoking (relative risk 1.4) is the environmental variable in
addition to the genetic factors.
[0020] FIG. 6. A) The error between GCI-based average lifetime risk and true average risk as a function of the
assumed lifetime risk (LTR’) for GCI calculations in Type 2 Diabetes. The true average risk for T2D = 0.25. B) The
error between GCI-based average lifetime risk and the lifetime risk (LTR’) is assumed for the GCI calculations as a

function of the assumed LTR'.

DETAILED DESCRIPTION
[0021] The present disclosure provides a method of developing a risk estimate that is based on the genetic

composition of an individual alone, of their genomic profile. In some embodiments, the estimate is based on the
3



nost preferred C -C6 conjugated diene is butadiene. The a, b-unsaturated
nitrite may be any known a, b-unsaturated nitrite, such as a C3-C5

a, b- unsatwoaved3mwrite. Preferred C3-C5 a, b-unsat ur at edcmiuseomess7encl ude
acrylonitrile, nmethacrylonitrile, ethacrylonitrile and m xtures thereof.
The nost preferred C -C5 a, b-unsaturated nitrite is acrylonitrile. The

i nventive el astoner conposition according to the present invention also
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as W NRBTIAYk REsdignt scenario. Furthermore, the GCI as described herein can be used when multiple factors, such as
genetic factors or environmental factors are not available, such as when large-scale studies designed to
simultaneously test multiple factors are not available, such as for a number of common diseases.
Genomic Profile
[0024] The GCI is generated based on an individual’s genomic profile. An individual’s genomic profile contains
information about an individual’s genes based on genetic variations or markers. Genetic variations can form
genotypes, which make up genomic profiles. Such genetic variations or markers include, but are not limited to,
single nucleotide polymorphisms (SNPs), single and/or multiple nucleotide repeats, single and/or multiple
nucleotide deletions, microsatellite repeats (small numbers of nucleotide repeats with a typical 5-1,000 repeat units),
di-nucleotide repeats, tri-nucleotide repeats, sequence rearrangements (including translocation and duplication),
copy number variations (both loss and gains at specific loci), and the like. Other genetic variations include
chromosomal duplications and translocations, as well as centromeric and telomeric repeats.
[0025] Genotypes may also include haplotypes and diplotypes. In some embodiments, genomic profiles may have
at least 100,000, 300,000, 500,000, or 1,000,000 genotypes. In some embodiments, the genomic profile may be
substantially the complete genomic sequence of an individual. In other embodiments, the genomic profile is at least
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as the ratio of nean_ diane circle o esa%E ?a as the face of
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di aneter. The nost preferred filler 1s a material belonging to'the fam|
D gt y
of Wl |V\§151ﬂﬂ<mntbé)§}}emlcal and molecular biological methods, see, e.g., Sambrook, et al., Molecular Cloning: A

Laboratory Manual (Cold Spring Harbor Laboratory, New York) (1989). There are also several commercially
available kits and reagents for isolating DNA or RNA from biological samples, such as, but not limited to, those
available from DNA Genotek, Gentra Systems, Qiagen, Ambion, and other suppliers. Buccal sample kits are readily
available commercially, such as the MasterAmp™ Buccal Swab DNA extraction kit from Epicentre
Biotechnologies, as are kits for DNA extraction from blood samples such as Extract-N-Amp™ from Sigma Aldrich.
DNA from other tissues may be obtained by digesting the tissue with proteases and heat, centrifuging the sample,
and using phenol-chloroform to extract the unwanted materials, leaving the DNA in the aqueous phase. The DNA
can then be further isolated by ethanol precipitation.

[0029] For example, genomic DNA can be isolated from saliva, using a DNA self collection kit from DNA
Genotek. An individual can collect a specimen of saliva for clinical processing using the kit and the sample can
conveniently be stored and shipped at room temperature. After delivery of the sample to an appropriate laboratory
for processing, DNA is isolated by heat denaturing and protease digesting the sample, typically using reagents
supplied by the collection kit supplier at 50°C for at least one hour. The sample is next centrifuged, and the

supernatant is ethanol precipitated. The DNA pellet is suspended in a buffer appropriate for subsequent analysis.



Wl | astonites are a naturally occurring calciumsilicate mneral with the
nol ecul ar forrmula CaSi O 3. They are white in color, acircular/needle-Ilike,
and have woailkasbizne pH The Wl | astonites used in the Bxamsb@s/osd724 he
present invention have aspect ratios of 3:1 to 5:1 . The silane used to
nodi fy the needle-like/acircular mneral filler preferably belongs to the
famly of difunctional or polyfunctional silanes having at | east two
functionalities: one conpatible with the filler surface, such as al koxy
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t he pr Seehiegd ﬁ%n{%@nM@alﬁ ekf'én?thﬁieﬁ ApidyRndp. Qe ?%f)aﬁgl%ﬂdéu"é%@”qﬂ@ﬂs t"dbber s,
such asipprachi 0n7 (acmlpe;m&gmapwwn@m; mm@sﬁogeddga@tws Pat. Nos| £@3p@, ng

accel eratd AR A1) Ak 6%, 8011 08t AL, LA 09, 208 8. 0L adl R poent s

heat sta zZers, IZ&r's, “ozone s zers, processing ai ds,
pl ast i echtzgiesfor 2tllampPSfe$ ers, blowi ng agents, dyest uffs pi grrent S, waxes,

fxt e ?ﬂqmz] @fﬂg:amt@oleaa@;pﬁl@andnrﬁlathbastl&ruae th@?éaﬁ:lche{?ﬁ(ﬂegﬁ& (L@mfoa%inmatm Sasuch as
rie own (0]
the r ug%gl?w:%faﬂ?fslro@ (}lofﬁ?gg)r geég"n gtl gssmﬁ?cé 2@3 ﬁoc? d 1% %W\P@ﬁﬁg% ﬁte?f %5%857%1‘”

whi ch dependaisatpgen alplifcadm (Khe ef 4it Biaddd! usel. SCEivY ént i7811a17 (gspund s ar e,

e. 9., fwew8sid), Ee@f SQQ%QH soqRGAELREN (Db NE: BT ESERL: AJEM %E!t 9Ns7: LshL 1878 (1 990)
corrp05|t|on can in the range of 0.1 to 20 an organic ty

acid asrbROXPYY ai?lﬁfﬂmaaah%qam%ewe@glyaﬁleﬂwg SECFPSEE @as fPsﬂ X9, 04K ZHOneppenys one,

t WO or séiéree @ateh pslyralgadddhein baads (GPAPARNEJ.S. Pat. No. 4,437,975), arbitrarily primed polymerase
chain reaction (AP-PCR) (U.S. Pat. Nos. 5,413,909, 5,861,245) nucleic acid sequence based amplification
(NASBA), rolling circle amplification (RCA), multiple displacement amplification (MDA) (U.S. Pat. Nos.
6,124,120 and 6,323,009) and circle-to-circle amplification (C2CA) (Dakl et al. Proc. Natl. Acad. Sci 101:4548-
4553 (2004)). (See, U.S. Pat. Nos. 5,409,818, 5,554,517, and 6,063,603, each of which is incorporated herein by
reference). Other amplification methods that may be used are described in, U.S. Pat. Nos. 5,242,794, 5,494,810,
5,409,818, 4,988,617, 6,063,603 and 5,554,517 and in U.S. Ser. No. 09/854,317, each of which is incorporated
herein by reference.

[0033] Generation of a genomic profile can be performed using any of several methods. Several methods are
known in the art to identify genetic variations, and include, but are not limited to, DNA sequencing by any of
several methodologies, PCR based methods, fragment length polymorphism assays (restriction fragment length
polymorphism (RFLP), cleavage fragment length polymorphism (CFLP)) hybridization methods using an allele-
specific oligonucleotide as a template (e.g., TagMan assays and microarrays, further described herein), methods
using a primer extension reaction, mass spectrometry (such as, MALDI-TOF/MS method), and the like, such as
described in Kwok, Pharmocogenomics 1:95-100 (2000). Other methods include invader methods, such as
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nmol ecul e which nore preferably includes 10% by wei ght or nore of

aconj ugated diene acid having at |east one conjugated carbon-carbon doubl e
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2, 5-di net hy tert-but

2 5-di r}izéste R aé cqsl 161?6(1 g%%f% 8%“%&8 %/) ﬁéﬁ%{ﬂ‘éﬁs ﬂ¥at meel fhe amplification standard are purified and
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curing F@Mg% &ta{l(ﬁiagNjﬂfragl%tﬂﬁ Eﬁ&ﬂ'a%QIGQYhaH?@%segglrsaanﬁ %V%}% ébgﬁtné’d%se pairs,
experinments, IS within the scope of one skil he
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or of or abTy A PE g LR o B R AR R B RRRR oL PRRR A OVE)
r eact i ¢i§p process consisting of a streptavidin phycoerythm (SAPE) stam followed by an antibody amphﬁcatlon 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, for example with a scanner such as the
Affymetrix GeneChip Scanner 3000.

[0036] Analysis of data following scanning high density array can be performed according to the manufacturer’s
guidelines. For example, with the Affymetrix GeneChip, acquisition of raw data can be by use of the GeneChip
Operating Software (GCOS) or by using Affymetrix GeneChip Command Console™., The aquisition of raw data is
then followed by analysis with GeneChip Genotyping Analysis Software (GTYPE). Samples with a GTYPE call
rate of less than a certain percentage may be excluded. For example, a call rate of less than approximately 70, 75,
80, 85, 90, or 95% may be excluded. Samples are then examined with BRLMM and/or SNiPer 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 0.45 and/or a Hardy-

Weinberg p-value of less than 0.00001 are excluded.



Vul cani zi ng co-agents can al so be added to the el astoneric conposition of
the present invention. Mention is nmade of triallyl isocyanurate (TAI C),
comer ci avbyosvaid2abl e under the trademark DI AK 7 from PaPars2oo@xs6720

N, N - nphenyl ene di mal ei m de know as HVA-2 (DuPont Dow), triallyl cyanurate
(TAC) or liquid pol ybutadi ene known as RICON D 153 (supplied by Ricon
Resins). Amounts can be equivalent to the peroxide curative or |ess,
preferably equal. The present invention also includes the use of activators
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seq. ul cani zati on) . el astoneric conposition according to the present
i nvent i8], s“séh%@eliteéﬂwopéﬂi? frdip@cleRFe i (oS EHRY riEnaEicH §Y RF Pt @éheé?{?é% gs the
pr esentflubi¢@iod is Quendhed. avies tht prosdramed toartirgt be@GenceSuictns aseqsedad Smpiiage SNP bear i ng

pads, gn%tleo f)ﬁA é)x\g{nérase @/ﬁﬁjS 3§48 le?dnuc\fe% eg?&\v%s%%%%%e é?(t))l}qgfirgsp %%{[ P{eﬁlcgthfi ;\)Mﬁl%%}ﬁ the

roIIers s and coupl 1 ngs. ion of tes
r heo rrete?‘%ﬁude\?ﬁﬂ EHHY Servesobs ptf@@tsm%@tl%a@ repare figw the atlenemr andiBy fha grppiceceRheonet er
(MDR 20RQ6Hs9). ) Thel Siodtgs can BelrgRai@N&vh |fin OSECR.I Bk ITQjMaQE)roﬂe 1Ztybizau§1adnpaen&mapeo At 180

C for Qgge%nuence%v} 1(s)¥ocalted blélt()]vef;[n aW(é%rlmersef\ha¥ %es1 8?0 am:fl)gt?r a se uence us]c t-ll;e aCthmu%aglon

Corrpoun ' SCOSity orch
tests |0ﬁP(€:Ib1rrp<1upta¥ﬂrc@ cvweﬂdfﬁdﬁﬁée AEMMatre d ptpafod ﬂb@nr@hora: hseeadumm mdeYWaﬂ wynewly

Vi scosi Eﬂéra‘t’é@@Cﬂ ﬁlr()@fcmm@félegsted fﬂ-\gg)pgréjéén R RAgAlI RGN RRus @ﬁfﬂ{g& se’huéﬁbéws@n ahd
t hen, asurin to ney viscosity units) after 4 mnutes of
shear | r1?§ eéeé’flinﬁcﬁ REFI[,}’ ﬂ‘%s Mﬁ\}l?’% BHETEYPIEE él? Ipsde at ing at 2 r.p.m. Mboney
scor ch [¢08¢s Wicanie mirgtidnadke Alsatte ideh@iet! b BNA sagmantihe INYWegtendirgmegy be wsed toeeqtadcea
rise Ofsuétalll\@%ﬁ%n,l&mhs émﬁe'E &&m%ﬁ&n&%ﬁ ;!nl 1&9&11(91'3.'1'[ T?atiitiél'r%ﬁy, %&%A@equencing has
been based on polyacrylamide gel fractionation to resolve a population of chain-terminated fragments (Sanger et al.,
Proc. Natl. Acad. Sci. USA 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 molecule sequencing
platforms are commercially available or under development from 454 Life Sciences (Branford, CT) (Margulies et
al., Nature 437:376-380 (2005)); Solexa/Illumina (Hayward, CA); Helicos BioSciences Corporation (Cambridge,
MA) (U.S. application Ser. No. 11/167046, filed June 23, 2005), and Li-Cor Biosciences (Lincoln, NE) (U.S.
application Ser. No. 11/118031, filed April 29, 2005).
[0040] After an individual’s genomic profile is generated, the profile is stored digitally, such as on a computer
readable medium. The profile may be stored digitally in a secure manner. The genomic profile is encoded in a
computer readable format to be stored as part of a data set, such as on a computer readable medium 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 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. The unique identifier 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 included in the data point. For example, if the genotype information includes SNPs identified by microarray
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Stress-strain: Sanpl es were prepared by curing a macro sheet at 180 C for 13
m nutes. Afterwards, sanples were died out into standard ASTMdie C

dunbbel | swoThw/a3eed was conducted at 23 C and conplies WRCThISAHINED26112

Met hod A. Hardness: All hardness neasurenents were carried out with an A-2
type duroneter follow ng the procedure outlined in ASTM D-2240. Tear
resistance: A tensile sheet cured 14 mnutes at 180 C was used to prepare
appropriate sanples of Die B and Die C geonetries. Both tests are designed
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Correlations and Phenotype Profiles

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

[0044] The determinations may be made based on a number of rules, for example, a plurality of rules may be
applied to a genomic profile to determine the association of an individual’s genotype with a specific phenotype. The
determinations may also incorporate factors that are specific to an individual, such as ethnicity, gender, lifestyle (for
example, diet and exercise habits), age, environment (for example, location of residence), family medical history,
personal medical history, and other known phenotypes. The incorporation of the specific factors may be by
modifying existing rules to encompass these factors. Alternatively, separate rules may be generated by these factors
and applied to a phenotype determination for an individual after an existing rule has been applied.
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[0054] Typically, for a rule to be generated based on a genetic marker in linkage disequilibrium with another
genetic marker that is correlated with a phenotype, the genetic marker has a 12 or D’ score (scores commonly used
in the art to determine linkage disequilibrium) of greater than 0.5. The score can be greater than approximately 0.5,
0.6,0.7,0.8, 0.90, 0.95 or 0.99. As a result, the genetic marker used to correlate a phenotype to an individual’s
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m ght 5ETFRANRE P Rt Rve B %l’i‘e EHPrE8ente Gl “éﬁ r& u St"a m?fo*lt%? b?ﬁ A

and al Ihgpogheddd aratruei Bdnymir phili Yeinidd, clor. Sel a3 e5wil¢sh2doner eased ri sk of cancer.

The r e%bﬂsi]s A p¥obﬁecﬁﬁ1%ln¥§ﬁ§nk‘i¥@6f Rendibli whed, | 'dawfélﬁeﬁ s rﬁﬁééd%ﬂ‘ﬁﬂqphﬁs%% gture,
val i dated by ot her research groups, and/or analyzed by a commttee of

expert §0pugad@}pfg§w§1§ﬂsetta§eé P%‘th@r m@?@fhﬁ% f90ESi Qpyduc ndlé?ﬁkéT%QgW@fhsmayé’ﬁ gepresented
physi ciaansk in & gdopraonadusions lte 9gmeateit. or BT 988 xaPbe 95 o't el gbi'ons odi, sl &8ed i n

US Publgecatd on Ne. 832%98%3%37&%‘“ 7'%5%@%3' 1488k O Do 7()”@6920 8/69'6gﬁ'5§'0‘h bot h

of which aré hereby i ncor por at i'n I'ts’entirety, may be’ used ’in’t
enbodi #EntY HEsTri BedS hed el n. 10?@8437]) IR dhs el e preedispliel riros sithy be
gener at.etle f(robm%h@cr&ﬁm ed ogan 3t perc@iiRf thd 83 to &bper@m&mﬂ a@y sdbﬂédllgé/lbed%aﬂ e W th

st or ed no r of.i | S. ve. k enot ti tored as
el | A Er B S T T s RS DR AL RN KRGtk preHBEybas Ay

gener at28” wa@@n Ehfypfbway@romeﬂ@tbp @mkedﬁiscoalnarleo@awﬂ)t @ean%l@edwmdqom qﬂ&lab@umqnh st or ed

genomi Googsofih b %m@ddﬁ&mhﬁé/ ﬁopﬁlﬁtﬁ)'h Qﬂvﬂldﬁft&rlﬁmﬁduﬁms &)H@{lredtt(hﬁylud'é@é/ Ergpﬁlﬁ‘ﬂbhﬂiﬂs ly
been di a(g)pe sed with di abet Sis o d)genom C

per f or WEQ “alitl ‘e'onpaEred 1’6" eﬂ%?&frha&é%‘/’“ﬁlf* ()i a%afg AR Y ewt’cvﬁléﬁdﬁe pai’%%@% es.
It is thenchdetidiviviva edonipradd td ibBmitaddh apadigdirgeqeragy, ousiry clnieigneseg (fr tlample,

di abet gg, h@&ﬁteachim %ggceﬁtqgeﬁagglf ac{ﬂﬁ-vg!e%c? oP@lehst gtws Bor egﬁrﬂ)%t §yﬁlp%§1£tlcant conpar ed
to the control group, and genotype correl ation nay de between that

parti c GPYEP g8 et - §aboatt 1&5?@3868' BErEEboqipEEge WBF@E’“ é?r"@“cﬂ?éméndﬁéf]é@ds on the
val i datcetpagaidiedeaitdddns 1ﬁf6m@ﬁmeépb1¢edmﬁﬁubﬁd’hhd¥0ﬁp@v@fa1ﬁﬁ)mﬁd)rﬁrs01|&|§l£I’lOt ypes. Rul es

may be er p €; r t

i 2l ol B B D B8 G A R ] K LR R o e

WO 200 8Mdie 85 1elatiggréskssTEmehy efieationy ash pirikeaeste mtrkeryis Wécrﬂa‘ieéc%‘?@ry@%ﬂena%
gender vaite £0N0.61,1.y 51 B @EREEAI ehe BbNGHICEUEHHUIATNBA € Salcu@el BscdBRAB PYrRGerk €Ul T Ng
fromrul es may be estimated relative risk increase. The effects estimates
and estimated relative risk increase mﬁg be fromthe published literature,
or calculated fromthe published literature. Alternatively, the rules my
be based on correlations generated from stored genonic



profiles and previously known phenotypes. [0049] Genetic variants may

i nclude SNPs. While SNPs occur at a single site, individuals who carry a
parti cul avoShie/mbd2el e at one site often predictably carPgTase@vise26NP
alleles at other sites. A correlation of SNPs and an allele predi sposing an
i ndi vidual to disease or condition occurs through |inkage disequilibrium

i n which the non-randomassoci ation of alleles at two or nore | oci occur
nore or less frequently in a population than would be expected fromrandom

formatipe h@ﬁh@dﬂgﬂlé t?teQe'mJ MEhd AR -scokdd 02 Hvar i iGlier 91@ Oe%hgcpref@[%&g rﬂ%n Bk oM@r i ants,

such as nucleotide repedts or i1nsertions, % al so in link a%;

di sequitFPBRIOD RIS RACGRAEE e ek Patintipeate Rody %@W@%&é&ﬁﬂ%@%&a e 88¢d it ed
W t h spesgitifd tethpblemhgepesse relt@e naagamm}lleehstrammw@hﬁ@stcmé@n thBH@p‘Mdp(pGpulaﬁorCfmf gl at ed
with a CQ hberq'a%g)ry(;:t1 ﬁ %nqlalg‘es dare cIl))lLaﬁleé r1:0r eaqhkr%g?ndgflld%%the 1Lé1\p af'ls score }s c%ntg) %ngtﬁ%l eoti de

i nserti e correlation and the
phenot %@Wapﬁlﬁﬁw@nlﬂ&%@e@}ﬁmg frere (I,Sdliierl@ql‘a@ia]cfﬁa%e‘t %é‘ﬁ’u{aﬁé‘ ﬁhFdPsébtlandJéthP nsertion

and t heepall?@@aiem@ bERY dad ﬁ%eb@urﬁ@ﬁﬁ% madé QA8 thé p&b@@ Qe ﬂa@,ﬁeﬁhmﬁ wHI®S pdi@)onddEnto
?PELI fezl%%n llgs (3 %%mo) %nﬁ t}Br of rlted%in Woulg%oﬁ?]gr efletgcfﬁ € 111 1V1C[?,1,§1 sidl faﬁvﬁ\g gn%rrﬁh% é%‘é f‘rg_lyn
i ncr eagey bhéflgrns for dl{f@%m}ea?ﬁhbw@h conpifkkeiges sdqhgetl}enesqhbm erwl}e seprgfiosradgisease.
predi sposkg idlbkets t&qaﬁ%%@&%Hwab in@ivRadId 1h6 WeAbe @Aklv@ilﬁ‘edgéd a SNP or a

n of particular allel NPs . tA E)al‘tl conbi nati on of SNP

conbi n e

al | el eg&’gﬁo Ry BB ! t?prf:‘é& indIHGRPIGE VIS asefg{ 5?"6 AW BRECT PEER BHGsr

whi ch Wity caditivir oridiseaso ivbita@tticd lmodasmrmpwaéf erd e dertvo tha §iCaschrapTietGeh ecotelcack.

Wi l e g, hapl a%a)ﬁ{éﬁatk%h%hel%{‘ac&ﬂﬁ}ﬂo?ﬁae AonPRER 2R of hYRLIGR %qucﬁml%l? LQtype bl ock
repr esent s a contiguous series of or  nore SNPs exhi biting | ow hapl ot ype

di ver siPPRIIPHRTGLEr FRFVT RIS aﬂﬁ wahﬁfﬁa“@@é AafchrayRelutit et ofIBICHAPH s part of

f r equenieibass forAalcild@niht GCTabrt,onmeeih tha phaplpadnyiptdearut Beotmadel tma predi@fptiodf thaat i on
of one or P

Cyp cal o8 s A Bk o by ol AELGLURE PO ikt pRGBER A £
requir |gﬁ§“§’P@@?§1ﬂ"|ﬂP1P%&thF wuleﬁlonaielmwp@d@ha HCSHPRIER thhfalm Cé%t‘gﬁi*fés ) fpthe PIDO5 2]
Genot y peeffbhdREind adie @@ﬁlmmséal‘ﬂa thapkied P es tpmatpm@ S pﬁﬂﬂlpd(bn&ﬁiﬁﬁes
g?gg:ats Iear%a Sahrr(ljageﬁ pls e%%roc{uct ?? g rﬁ"enreann[ rel lgfgcgot;seo?ﬁlle E]ngy}éua %ecn?tqc] () A S{I\Sln 91\%/\”}}(%1' FOI’
di seasenchrea m@nlplame thattthy ralﬂggqupl@ﬂreqp@mf egmpttymutle prpdbictel Baageics <B§he alrlf:@ls yzi ng
many i Rei bk Qélﬁh% or hii QAHEREHE haRirs PQleYABIPRE §fBenk SR oPQRM AatkOR 216 BiBepPiRient

det erm ned, i.n turn these frequencies or genotypes can be associ ated
with a aﬁ&ﬁsﬁeéﬂﬂ‘lg?onfjhenot ype, such as a disease or a condition. Exanples of
known SNP- dihels@pleaive 8oddli ons i ncl ude pol ynor phi sns i n Conpl enent Factor H

in age‘[éﬂ%k]“ﬁé’(}@?g@&f& &h bg&gﬁﬁ‘ﬁf Lgltiél‘ a&&&bl’ﬂth@ctthe%kk aﬂ%ﬁdt&ﬂ&ﬁc seg(g%%elégénﬁfé%
(2005)) and a variant near the ene associated with obesity (Herbert

et al, 'SbyREpfie ol By pkorighyeido (ho E?é%lﬂ‘}al ge@%ﬁ P ROl ém@f%wrg@reaﬁ PEHS FHM Ude
pol ynorighpesdestlyi dﬂtht: haer@pic melgrsantht Hitof therdibdade BorGCDKINBAe @61t gdBetic Satklars &8h Jisksuch

as rsl [274, | 33330 S rrel at ed
Fo myockedr &1 niar ot an Vi gaaot {1t rof oo &yeRiods o S8406ER 5007)
McPher s01, etndl » . Bl 3G Pe BbBndid B 2l B Lal200 %9 aesc[rlgtgl%gla vebRE ( '\ﬁl,\":,)%)s ma\yhep:%
functiohal “or ndn-functional. For exanpl e, a functi onal an effect

non- f UREYFOraT SR8 S PF BiRPeToh oo B DA G S e o hRage s
di sequ 'thEJB é’l‘fg‘k% 19?({1}&@19 tCIOI(B&%d t(§%!\ﬁ:(>)m0 Sus §&F TEsk mye a@!h§ m@ ﬁosﬁ%ﬁ] O@X %rcfs) r

non- synony at are synonympus are SNPs i n erent

fornms | ead }e(@m;ﬂ)e peptide sequence, r znorﬁ’wlwmi)tl SNPs.
| the SNPsyIEA émg;r %‘yftgerléln “poT S PEt i RSP C%n%\(}% ?@ np{}j@yﬂ ny%rus and
may or nay no{ pe functional. SNPs or other genetic markers, used to

i dent i myltiphglictnnddshd assuapidinphiaothe/ e of antindohdulsvi® a genotypr (e -hapl ot ypes, may al so
be used to correl ate phenotypes associated with a dipl otype I nf ormati on
about an i ndi vi dlZ(fal s hapl otypes, diplotypes, and SNP profiles nmay be in

t he gerféhigc- ﬁy()of Pe of the individual. [0054] Typically, for aruie to be
gener at ed based’ dn a genetic marker in |inkage disequilibriumw th another
geneti c mar ketimdihathe RSati@ORiEe| at ed wi th a phenotype, the genetic marker has
ar2 o D score (scores commonly used in the art to determ ne |inkage
disequilibrium of greater than 0.5. The score can be greater than
approximately 0.5

g| ven
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0.6, 0.7, 0.8, 0.90, 0.95 or 0.99. As aresult, the genetic marker used to
correlate a phenotype to an individual'sgenomc profile my be the sane as
t he functwonailo/so2publ i shed SNP correl ated to a phenot yper/useoodiosd7es ent. | n
sone enbodi nents, the test SNP may not yet be identified, but using the
publ i shed SNP information, allelic differences or SNPs may be identified
based on anot her assay, such as TagMan. For exanple, a published SNP is
rsl061 170 but a test SNP has not been identified. The test SNP nay be

i denti f[bO%ﬁ’] tfly anIUQGI‘%HI%dYIl%éH§, Ihg\‘reﬁanvetrﬂﬁs W&eﬁ@gﬁi§ygﬂ<erﬂré ﬁfo@f’?‘gﬂd\ﬁ%ln}{ﬂﬁpﬁagve? est
SNP may not be used, and instead, TaqMan or_ ot her conparable assay, wll be
used t ¢4 s usqe oF Hkiagsr g HOWGEHdh ™R ST EReR h BVl eg assgRipion P e sty t est
SNPs  naiysida@revdatsRECIortiag of AR ivEMNRS . In Rinfee @t -cONBIStudike ethd ARtive@isit calohNPs: chihattedar e

t he sa h bl .i r . functional, SNP, .Fo l.e,.th i rec NP
my bo Eag e BURBIE S sl MR, R il h Ol SHRTRUE L DBl Riteo R
640 i n MEWiGpEafeRphte gaptiresvhihesthe adfeot pirpe th iseepeeeivien tharigsgnopyhe ciiichey; or
allele is G (Easton et al, Nature 447;1087-1093 (2007)). Another published
or fundDShar C&RE PhATYIRGHe Hwass piFr TSk RpYIcS TEEH correl ation to breast
cancer is rsl 219648, J o] [n { e%ns and Asians (Hunter et al, Nat.
Genet. 39: 870- 874)f 2 1) Thie are where the test SNP is different
fromthat of the funcPina) brPEb¥))shed SNP. Tag SNPs nay al so be used for
ot her genetic variants sucr as SNPs for CAMIAl (rs4908449), 9p21

(rsl 0757274, rs2383206ris) 3538@407 )r s2383207, rsl O116277), COLI Al

(rsl 800012), FVL (rs60@synHLAPDQAL|) (rs4988889, rs2588331), eNOS
(rsl1799983), MIHFR (rsl 801 133), and APC (rs28933380). . [0056] t abases of
SNPs  al®8Hubindes e éf’\gf&‘(el s f@mrtP%‘l‘?f‘s | t@ﬁ“é%ﬁ?fﬂ aéf,?m‘inﬂéss lftlé’L% ats c?ﬁ’g?prﬁ%ll%%

Pr oj ecttha( beglckwiwqubaprapn arig; poffitkeiod aii/er il | andd= HapNapwiGorgorated Ginge dNaitl be e
426: 789- 796 (2003), and The Internatﬂ@na@ikbpwhpiCbnsortiun1 Nat ur e

337: éz%amih{%aﬁorﬁ &Q@ﬁt)d%rtasefs Ben ﬁumpmh tSa_MﬂtvlﬁEﬂ i%&udf%-ffzﬁ_bﬁ&ﬁ‘od Fs)édl-i@l Vi /oﬁmlalﬂiec
at abase (see A . and t i ngl e Nucl eot i ol ypor phi sm

at abace{Eet O ko Rt B Ry S s i baces pr ovi de
SNP hapl ot ypes, or-@fablgrihiBndetei®inati on of SNP hapl otype patterns.
Accordi ngly, these SNP dat abases enabl e exam nation of the genetic risk

factors underlyigiga WKDB@@ﬁﬁQEP@mnﬁ”ﬁeases and conditions, such as cancer,
inflammatory di seasesy _Scyagggggg'diseases, neur odegener ati ve di seases,
e diseases or conditions nmay be actionable, in

and i nfecti ous di seases.

which treatnments and t 0 es_ i LM ly exist. Treatnents may include
prophyl actic treamfeﬂm%ﬁaﬂj /by atments that aneliorate synptons and
condi ti ons, includinngPwﬁébyiéP dhdes. [0057] Many ot her phenotypes such

as phySa@a! syfuRidkSritioR BV LLRYLGR et HidlihSby HERKSIP(HE %Lt Sthe ﬁm%daf?(ﬁ%lm feraits,
ethnicity, ancestry, and age nay al so be ‘exam ned. ‘Physical traits may

i ncl udeesvhb gt , hair color, eye color, body, or traits such as stani na,
endurance, and agility. Ngntql traits may include intelligence, nenory
performance, or | eapni ngspertormance. Ethnicity and ancestry may include
identification ofpgpgestors or ethnicity, or where an individual's
ancestors originated from" The age may be a determ nation of an

i ndi vi dualq$hefeRR], @08 wdlqudibg RO rdlithisch an individual "s genetics places
themin relation to the general popul ation. For exanple, an individual's
real age is 38 years_of (agep) hbWevel, their genetics may determnine their
menory capacity orf ‘ph i&ah,mgyquggng may be of the average 28 year ol d.
Anot her age trait may be a projected longevity for an individual. [0058]
O her phenotypes may al so i nclude non-nedi cal conditions, such as "fun"

phenot ypes. These phenotcﬁgsypgi4qulude conmparisons to well known
i ndi vi dual s, sucko@’s:fﬂ'gré—gﬁi_m—’gmft—aries, politicians, celebrities,
inventors, athletes, nusitPams(capthsts, business people, and infanous

i ndi vi S, C S convi cts her "funy phenotypes may. i.ncl ude
compar TURHS NE R RR «COMMLA Sno Bl 1L ROERQLX PRI n! Bt iR ang v
non- hurnvia i Zeenegnd Por/AHs 2001 &0 148 ( $9aD\wihéhh &8 inommgratedbyi refeiarce gtis entiwy- dee how
their gemamiGhdheidh&ye R, @ockabddiahts Oke h@bdkid@aton 80 GlclcQreqictoyan hor Mer
presidentlLOOSgg The re. ed to st or.ed genom i
gener att®E ¥h ERG

es | ] h c.profile to
ety b B bbb b PR R RebE Shea
sour ceghe rgutive ridrmasdppesedio gerrotrigeaghobhe feetveealy ifdgrendettye basi s of rul es or
tests, to apply to an individual's gen gic profile. The rul es may enconpass
the information on test SNP and alleleS, and the effect



estimates, such as OR or odds-ratio (95% confidence interval) or nean. The
effects estimate may be a genotypic risk, such as the risk for honozygotes
(honoz orwBR)10/302R het er ozygotes (heteroz or RN), and mommisssoolhssmeygot es
(honmoz or NN). The effect estimate can also be carrier risk, which is RR or
RN vs NN. The effect estimte may be based on the allele, such as an
allelic risk, an exanple being Rvs. N There nay also be 2, 3, 4, or nore
| oci genotypic effect estinmates (e.g. RRRR, RRNN, etc for the 9 possible
genoty R6d9&O Iﬁaﬁaﬁ% §y89§ 1 Eag Fbe %WEM aé Q6 H%dﬁfl(f %ﬁettloﬁs\;/lltmgs)t f0u1[ ;g&%gz] sollttfb%s

estimated risk for condi tion may be based on Ps as |isted |n us
Publ i c&TEH dRet @é@eee EBESST AR © PET PR CRET Blﬁ Stﬂral?g AR} 2 &0 8/PO B S!S 1l n
sone enbodi I lntsc,”L Z%Zrisk for a condition may be based on at |east one
SNP. F&# exanpl € “asSessment of an individual's risk for Al zheimers (AD),
coloreq%@h GANGRLH{ ORC), osteoarthritis (QA) or exfoliation glaucoma (XFG),
may be based on 1 SNP (for exanpl e, rs4420638 for AD, rs6983267 for CRC,
rs491 1178 for R24H ot XEGpkora/gt her conditions, such as
obesity (BM OB) O%ér \?es di seg)g %%D E@p) ercm%(:;hrorrat osis (HEM, an
individual's estinated risk ma b based on; | east 1 or 2 SNPs (for
exanpl e, r59939663?13?&2#8{%(f”é@z}élip)%')l’“ G B eg) DRBI *0301 DQAl *0501 and/ or

rs3087 (%30] lmdln %he ao? tloooéhGege eaua {)nos 1s equl}/a%eng' %nc{mg ]R?lrﬁmz}ﬁnll’lrrﬁ:(:) 1;|Ele fi\gcrtllgl tions such

as, but 0, nyoc arction ( &'Stlerosis
(NB), Pepy ﬁuﬁgﬁa 21, 2 or 3 SNPs nmay be used to assess an
i ndi vi PSR f 1t?]e condi ti on (for exanple, rsl866389, rsl 333049,

and/or1m§5922269 for M ; rs6897932, rsl 2722489, and/or DRB1*1501 for M5,
rs6859018, rsII2Q?026, and/ or HLAC*0602 for PS). For estimating an

i ndi vi dual 's ri sk¥efor@shl)ess.-begS sy, ﬂmnewﬁ Syee@+aebpac di sease (Cel D),
1, 2, 3, or 4 SNﬂél(f 7 é 5y2 g§723 478 %SIC26732 and/ or

r$9296249 for RLSizr 7 2187668, and/or DQA 1*03 0 1
DQBI 0302 for CelD) 3&% 9:3 gxsu 1(Ilz+%§nceﬂ(§h>é§1 orJZU e oASLE), 1, 2, 3, 4,

or 5 SNPs may be used to estimate an individual's risk for PC or SLE (for

eXanDl G013 4242300,r 9983207 £l SOOI SLITATIHL  A0dL0L, 34430796 T or

rsi 1711 Ors2 1, "and/ or
SLE) ag&%e&gmgggh@gnagmbﬂguahgual s lifetine risk of nacular degenerati on
(AMD) or rheumatoid arthritis (RA), 1, 2, 3, 4, 5, or 6 SNPs, may be used
(for exanggﬂgérslo737éﬁm rsl 0490924, J’r$541862 rs2230199, rsI061170

and/ or 78 39 f rS667967 ﬁ 1203@ r s645FBYY. DRB*0101
DRBI * 0401, and%emkfggﬂé@%%4 §|[E£8?H£ @stirht i ng an i ndi vi dual °

lifetime risk of breast cancer (BO, 1, 5 3, 4, 5 6 or 7 SNPs nay be used
(for exanple, rs38036624g r 2981582, rs4700485 rs3817198 rsl 7468277,
rs6721996, and/ of'i r 380366 Zf}lFor estimating 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 SNP TRy (ysg,)(for exanpl e, r52066845, r55743293,

rsl 0883365, rsl 7284687, 5110210302, rs9858542, rsl 1805303, rsl 00d 13,

rsl 7221417, rs2542151, and/or rsl 0761659 f or CD; rsl 3266634, rs4506565,

rsl 0012946, 1hSiffRBRA% repestd Bl %6)6%01%%2 288738 eralcs BB QLIE.in s bupdiitd &6,
rs4402960, rs5215, and/or rsl 5'1282 for T2D). In some enbodi ments, the SNPs
used asmmqbasmﬁehmmwdeﬁeamhnmngwmws&mmammheﬁhﬂfkmmkaggodtaeﬂ0R4|br|un1mnth
the SNPs as nentioned above, or other SNPs, such as in US Publication No.
2008013188R,and PCT Publication No. W) 2008/06755 1. [0061] The phenotype
profile of an |nd|V|duaI.na. conprlse a nunber of phenotypes. In
particul ar, Hopusings eldk S agk Dgtidion.ent ' s rij sk of di sease or ot her

condi t ij@es) smghma@uhm&akwmdﬁugmme&pﬁnﬁemaaeﬁﬂﬂma@eam&ﬁbakmaﬂyme&ﬁsﬁagy
gpgggz)s%&f e()én 5 sl? é%iatses (% he éelt}laglgeg r?sggg %Isn% :s%):recf qn 0rg ?0 mciasure tLe e\ﬁs(it 0 t£ d;ﬁ’l n(l)lgntcl G a(l’)l:j
condi t mmdenwmetlm fon thy re@ym;tSbWates, the rqh’ﬂeelysmﬁp@ raraftt p%vabﬁs oh differpitt eq}f}atatles and

i ndi vi Quglest auaméqu%ags &ﬁibﬁtb(ﬁ(ﬁ@eﬂflwgﬁ EndOHe rmrse)f léss eaaeﬁ&l@ ﬁ@lotté&a prevalence
predlsp05| oVvi ner

n t hese. et or
gbqubditit S MR D S R TR e P S T SR e
wi t houtploaaes pfupcioncighorgklalivdtiicqrenads. hestd wign pr A grogpesd IleORg ksbdserdr
condition. For exanple, the nmethods disclosed hereln allow for assessnent
of an iAyeh,v0.diral casbesorgpieg tirdsily franytht auainys. dfiditigrellys evenaimbedndistihonte tiskst ed
in US Publlcatlon No. 20080131887 and PCT Publication No. W)Y 2008/ 067551,
based on the individual's genomc profF} . Furthernore, the nethods all ow




assessnents of an individual's estimated lifetinme risk or relative risk for
one or nore phenotype or condition. [0062] The assessnent provides

i nf or mat iwo 2hovo3@920r nore of these conditions, and can iPotiusd@ase7eeast 3,
4, 5, 10, 15, 18, 20, 25, 30, 35, 40, 45, 50, 100 or even nore of these
conditions. A single rule for a phenotype may be applied for nonogenic
phenotypes. More than one rule may al so be applied for a single phenotype,
such as a nultigenic phenotype or a nDnogenic phenot ype wherein nultiple
geneti ik Ri r t he
phenot vt BBk Mk Y sa%ﬁéér%%@%a???ﬁ R o e ROR P ERBRL N Bly P0G 1 1S

genom c pro an.indivi dual ' enot ype r i ons _can be
made. ( Si-Vifenais PGy pirGabh U ions bk adih tgj%{a'l% TobaPrant s,
such as SNPs, when such additional genetic variants b€ orﬁe known. For

exanpl ehe wqeﬂa&l@s toAyicdd empet isorceWhaaitsk-oiticartleycy if 16w, xexﬁmgla@groadlam yehawe ek | v,

or nonthly by one or nore people of ordinary skill in thé field of
genetics, who scan scientific litemgture fdéR,new genotype correl ations. The
new gem@tfw‘eond@r freth@lionio wienrrady l aZlIh;sdlaincetds thay fog higlondiriatidlee  of
one or nore experts in the fi e iOOBﬁﬂ he n?ew rul e may enconpass a

genot y peqRhcidd) h&eeécva@@mwsfoh@ygm@ﬁn&mlm B S afr sl SHRRAPIRiiveRisI ENALY, PG NOt
correlated with any phenota?{ pe is discovered to correlate with a new or
U

exi sti MY Pheidt §rgeenovall A gigy dtce anasf a108 & sphstipiss Rhe ppd paaleass ZhdtiEen a
phenot ype for. whi.ch not reviously been correlated to. New

rul es ﬁ‘%ﬁ}lnlﬁirglﬁ)“"BESk&gflebre??fefﬁeﬁ%gﬁrrIE trfg‘isg/pes and phenotypes that have

exi sting ruICe§ulal e)&'adml e, a rul e based on the correlation between
genotype A xi sts. New research reveal s genotype B

corr el d00d€l W otk epbraiimeshty he GAL is eptrdland ppawng gicgrdapseidhaprapreshitsthegleraet mpildnn. s
made. Af'ﬂf%&éﬂ&énc@s%ﬂﬁ%ﬂb@oﬂe%fﬁ@ﬁ‘dﬁ@l&%ﬁ@inEﬁellﬁpl\&ﬂd S& AR (glotty cQﬁseaSSOCI ated with
genoty be made

ne u
genotyRged: iellchlum.a feerile may, e, mmde.  L0QG0) il L
publ i shkdciladifentlicfolds ritiohenstbameatiorgysiere X amp H@gribed betrry The, thepdtitliedivgenotype C

I's corr %h%?vﬁiuwlﬁtﬁe rgf!gl%ﬁ'cgtsé{ R‘%al%late%rk%&% th@ﬁf@dulct%%é RR{ERALS 8RB0 PE D i's
correlated w th g%ti)/’ D.” Phenoty D are related synptons, for

exanpl énuﬁﬁlé%wﬁ%e ey aprumesiyy diHeed g%?S hb‘feé‘étnﬁepe%ﬂﬁla e%%%lfeﬁﬁeasw cgnditifgy| |
l ung ¢ a»ptah‘ﬂ rhoflel céh e @K ter@bdb | ba@tﬁ et Wﬁ&ﬁnt@&lﬁﬁﬁs yxya em@na ek (Fmeﬂ@tlgqeedum with
g?g?f )S/PI (I:tlg}léN{lve scdtr)e 0% %s tl}/e ractloP otrr%¥nd%V1dua S 1n(%he re erence &P } és%(z)a‘rt gfld ng Ih{;/(l)r djgtalrcg 1€NI th
genot ypeés OOhem@iVlﬁ)lalsaln@e pleEnets ybefs a @ubznldsa@e S@re sblyllef thrﬂt sh@@ ﬁmé@@apqzchof & new

rule lrreq%elvadaemvlo@le bQ@f‘ efhebeﬂcaﬁ g@geqer?aedtt@ @cc&%%%l\di @@qmeac%e&?samle %dasl rht@@-ﬁlgd f
correl atl on n ano er odl nen re nomcC rori a _Nnu er o
i ndi vi dUdS %fﬁknéfwg F?é%?F ?‘??gre% EIPRPLY Eﬂ’ FP%F%@“#&@S%%H R g wdheliggrature in

det er nmispree @segenot ype common to the indivi dual s, and a correlation my be

determ Gh%i Aéd&%eé H;Jré?n Eﬁ@}ﬁufﬁﬁhcg@v@ ﬁ{oéetl gaq bpﬁ’s%@g iPfe é@[‘ soor& Q(K\xl;e@ér aJTHCPIHOdC{S 91@55 6]
Rul es nmay al so be nade to nod IébéleXI sting rules. For exanple, correlations
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i ndi vi duad] dhardioterlbdt der id @ilitas medel e €K of an ANCIEST ®ih 2 GaOGE @qhyg,g gender,
age, famly history, or any other known phenotypes of the individual. Rules
based on these known indi~idual characteristics may be nade and

i ncor pareained tdhee6(gp- é@rsﬁ?\gﬂg rule, to provide a nodified rule. Thechoice
of nodified rule to be applied will be dependent on the specific individual

fact or [@ho0@Gehel-Ni Abdle 1I7OT UBXAKPLBeral@ed ddbiBvdBYc1DCis PR&EEI @A R8s a function £
probability an individual who has phenotype Eis 35% when t he i ndi vi dual

has gen wever. i f.an individu | ar ethnicity, the
pr obabi ]Ilél)ﬁp%he nsgjon,&idhvedv%/alrwﬁt agenOtyp'c"\b( 1"" ger a?e@glbé@gd g his result and
applied to individuals with that part| cul ar et hni ci ty Al ternatively, the
exi st i nY1PIre it oddied&pertihdiis swrcofes 85%driy dvslitagpl {@dser aneesvhtrraniot her

rul e baseg o (ﬁiob)w Inlch ¥ néGih 1&&§5rat@h§maqyre@ TIR FRPRE eféssenmey arg%eﬁ‘aﬁzeaa&ﬁg'e on
known i ndi VI dgggteg aracteri sti

eter enti
e or attire B PR Bl e S S T LY gF S e M U ey
rul es nwys Wercaddddivand iafijibuliddestinatgdnomdirco @finf thd festiomSantitiemeéyy fnliese, ar e
devel opedloq@r they may be applied periodically, such as at |east once a
year. [0067] Information of an individual's risk of disease can al so be
expanded as technol ogy advances al |l ow fzgr finer



resol ution SNP genomc profiles. As indicated above, an initial SNP genomc
profile readily can be generated using mcroarray technology for scanning
of 500, 00803biF30BVven t he nature of hapl otype bl ocks, trhirasseenioss72@l | ows
for a representative profile of all SNPs in an individual's genone.
Nonet hel ess, there are approximately 10 mllion SNPs estimated to occur
commonly in the human genone (the International HapMap Project;

wwwv. hapmap. org). As technol ogi cal advances all ow for practical,
cost-efficient resol utjon 9f,cSNPs at a finer Ievel of detail, such as

m croarrays of 1,000 qu”<;ﬂ§90 000, 2,000,000, 3,000,000, or nore SNPs, or
whol e genom ¢ sequenci;pyoMBe detail ed SNP genonic profiles can be
generated. Likew se, [6osdoelfopci ent anal ysis of finer SNP genomic profiles
and updates to the st el odat abase of SNP-di sease correlations wll be
enabl ed by advances in conputatlonal analytical met hodol ogy. [0068] In sone
enbodi d hani t ered f om i ndi vi dual s,
and t ndB Pl %uant“ﬁ?%ﬁ%@ﬁ TS DR B BER P G R PRV PR 5Ny
exanpl e, an indivi dual nay have an initial phenotype profile generated
based onlivgareniSSPi o thetciewnce piivétiom iThe @hctiphEnibendoenep psafri-ce)/ kys net tht iéavard
includes risk factors for diffefent. phenotypes as well as suggested

treatﬁ&ﬂhﬁm@&mQQﬁMﬁpﬁﬁyy&ﬁm&ﬁ@%ﬁﬂ@%ﬁ reported in a personal action plan.
The profile nay i ncl ude i1 nformatji on“on avail abl e nedi cation for a certain
C o 2R s YIRS B0 S RS R B IR T
physi ci an or genetlc counsel or; to discuss their phenotype proflle The

i ndi vi dupkcedpyjhe deed /e 0P 1,aRE@Re) CEELa)p, & bafrewenss ofrdyidals witlppomengpsiiek- t ake
speci fic nedi cations, ¢€Hange their diet, and other possible actions
suggest,gd..on their personal action plan The individual nay then

subseq s m t i les to e|r phyS|ca
cona ¢ 104 M Pu® B T8 RO e e SRR oGRS et Bt By have
t he chamg@ghdéﬁ@mhwwedkbyﬂmwm@@ﬂkymgwbﬁwﬁﬁﬁﬁgequWm@uﬁ%mﬂmQMphegf@m t he
facility (or associated facility, such as. a facility contracted by the
entity @@mEMammnnghﬂggeQ%nl@Cﬁﬁ ﬁ?mwmdgp@enotype profiles) that
generates the genomic profiles and enotype profiles. Alternatively, the

i ndi vi daP8 Aneypasen batwedn ted sqaepd dygﬂebﬁd imigenalnil sGOlb@real Auatitres desdibedidual  may
subm t ghgiido.saliva, blood, or other biological sanple into a detection
device at their_h ] d party, and the data transmtted
to be i ncor &g Nedgl o gnarpirary Bumberoft¥apanls ot i | e.  For exanpl e, an
|nd|V|dmamﬂﬁhymthenhsﬁemm¢®ﬂ&mmwnmSMaheph@momvwemﬂeﬁaﬂmmbaeaucomrthe|r
genet'@nﬁ%&ﬂm&ﬁﬁﬁﬁ&&&QhRR@&&QQ&MMQM%km@%%hﬂgqﬁgmk@%&ﬁééﬁ@r%?Qﬁ%&ﬂ@\Mkﬁg of
nyocardi al _infarction (M). Th ort may al so have suggestions on

pr event™ - aiogalior sk frehieay upBenof %akla%srmwbe foungip thg BOPER N E9rs¥agple:

| ower i RGetinlifgSaclittbemRange Gemetichaters i@ ciatadiviti dusaditicipyer€honsotsbleGominact a
genetlQh%QQQé?k%%ﬁﬁﬁaﬁpxﬁﬁﬁhggﬂﬁ di scuss the report and the preventative

measures an feir diet. After a peri od of being on the
new di d¥010% He sengiiispitguritial feeryols ey W@ﬁ%ﬂmﬂﬁhﬁmlareﬁhy@ﬁwea%ﬂm aavie t Wl r

chol esterol | evel measured. The neM/|nfornat|on1%cholesterol | evel ) maybe
t r ans mXCQERFIe fd-- é%ar?ﬁ?%fedQ@déraflPﬁé)f FREertd) 189 povBAe g itk ve et he - denoni ¢

i nformation. d the formati on used to gene ew phenot ype
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|nfarct|on n /or othe [ 0070] The individual may al so use a
"field-d 1?24 ?8@69 meehgn sm to determine their
|nd|V|duaIP6@bppnse to gnéhnjlm ﬁﬁﬂaoations For exanpl e, an individual may
have their response to a drug neasured, and the information may be used to
determine nore effektive treatnments. Measurable information i ncl ude, but
are not linited 50,284 bolite |evels, gl ucose levels, ion levels (for
exanpl e, cal cium é@dlunl pot assi um |ron) vitam ns, blood cell counts,
body mass i ndedtefBMd)that protein | evel s, transcri pt Ievels, heart rate, etc.,
can be determ ned by nethods readily available and can be factored into an
algorithmto conbine with initial genomic profiles to determne a nodified
overall risk estimte score. The risk estimate score may be a GCl score.
Genetic Composite Index (GCl) [0071] In sone enbodi nents, information about
the association of nultiple genetic naggers or variants with one




or nore diseases or conditions is conbined and anal yzed to produce a
Genetic Conposite Index (GCl) score. For exanple, the GCl score nmay

i ncor por ave 201m@30929nor e odds ratios or relative risks fromush@opsezence or
absence of different genetic variants for a phenotype. The GCl score nay
incorporate at least 2, 3, 4, 5 6, 7, 8, 9, or 10 odds ratios or relative
risks fromvarious genetic variants. [0072] This score incorporates known
risk factors, as well as other information and assunptions such as the
allele frequencres and the preval ence of a disease. The GCl can be used to
qualitatively estrnatezyh, associ ation of a disease or a condition with the
conmbi ned effect of a se510€ genetic markers. The GCl score can be used to

provi de people nétRtajned i-n genetics with a reliable (i.e., robust),
under st andabl e, and/orzymt tive sense of what their individual risk of a
di sease is conpared ted rél evant popul ati on based on current scientific

research. [0073] The GCI score nay be used to generate GCI Plus scores. The
met hods di sdbosedit erdisnCeheoppasses s wgtivke GCl score, and one of
ordinary skill in the art will readily recognize the use of GCl Plus scores
or variations thereof.orpin place of GCl scores as described herein. The GC
Pl us score may canaLn_aLl the GCI assunptions, including risk (such as
lifetime rlsk) agex Caefimed preval ence, and/or age-defined incidence of the
condi tion lifetime risk for the individual may then be calculated as a
GCl Plus sc&?i "%hi ch is proportional to the individual's GO score divided
by the average GCl gcorex Thﬁgaverage GCl score may be determned froma
group of |nd|V|du31§f®F=E| ,ancestral background, for exanple a group
of Caucasi ans, Asianas, Eas 7150 Ians, or other group with a comopn ancestral
backgr ound. g}oups may conprise of at least 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, or 60 individuals. In sonme enbodi nents, the average may be
determined fromat teaSt/;75, 80, 95, or 100 i ndi vi dual s. The GOl Pl us score
may be deternlned—6§2q55§7' ning the GCI score for an individual, dividing
the GCl score by tH® average relative risk and nmultiplying by the lifetine
ri sk fqeo16s) cand: rscaﬂeqaanoahame{eweebleﬁgr TRX&IRIR can Bkitg medt dattctdhOalutibas

(F;lc'l:fjl IP|C e[slsegt?all}/ %(99§ Qt'el'ren]f so utlonsg dSta[ g;g%(ﬁo %nzlatc % too‘l)s r%lcm%jgr\%tz c%gcg/ Q 6 g?r%d to%:l OI’

or an
to gena&&h&mum&&mmagrqupn genetic risks, such as estimated Irfetrne rrsk,
for one or nore conditidhs in the phenotype profile of an individual. The
et hod400a09] ewosal scurinatrinmyoddtritratedfidaidnet fiskgactarsik slsoprovidell brdin eV irilegikreftor

one or ORI, RRIEHAY XRAS c@ﬁer&lpegbest O RSutts TP GulilySKrndi Q. @he?éf&%@qﬁﬁﬁgén%h Qisiray
be based on one or npre P. For exanple, an estinmated risk for a phenotype
or coné?%or%hgeﬁféi}lyr%tdﬁ&%@atoarreaiodqlé%t 2, 3, 4, 5 6, 7, 8 9, 10, 11, or 12
SNPs, mhereﬂﬁmﬁﬁ@gﬁm&ﬁemecaﬁﬁMnmﬁSuﬂg a risk may be publlshed SNPs, test
SNPs, C i

cond ¢ 1oAYt il 36 R0 AR B ABDRLEL ARy Ry BB kS RARE By
prof i | élsp éipcloses bersii {j caizst to PRyéouEDprogtiesy Bemeteeyl tdhes e W@@FT@P@W glckJregncichat

t hey arie pfeﬁﬂﬁicé()ft@@(é&&s aﬂalﬂe daﬂen(&ﬂc)les[@&bv% ﬂefrelatnwmkiat@eﬂefeaxtaeelésr sk profiles.
Ri sk pro@rl r ok en gg (% q oad di sease cd Ses.. g as..cancer,
heart di'sease;” net “’af TSBESE Ger M YSYERTEE PFEVE 28 G & BORESERSe, or
age on-set dﬁﬂe¢eers Broad drsease classes may be further br oken down into

subcat g@Qi1) 8She a@erwre;@@rzwcec B1OP is Rsi0d BALsoBh@BSvith Haa@D, R 26BN E&bie the risk and

subcate orie ancer rCco ona
S oy b RSB BB P A B RS b SRT  B RGNS
testesﬂRWBQEQaWeHMbumemubymph%modeﬁwrpbﬂbbeaemme@mpha@mswmeﬁOnknhnnﬂrver,
br ai n, ailéftﬂgspeclﬁk/éil}n E}%{Sf N aﬁ%@v )11‘6 uJ: y{otdprﬁ)[e tﬂehf‘cqrfeh&& Opt[’.lé)lifﬂlenl: Otﬁﬁym%e%ggu%o

i nformatj on on how t scores_are predicted to change as the individual
ages OFBW%PrﬁﬂngP§kaﬁ@?@f§“ﬁheb%ﬁ?ﬁ%ted For exanple, the GO scores for
particul ar diseases nRYDtRRE into account the effect of changes in diet or
preventative nea _f_E:__(snDklng cessation, drug intake, double radical
mast ect om es, hysterec 0 % and the |ike). [0075] A GCl score can be
generated for an jndi LHUAY) whi ch provi des themw th easily conprehended

i nformation aboutJWhePUhdwmﬁdual s risk of acquiring or susceptibility to
at | east one disease or condition. One or nore GCl scores can be generated
for a single disease or condition, or nunmerous diseases or conditions. The
one or nore GCl score can be accessiblg by an on-line portal.
Alternatively, the one or nore GCl sco ts may be provided



in paper form wth subsequent updates al so provided in paper form The
paper formcan be mailed to an individual or their health care manager or
provi ded wo 2psvs029 [ 0076] A nethod for generating a rolpastusaob/oscoes e for

t he conbined effect of different loci can be based on a reported individual
risk for each | ocus studied. For exanple, a disease or condition of
interest is identified and then infornmational sources, including but not
limted to dat abases, patent publications and scientific literature, are

queri erOflfH] hll anger d’(gﬁt}dl Qﬁhyotﬂe \tahll@s IQI%I%B? IP@%R|~@5' 0391be Eslﬂﬁatgd P& %%re@ien&%ﬁﬂf{ Eﬂn&@ with

one or nore genetic |ocr. i nformati onal sources are curated and

assess &t st e the erarplegs wlae BﬁRNéP) JRNEB BN G RERY @)t hethaSsBesnd N 8¢ ocess
i nvol ves\ dibhg thptases stdamscontlols. Of @F toefiaaditreditse tidkBayaflor arbd w&aad ggour ces are
assessed for multipl epﬁgﬁlb)tg criteria. The information derived from

i nformational soukg to identify the odds ratio or relative risk
for one or nmore genetf@VNol)/kor each di sease or condition of interest.
[0077] In an alternatp(/@m)vpf)dl ment, the odds ratio (OR) or relative risk
(RR) for at Ieast%@neggﬁw oci is not available or not accessible from
i nformati onal sources. is then calculated using (1) reported OR of
mul t i pl[mmj] ITahes thefre®aelesm ebd6PS are(k2gwnddde @dnaisd th@€ b neilfsthd kame datsaTizet s,
Z\L/Iglhl g e%ueré%ea Olpt ég?o yaf)tesain et u @/anrnot %3&1&3?8%‘8 e/th%(gei%glc%ntr Stg? Sgl? 1:|l’10(§:se fe[ gn;
to der idgnsndRR ﬂ@fpreaﬁlﬁncaq)ﬂd@i?@sm@#e pPnteEeme &t partiowarof e prristecvEhe dlﬁeh?é 1869?&) bfn:
multiple alleles f_sp(r;ggl 9) PERR L tegdppeparately or independently.
In a preferred e i ﬂ&g%'mﬁg )C]?%gfgé] )@ei(g)ﬁl | el es of sane |ocus are
conbined to acco E‘é)e‘f(é?é (&Y I Jhe ORs of the different
alleles. In sone gg&oﬂ(mlnD)sp(@%&k(WAmheld)(mpaaﬁe model s (i ncI udi ng, but not
limted to nodel s ative, additive, var d- nodi f | ed,

doni nant & fEet ?(Dé}sém%]seéﬁlig{“ 6hegﬁ§%?%¥ 8% PEPIIIET H B RPeX SR ﬂfeﬁ%?ﬂue}“é“ﬁ fesent s
t he ri gt sofotyaes in theleonird peulag@cion dismgultl mttodn@ anoiche estain@sein th§ ROABHce A hight hod
that caf,Be: HSeduaNalyges ot &iPheniRABlSol e dn dinase Qb fondiidamal
interest and correlates the results ob alned fromthese ditferent nodels

thi s moARTFELt@shossi bl e errors that may be introduced by choice of a
partic utb(JaIS] disensat smithe Ho nol ke 5 raffdnbraEtaset 1 ledtinz @ she trddivé mk ) ad@srtyethOddds-aasionabl e
errors mwdh@mxﬁ&+§§&g§mg%n@5gvalence allele frequencies and ORs obt ai ned
frominformational sources on the calculation of the relative risk. Wthout
being limted by theqr J(RBeLHULEY bfDt he "linearity” or nonotonic nature of
the effect of a preValpuuﬁwggpuwapaDpn theRR, there is little or no effect
of incorrectly estlnatk,ghﬁ Paﬁﬁ ab nce on the final rank score; provided
that the same nodeR,,i=s —%%ﬁ?ﬁﬁd—egls+§ ently to all individuals for which a
report is generated. | DYRERMEt Rdds descri bed herein can also take into

account (003 1% 'Tﬁl@gua?ﬂ{uﬁla{e b%h:@lw a@&aﬁ‘!a% %@ngtﬁ@&k Esug@tna n&d td@g@ ah 'eﬁﬂl@t‘e of tilé)eﬁ'lkle “ln
a related nmet hod, such ta ma e obt ai ned fron1|nfornat|onal sour ces,

such adRsRicE g hehoPLgion i arer o CFlF‘tlaé"rtB‘i W baigt ypaedsrepdd i the 08B at i ons

of snolicngnaon inuingraeamdérthe @ntrdls om i nsurance i ndustry health risk

asses SRRy sofk SRaflhs @ﬂeg SRHpNBLSN 8P G soggﬁeesamaafgw gghfas%e RBEQf more
conpl ex di seases. rseases may be 1 nfluenced genes,

envi r orfreiitiatle- fTé@tlﬁPescasea‘ﬁerl PRI TiHE BYgPETERE! baggd Plalieﬂés M@Vﬁoubfasep@@éql bl e

i Nt er aGiutied In MR Yask) @&dtotrad e reanad igrsatmiiandshtios ¥ idagonearp) BxngdicTRatashe A

pr ocedt%olf%w%seqlatg 0,correct for nultiple conparisons, such as the Bonferroni

correcti gn%t be’used toﬁgenerate a CGCl score. Al ternatively, the Sines's

test can be used1ﬂ8ycéﬂ€@6 ey PeRMI /vsf §aiVi cance | evel (al so known as
the "f afhi YWhi®8 is@vided by RD&N), wolk@n the tests are independent or exhibit a
speci al type of dependence (Sarkar S., Ann Stat 26:494-504 (1998)). Sines's
test rejects the.gﬂﬂﬁBL_ hygptmesgﬁ that all K test-specific nul

hypot heses are trn@DiNN)akﬁk or “any in1,..., K. (Sinmes, R J.

Bi ometri ka 73:751-754 (1986)). [0080] CIher embodi ments that can be used in
t he context of multiple-gene and nultlple envi ronment al -factor anal ysis
controll Fﬁ%mF§F§@h8W%%%9%W9w?§W@ felloxtnei™ay: t he expected proportion of
rejected null hypotheses that are falsely rejected. This approach can be
particularly useful when a portion of the null hypotheses can be assuned
false, as in mcroarray studies. Devlin et al. (Genet. Epidem ol. 25:36-47
(2003)) proposed a variant of the Benjg ini and Hochberg {J. R Stat. Soc.
Ser. B 57:289-300 (1995)) step-up procédure that controls the

fal se-di scovery rate when




testing a | arge nunber of possible gene x gene interactions in nultilocus
associ ation studies. The Benjam ni and Hochberg procedure is related to

Si mes' s twenpiwstepng k =maxk such that / ak/K, it rejecrasadd/ore7owl |
hypot heses corresponding \op (\) ,...,p (k) . In fact, the Benjam ni and
Hochberg procedure reduces to Sinmes's test when all null hypotheses are
true {Benjam ni and Yekutieli, Ann. Stat. 29:1165-1188 (2001)). [0081] Also
provi ded herein is a ranking of an individual where an individual is

ranked in conparison opul |ndmyldu&5s based on their
i nternedi ate scor@r ﬁﬂiﬁﬁhiiﬁi&lﬁ&h < ch may be represented
as rank in the popu at(BHAm@@cﬁT@éR@%e 9£%mpep@§ﬁﬁlle or 99th, 98th, 97th,

o6th, 95th, 94th, 93rd, 92nd, .9 Lst., Q0Llm 89th, 88th, 87th, 86th, 85th,
84ath. 83rd 82nd. 8 1@@Wr%??nh 76th, 75th, 74th, 73rd,
72nd. 7 1st , 70th, 69t Wagst Ho kot v &P 50t h. 45th, 40th, 40th, 35th,

30t h, ZﬁbhmMQObhmMm5Mhfmm@mbﬂsﬁmbfapﬂmﬂﬂﬂubercent|Ie The rank score may be
di spl ayed as a range, such as the 100th to 95th percentile, the 95th to
85th percentile, the 85thjt9169t£ pelzgntikﬁ, or any sub-range between the
100t h and O h pererpt= Le | so be ranked in quartiles,
such as the top 75th quaﬁﬁﬂb@*ﬁwﬂmrhéwlO%éQﬁMZSth quartile. The individual

can al so be ranke %QWDQLQ§QUL@QN#UEVHP€W or nedi an score of the
Mn

popul ati on. [008 nent ,» th gpul ation to which the
i ndi vi dual is conpared to At g%bgvaf%arggﬁnghber of people fromvarious

geographi ¢ and ethnic backgﬂ@ﬂﬁ@?} such as a gl obal popul ation. .
A ter nq(smm I1ithe ddbErafRRAM Rthcfleslo@ihWbtinGi bR tePHShutkticHd ahd 1h preQRRRILEH: diQade Sre

limte r.ticul ar aphy, an ethn|C|ty, sex, age (for
exanpl nm¥ @%Fa“ﬁéﬁﬁé?””%%%?®€fgéﬁ@P&?@gﬁ?¥ “Yeenager, adult, geriatric), or
di seasd00d19 MNote(tfapihese xa tyl wadrasly pqubtena bidghus dsyimpt onatnu) of dar solugpens. However, as

ear|y- qmﬁoelodvataahe@mg@auyb&p%gmesaﬁmﬁ@dtﬂ;@muamt he popul ation to which the
|nd|V|dua is co is derived frominformtion reported in public

and/ or {74 Atoe ﬂ?ah‘l"lé?f“ frerti oIBR8 SR SS CAPHBST tPPHanetd YBRIAcR CYse h‘g‘j‘éﬁ% rat ed
usi ng alldiuidgiensytie fhe pipolbBSSs taked ntoex@P] Byrthérmbike] cait thythod fabes ng@adioupomdhd: ianhd 0
be stu Q\!v@lg}am;e r;llgks rdgde n\égch 0{h§1k\§hlfe En%%&s hrF:th&%%?g gEs@{olc ute%gch%%pregt 1vetrglg gen et ic
markers i s cal cul ate For every preval ence Vval ue 0.0

GOl scowlereafenhe HapMap CEU popul ation is cal cul at ed based on t he
prevalanﬁua@ﬂﬁ@rkhﬁwhbmwmaw&kleh&ﬂﬁﬁﬁmueaQMmmhﬂnHﬁﬁc@ﬁ%ﬂﬁﬁﬂbﬁﬁkﬁﬂ@w
gg\ég‘[jlntaq ula%?ﬁ% %OH% 1cate\élg‘llﬁ%1h}é 1I’ tevkg‘ %%‘%iedb@ hﬁgsél ]]e%-l&r!ﬁlgs ere ao S. }I%e%gn Els%igﬁerl]e into
det er miAleld fredyericics hé-brpdahn th gorglatpgifaritheds+} 1@98%@“@?%@@@@ Fomﬁlele b dle agldtive

ri sks areanti b&iseiisd &d RBtdian of the scores in the HapMap popul ation, for any
conbi nati on of no-ca b)v | ues, are obtained. For each new individual, the

i ndi vidual's scorﬁzié_sﬁﬁbared to the HapMap distribution and the resultlng
score is the indivi d@ldas) rank in this population. The resolution of the

reported score na beplmmﬁﬁpep@p“;ne a$sqmpqhqns made during the process.
The popul ation mn ﬂ%;%ﬁg}gTyﬁﬁﬂﬂ%‘ s (3-6 bins), and the
reported bin would be 'One “RICh th |nl|V|duaI s rank falls. The
nunber Tof fobdwise dyeyiohi@ld ifd: fhe pendenfear thdilikder ent di seases based on

consi derations such as. the resolution of the score for each disease. In
case of ties betwaen=-Dheprgepres of different HapMap individuals, the
average rank will be used. [0084] A higher GCI score can be interpreted as
an i ndifgg byii@fe B slibl Bas@skiohbp D agnWQQQU|r|ng or being diagnosed with a
condition or disease. Mathematical nodels are typically used to derive the
GCl score. The G Z2ddore 1 be based on a nat hemati cal nodel that accounts
for the inconpl et®Magur®d of the underlying informtion about the
popul atj on. and/ or di seases or conditions. The mathematical nodel can

i ncl ude at Teast one presunptlon as part of the basis for calculating the
GCl score, wherein the éﬁ(ﬁllncludes but is not limted to: a
presunption that the o a val ues are given; a presunption that the
preval ence of théI%OﬂﬁrtrUn—rs—knomn a presunption that the genotype
frequencies in the popQ:ﬁﬁpehp@De knomn and/ or a presunption that the
custoners are fromthe~sane ancestry background as the popul ations used for
the studies and as the HapMap; a presunption that the amal gamated risk is a
product of the different risk factors 9% t he i ndi vidual genetic markers.
The GCI nmay al so include a presunption®that the nmutli-genotypic frequence
of a genotype is the product of frequencies of the alleles of each of the
SNPs or individual genetic markers (for exanple, the different SNPs or
genetic markers are independent across the popul ation).




The Multiplicative Model [0085] The GCI score can be conputed under the
assunption that the risk attributed to the set of genetic nmarkers is the
product obothw/mdeks attributed to the individual genetiPCTrmsedense720hus,
the different genetic markers attribute independently of the other genetic
markers to the risk of the disease. Formally, there are k genetic markers
wthrisk allelesr . ,...,r, and non-risk alleles n. ,...,", . In SNP i,
the three possible genotype values are denoted as YKk Yk r r.,nr ., and n
n .. The genotype information of an in i dual can be described by a

vect or By(s@ting. € = X/, , hVoRE & 4 = Ccan—be%ﬁau 2Thu@ 6§ OF QifiRglod & L ig: nunber
of risk alleles’ikn position i. DenGRXW By t+p(D Yhe relative risk of a

het er ozygous genot ype |n p05|t|on i conpared to a honozygous non-ri sk
allele at the sar[e_g J&¥her words, | =i _L_ Under the I)

mul tiplicative nodel, fhe(a§§M%&HH6ﬁzihht the risk of an individual with a

genoty el atl.ve
Ri sk. [ 8@%%21‘ ]T'Ihls 1s’a’ g mla§ %tloa Wlth 01%6 Vargaﬁfg Cr g éae%%(l\s/ éeterrllméqf(c{ J[hF ¢ altl\(l]&:%rs]%s ea[geeﬁermgme %e tic
mar ker & hel?Oévnan@kmofél?@eetkhb apd fhusivi leknegi td hpee frpeiekt lcalhtidse Hpseensoee thq right-hand
asSes S RRALL theldQWAMEE a stlildﬂy a&fwslr@mb@ﬂhdm&n&@ {hBrY Edn\ypEIyRHE BE bridlsbi@tdn $ctth|i§i ies, the

st udy des n,| revent t e.reportin t he re t ve

case conErdh BpTiFe Sty brBeroe® el B KR & o8 1y from

the data hout further assunptions. I|Instead of reporting the relative

ri sks, ¢ € i @Ustonary to report the odds ratio (OR) of the genotype, which

are the odds of carrying the disease given the risk genotype (either rr. or
. 1) [M0823] thakseaslsf fRea0te RS Esipiang. ThefiditsBadef g vidbredt Pgamdsk(pgematey pes.

FOI‘ rral laMel tLgQéles %EldB&Hs J;ﬁ?s) 51?1!h %‘uﬁ{ﬁes &ﬁé‘%laﬁ&e@ﬂﬁ&%‘?m&’ glgusd ﬁr?&r{ie?tomsufeqﬂ:w re

addi ti ona ssunpt 1 ons. u t1on requenC| es
in an &Hed ?féheﬁ%%ﬁreéqu@fﬁné&lﬁvaleawreSﬂmaehep t&@ﬂelafawe eslk%vwhewlae‘mslﬁ’ﬁ%SédCL@%ttqéese
coul d bemesttiomatuedhriiifemmtouds kDS, ditfata selsreguteficssdé: ey hlapdaped ak asets omhi ch

i ncl ud%hese culgtloltishora rer\ygler)éva?ue%ragr étfr%r%tOtt Pe preval ence of the diseasep=p(D)

is known. rece equaflons can be derived: p

=a- P{ D\t 34 dpifignaly, )“o:FéXGF‘{VED\lqs of the froRI88}. IByestliee rdletvie niks porfursfion di e righ-2diele ve
ri sk, akbRhcidind fline® M)ickden medrﬁms RRGB =n) xR)R s ORRACaddk S+ ORRWY; aam Qﬁl:n%@)) -be
remmltten a ere at|

n.n), ~ and t n
e |4 VEHeag o T S oot RO Bppor a3 i BB Wy GG B3Rty
-p) +bXighHAeXappORhesiingar bdhdfiortahd ARN prdacles p 6@8S} uNdbe withatounderca\lerfmon- r i sk

al I el e W8 aH8RCYcIk §eqLéncy EaMalirQRa S¥ShEMLhd Sonk bfvt@é femlont Bdhandhangnagnd Yu
formul g i n Zhan {JAMA, 280:1690- 1691 é%998) whi ch i s incorporated

by ref évérBEs aﬁlglf’ fr%quﬁﬁ}( |Wrr‘§’€§/s“ml"‘tﬁs Y GPrRdEmeg ! @alkﬁa%fe%}?awﬁﬂnsaﬁlm #5 some

enbodi enic. t ake |nto consideration the allele frequency in the popul ati on,

whi ch W%efddgesanz i3t Y ey In %ﬁ&lolfg]%l{eﬂﬁ&e th§egﬁve%gpfg%émsﬁs b @Gn i NLO

account t I nter p ence o erelfative ris osed to conputing
each ofntih spEipigrtaye mqa%lr@sof itk Epetidetie Ieiﬁﬂ‘[eoelge]moeéﬁf’awlés ﬁa@%@é érfiercopian obe
rewr it tees césrolswaicid agheat ind wagtladnonSsociidnRtuadits. mMasiklafi@uikk @O sSIRIbe esEifhttd | ONS.
A through prospective studies, in which a set of healthy individuals is studied over a long period of time. In contrast,

odds ratios are normally reported in case-control studies. The odds-ratio is the ratio between the odds of carrying

the risk allele in the cases vs. the controls. For rare diseases, the odds ratio is a good approximation of relative risk;

however, for common diseases, the odds ratio could result in a misleading estimate of risk, where the odds ratios

may be quite high even when the increase in risk is minor.

[00126] Relative Lifetime Risk vs. Relative Risk. Relative risk implicitly assumes that none of the controls currently

has the disease. This is relevant when the probability of having the disease is estimated. However, if interest is in

the risk estimation across the span of a lifetime, or the lifetime risk of an individual to develop the condition, the fact

that the some of the controls will eventually develop the disease is taken into account. The relative lifetime risk is

defined as the ratio between the risk of developing the condition through the life of an individual carrying the risk

allele r and the risk of developing the condition through the life of an individual carrying the non-risk allele. This is

different than the standard use of relative risk in case-control studies, which is based on prevalence information.
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gradi ent descent algorithmcan be used to solve these equations, where the
starting point is set to be the odds ratio, [0091] For exanple: 1 1A2 ) =
OR] (a+( b-wol2b1o0362b2 | )-11 i i(a-p)+b Il i +cl2 | ) / 2CElus2008/056720 ( +

| 1+(c- )12 )-12 -((a-~)+ I 1+cl 2 ) [0092] Finding the solution of these
equations is equivalent to finding the m ni mrum of the function g(l11,12 )=/
(11,12 )24/ 2 (11,12 )2 . Thus, - - =2/ 1(11,12) - -(12 - 2 )+2/2 (I1,]
)(2 11+ 2 +"-0 1 - +C ) =2/ 2 (11,12 )-c-(11-01)+2/ 1(11,12 )(2cl2+ |1
-0 2 C' 398] I%ﬁ)lotc[d%?%‘?%]l leHlQ'p%SS%?&@(Hpél@}es Q/Xerégtlstther}gn Xisk a%e Aylele %uencl%@t the

val ues | % t ol erance constant through orithm In

i teratildnizi qpﬁeﬂa@@lIrﬁOht{ﬁek*dmwble allqlfs pre §Sé%meﬁh5urihfréﬁsawddﬁ@ataw ¢ iphadielsd

until génbe dw}dec) rﬁfo@ﬂr&fg&ﬂﬁsﬁCA Where dodefaneads wiiety 400 Zh& chitrotshas é‘;ip&ﬁd ioed

code. hj e for

di ff er él%l?f?cg 181} %%r% EO 1§as,g.gn%5r91at 118%{&%? %0%9@5 %all?%eélglo ?cog?o%tlonlr\&% A e?({}éécll 6

Est i mati§ thauniop 009 &1d 4, Wd%ﬁeheelmb@@ﬁM§§ It §s lgsureddfilm Y I@ﬁ%ﬂlﬁeﬁémhe@atﬂathet er s

(prevalgnggor c%loeltet FiQaNBH&E @(ﬁldltl@tp\gith(ﬁggér il ONGE n 0S4 urlh phiBed %?rtﬂe mat es of

the relative risks is neasured. In order to measure the effect o

al | el e aqrase ligtinsrishnRpsphle ¢a1e he ereda tlepde asmagnlietins. depmding yehg dee & opsst qiéb§, t he

rel ati vi@edsd, & thel@¥oBmS@hud. val ues of different odds ratios and different

allele ncji es is np nd the results of these

cal cul é@lgﬂﬁﬁ?rgla? ]ts% %f é{gsf)r%s\/ca %Oﬁvcbgre %dmes rangl ng fromO to 1.

Addi tionally, for fi xed values of the prevalence, the resulting relative

ri sks can be plotted as a functi ow(gjﬁlvtyh@l)rl sk-all el e frequencies. |In cases

when/>=0, |.. =OR and =0OR,. aﬂfd=WI1 | =0. This can be conputed

directly fromthe equati ons Addi o |3?0) i n sone enbodi nents when the

riskallele frequency is high, % g#H(8, |ClOBer, |[Co)a |inear function, and |9

gets closer to a concave functp 0N @peyn second derivative. In the
, a = R

2
+

limt, when c=I, | =OR +p(I- R~ )POR. If OR"OR 1
11 ' @Rgdds RlossmRwriktentae Iatter is close to a linear function as well.

When risk-allele frequency is Iow I.. and I9 approach the behavi or of OR 1
OR2 the function XIp In the i . This

i ndi cates that _ ﬁ |¢4¥K¢dl@@l_ept(azlcf—)pﬂééﬁ |Y)2(11 ﬁ)IPQ(GRJf\Z)&_f requenC| es,

i ncorrect estimat és Ia(faotﬁe)lf(neh&]))enft’eaovvd/aﬂ) 0B a8 irgmi(F+ e@a y2af fect the
resul ting reIatlver Fur isk-allele frequency, if a
preval ence val ue of:/ Ed(A' a)+ [l AL ke correct preval ence , then
the resulting rel ati REAlidsk sof I, Ye(lof®)Phg @) f act or of at nost.

Cal cul ating The GO gqus Q98&14 |l Pne gdjyent, the GCl is cal cul ated
by using a refer encﬁmﬁ@%evam popul ation. This
reference set my beP e ] t|09 | t he HapMap, or anther

genot y e daitasetrom [HOGB7H stind i & e odBayenty, vihie theXbird ilﬁe 1cm§¢muine1e faSthat CA
follo hd ‘Fglre es%gl%mlyq{le stcnﬂeepo ulgt 0§ l%n(!l t(ﬁgs P(C/&%% 11;(?1 ?tﬁo\(z s1¥1 gh E?(Fﬁlw ?‘E‘Fﬁ%ﬁf)r om

the odds ratio using t qguat’ion syste t he
mul ti pl'fsei&ttve score for

_P(CA|a) Ca-DP(CAla)+1-a_, Qo-DP(CA|a)+1-0
" P(CA|a,) Qa-1)P(CA|a)+1-a Qa-D)P(CA|a)+1-a

k

As  before, p(D)ZZ f;P(Dl|a;), where pD) is the average lifetime risk. Thus, using the
=0

_ D)

Z f:A;, and the odds ratios can be rewritten as:
P(CA4 |a,)

=0

equality C =

OR = 1. 2a=DPD)+(1-a)C
T Qa-)P(D)A+(1-a)C

Thus, if C is given, the relative lifetime risk can be found by assigning
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each individual in the reference set is calculated, which is the product of
the relative risks over all loci. The nultiplicative score inplicitly
assunes twetodvdsbepent SNPs have an i ndependent effect @oTiuseondios@ase or
condition, but the nodel can be extended to cases where sone interactions
are known. The GCI of an individual with a nultiplicative 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

nul tiplicative score smaller than s, thefifpal GC score of the individua
woul d be 0.5. The GCI can bg for SNP- SNP
interactions if the odds rati o@rDFPEPKLT P8 )rti&k€)are known for the
d|fferQﬂﬁnggﬂgﬁgpgmg&ﬂQ%nggype conbi nations (these can be found in the
literature I n some cases) [00981 As described herein, the multiplicative
nmodel can be used to |n t ore, hgWeve)QRot her nodel s may be used
for the purpose of dete n@ Tt 26K 1o her— gt abl e nodel s i ncl ude
but are not limted to: [0ﬂ99] The Addpggeg NﬁgZI@’Unggr the additive
nodel, the risk of an individual with a genotype (g 1,...,g L is i presuned

to be gk (M verify thaty i deflndion dr  anb th[': R4 0Q)s, General i 5@9')(61&011— bi vRreMRABL rignUnder

the generalized additive nodel, IS presuned that there'is a functlon/ i
such tWéztdStdhéaﬁ?%q%smﬂfmﬁﬂonﬂﬁ@ia@iiaeaélbemu%%ygp@%w%@fswhl ..,0,) is &C(g
|,...,gmmaﬂﬂpamwﬁmlﬁhmhﬁ@&ﬁi}n@GW“@KMH&Qﬁhﬂk@%w&&@k&dﬁh@h%ofﬁhﬂﬁw&ﬁDre was

?ggb\é)e ;j f%\%ﬁ‘ tqnan 11%1Vhdlzlal With non-r1sf< Q?pes o OSSC% as5001 ec{kﬁll PCO[n tGIEer t0 éla#ulatﬁéj[? Ylfetlme r1sk Of

erein incor ora imoTts ent
essentwahﬁyﬂaﬂd@méﬁaﬁP@@dﬁ@ﬁﬁﬁﬂVﬁéwgéwﬂeﬂ“@h@hmmgﬁﬂﬁﬁ@wﬁﬁh@mb%@%@ﬁ@i@wés on
the oddss fréhub®@y maw%@e 1hfa§ﬁeeﬁldacafss ttmm%) m loRt TR alC 1SS i caIJalls@m RY mbeertief 4l 1 n
cases ere tpg reI d% tuIt tP esti m%f nkﬁider to define
the fun&BwF LsHmy H’Fé a&“‘frtﬂﬂ ‘”&Slﬁ‘f %COH}F’%GH“S?YGF?%F Sline§isk g LROSHYC 5

1. 09<xg@m4®%g@%%mwm@ﬁzﬂ@ﬁmteb@®r@@ﬂm@@mmh@mggmﬂ@p@mgg@mdeﬁﬁam@QMﬂNaxt t he

quanti tvyrlagﬁﬁneaﬁlofthggﬁg%\mlaﬂe§un§1?chl\ﬁl ated, where p , . is the frequency of
het er oz gous z I |nd|V|duaIs in S across the reference popul ation. The

functi st Xx)/ het, and the Harvard Mdified Score
(Het) i[&0134] Mpioyne ehebdinests, as erdRemental factoris 1rﬁorp0r@t€lﬁﬂl@3ﬁ€ﬂ'shere Haewdedn Modi f i ed

Score ( oﬂl)nfntaTa!géfbcs@o gsm': dé(l (Eﬁ&l@gcmteoﬂge CI_@ctore%%Q B@com%ﬁ‘t&ﬂp hetf!‘n?ﬁgd ﬁyﬂe val ue

het is ace requency of
i ndi vi dﬁfal?“éef vﬁnt"ﬁonﬁ]é%f%?@&}i@y rqclgﬁézmn-senatvq s, S“f@@l@ﬂl}m frfﬁ]éed m%ﬁt%ﬁw@ﬂé@wrs
Rati 0. filom ckdidis hipagl@hd otliet hfbﬁylem’r@é‘rwﬁﬁdh(ﬁdaﬁﬁuc@E@eﬁénalrﬂ@tm@ﬂi@)@t\doﬂ( a@rder s (one

wth a C(r)q’l%)%lOilS IF %gagrraaller smolkltn% g%g Vegcrsy and/(fr amounf((%%rlfll(r)]ﬂngolevegs o?mco?me 1ntnkeedanrd ll<1k S)f the

entire pane
drug use (type, amount, and frequency of drug use), and alcohol intake (amount and frequency, for example) may be

environmental factors incorporated into a GCI score to generate an EGCI score. Other environmental factors may
include the type of food, amount, and frequency of intake. Other factors may include the exercise regimen of an
individual, such as intensity, type, length, and frequency of certain types of physical activity.

[00131] Yet other environmental factors may include an individual’s living environment, such as a rural area, an
urban setting, or city of a certain population density or pollution level. For example, an individual’s residence, such
as the smog levels or air quality of an individual’s work of home environment, may be taken into account. An
individual’s sleep habits, personal relationships (for example single or married, or number of close relationships,
friends, familial relationships), social status, employment (high/low stress, level of responsibility, job satisfaction,
relationship with co-workers and superiors, and the like) may also be taken into account.

[00132] Thus, the environmental factor can be, but not be limited to, an individual’s birthplace, location of
residency, lifestyle conditions; diet, exercise habits, and personal relationships. The environmental factor can also
be a physical measurement of an individual, such as body mass index, blood pressure, heart rate, glucose level,
metabolite level, ion level, weight, height, cholesterol level, vitamin level, blood cell count, protein level, and
transcript level. The EGCI can also incorporate more than one environmental factor, for example, at least 1, 2, 3, 4,

5,10, 12, 15, 20, 25, or more environmental factors.
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i ndi vidual with genotypes (g ,...,09, ) is &l(g,...,g. )=mx .= 1R

[ 00105] A conparison between the scores is described in Exanple 1 and GCl
score evawvoaniooso92s descri bed in Exanple 2. Extendi ng tRreTMsd@b/ 05672@n
Arbitrary Nunmber of Variants [00106] The nodel can be extended to the
situations where an arbitrary nunber of possible variants occur. Previous
considerations dealt with situations where there were three possible
variants (nn,nr,rr). Generally, when a nulti-SNP association is known, an
arbitr %MSCﬂ %Iﬂpgll;]lr(glt”ﬂel%ﬁ rfdcﬁ’)flltn% Hg% éggdeﬁt%y&g Of rHorE Qzﬁetg Qe[%jt&s% éogl?lbutf%g{o tl%)i'f’g'ma
when an interaction between two netic markers 1s associated wt

condi t idierse qrlaendision r B givirennpsaigiSidisir enaysgyoi ba ndependfiptioSone ergurrg fhr ppvmngmtal factors

di ffer enlon@gdfe ol RS oMAlstESor C(LHQ%Q 4] som eﬁﬁd&ﬁﬁeﬁils | e ndifdEmdnfih faaalmafy g&%yl a, it
may be assuned that there are gos& l'e variants a ,

freque dpRsgdentof one or more genetﬁéaé:gﬁsr é‘bP/ bRl cpbefimsys. g e11V1r0r3Enent'al fac@may %Be unknown
rel ati \il&ielfeh(&l(t of aﬂm esvirbnmehtal fagtors. . Thednvirdhidefta Factol miyapt feendayssdented othdt @énedd dr

Ir:)(e ::)Iat I Vﬁvn{g r%lé?al t?g(% %%{%ﬁﬁer{ %% kq%%;eé{n% aqg%wcgrg,, tlyt\;d egl\nrolrfng%%?ﬁ&(gtn%ﬁ %e u%\@gjtot hUS
P( D\ ao)ndepengopixhgn HEGET paorejiscalyalpied (ohesdiotcrbed nfrarmle Dhéysomg eniﬂlodlrnsm%&l? that (o=
. ehmoﬁmrnasm&rsncb@orm&oﬁaU@tvhdaﬂ may bR of thigdivi@lal’ { RQLOAE&) cxbhBle)a@tHo®F inl S
?& 5?.”%%'3%? SourRar Y8 gy gl Brdlt Suulor ] Mok uapae Ml erent
opti m zay b@lnrvntgomls fr@ud:dﬂr fagly greabir eht sntsscad thugthnexbesuy sesdokaondyibaeh t he cl osest

sol uti Qﬂvht)ﬁ)rpegtal:fact(;r nxco OILtQpiAQ%lnd&ldﬁQQ'E@tI.SCO!’i ng franewor k f or the
quanti f ri 315 factors us. al so G@ow ded h di fferent

i.on of
genet i éb"r’%ﬁl 3@%6%‘3?“?18 dePrsIHORPFFEra e B’rgé%efa“‘taﬁgc}ﬁe%ﬁl ey aé?%%lvﬁgilfi‘"rc fogof
cor r el atledt apfivemeéipt @ fr héisqguantondii@aThonlaot risk fgkor irag bdresveersipgeresay | yr 2not
dependepf, 100 aﬂpﬁﬁm@%@q' 1 P§ qfi 1 E%' &y I7 N& Raleat] yhe Bhiplintas te @RL Rk robhdi es

[00110] A method the relative risks fromthe odds ratios of
nul ti pl"&Y 8¢ ¢t &P%%ppf%mawa&s-’e 4éoﬁt7r%P Oéﬂ%dlg;yqt %thf‘éle@@dariegté|ﬂzﬁ§%lvmﬁkéﬁcwr ofjthe
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Personalized Action Plans

[00137] The personalized action plans disclosed herein provide meaningful, actionable information to improve the
health or wellness of an individual that is based on the genomic profile of the individual. The action plans provide
courses of action that are beneficial to an individual in view of a particular genotype correlation, and may include
administration of therapeutic treatment, monitoring for potential need of treatment or effects of treatment, or making
life-style changes in diet, exercise, and other personal habits/activities, which can be personalized based on an
individual’s genomic profile into a personalized action plan. Alternatively, an individual may be given a particular
rating that is based on their genomic profile, and in addition, optionally, include other information, such as family
history, existing lifestyle habits and geography, such as, but not limited to, work conditions, work environment,
personal relationships, home environment, and others. Other factors that may be incorporated include ethnicity,
gender, and age. The odds ratio of various dietary and exercise prevention strategies and their association with
reducing risks of diseases or conditions can also be incorporated into the rating system.

[00138] For example, the personalized action plans may be generated based on an individual’s GCI or EGCI score.

Furthermore, the personalized action plans may be modified or updated for an individual, for example,
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[00141] The personalized action plan may be reported to an individual, or their health care manager, in a single

report with the individual’s phenotype profile and/or genomic profile. Alternatively, the personalized action plan

may be reported separately. The individual can then pursue the recommended actions on their personalized action

plan. The individual may choose to consult with their health care manager prior to pursuing any actions on their

plan.

[00142] The personalized action plan provided can also consolidate a number of condition specific information into

a consolidated set of action steps. The personalized action plan can consolidate factors including, but not limited to,

the prevalence of each condition, the relative amount of pain associated with each condition, and the type of

treatments for each condition. For example, if an individual has an elevated risk of myocardial infarction (for

example, expressed as a higher GCI or GCI Plus score), the individual may have a personalized action plan that

includes increased consumption of fruits, vegetables, and grains. However, the individual may also have a

predisposition to celiac disease, thus having wheat gluten allergy. As a result, increased consumption of wheat can

be contra-indicated, and is indicated in the personalized action plan.

[00143] The personalized action plan can provide pharmaceutical recommendations, non-pharmaceutical

recommendations or both. For example, the personalized action plan can include suggested pharmaceuticals as a

preventative, such as cholesterol lowering drugs for an individual predisposed to myocardial infarction, and to

consult with a physician. The personalized action plan can also provide non-pharmaceutical recommendations, such
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Addi ti C[Willd] M:urtm, 1t;vnlgn éaid?&ltegérif @E{Ae, Nt &%‘}IH{@H@ EM bl: Rirther levels of categorization, such as 1
through 5, from lowest to highest impact. For example, a therapeutic may be categorized as A1, which indicates a
slight negative effect, such as minor nausea, whereas A2 would indicate the therapeutic would cause vomiting,
while an A5 therapeutic would cause a severe adverse reaction, such as anaphylactic shock. Conversely, a B1
would have a slight positive effect on an individual, whereas BS would have a significant positive impact on the
individual. For example, if an individual is predisposed to lung cancer, or was exposed to second hand smoke while
growing up, the individual not smoking may be a B5, whereas an individual not predisposed to lung cancer may
have the factor as a B4.

[00147] The different categories can also be represented by different colors, for example, A can be red tones, and to
represent low to high effect on an individual’s health, the shades can range from a light to dark red tones, light
representing low negative effects to dark red representing severe adverse effects on the individual’s health. The
system can also be a continuous spectrum of colors, numbers, or letters. For example, rather than have A, N, and B,
and/or subcategories within, the categorization may be from A through G, wherein A represents foods, therapeutics,
lifestyle habits, environments and other factors that severely negatively impact an individual’s health, whereas D
represents factors that have minimal effects, either positive or negative, and G would represent highly beneficial to

the individual’s health. Alternatively, rather than have A through G, numbers or colors may also represent the
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[00149] In one embodiment, based on the genomic profile of the individual, the personalized action plan may

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

select from the choices in Row A in Table 1 for their cardiovascular workout. Similarly, an analogous system for

weight training can be part of the individual’s exercise regimen, and weight training options for an A rating would
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environment, ethnicity, gender, age, and other factors may be incorporated with an individual’s genomic profile to
create a personalized action plan, and thus affect the rating given for the individual’s dietary plan. Furthermore, as
an individual’s lifestyle habits changes, or more factors become known and are incorporated, the individual’s rating
can change. For example, if an individual follows the recommended activities on the personalized action plan,
starting at a | rating for dietary plans, which is an extremely low cholesterol diet, the individual may request an
updated personalized action plan that incorporates the changes in lifestyle habits the individual has had such that the

individual has an improved cholesterol level, the updated personalized action plan may show that the individual may
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transcript level. The EGCI can al so incorporate nore than one environnent al
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of one or nore genetic factors in contributing to the risk of a disease or
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EGCI score, or fromrevised or updated GCI scores generated from new
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with a subscription plan. Alternatively, the updated personalized action

pl an m?%lg}ﬂ lTYle prgsel§c gg&os\ﬂ]@ %f&wﬁ&%%&%ql%%r(pﬁ'es p'er@(gl'ale'e(gééaan p%s Itnﬂ ?{116 Fbasg(?(ﬁnl ah h care

manager . personal 1 zed action plan nmay f1ed or updated based on a
nunber chwéétge}ogm PEbife. LIS F@Vldaﬂs %r%mlwfalaﬁ@ bﬁwheﬁa%th fRIret] @@Pﬁeﬁd&h@

cor r el atstoangd apiahsjzaddualtavt J@@mﬂSre\&Ulﬁetr&eaﬂlB edlisd oviiadhdrain @Xdosiniuniges, such as on-line
recommendat i.on j n [ ndati ons
on t he I nr.%%nme %Hate Cl%lg gflf]eg?g o1t cf% %?t}vgtﬁ)% T an 1n8i %ﬁua?to%%rsu%%nﬁ%naﬁmec? a%tg%n di vi dual
may ha\}\@tw%@m@étﬂdlwétraisaq POV Bt iepli, laft?fﬁftl@‘i enipllevoreeitrersgplizadasgonpmecan also

i nfor naﬁclua@ﬁﬂa&@arnddna@sf am I y h| st ory, existing lifestyle habits and
e R A T A R R A

t hei r Updhtadmager b a@tﬁts withy igdipdiplSeaminicedilaplichaype plofk, apﬁa‘mersmlamb@n@t es
these gha nﬁfésndw%(aal ¥ PR & ha@ef%ﬁhd?z@é Mol BhendBHE pRAEnfB! JRWRELcl b pidnni ti al

per sonal | ans, s reduci ng chol esterol in their diet nd
t hus t ﬁ?éﬂﬂ?b?“pB 16’ﬁ§F POBRRE F"g?‘ft 6\5601?1818“8 PRt siram Y Ee“%ﬁf‘ﬂ“%%%?%?naﬁ

t hei r rohdike @rtalp Freddssfpody, ti cfwotkers Irreabetpad pEEagdint educed. FPORdMQ] onflive

per sonal}, 76686 H KRR, e%%onfé&}{ AR Ry BAYErPE RO LB [l URE i: %SME%QQ}%@%‘ S

based on an individual follow ng the recomendati ons on a personalized
act i on 'PIEA ST EHe " BHAPGE SISAN I iaind IV A PR} HARE TBTOHAY & Bty them
For examplugportt 4v@ mofrdiey irdui@tigial tb hgi@asEr hdalmgewmwrg Usag ek atbasc e theli Qhe@ag®e 1 N
risk f Foﬁ 2 sﬁig%%??cor%s ort8§’£cﬁ‘é99ge§$9ﬂ g'rﬁthé?goe&&%hz% 1a%f Tﬁeaéncl %E]én funf er be

i festyle ha such as ose ersona d act I on,

decr eadigded tp goindivifuaihigetsa fapbiclr Py BekeEs O ac?ﬁmbpaé}ﬂn ‘?Fé%ﬁnﬁfefaﬁlé!p él?dtcéﬁ"ofkérs a?lhe

[ ngl Vi ddﬁa@hl dual@fra% Elhlﬁhdludhetﬁérﬁq?mﬁéi{(Qtﬁgﬁﬂﬁwmmhﬁy&eﬁhdagbt&mﬂvﬁﬂﬁdﬂouw tThe ltnhﬁhe ]

i ndi vi dua e of i | or ter vely, the
or sond it AR Bty B ot at SehS Bhahly Panaoirb et e an

t hen puifrsla@h@dq@perm@fmm@nm@mn@t@ﬁcmﬁm tp aqb@wstbmlmwlz dudiddrisony pl@n. The
i ndi Vi duaeifBRY wih QRS8N thOortRRSothrhunW, i imbR&! theih®alsdobts RIL . NRAADAE orPhdiOr T O
pur sui n% n% (gctl ons on their plan. [00142] The personalized action plan
provi deFTAK SIS PéBnsol i date a number of condition specific information

i nt o a [ae8 dbi datréd aisiedividfal’ aretortonctst éps GCThecped sowalirdedioapti, ony 8l an can

Con5_0| IVQ@VEI@G lgyaaﬁgngfvﬁudlg%lnﬂg ldr{alg‘l’lengsl'}lh th@glji hrle cmlﬁlﬁﬁit o 1n&1t;§§uap1§1%r\4ﬁlzeQﬁECcﬁm&foreaCh
condition, the relative anount of pain associ a%’ h each condition, and

the ty ﬁé“OBPf Fleging ey eréi’ran%(%kaFFe%}ﬁH FPPHnle P’b]rmeé( f(rélﬁﬁblin@ comprisg i el T dual
has an nélkeaimedut t@kindle ittirOBaliede@dnaliznd @rietplawhcfealie iekaluplney nexkpriessed as a

hi g her %ﬁnal%ﬂrﬁegﬁ or ﬁL [;)&a%cssg 9{ ﬂ?e)r errS(ngl &E(pag]u do(ljalﬂ alfherh%‘f F%%X%a)abe%&{a?‘eg Qsadlelbgﬁ’g

action pla I NC es I nc ease cons lon O ruirt veget
gr ai ns.or Meviplidiments #7d rfiaggdyen i apothenyling] Ehs wmalalab Pléﬁp@b%%ti”’é Ihétrsnav Bveel i ac
di seas ahangéa@cﬁbaufeﬁge Wheas, egldst Rpimah &}@ﬁggg dlete@ c@mgee St dthers] maﬁa@ado alter the

Consunp% ! gﬁ)r 816 1n\é\gleduaa ]ica?‘nQy ar?écont 3 ! \r)]v(%Ihe ro ress 0 t%e yie! 81V1%1u gs \i)vecﬂat eh Ies 1ntthe

personarll zed acC rsonall ze I on p an an pr ovi de
phar macwelimdug!z|life e@émnsdlamr@hst or ﬁ@ﬂh@h@wm&%@@h seed- TheeolinreerttdmivoHsw e bot h.

For exanpldal vichaniie Erﬁgﬁlﬁéqh&egp(ﬁﬁt TR nnde'mﬁ&l nfa@flsd rA@ 4 BEIba U AFRD I BEhts from their

phar ma euéfluacﬁ a(s]F g atl such as chtol esterol |owering drugs for
an i ndi'Vi"HUAT e aglﬂg? e&?ﬁﬂ?pgﬁtm%aﬁflgl?é‘ia%ﬁom%ﬂﬁ to consult with a
physi ciléé1] 'IIheorpl@Ie smminltz@d alamromh igtrdimes d@aman aflisiduaproavprele traheaphdy maceut i cal

recomeppdatdQ %ougﬁﬁl%&?so{aﬁieh Qé’t\{'oﬂﬂanaanw&f iSR0ahd tﬁe%Q}dI'sJo?e'é Ll &siRd @80 risk BC! udi ng
an exercise reginen and diet plan based on an individual's genomc profile.

[ 00144 PeFRRSIHRE'S BiFaTer ZBYMAEL FBHSF ARV FEdd RAEHHSTPIRE e HEETa Farti cul ar
r at i ng,exdnglrednichgloyed Epoﬁ:ﬁiee_gﬂllhd: dtinlﬂgm@yﬁatyefﬁr alheatth plareito Maenglatet absidieymbeof at ed
or ¢ mg)g{dé gx?rg VQXUO% d%}sJ Q;?goln‘gﬁ!ne to(t:h%élga!‘lth sa@ﬁg! aggomllt%lr t&l(?ll;ldl§ ﬁlﬁﬁl%en%e 1X£J1&ﬁ§l The
reco ndat |1 ons may bDe cat egori ze rat e umer ous vari ati ons,
such asgeaghics seepip gaalsysyghi an By FpRERpelr GCI score for a dlsease thereby decreasing their predisposition to

36



(using letters, nunbers or colors; conmbinations of letters, nunbers, and/or
colors; different types of recommendations into one or nore rating schenes)
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both s yaﬁ&% ?ea% o?ﬁlgsb ERBSFI 1?}1%' %{P% lge%m% r1%¥ co gaﬁtgé % d%}s@r%eﬁ h Mge\égg th@ n19 1rlca1

phenot |n1te
gener atdétilb‘ﬂté’rl ofrdlesfbrse in tkfeWECCQW%&gd %ﬁ@@@%@?@ eawed ‘F)lSi%ﬂ?ula&‘(?éé%@atﬁhﬂSknay

have a pwhdmduelp Qbhe e @ﬁ@hﬁﬁk Vahﬁhtsaa'fH}fohﬁéserﬁ BEthQAfmﬁ&nx 5b@<tchn&11h§a&ay barss and
non-su l?lge e (stcgayang %\e/r%fOIe e 1‘6%1%‘%1??‘[5 f) ge g}&las eX: écteg ¥0 be chiJ( Oy be{| eh 1;than Wh I:[ 1% ports,

but onIy s Scribers r epor ored
genonl@mgmmﬂnhéﬂm@ﬁmbéwanple access is prOV|ded to non- subscrlbers wher e

t hey ] MY 1559 Vie Réchild: OfcrAe @%esk@o@t(Tde%g;ncmeazmmt O8lebic8PTsts 35 QB ficah ahd ey
may have an I nj

n at | easto of t ner at ed,
but upddtE4t %"5%?1’[@30’65‘1’29’@’%%1 5t B St ;P%f{ f tfm%‘ﬁréggc %8P 1é“~°§§¥5’§§ 15t on.
Heal t h abiéity ef thefi@ige sesve andprigtict v tehefosg coditdn. dor carfagicvertseshplthysdusi ba nissenamd

ge”et'%m?ﬁHﬂ%ﬂ%%E%mﬂ?%m@bignﬂﬁM%mﬁ&&ﬁéap&Qaﬁ%n&ﬁﬁﬁEnﬂ&%m%kw%ﬂah%%ﬁ&&ﬂ&@'
GCl scores. [00188] In sone enbodi nents, access EGCl scores may be

i ni t ed"Hd peinHPYY o PRAEC- I A0S it i gie |fré%}1@11 of falgeppsityg anddple negfive
indiVidu@hmﬁﬁyTBMM&C&EE%R@E&Mﬁ&ﬁwBhﬁhﬁaﬁﬁ%mBﬂQ&ﬁ&bbﬂknﬁﬁMEShﬁﬁmﬁﬁdnﬁccess
to thel | es
With 4 s%%&y%ﬁ&% gj l%sgc{r 0 %l!ll&n tﬁeﬁgde%g:l%%eeﬁ st §6BS&\;1‘[§’ Slgd sge%{?gft)l Tgtp Feadh degJ NG!S
non- su lﬁ%? (Abep & vged as mﬂta@weé%ﬂem epiPere élff?rent §emf@mitq:fé?r@s T%é‘é fan plse B

| evel s t}[é&MatﬁJ: Edﬂeﬁt aryy Q@@@Q@tn@@edlﬂthaﬂptinﬂmcéhblﬁiﬂabvhldpﬂaédnéi@ cKkes ODEL doyditg atchei r

envir O%E un ersto 3 CI% Orngr lt t%e g ger lgeavtahele (%jfgheaAt[Ed thg [)ettléreve s%ore 811: las 1%9 rl(?ns f For
exanpl e; Yan 1 ndivi duar -’ na rsiee AR Ohgol g SUBSErT P ave unlimted

accessCbﬁﬁhM@y§ﬁ9wﬁv©mde®#éKbhemﬁmémvwﬁénntht@ﬁmﬁa@maxgﬁeAhm@ﬁhammwgly an
i ndi vi diah HI8Ye oRORIR R bechifes ANER B HoAREAH RBn BUBSEDiaPbmORrestl hPAYCRACHh
tinme the date their environmental factors to generate a new EGCI score.
The up&& hg of EGCI scores may al so incorporate new scientific

i nf or nde2eM In gl v las: atestiwdorrceh@mtisoosis: lokdigic eyessed tdyeltuigethe esigeddtliacleverages

pol yor,phi 55 8l decd 1l isRBES &t R d2L QNS 1AR, SNPE 205, NET . J8RG . Groh @k @S n@nek their
associating wth one or nore diseases or condltlons I ndi vi dual s may al so

have t Hegitd |6ﬁ o getier Afe P EGO Scor BE s ¥8 GO ER PP ERreRt 3l P AEor s t hey
may Wamtobibdlitei asges.an Edimae XA Mpliek, ardReredh ¥ROW ahverfayheb:eask editnety) | Bulisinfvgel MRs NQ
toac qr(t(g ?cl (glrc ]@.ﬂ’\ylse 1%&90‘[1%&%6“&"[1}/ ! S%%Qlanﬂﬁ%odlcptﬂé‘&forg be a ?eas? %stacc(\ﬂf Fe a@{h@ GCI sc%re

envi r onnent actors assocli ate
EGCl scwick yredl fegpotoptiser kegh Sethesiorcoth b &éh@ghﬁgﬁq@%w@@tweﬁﬁé pﬁlh(étSNBSr ovi des

a phen o(;gysperegés@lfm hey hmeﬁtﬁcmth ecc&mh@@ﬂiﬂghﬁsr coﬂaa,ho@ haos@e GOl @paliyigads itexhst | ng
ggl_]g?n I':Opp 1?% 1P% Eéressmner%%lsm moc%eﬁ ﬂ’lfh%l:o 0S eﬁg}tg% score apowsp a§¥1tﬁ ln(gmgﬁllﬂg‘%é %egt 0 (I’;rGI r
di seaseapshensmppes ot thapredigtize oyt Oéﬁlaﬁpé FIGHREJ ghyss the ﬁ@ﬁ@wvwégr alythregflisgasec| ass,
such t Q&Barfob QRET 81t & gﬁlésftﬁe%mm TI%\AQJCSfOIWth 1A BroSthd1g4iic SRR |a1thh1Q@1nﬁllaﬁ§15

For exa diff Ieve be de nt on the nu enot ypes
O S ube TS PGt SPEO) ke (B Ha nh BOROT teggpit b e BgapoD
peopl e feriatrisiayessacues Badt e for thpd @@ty pe! dpsofNTs.eThefe@01 B8 bAngtihethattlevel  of
subscri,pthAR, MR PP AGHPRLAR i5ndEd Rliche 3ARE h&ev¥d@nc@ Bor Lu’éﬁjén HhidH@bn such
as al ready known phenotypes such as age, gender, or nedical history, to
t heir 6%@ﬁﬁ?§ﬁ@“ﬁ?hflle Still another | evel of the basic subscription may
all ow an individual to generate at ﬁgé one GCl score for a disease or
condition. A variation of this IeveI further allow an individual to
specify for an automatic update of at |east one GCl score for a disease



or condition to be generated if their is any change in at |east one CGCl
score due to changes in the analysis used to generate at |east one GCl
score. | nweanw/msnd2edi nents the individual may be notifi edTafS2adeeseard onat i c
update by emmil, voice nessage, text nmessage, nmail delivery, or fax.

[ 00191] Subscribers may al so generate reports that have their phenotype
profile as well as information about the phenotypes, such as genetic and
medi cal i nformation about the phenotype. Different amount of infornmation

that an,hndipyi duahdBY RBECESSHOAR. HRRENH:0R; (& ul&V@lerffscaibscri ption they
have. For exanple, different view ng optlions an i ndlvidual may have coul d

depend[ofckNel T T eVEH AL BYDACEARTi@me SUTDp@&l @ qui KA eW [TiREistic
non- sulpscri bers or a nore agﬁg subscri pt gnh but a donprehs ve. viewip
accessible to those|with a fuf’lf subscriptidf.*00192]] *EdF exg%%$§mn
differeﬁhm&éM&H& of §@b§hl|pﬂ$@m§4hay haveo.8i2f f er ent |Wed7 at i |Of®4 or

comnbi nd"b-h) ﬁl?Dgéasedbbt %G(%;?P I l¥556¢"[25]“ ornmut 9 2I mctodiT g),'65jput lbLBL46I i ted o,

t he pr ¢val ence the phenofype I n t he popu ation_ tHhHe genetlic variant that
was use8h$%¥m@he corl P&k &8I on 1 #%hEShol ecul af9%echani sm%Rat ddf§es t he
phenot pemﬁﬁherapies for the phenotype treatment optjions far the

phenot eve e+neludedinthereport—n
ot her enb‘H§h1%ﬁgwm?ﬂmC?@%“??mdﬁgﬁnmw?nﬁkn@Pude i nformation such as the
si m | ad002¢1] ¢ (elekD@avnic mobompaidad 4 Beogpairrd tiyope naddt Fag dindse opdvbsssumagdibatittdual s,

such a%hsgagé € fo“e'c‘&:dl @%oﬁren%ﬁ%ntaf &HQéﬁ%mQ?&PA fhd tlile;htﬁe t'weffag{ofmﬁelnglgpeg&ms 'TH@ larit y
may erc ide

Vo | anPuehspi bSO es e RGO ey e
contalmda&dkeaeeaﬁnemﬁﬁkdsgeme%fhmcbﬂﬁﬁmﬁh&ﬁﬂwapﬁbmaSMma&eﬁnppwsmh&gmﬁption
| evel na | ude nks ti.on.on

phenot y 5}e{ Spec Velﬁ and ‘{hat an 1nd1v18ua?w1hled Ve§0rp 1;Lhe con\ﬁqtlon 1nfhls d&e‘p 1me 1Sf a9 e 1xe&1 Q. S+nce tEle

Wit h t hertgdines phlematﬁy penmmglwedlmsesm:ds eE sndm 1ls ﬁxed pdmhhﬁcylpmm thai ko /(beﬁaﬁ)

on-1i neclncgtﬁﬁ ‘t?hte Iax?er %Q Hgtﬁl%l r8f; 1s (% (gg 11%!2 ﬁl@ hel‘l?al[)lh aﬂé‘%e&é’e lﬁe(Elﬁlg QHJS gre E{l?ol\xglri) %&&l Sf or

i Nn-person appol n enet1c counsel or or stcran, If e report
is accélweahtpmheinaestedb fhe P%@efeepéihf mpdglsic hg &g ageorlipg mthetdltfea8¢ rif)@)?%‘tnﬁ@ﬁ may be

t he wekshfi® fﬂoﬁeetdis@puteﬁ P mei cﬁhfﬂﬁi’ asent geeé}eeh ld 9Sume@to bk R wh &dr ezph Qﬂﬁldﬂau (daer
and ad%rv\allr% F]gl)lseﬁse sta aerg] 1? {mwn Slg'le crurv(eJ rs Qne}/a?ed %asgcp g%ls§e§fe§ﬁ%{s the %y al so

choose i"n eI T pREnot & "an

i nf or natchale wth@re iba e¢ne@elsk n emh@:f ynderggndragd caff! bﬁenq@s}*veqd@@vpté/ fpreadry Individerd Foeport s
may al sReREMRBCA/SAUOISE R Ypia cdiiyrilUuRbend AR MELARY £d IR AIRSSE HiQmdHsPYiuder ,
such as_a caregiver, physician, psychiatrist, psychol ogist, therapist, or
genet i CiSESUAKSP IR hephiceolifs®r ¢er may be abl e to choose whet her the

phenot y@e02) riaé théceetiad thati@po bit the ard@ indadthé ROO surtchi@rtigofirst nale dgene sty & the Byraguch
ISESIS \é: Iqlget%{n(e) HSkRaﬂ@ heerl{TP Ptg‘gg ‘[[’.1% 1seease r ]9\{' ch note tL Voa]ia%[cg 1]11 %g(re)]lgvprﬁr entea\évgrlla[bi)e
digit alah@/Ggaiﬁtoerthegemvecean th@gr:n@tfc vamblerin thusariodphaeth@trype(Gp pgfeptinenrggng! (Eepontles and

prOV'd%§n&HQ§P&hﬁﬁ&§ ﬁﬁ%m&gﬂgﬁ&&B&$MﬁkgcgﬁQ§£&Lﬁm@Qﬁﬁ%&%&%u@&ﬁ&kh?ﬁméﬂd
reports with updated correlations fromthe |atest research. Subscribers may

have t K&chpyl thgamigmestgaribleds wiidvax Ay ipeis a At PEpdy t § W vhe Tiseatiel
corr el athens. Fdr o b cloh @S tihcloBRATabLble, tﬁemmeemrv@h atle QM)@@-ﬂh& e aIeEr el at i ons

bet ween rgednr(e)&%paesgs a%?‘%e 1%5 easnc%% s1"he dl Se 1ve fractl @pﬁ tile fnacfl n.0 I\év,lercgsee at\é\fiel | be
devel op B 8 ese new corre I ons an (1 t e genom C

profil ea1t6¢11wcaﬂesanétfqlseawwsfr@rlet{F%ﬁmﬂtﬁeﬁaﬁgm prfétmnts@utrﬂled#at aTEWelleﬁewam TesThray
correl 3t:QusFenRt ¥Rt Nales HIBMIROSL ¥ tGald@hated W th any phenotype, correlate

genoty enot. nodi.f X|st|n correl atj ons, provi de the
basi s f@?mﬁhﬁﬁ@aﬁg%gqﬁ'Mlmﬁf%ﬂ§@8%ﬁc%ﬂﬁgﬁs ﬁm3ﬂﬁ%ﬁTVC%WE%BﬁgwgﬁyaSSOC|atlon

bet ween a genot ype jhdxq;seas r condition. Subscribers may be informed of
new corr el atti(GAS) Vi Bi §x/oR2 gt .véere BFectr oni ¢ means, and if the phenotype
is of interest, t hgds.may choose to update their phenotype profile with the

e R e A A

a desigmaked time period (e.g. three nonths, six nonths, or one year).
Anot her subscription |evel may be where a subscriber has their phenotype
profile or risk profile automatically updated, instead of where the

i ndi vi dual chooses when to update their phenotype profile or risk profile,
whenever a new rule is generated based on a new correl ation. [00195]
Subscri bers may al so refer non- subscriBérs to the service that gener at es
rules on correl ati ons between




phenot ypes and genotypes, determ nes the genomc profile of an individual,
applies the rules to the genomc profile, and generates a phenotype profile
of the i mdDwendumbe29Ref erral by a subscriber may give thecsaissawiobereo a
reduced price on subscription to the service, or upgrades to their existing
subscriptions. Referred individuals may have free access for a limted tine
or have a discounted subscription price. [00196] The foll ow ng exanpl es
illustrate and explain the enbodi nents described herein. The scope of the
di scl osure is not |Iﬁlk€déby theseweggnp%es EXAMPLES Exanpl e 1: Eval uation
of GOl [(QQ197hq dhe deite’ (el | omd 1 45128856 QoRok AlneCanso Lo UG 2
Naturehq447 661- 6735( 7)) igbﬁ?§£—%o té%? the Cl franemgﬁk his daf aset
contai ns the genotypes 6f appr gnﬁ@bk¢»14 000 individuals divided into
seven subpopul ati ons based on di sease phenotypes and one uga%%eeged control
subpopd?“&g 1 5fr 7 nop; R EvesgapEae fskans ipebeems st BaerssdpgiewithcyAt rof G oup. The

GCl is §@ dbhi ;Oggrﬁ:(gpl XL sof;thgee different diseases: Type 2 Di abetes,
Cr ohn' [d?és]gégse ana aehﬁma &GArtﬁrltls which differ substantially in

t hei r HERVH ¢ Piesrf/l Vﬁ% tl&\béaﬁ%?&én 5 prepqupdouple dxceraip expresRdin ! fhe epgrineisg: t o
the Ty .

SUbpopOl AL ra e G Ry P e e R FARIR O SO By P e

| i t er atiméoenl In@dehﬁe @acgm 1EiC&I¢1|+)érf?1\l§( oipted WS&rH[ﬁ£h+@f:2 Haﬁs/_ @ ooomelisftheONs,
and that SS ? ualltﬁ%/,criteria see Table 2% are used. Table 2:
All el epforbgja i%ual?a‘%‘ SAY AEYG BIegR Feorr sty BT Brabat 895¢Y Bhn' s Di sease,
and Rhe t,oid Arthritis.1. The relativ i sks provided here were

cal cul aTmX USi S + AerBayf (Iﬁetglﬁlm)déw\/ﬁb@é))dxg_fél% whirhid aiviex1e i son®: furFhiens aff thee| e
frequerfy.es are taken fromthe HapMap project's CEU popul ation. 3: Sandhu
et al., Nat Genet. 39:951-3 (2007). 4: Scott et\[a , Science. 316:1341-5
(2007) .herBabiling Stbsanteng Trust 2GagethGontial wCGonso thig wgdhiadmi@refoﬂﬂl?(@6 ¢ anags +
(2007). 6: Zeggini et ale, Science. 316:1336-41 (2007) 7: Sal onen et al.

AM J HE GRIEL oxBdks §§s8 4pe (20900, 568¢ /4Pt .. N Engl J Med.
357: 977, 86 (00T gy/'ggo%u et al (Y@m e et 75 804" 7 (2004) .
[00198] For each of th SNPs, the relative lifetine risk is conputed as

descr i hadoh) esirgiatly, liap@dabiity thiren @aipitival € alruciostor inb itk gcadtic Oiriabik Is@tees: thaaune Pi n
the WICCC dat aset, and.the GCI fornulation was used to calculate an

esti matgd rifk+REL o) DdIJVé dgﬁg,ros_;g ) 1R JBOWR risk variants are not
present on the Affymej}@ 00k GeneChi'p array that was used by the WCCC,
and therefore the pre / ability of the GCl is expected to be likely better
t han wrmtzod] 6 AR pdshive RGNS ¥éi%enBRhIOepcAPOLOA ATHR siRRC el ver

QOeratl g rves?ngROC) The Statistical Evaluation of Medical Testsfor

d assi fTEALIBRA cand PFed? et bh, Ms Pepe. Oxford Statistical Science Series,
Oxf or d [adnioy arhssatny isRsees férm@?p))s)nvh SradiSieghct BPRRVR{GIaE @dt}h@ abi)l/ [t yaraR]. Hage GCl

to serve a for acndltl F erf cl L

t e eendidt “olied tseeBebfeubR v ar ot B of B PR b b Par ger
than t mﬂemhdi:mdﬁmeinmpg t he condl tion, and al I i ndi vi dual s vm th a score | ess
than t practice i fhresha h S
sone frlacF']on o?wfna V\@GY Of)tg? ch\r/ee ’?ﬁl a 1?&%1%6&%0% aSS|1s nmen thatéfhg”%oc
curve gf aphe ‘éalnblynadheqbw@ktugd Whlesternézirmarl@twshiy pabEt-sn:) ﬁ@h@@labxo@mnbutﬁé ngties and

true poskby, ¥<§re£p@{§c§§y SNPR it 1@1%§effe%ts %@cﬂY Rereid€tad thglthllrgﬁ bR chitadeptt s.bet ween
test sensitivity and specificit he area un curve (AUC) is

used a§n‘&1glhiﬁr&H giea e reade F"@ecfeé ﬂ@b%aé}mép“dlic PThéYl‘éfﬁ’f thFlf YR RedPrtedietigfes.
The AUGaandiatis@ons Bpwatng e h@hnadicrd/e s @i dpproffate BNYle 15ROk €isld Sf tﬁ@lﬁﬂgafff&d Nos t he
opt i malcansbc

ch the.genet.i y
ohder ot 4oE COREhS e ik Rt AP IEREM 9845 ol e oK B B ] R
score f(m Tablsed). élna@stpﬁhe@mlp@mwdqlflf € Is&ainf(but Bt voknops) aa@)ﬁh@re}amd@kﬁ@she lme AUC
i s expegteshisandarQud REndi@lhrcti&, ARt hdBda usePheROC c@ve Br RCRLR . ldng baipn f or

whi ch t Qeng{ir Hgl R@g a{b{l}l ve E}r acrtal eﬁgetbecqirr(g%e 1se%ged fal se positive fraction
beconmes R ¥y PERhBF B¢
[00212] A result similar to that for model 1 is obtained for disease model 2. In particular, if the relative risks of
SNPs known to be associated with a disease and the risk-allele frequencies (p;) are fixed, then the total area under
the ROC curve depends only on the heritability and the average lifetime risk of the disease. In this model, the
genetic variable is G = ZA;X; + G1. Here G1 ~ N(0, G,1) and the Xjs are distributed according to a Binomial
48



equal to 1. [00200] In order to have a baseline for conparison, the

| ogi stic regression to calculate the best nbdel that |everages interactions
bet ween tWwe 2NRs80420 fit the data is used. |If the SNPs aPeT&iS2008856720 ., Sn,
then the nodel assunes that the logit is X = aiSi + a2S2+. . anSn +
al2Si2+. . .+ 1Sn |l n, where s is the interaction between Sland S1. The
fitted probability is used as an estimate for the risk, and generates a RCC
curve for these risk estinmates. This nodel takes into account pairw se

i nter af&lﬁs{rﬂﬁl&n B@t %@Heré Ne téul?ée fre@{MC}, druR Q%ﬁlge LARLE QDS vaesalﬁe nlur?ﬁé? br R

accurate as score, which typically does not consid

Fur t herrHdy Cé’Pleﬁ 11‘1 atp pyigna) & lopysyd & mEins BT P S oT e B el i fﬁfap%heﬁwzgmpél}d

| ogi st ixg=r¢ elgarne&mo@}rgowmgf nhlaane1e diihé hidr@al Nﬁr}éblafb@ﬁm datukngy dohdsic eatpbieh@atas on,
R e AL I T T e
ef f ect pbﬂ‘notvmls ous baB s Uk and nrshvazﬂnali Wigh Ior edt dlsqamé whowe the bt atehent@@ o is FoGRE 1

shows tsl{@ ﬂ% ﬁé&ﬁéﬁ%%dlgegged ﬁhlbldﬁa@reg&ls%e%eaa%ﬁ 11§9I§%E('09f§6 dléghg Table 3 gives
t heir AUCs nd 0|st|c regressmn are quite

si mi | af92EH }5¥1‘Iab1}cltﬁf%8llsdli10§@ass}\§sF{gl‘l’é@% rg} P)I]/[e%ﬁﬁrf@ t &2 &l Toh&piys psenetiiht
SNP- SNihel ramé askg bfm&nm sm& fo@-ﬁ@er&%bﬁi g%ﬂatypad ard @ indRLHoRMhcfcry RIND By BdfiSKion,
assessment,, . nsk §€ , 0%16 d Ven hese di seases and these SNPs. Therefore, it
can be JUSEIF PSS IHAPS Sutiption that the SNP-SNP interactions can be
i gnor edNas P @nd >as| X he)r/é’r(GsL oo EXsi=dendEP{(Or+ Bue hz anPi(WtenlaBPi(Gh+ Erom

previ 0%&(\%%& 'mﬁmb'zgx%?r ol ﬁot% u%ﬂoyﬂg%fffénQ% 1R (g%blrct\{o% aﬁcPefrfc&%&%‘ﬁleﬂ'ef ferent

di seases under three cores . score

conpl etegm@enatiyCrbiHRfiJRaLd pn r@) Is&@mHﬁO@@(DJJ o The cOP), iREAatiCaHis¥ 8xpr@sed in
conpared to a thgorr et |1cal di grease nodel . This dfseasc,;g rmdel1 asssu)Fresset 1hat

the di seas@ cosplafchiested fipytidotdiveebyi r onment aI and genetic factors, and that
the two factors are ent. The phenoty oted by P=GtE, where
Gis tﬁéSgﬁcH@t?c%}/i\&G@nUGEZ)IPg\%@ /éﬁ*é?rfcﬂﬁrr@h a(og itsR. )Y r?)rBtus Aidebeith
also referred to as the continuous nodel, assung and E are normal ly
di st ri blisteedeuwiitohregésan dasdutidevoraltici SfNﬁSfoKﬁ)@e amtbe sf ;/esgpelcdsg W@k mag micndy haitbe an

i ndi vidual will develop the condition in his lifetine if P >a for a fixed
a. Si neeiqhdhen bl vidbiuloffofLawillgiedessgiinbef soltiorai (he stondpid dsviatprsd 3 e@dE@,tchElgeénd a

is fixed usmg%the constraint that h=c G 2/(c G2 +¢c f) WHt—S

aver agé” 4@t 4" ey feljevs Eecmse%@alwajsahsﬁah@@b%lﬁ@nﬁ?éw RSSOy ViR Bfe? ARl =
lifetime e known for the conditions being tested, the

par ametoe QSgof-lr(tharprmd@Ielslel@aﬁ\/Bégl )a@ltﬂcdpnstnm@mmawlkmatdl%é&sbne 100, 000
random sag})l es fromthe di strl bution P based on this nodel is generated. G
i s assuffRilfy dpwitendif &) el hdrdi a&apgl(%ith@farﬁaw%nﬁ@atdl sease status

are unkne nd a § enera on> Thi s prese ts the
opti mal® g@i’:gglnaf's o \Bhefg‘?ﬁ%g éﬁn@?cg T Psk 1??@@ %& el §e Eﬁ@é’r?‘f% fr(;an be
measur e y, for eyvery individual. For this disease rmdel the AUC
for t he\j@@t HfRal) §cé(ﬁarT‘€> ) dsl Tynctiesss hisebidity apdhbL Heong dist 7 7 EXandlV deretcdyer age
lifetime risk of the disease, and not on the choice of s, ( E or a.

[ 00202]vecrhief Xinaleas ekhis HIZ relsi Vrumz6¥ 2@:he béar A Runder fundtien (ROEhainbitey. ABFR tildivs
first nodel depends onl average lifetine risk (ALTR) and the

heri t alopg 9(“9156@61%%@“@ & 0Lt se denote the variance in the

enviro varl and d enetic arl

R N RS R P R ok BRI S R g

nor mal Ifgtgdies'ct\rairihxltt bd p =The,. Threomettocihl Thfexi wusubfcd®ROC curve i s obt ai ned when
the genetic variabl esi s known exagt I% while the environnental variable is

unknowns pAYy 4 g vjdu gx%/@gl%(htrue asexi'lyy GAdr)d&/J2R6d @ true control
c

ot herw se. For anyB of f the genetl c variable, the individuals
who are above that cﬁt of f WO éﬁeoﬂisizder ed as cases and the rest as

control Iy S
Chat a2 Fink BUE-BARLL Kioyb b O LA IRl o O P L B R pRESRS
of tru&@ohtr®liss that are called as cases. The TPF versus FPF for different
val ues of cutoffs gisges us the ROC curve.
YPr(V=v,Z=z) Te-x 125:7(0.5 —0.5erf[r(h, ALTR, v) — s(h, ALTR)x /4/26¢1])dx /4251, where
BGgI—Z
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[ 00203] The probability that an individual's genetic variable is greater
than sonme cutoff (c) is given by: P (G ><c) ={ e c2 /2s 2dx/ L/2psg, where
b= ¢ /sg weqo{odB224] The probability that an indivi dual PeTgse@bioss7e@ri abl e
is greater than the cutoff and the individual is a true case is:P (G > ¢
andG + E>a) =J e-c2/2s 2 ( where g =al g + e - X[00205] For any
non-zero average lifetime risk, g is fixed because a increases linearly
with [00206] By definition heritability, h = sg 2/(sg 2 + se 2) [00207] The
integral within the brackets in g? previ ous double integral can ex ressed
in ter MEMCRTHBS BRYiBE TOWEt PO, N P! m‘Bé}B%Fﬂ%aélm% & c@utt ??%dtd St TPFBEEi fon
functlQG>QEmﬂmeEﬁQ0&&meam&hkdQut|on is given by 0.5(1 + erf (y/L/2 q e)),

t he integral |n5|de the Qrackets is 1 - 0.5(1 + erf (y/ -/2Ce)) = 0.5 -

0. 5erf " Th ’t he bg t \an. 4 nqing l,. s a true
case a( Bf%‘]{s gene%)[f ar :{E % %fea?&lftrk é%li? \é)a_nns(%%gjrfgs)g@%/ggs J e 32 /
2s 2 (0.5 - 0. 5erf ’@5 ‘A 5@§)x/V2Cg))dx/V27TO g, where f(h) and g(h)

are sormziy rseﬁﬂaamqe@fob;bh@y 185 O N@Litta8Rh lrhd WatroBHA RS dchdHc vAGbIC s oieaiX/ M4 cFe. @1 Nt O
this equation can see that 2 q gdt = dx. Therefore, P (G > c and G+ E

> a) c ﬁ>6énde%ﬁes§‘éa as: J e (0.5 - 0.5erf( g f(h) - g(h)t))dt / p b/V2
[00208] Simlarly, the p bqblllty that an individual is a true_control and
its gensPi(¥ veZiabl e is greater (han0scif[réh ARTRG > shadd R3thdiEva= a) = j
e~t2 (0.5 + 0.5erf(B/RFEbMALTRGN)t))dt /Vp b/ V2 [00209] Therefore, the true
positive fraction for any given b only depends on h and ALTR since: TPF = P
(G > c [HR]I GhaAETR= ﬁjGTEAng@d rQ§og oy 131f §ppc fogdgfhstsions e trfegiesifvgiggion

posi ti g hy @&h BORy 8dpbikie o Rfh md RLIfS "Phe@an@enpals%" triie Er P&Ee p"&m{le f{acti]en sm&l-F];RL Pr(G
Hence, the total area under the theoretical i s based

TPF and EPESAE TN/ Poddi bl dovi aEFé§nd61fth%the°Fe§caﬂ hde ﬁ%ﬁd@ﬁfh 16‘Fas‘§1ém AR §F )

[ 00211]a1 batsiblb @2 e6@NE idBERlent 006, 6.n@ddkscrete nmodel, a variant of the
previous nodel, it is that G = Sl + Y, where Y is nornally

di stri beeed vatng fostxlad(:mgrl o+ wat)i, at (@Y (8o}’ amdz))x%~(1B() 2207B) - phsh(Bi’rramd)asd, y
di stri but ed. In this case, Xlcorresponds to SNPs with |arge effects, and Y

represents, 0f Rpe= gﬁm&dzb (Uepsti-g) pEif 8 THS is aivfayd 1R (hen ArBLENLRGRI S mal |
genetic ef f cts it can be expected that the asynptotic behavior of their

sumwo Id/ @eﬁ c i t he paraneters

, Sg ah (pgégg? S%Pg%engdgmﬁ€5$%¥%§b§%é%?s&&gg?wgﬁ lﬁﬁ%%%geffecf SNPs can
be control | ed. These chosen such that the relative risks are
cl ose tlﬂi’z%/“éﬂ%aél%&‘a@le? %r/ NE%a*r Gdgtf e@(CEéTéP P %} itisgepnly 3N prgsept{es-

previ ous. nod P .Gl ( % nkn relative risks of
the | ara%s%mlg ? e% Eoragl{l %t e%ua{(to :Aﬂk can don us1 a%lma searcl)l be?‘ween %

igncies are tixed, then the area
under t qp*yehbgﬁxkﬂemg&§&Q@LqJ§@§e{+Qﬁby depends on t he heritability
e I stase’

and the avefag ifetime risk of the [00212] A result S|nllar to
t hat f S obt ned fo egs ar fcul if the
rel ati 6"2?35 €0 aflueé?\lbmml% r%wr%es % &%ﬂi 025 gro"geu gﬁ %%Fﬁmmeg’ / Tee Snd THEDE
risk-allele i es are fixed, then the total area under t he RCC
curve d@b@nﬁégloﬁlcy )dpr Oﬁlﬁ]‘es élaliete%¥  haj Wardlogltie! Payiopsy @) Preite e ri sk of t he
di sease. nodel , the

Ao (G ‘4 G. ) assuming that A;/ —\’(G ‘+o . ) for other SNPs are equal to what was calculated previously. 3)

Determine A,/ 1,(6 g12 +0 62) assuming that A;/ 1,((5 g12 +0 62) for other SNPs are equal to what was calculated

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

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

FIGURE 1 shows the ROC curves for these scenarios and Table 3 gives their areas. The GCI area under the curve is
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genetic variable is G=1X1X1+ G. Here @ ~ N(O sgi) and the XlSare
distributed according to a Binom aldistribution B(2, Pl), where Plis the
all el e frequeroorzb the risk allele at locus i. B(2, Plpcgivseaonbe@2nunber
of risk allele copies in an individual at locus i. Xl1= 0 neans honbzygous
for non-risk allele, Xl1= 1 nmeans heterozygote and Xl1= 2 nmeans honpbzygous
for risk allele. The normal variable represents the unknown genetic
conponent. As before, the environnmental variable Eis also nornally

di ST UL 6 o dolhn TRRR Q300 SHARAAN A dRYLAL AR Crind e RUE OBRNPRaLS O ven
by P + I ndividuals wt > a are di seased whereas the rest are
contrOP@“§MW§a@ﬁﬁ?@ﬁ“%ﬁ@ﬁ*?ﬁﬁ?“ﬁﬁe fraction of diseased individuals equals
t he avqmagﬂIhkﬁeﬁanHujEkmﬂﬁmmhemﬁk&aas&mkbﬂﬂ&i&hhhbﬂmmabﬂy&m¢ﬂﬁm@h&his

model d§sc0ver¥ﬂalE a%ﬁg(fnal netlc V 1a S tl(:))r]tfle ti]reti(co)l(llé(lnf %scuﬁedﬁlelsel%sﬁ"g us% 21 t0 W W at - P1)].

Let us ass erelative ris et erozygous
genot y pesengeeof e gengtiipdorsleioheen qpiargétolgyie- Rmeswtfdéfhlsrﬁu%ﬁﬂwsma heRPerwte ve

ri sk ofipheties azygat amh ﬁle glw @f@unhbﬁon e ol &endtic Eac%rs&ade)o{ﬂ:eadﬁ-l)eeﬂ difebefad andE > @

X1= + E - P(W =
|Z) ] \M%l}at ther%\?re m%&{fﬁr unglscopl}/elred genﬁtl(;[ tl gtors \&Wl{)\ger}ellatltt[ r%sE er f denot Z ?h e él)’ r (()I’

funct|dﬂnéﬂdﬁewﬂmnﬂemeﬁeﬁeﬁEKe@nﬁﬂembﬂpamymémm@mﬂﬂeﬁemwehﬂvﬁﬂemamﬁvwwms

erf (X) Jwherdbdds &icHraridnt Eonﬁlbl}!ésq, relbt®k ALK o €1 lfdr gk h&mygeessfegvdnam L&IB 1Qfine
conplenentar%verror unc%t n i.s given

. Z
2 + e ?jzt]ar%yé Mal‘]fﬁlt ip esg@at 8s[tn(aat essenEz)H}y provi 1n%§ au[m%%r o_g s%h ?)rl)'n]tﬁpett%mll_sug'}fe tg)
Thus, iobtaiXi BACtchrvavigeasdContagk ks the th@ptiedemitintthieusiol ut i ons for the SNPs for
sone ¢c *ié?}‘zféj‘ Fglf gach 0@“ 1he thee )con@ﬂbr%stﬁe égﬁéﬁc el tom a&%edt?@bel{ﬁy k‘l:lb\ﬁ’) onesgggqgﬂrb%gi% th

cutoff of La wll necessarlly be solutions If the standard devi ati on of G
and E Q@P“EH&H@%H*@”?”?m@“ioﬁmemF“%h&mﬁdawﬁpﬁ%I?“¢“§“TH%P@OFHHQB%ﬁﬁeﬁPBOf
-J( S hesly) sanddide@pienthnGarchedded tabiplainttye gatvdlc Akidir @lrgre.DifboeR Tak isBytitive, as

defini ttﬁ WMNie J}&%QE %1%)6‘[68 1%315%?0\;&1 ) cilllTent H%%%lk_ge de!D %t% Ihe IP%)E‘%‘? Et?%&hie%f F;Eﬁ F%i) /1

therefore
+ se 2)rohgpiscaygagd @ﬂg@md aéthl}ﬂsémdesws alegvan ﬁ@eﬁeﬁaeﬁtnceolﬁ 9% apnd ¢, 2317 addigonyl
sgi 2/ ( s@icdc fkct&@ar@éxpéo&d&) He WHad, kegptc@bly Nelickdidd) kiriehty kadich geheTRvaaqmmcoum& 474) =

EX% z(?;ar]gfﬁ ngeto af %enetﬂc v 1ﬁtlll0(1lltfor (t)hﬁse ()Cf)ndgtﬁns (ﬁ < I‘%Ia le AE fﬁefe Tesuﬁhﬂgsver e COHdlthﬁe dj-lpZ/ V2 g
se ) the ff"@@@%]ﬁhéf frecetefiests apposiettd/te bf foanslt wiok in fact dlelfe Aty 25 sonPRYG efieots gt G +

a) / aP 0G0 SNESRP 8) SNPOG (iR nferl BROL s &rldieQdlt QldiedhMan@ eerge by n¥iddct Rk, rakeCt
c /s The nunerator for TPF can be cal cul ated as: V=v,Z=12) { e
c2/ 2s8i ?rlatlts epigenetic variants).

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

v +

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

included in the model

Type 2 Diabetes 1600 7%
Crohn’s Disease 13958 4.4%
Rheumatoid Arthritis 6237 14.4%

*each with homozygote relative risk of 1.10, heterozygote relative risk of 1.05, and minor allele frequency of 10%.
Example 2: Theoretical Effect of Unknown SNP-SNP Interactions
[00226] The GCI score is based on the assumptions that all SNPs are independent of one another and that they have

independent effects on the risk for the disease. As shown in FIGURE 1, the three examples studied here show no
significant difference between the GCI model and a model in which pairwise dependencies among the SNPs are
included through logistic regression. There are some known examples in which SNP-SNP interactions do exist in
other diseases and have to be taken into account (for example, Zheng et al., N Engl J Med. 358:910-919 (2008)). 1f
these interactions are known, they can easily be incorporated into the GCI model. However, it is important to

understand the effect of unknown SNP-SNP interactions on the risk estimates.
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b l-z gVsgi2 + se 2 -x-z [00216] Using the error function to express the
cunul ative distribution function of the normal distribution, Pr(G>c¢c & G +
E > a) i swoRn(M03e929,Z = z) { e c2/2ssl2 (0.5 - 0.5erf[r @oT/vARIR056720 -

s(h, ALTR) x/ V2o gi])dx/V27i Ogi, wherer and s are sone functions.
Substituting t = x/V2 q giinto this equation, we can see that /2sgidt = dx.
Therefore, P (G >c and G+ E > a) can be expressed as: Pr(V=v,Z=2)] e
t (0.5 -0.5erf[r(h, ALTR Vv)-s(h, ALTRt])dt/V p (b/V2)-b(h, ALTR v) [00217]
Sim | ar[b()‘éﬂ] thb@rdé? lfoc&ﬁplle |th'e Esyuetohlﬁ{eraaﬁné 1lele§férqé@1 ddta%et@ar& Jlﬂfﬁat&ﬂﬂl&é;grlln@agloht S

genetlc variable s greater than c 1.e. P (G a) Pr(Vv =
21)0d§ waerg thf tylatgverisks argaipof 1Fc}egqﬁldeﬂf_fﬂ:@ s\y)gl%)elhof &mfl]eflafspthbe simulated case-

( b/ V2) cbx{tdo] d%iaTd:f)IM){OKQQ&as&]asea_ hrerwhbpbRasheFof sk dssdssnrnal) usad) & irkly t(lévfeM,lveZiﬂs’Z@f ah S

LI )C()e?yl f gll:)en chlg,}ll’ll it(e[fii terac%ag IE\?_C[FES caEl_c}l]lﬁteE ;ﬂign I‘a“%%ela}tlve r?sk? acg)cf(ilréﬁ(?to %he ﬁEI a%n%/)sciglt :/\elg

fracti @ a@ilgﬁ@ewwlﬂpssumma(r@hwheaﬂmdé As pbserxedg FIGURER, and g3 TaRle 5, tBROG trevear ea

under tdhier Jubeanat baalnRa6 diven nwkiichyinghbased on TPF and FPF at al |

possi bITe 1V§:1| es of IS i . sqi and 1S. [00219] Solving for

2 2 P T3 Siaul 2 '12+e2)<—h/(2p(1

L1

- p ) (F=—ysinge Lﬂ%{ﬁateauﬂy&xcﬁoﬂ Serhan - SOt o biof 107 U™

e ) can_he obtained similtaneously by using the f owmng iterative
procedyre. [00220] Inisraciionrrisly | detEhisk pwimetne ||/ Iterpctien risk o) {G§H rigkegatinasnp

assum ng that it is taemmnl y |SNP (Mﬁﬁﬁl&mve)(l- . assiakng K=0 (ﬁ\@nnpa&ahvej) not

equal t"r'h‘ SDTha:Ss can-gone S-[I rg—a .6.6.44.“' segreh g§§3\,"vee.. 0—and Pynereases
with X)SUEEPEFSS |+ 02%7 [00221] T685e val es afeinitial queSSZs for XJ
-J ( 1|+ RheymatoidThen, 1()7OE)et ermne | 0:63{0 1 +|e ) a8Bum ng that 0j6L-W(s g] +

e ) fof otAQ%HSSNPs are equal to what was cal qul ated previously. 2)
Det er mbne_(s_qal e ) accnn’in‘n t hat Ill-w(Q | + e ) forlother SNPs are
Pr

equal 1 gy??r?d?ﬁhﬂé% cal dUfPat ed [previ o081y, 3) Deterfi®e X [ ' ( 1-4e )
assum ng Thab coXalns vorfespbndto B cake Wike tRkdies SKENEISP @icctRg hathidhGhedhat ofdastain
cal cul abetgnapeefig@idsbey hasltfo @hds thkitbval efes nargnaksifitdis ci ently cl ose to observed
val ues 2. Bt colunn@trespgpd tdibcdesctvaess thes isla SNPOINP2R¢racTibuig whichvbe sf@ttf ofertapt i mal
ROC curconatiprat! egpotipad isrlé supstthd podadtpf thf margjeal gféplet i ¢, but not envi ronnent al ,
variability were known and nodel ed are presented. The first nodel assunes
that t H@Pé% aloweysn pieh sipag integeioat hebveat it SNP4g likgl & teyrhgsratiscQrered BgehofRus t he
genet i Gvi@fafsegition sucﬁeepﬂdeﬁeemveﬂd lkb)ex&pﬂﬂﬁﬂnfathddyhadri\xzstSNPstwfeﬁ@ 1ﬁtanﬂmmu\¢sagi abl e)

whi |'e unerac% c% not haV dde Tf(fté’:ll)?esrrlfla%ee%fects g’artlculaelr, Who enome 001at10n smaﬁs of%n fe? elp tg

vari ant's Wt ects 1n addition’to n Her's” w ects.
Bot h nﬁa@iSﬁPtﬂm{@H@m ere isslebluhvere ré fobed b@hﬁnlﬁcwy(ean@mteit Flest-i Nrtre Ykl GR9STAE
con g [ ]E i(gzm)) rﬁ&woiei mn hdsugh k@At Hate bﬁéﬁ[r&%ﬂ&ﬂ iRtk Qthlatglfi lg&r AGet ummn@,msh GaRef i C
ris c on the currently known o shows .t he
Curves b Tt oS e O el Gy o e g
under tipeindulevieiciagloess than the optimal theoretical generic nodels, which
sugges t[%Z?ﬁ qlottésgﬁleaelffeétl QMMH gRP&LDb ﬁlte}Ia@tﬁdng, Iagéba%% ak following model is simulated. Let A;

denote the relative risk of the disease for a particular combination of genotypes (g;) and p denote the average

T

probability of developing the disease (i.e., lifetime risk). By definition of relative risk, A; = P(disease | g;) / P(disease

| 20). Here, g, denotes the genotype with the smallest chance of developing the disease. In the simple multiplicative

model, the relative risks across loci are multiplied to get the total relative risk. Thus, A; = H Ay, where A;; denotes
j=1

the relative risk for the jth locus. In the interaction model, it is assumed that a particular pair of relative risk for one
combination of genotypes is either 2 or 10 times larger than the product of the relative risks; this number is referred
to as the interaction factor. For all other SNPs, relative risks are assumed to be independent. Thus, for example, if

SNPs x and y interact, then the relative risk for the pair, K = 2A;Aqy for certain configurations of (g, giy), and

K=A;1Ap for other combinations. The total risk in this case would be A; = K H Ay
=3
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interactions are expected to affect these di seases. [00223] Based on FlI GURE
1, inprovenent in predictive nodeling that will nost |likely only conme

t hrough twe 2diossaeery of additional genetic variants foPCrhis2ennes20
conditions discussed herein. It is useful to know what percentage of the
genetic factors have been captured to date. An estimate of this quantity
using the ROC curves approach is devel oped with the nain assunption that
the major genetic factors have al ready been discovered, and that there are

many ot fgs yadh §19ﬁl‘é %9&' d&@a@@sﬁduﬁ 1afbé§§09f 0.0 IE&OJHQ\M%(VH Ea%lp?eE [s¥QighdaS R, [00224]

The potential nunb ditional 1 ndependent commn(mnor allele

f r equemEpLigoErs a@ﬂﬂ%@& te A1) mﬂl}&ﬁqahlﬁﬁ gase phel Wiserstly) s Gehvhear ¢ Batorediine fasat 8yl a
rel ati vigs b kiRfrisdordndh@fiall BescDMZNGAU S hbdkis Y@izheaNt @H@isenlsugﬁha& QF frhdi6n of

het er ozygous varj ant est.i e estimate essentially ovyi di t he
nunber 6T 'SHeR" ﬁv%f?ﬁeé&flﬁ%&“kﬁﬁl S!%eﬁsff %8%“3%“85 '8 g&isﬁlugteﬁéi‘f Niin ean "P?ioq“gn

as | ar gedeate inkectidneodat i cal | y opti mal bound. [00225] For each of the three
conditi h to be the known ones (as in
Tabl e F“Q,Qrﬁll(rél&aﬁeig i oﬁthﬁsgﬁ%ﬁlmﬂ%% k of variants with | ow

rel ati ye2s1) Jke REBASEE sOResSE S hdtit ﬂiﬂSvaﬁlﬁtm%Q@wQﬁQlc lir ekt MipfbuiadsS quadgadivk yheésméef)
addi ti (%Ipa{)ﬂllvag tlhg' est?on SI{H? upsggeqw en Eetalr_l {ﬁlkq?dgwc%alg &l \:legbe?nr f!stzlirgatn%%]lof];t%rr-lreyrr)

Di abet es urtive,
wi t h culrerRélet cukvnew @tjppern 1@@9}9&8@@ 1ftﬂkﬁec01hﬁcgholhehat¢ esinkte fspotwsdduln parficudd.Por aFor

C'I[‘ OhE %w@ﬂ @@%gﬁoﬁgﬂctfo&e H@Ta&l' fg%}};‘{hg g\gbicﬁlrsesrof"@e fuRSibstwdll BiGnBUER 100P4s], is a ted t
StriKin si.nce addl 11 ona ene S expce (0]
be foudB P ESPEE S Ergon #ﬁze'?"éfné P Wc?ﬁ?‘“}'l“gstl}{lﬁl{/%ﬁﬁbé@ﬁ) L’ﬁ@fﬁ% K‘f’g? %éfﬁ?sg Account
for 4%usiflgl®e fres thandt:00 eslimgendtvicovilVger ¢xadtly dr safnerQCmesfes dlonehict, ihenswvd femeonFabl e
4) Th%? HER! W c{d%eréﬁ ﬁ[lstl@‘h& egt%%'s %0 1%(9@19 Ba ItmpﬁOé @LE’%S %nt;'}aﬂot ﬁl:gesgahﬂf%g a | ar ge

effects are exXpect e found,  whi elnfacf there still my be sone
| ar ge @qué%ﬂ@%H%f?féists&Pee@&@rqb@ﬂemjﬂs@r aeraéNFﬁwélWS%ﬁWﬁeﬁanfeﬁ%feﬁ%\teﬁeéﬁ@ulér
ot her Ibess agtaeibediv@nmirand ®iween e tueCigyobabind edd thakinart Sisk fraaiglityar i ant s,

Sg:’ ?:2?{262%12]\8@% é 1%9‘#&? ?prob-%?lgy for &Vel ? aggéageqs ahsg%ialllo nglclfi gage co?t?orl] gatté i§

firee di seas trve risk
of 1. 1@8@%@%@?@2%6?@%8@1@@{5 i(ive the reéavévedfskSi1Seemla%c§n¢ﬁhwp1§11 Iheﬁﬁl sk egjmency of

10% ExanRt Bdependding ametiepuliioh et dlﬁﬁcase Wk mme &h«lﬁ’mﬁ}ﬁs shifids@atubi scadts f{cBR226]

SN NN R TR e

di seasepprgxsmatdddyn Npmna]-ﬂls@brﬁ@n:(as d@Sh]ebetl hhoee- @m m@ﬁteleeasets lald ideghoked fager gHdAtha aee

si gni ficeafd: ofthd cﬁﬁs@ﬂﬁﬁe nklﬁ&l‘&@ﬁ%?bdﬁéa@ FdaciRE Gl PR nA hBRdEmidd Wakwhp BRI W se
dependenci es NPs are included through | ogj Stl re 5| on. There

e
are soME*Rn S?gﬁﬁﬁleiéhe 7 SRATSERT ‘SRaBseakes vt 8RBt FIEHL e ‘”é T &t Nt her
di seaséNorandishivientwih neant=ctk eml 307t B).dbcourtite s{rfubfionesoaapl thg codtivdsgpy et faaghg N
En g I'J I\égsgs tha3 §§/e Q(Jt Qeeg ghggn()%g QtBCI)c):rtam éIijE 19 %1?19' T(ﬂ:tre%{e %(Péahs%‘ §m@15t§)n %M\Q@E m&t&l@cy can

easily be incorporated. into Howeverf, It 1s_inportant to
under st&FE°RVEY fhe ggretang Wﬁmn@rﬁpwer\ﬁ@ welh pepeses PIORE! fawn%@% iggpeatedly
est i matsesuljt@i0 28e/dee binheOfidieduals Gore X plidmedittfietibrstreeraf anil NM08Y AGdh. OTS: id Hpegie@at er
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wi de associ ation studies and that it would be exceptional to find that two
SNPs entering into such a strong interaction do not have detectable main
ef fects. Wwanvioosbapl y, whol e-genonme associ ati on st udi espofftuseomoeperee t hat
SNP- SNP interactions were tested but were not found to be significant (e.g.
Barrett et ah, Nature Genet. 40:955-962 (2008)). Therefore, when no such
i nteractions have been reported in the literature for a set of SNPs, it is
unlikely that the classification accuracy of the sinple nultiplicative test
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Example 5: Known environmental factors improve predictions

[00238] To estimate the potential contribution of known environmental factors to disease prediction, both
environmental and genotypic data are used to estimate risk. Here the utility of environmental factors across Type 2

Diabetes, Crohn’s Disease and Rheumatoid Arthritis, which have very different heritability and average lifetime risk
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of onset of the disease to the nodel is introduced. For each individual
that has been determ ned to devel op the di sease based on the nodel, the age
of onset WO 20tv3d28ease i s based on sonme distribution f@®cTiusecagss7ed onset
(Normal distribution with mean = 50 and SD = 13). Thus, in the sinulation,
sone of the controls may in fact be cases that have not been diagnosed at a
certain point in tinme. To create a realistic sinulation of an age-matched
case-control study, the genetic and environnental factors, as well as the
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[00234] In FI GURE dlstrlbutlono he absol ute val'ue of relative
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affect the children, and when b=0 t he ggl | dren's environment is entirely

determ ned by the parents. Based on these sinulations, the true positive

and fal se positive fraction is



calculated for a sinple classification test where a child is |abeled as a
case if either of his or her parents are cases and is considered a control
ot herwi sewOBhiog3vest is thefam |y history test. [00237] PTHiUS2400056726
conpared with the ROC curve that corresponds to the theoretical limt of
genotype based test, as described above. As shown in FIGURE 4, the
sensitivity and specificity of the famly history test heavily depends on
the choice of the paranmeter b. A few conclusions can energe fromthese

graphs. OOE!IA{] S@’hlle iﬁltefefréi eﬁllbgcﬁllflents%?‘ﬁle £rgsrent%l J:lostuté h&e btgyn %@Vﬁ @nd@gﬁll)eﬁ hérgg tQVlﬁ"Eee

cases in which l'y history I's inferior st, and there
are ot [FBYOUs dknse fikHleﬁ‘AﬁlﬂE?H“ fhet speh cafpspgnigare paw&%cHﬁm“ﬁggO%a%lfé)n%Nﬂ@ew b I'n
nNoSt Cas@Sonshom@ssedng sibkiutibmvavill st &g kotosEdkile@inStenit vakout @patideSromii@waear , t he
sensi t Id%'cl{)%reagghoﬁﬁ%ﬁundergt dl){hayx‘}lalrigues%he falif h?oﬂfhe%méf?(m Q'tsso%t%g%( c‘io%ﬁé egc%lggcﬂld %n b,
which is Tixe tions I t Tows ?

range &y Spawiasdhn Prycﬂalﬁaths erphsilipens tlyis {pighdse §at tegpllawimng clatne éeﬁnr« fhe ﬁq%e @%ﬁrrpl e

of Cr oRIRCISsufIaBEBE Brcthli) aidl skr@itr R Gvit@in F18 WopDSrEhclcRnS Q1RO Iakd M&Squi@MEts B&Ebvered
increa§e %he nunber of true positive to close to 98%using the GO test,
while tHE¥rue positive rate for famly history test is bounded at 65%
Exanpl e 5: Known environnental factors inprove predictions [00238] To
estimate the potential contribution of known environnmental factors to

di sease prediction, both environnental and genotypic data are used to
estimate risk. Here the utility of environnmental factors across Type 2

D abetes, Crohn's Disease and Rheumatoid Arthritis, which have very
different heritability and average lifetinme riskvalues, is denonstrated. It
is assuned the risks across all SNPs as well as across all of the
environmental factors are independent. This assunption does not necessarily
hol d, but as described further below, this is not going to affect the
results substantially. Based on this assunption, the GCI for the case where
environmental factors are taken into account is generalized. The resulting
method is referred to as EGCI. The genotype and phenotype values for a set
of 100, 000 i ndi vidual s based on the genotype and phenotype frequencies in
the popul ation are sinulated. A disease status to these individuals based
on the multiplicative nodel is assigned. [00239] The pure genetic based GCl
is conpared to the new generalized EGCI. The ROC curves for Type 2

D abetes, Crohn's Disease and Rheumatoid Arthritis can be found in FI GURE
5. The added val ue of environnental factors is not dramatic for Crohn's

D sease and Rheumatoid Arthritis, however it is substantial for Type 2

D abetes. This is driven by the fact that Body Mass Index is crucially
affecting the risk for Type 2 Diabetes (with a relative risk of 42.1 when
BM > 35). Note that for a disease such as Crohn's disease it is not
expected environnental factors to play a major part, since the heritability
of this condition is roughly 80% Exanple 6: Error in the Assuned Lifetine
Ri sk of Di sease [00240] The Human CGenone Project, the HapMap project, and
related initiatives have resulted in a reference hunman genone sequence, a
catal og of conmon genetic variation, and a hapl otype map of several
reference popul ations. Furthernore, this informati on conbined with
cost-effective technologies to test associations between variations

t hroughout the genone and traits and di seases of all sorts, has resulted in
dozens of common variants shown to be unequivocally statistically
associated with risk of common di seases. These commopn vari ants can be used
much |i ke popul ati on-derived environnental risk factor data in assessing
probabilistic pre-synptomatic risk of disease. [00241] The GCl, |ike al
estimates of a particular quantity, requires a set of assunptions that may
bias the risk estimates. Particularly, the assunptions made by the GC
score are that the allele frequencies of the causal SNPs and effect sizes
are known, and that the SNP-SNP interactions are known. Furthernore, the
assunption is that the average lifetinme risk is known. These assunptions

m ght be violated in practice, but as described herein, slight deviations
fromthese assunptions do not change the risk estinmates considerably.
Particularly, as shown in the previous exanples through sinulation studies
and by the analysis of the WICCC data, weak SNP-SNP interactions have

al nrost no effect on the GCI, and that g$V|at|ons inthe lifetime risk
estimates do not alter the accuracy of



relative risk estimates (see also FIGURE 6). [00242] The ROC curves are
based on the assunption that the average lifetinme risk of diseases is known
and t hi s welom/i3sv2ased to cal cul ate the cutoff for assi gorngaoesaze st at us
in the theoretical nodel of the disease. However, estinmates available from
popul ati on data may be inaccurate and such errors can greatly influence the
CCl - based risk of getting the disease. In the cal culations herein, the
average lifetine risk is assunmed equal to these rough estinmates (LTR).
[00243] The error between GCl-based aygpage lifetime risk and the true
average lifetine risk of the disease as a function of the assuned risk used
in the WAMERGNMARS's plotted as shown in FI GURE 6A. The absol ute error
bet ween. Binethasotkeayr@ihAgGeEnk irdn@ititineetictiS Kondpadte Ilex @6ED RBEE fanselisegCorlcbddaibn me
risk as a assuned average lifetinme risk is also plotted as
shown in @T%ﬁ@%@ F%%Eg] Whi |l e preferred enbodi nents of the present
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enbodi ment s of tmgnéjgc%%géugn@ described herein may be enployed in
practicing the enbodi nents. i nt e dedt at thefollo ¢l aj ms define
the scope of t e "BPYRE BYHE! %fﬂ]iﬁ Ogtf‘fﬁetd aﬁ“ﬁ‘t“ﬂ’&ﬁeél RS CPRRERP %aé"n %ww "t he
scope of these enbddicaenimsgeadail hdividuatqui val ents be covered thereby. CLAI M5
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care m;%nagher gjfjé(gflajcl eremofwa(;)lglsﬁtq%%h i) affi)’élia(%‘f4 %’qu g %%ﬁ]séoe h%ggg
relative #isk is at Ieast approxi natel y 1 1, 1.2, 1.3, 1.4, or 1.5. 3. The

gEt QOd 570f ThelnRingY éﬁcla%? Rw%éréln §a§d a@leﬁs@&rﬁ‘éhv‘(r@mﬁe'nt%ﬁadt& 1s%&1edte%%%ﬁ1 1R 2R Z‘dgﬁﬁ%@&f}/ 2,
od of claim

1, wher ei ??@%‘&Vdduélts F@Bﬂ%“te 18%0“ {Fflﬁ%l%ﬁfgi“ﬁ? qu“%{%}‘inérdlehé’émé?ﬁE%’H%Iéndrp&rﬁ‘?n& (OR) of
at | east wppunsbgpsmately 1. 5. The nmethod of claim4, wherein said ORis at

| east apPERXlHBE &{c}ém;]ﬁ :l’v'hergm id lgfcs%fie c&ncﬂlong mélklr% PalcolhPEndiEt hod of cl ai m 4,
vvhereln said OR Is at eastf?édoprom mat el 4, 5, 10, 12, 15, 20, 25,

2
30, 25,7 abhcmggiod gfclaigpl. whereirpid dijspshesy el@i’fr"l?i‘lleé‘ialrﬁ‘ci"r iSfRRYsispcaicped of fidast one
envi r onnmentiakuad.actor is selected fromthe group consisting of: said

i ndi vi qb'a‘ltlhe%leﬁlloé &QB %V’hel‘LlQ a?itﬂhg{]caplgeagu? %{eﬁl[%P&lé 1nc’:l:, cfugﬁg syhse Eidr ér&lﬁ}s di et,

exercise habits persona at1 onshi
wher ei n s#nystipg ?feéqdymésse@%l Plopdgesfuge, %%r@uwn@m@?e 1@9{%@?16101@ Kt dKen 16‘91 Wik
met hod of he@éh@bﬁ&eﬂterol\melr elafing@kidbiadd ckie@sit, ;ﬂfﬂ@n eny laﬁdaﬂﬁ@ﬂit a:lvelf actor is a

phySl C%'l ﬁ?a e%g (I;Ifecﬁlm Pwhsreailq denlergt,‘ijnl \éal %?él S¢ ses.-gpl%as enV 0 (S tal ?alct%'lsm 9, wherein
sai d physi cal“ ' neasurenent L of s i's se nﬁlq‘rom he group

12. The method of claim 1, Wherem generatlng sald EGCI score assumes said at least one environmental factor is
an independent risk factor for said disease or condition.
13. The method of claim 1, wherein said disease or condition has a heritability of less than approximately 95%.
14. The method of claim 1, wherein said disease or condition has a heritability of less than approximately 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, or 90%.
15. The method of claim 1, wherein a third party obtains said genetic sample.
16. The method of claim 1, wherein generating said genomic profile is by a third party.
17. The method of claim 1, wherein said reporting comprises transmission of said EGCI score over a network.
18. The method of claim 1, wherein said reporting is through an on-line portal.
19. The method of claim 1, wherein said reporting is by paper or by e-mail.
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consi sting of: body mass index, blood pressure, heart rate, glucose |evel,
nmetabolite level, ion level, weight, height, cholesterol |evel, vitamn

| evel , blwodomaisho2eount, protein |evel, and transcript PevaiS2002b567Ihe

met hod of claim 1, wherein generating said EGCI score uses at |east 2
environmental factors. 12. The method of claim 1, wherein generating said
EGCI score assunes said at | east one environnental factor is an independent
risk factor for said disease or condition. 13. The nethod of claim1,
“here'Qosﬁkqmﬁbéﬁ%ﬁﬁnP%m&&ﬂgﬁﬁﬁ&ﬂmgﬁﬁmﬁagﬁ%&%@ﬁh&%&Me&&m&ess than

approxi mately 95% . claim1, 'wherein sald di sease or

condi t i2bnTh&sthad ?fé}ain% hmh?r?l? §ﬂldoffp0rt@§ gontpﬁgﬁreawgd&??ﬁatsw MHORCT- 100 15% 20%
25% 3Q% Tl&a%hoaﬁ%alrﬂﬁ%qeréﬁ)%d@% sabpRis B9 70% 75% 80% 85% or 90%
15. Th i party obtains said genetic
sanple%3n§§ ﬁmgik%hod o?%%fm elcsaﬁﬁﬁéﬁﬁxgeneratln said genomc profile
is by &4 Bierngthpdelicipim Hwher%@ldrﬂ@@%ammk isdort apiofogiophsarng seleged feprrtepBePi ng
CONpri sescdéi@dnssn BN MiDkinSAlie, Jhid, wHe LRI RNRIL, SveREinWOIcKal saln&e The rret hod of
c| ?Ih(l;n d 328 f (§|m8?gl8$ (ﬂ_fsc ailll%d érlw gul;t ! gdlwiualts g[er?oli![gc l?r(giq%lggeﬁ)g 1tncF 1ntp 2 s%l?re gata]base or \?blt The
nethod2éfﬂ@maﬂmﬂm%bmmbméﬁﬁnganﬂmm@ﬂ@Wﬂ¢ﬁgsm@mmwb@@smﬂewnﬁﬁmmgﬁkn a secure

nanner .7, Zihe m-Ehlgd HRtBOH Wakreif b dhokic MYEE @it dn SRR JeHIBLE, EROTHs 05 Rfeats.
reporting._| non- secure nmanper. 22. The method of claim 1, wherein said

geneti ¢° syﬁﬂ? g“’? & PRI e e PR RO SFrARS e 2 iR Py PRy BUGEREL i
sanpl e 2psTiRMAtho@4 .claitihe wiretihexdll fiongd @ofite i genwhied @ing REPCH. genetic sanple is
froma 3@' @Ae%'thgé%f Cﬁﬂlﬂp I\xfﬁeréﬁ'\ Laﬁf:élel@(ﬁn(t ﬁr&m 1ts Q&lergt%(ﬁ)ﬁmlg W%Ecﬁr:ﬂcﬂlg of : bl ood,

hair, skin, saliva, semen, urine, fecal material, sweat, and buccal sanple
25. The nBtesdods cRimal. friher coiprsag §) e e pth G4 awia Wik adlieaHrEm sk | e i s
deposi t edenviddnme@al S0t € dat abase or vault. 26. The nmethod of claiml,
wherein said genomc profile is a single nucleotide pol ynorphismprofile.
27. The nethod of claim1l, wherein said genomc profile conprises
truncations, insertions, deletions, or repeats. 28. The method of claiml,
wherein said genomc profile is generated using a high density DNA

m croarray. 29. The nethod of claiml1, wherein said genomc profile is
generated using RT-PCR 30. The nethod of claim11, wherein said genomc
profile is generated using DNA sequencing. 31. The nethod of claim1,
further conprising (e) updating said EGCI score with additional or nodified
environmental factors.
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